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Abstract Cinnamon is commonly used as a spice and has also been broadly employed in the treatment and 

prevention of disease. Cadmium is a heavy metal of considerable toxicity with destructive impact on most organ 

systems and in some cases it can cause deaths annually. The study was designed to evaluate the impact of low and 

high intake of cinnamon against cadmium-induced liver and brain toxicity in rats. Adult male albino rats were 

randomly classified into six groups. Group I control rats received distilled water for 45 days. Group II and III were 

given daily oral administration of cinnamon aqueous extract as 20 mg/kg (Cin-20) and 120 mg/kg (Cin-120), 

respectively. Group IV received 2 mg/kg CdCl2, once daily for 45 consecutive days. Group V and VI received 

CdCl2+Cin-20 and CdCl2+Cin-120, respectively. The evaluation of the effects of both doses of cinnamon was 

measured using open field test, cerebral neurotransmitters, GABA, and choline esterase. Cerebral and hepatic 

oxidative biomarkers, myeloproxidase activity, liver functional tests, lysosomal enzymes, as well as 

histopathological examination of liver, cerebral cortex, and hippocampus were also estimated. The significantly 

disturbed brain-liver biomarkers by cadmium toxicity were restored to nearly normal values by administration of 

cin-20. While, cin-120 showed less improvement in some parameters. Also, the histopathological effect of cadmium 

on brain and liver was also markedly overturned by co-administration of cin-20. Our findings concluded that 

cinnamon aqueous extracts at the low dose rather than high dose possessed protective activity against cadmium 

induced hepatic-cerebral toxicity in rats.
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Introduction  

Environmental pollution by cadmium is documented as a worldwide problem [1]. Cadmium is an abundant, 

nonessential element that occurs either naturally or used in agriculture and industrial applications [2,3]. Beside 

occupational exposure, it enters the body through food and drinking water as well as through inhalation [4]. 

Cadmium is classified by the International Agency for Cancer Research as a type I carcinogen [5]. Having a long 

biological half-life and low rate of excretion from the body, its soluble salts accumulate by time in a variety of 

tissues causing toxicity [6,7,8]. Being a multitarget toxicant, cadmium causes intracellular ROS accumulation, 

elevates lipid peroxidation in tissues and disturbs antioxidant defense system by chronic exposure [9]. Noteworthy, 

cadmium indirectly causes oxidative stress by depleting cellular GSH. It competes with essential metals such as 

zinc, selenium, cupper and calcium interfering with various cellular processes, enzyme activities, DNA repair 
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systems, and redox state of the cell [10].The metal also affects cell proliferation, differentiation, apoptosis and other 

cellular activities [11]. 

Liver is a major target organ of cadmium toxicity following acute and chronic exposure and cadmium hepatotoxicity 

is the major cause of its acute lethality [12,13], where apoptosis plays a primary role in cadmium-induced 

hepatotoxicity [14]. The hepatotoxicity of cadmium has also been attributed to the formation of toxic metabolites as 

a result of its activation by hepatic cytochrome P 450 to a highly active metabolite [15]. 

Concerning brain, previous reports indicated a correlation between cadmium exposure and certain alterations in 

behavior of both humans and animals [16,17]. Cadmium enters the CNS either through the olfactory pathway or by 

altering the permeability of the blood–brain barrier [18] causing damage to DNA [19], and alteration of calcium 

homeostasis [20]. By reaching the CNS, cadmium is targeting the cortical and hippocampal neurons causing a 

disturbance in the higher functions [21,22]. Cadmium causes neurochemical changes on catecholaminergic and 

serotoninergic, as well as cholinergic transmission [23]. Noteworthy, the brain is highly vulnerable to lipid 

peroxidation because of its high rate of oxygen utilization, an abundant supply of polyunsaturated fatty acids, a 

deficient antioxidant defense and a high content of transition metals like copper and iron in several regions [24]. 

Therefore, deregulation of the homeostasis of transition metals by cadmium contributes to its toxicity [25]. 

Furthermore, cadmium has an inhibitory action on the antioxidant enzymes and membrane bound ATPases 

indicating the alterations in membrane and neurotransmitter functions [26,27]. 

Antioxidants are supposed to antagonize the harmful effects of ROS and adjust the physiological defense system; 

consequently they are beneficial for lessening oxidative stress related diseases [28]. The antioxidant compounds can 

counteract the decrease in ATPase activity and the increase in oxidative stress induced by cadmium [29]. 

Cinnamon (Cinnamomum cassia, Family Lauraceae) bark is commonly used in Asian countries as a spice for most 

foods. It has a wide range of historical use as a medicine. In eastern and western folk medicine; it is used for treating 

kidney disorders, abdominal and chest pains. It has strong antioxidant, analgesic, anti-ulcer, hypocholesterolaemic, 

antimutagenic, as well as, antibacterial activities [30,31,32]. Cinnamon also offered anti-diabetic and cognition 

improving properties [33]. Hepato-protective activity of cinnamon against carbontetrachloride and alcohol induced 

liver injury was proved [34,35]. Its beneficial health promoting properties is mainly attributed to inducing the 

antioxidant-defense system through its polyphenolic composition. Cinnamon has an extended diversity of 

phytochemicals procyanidins, coumarins, flavonoids, catechins, terpenes, volatile essential oils and minerals 

[15,36].  

To our knowledge, no previous data are available on the effect of cinnamon extract on neuronal injury in cerebral 

cortex and hippocampal brain area caused by cadmium toxicity. Therefore, this study was designed to inspect the 

efficacy of daily intake of two doses of cinnamon on cerebrum neurotoxicity as well as, hepatotoxicity induced by 

metal (cadmium) noxiousness.  
 

Materials and Methods 

Animals                                               

Adult male albino rats weighing approximately 150-180 g at the beginning of the experiment were used in the 

present study. They were obtained from the breeding colony maintained at the animal house of the National 

Organization for Drug Control and Research (NODCAR, Cairo, Egypt). Animals were housed for at least one week 

prior to testing under standard housing conditions (room temperature 24-27
 ͦ
 C) with alternating 12hr light and dark 

cycles and will allowed free access to food (standard pellet diet), water ad libitum. Animals housing and raring 

followed standard rules. Animals were treated gently; squeezing, pressure and tough maneuver were avoided. The 

investigation was complied with the Guide for Care and Use of Laboratory Animals of the National Institutes of 

Health (NIH publication No. 85–23, revised 1996). 

Preparation of Cinnamon Aqueous Extract  

For preparation of cinnamon extract, 10 g cinnamon was weighed, dissolved in 100 ml distilled water and boiled for 

10 minutes. Then the solution was cleared with filter paper and was ready for administration by gavage tube [37]. 

The dose of cinnamon was 20 and 120 mg/kg, p.o. according to Mahmoud et al. [38] and Ismail [39], respectively. 
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Induction of Metal Toxicity 

Selection of the dose was based on the published literature of Hejazy and Koohi [40], Cadmium chloride (CdCl2) 

was used in a dose 2mg/kg; p.o. 

Experimental Design 

Sixty adult male albino rats weighing approximately 150-180 g at the beginning of the experiment were randomly 

allocated into six groups. Each group consisted of 10 rats.  

The animals were treated for 45 consecutive days according to the following scheme: 

Group1: animals received saline and served as normal group. 

Group2: animals received cinnamon (20mg/kg; p.o.; daily). 

Group3: animals received cinnamon (120mg/kg; p.o.; daily). 

Group4: animals received CdCl2 (2mg/kg; p.o.; daily) and served as (+ve) control group.  

Group5: animals received cinnamon (20mg/kg; p.o.; daily) after 1hr from CdCl2 (2mg/kg; p.o.; daily).  

Group6: animals received cinnamon (120mg/kg; p.o.; daily) after 1hr from CdCl2 (2mg/kg; p.o.; daily). 

Open field test was performed in the last day of the experiment. On the day (46
th

) after completion of the 

experiments, animals were sacrificed by decapitation then blood was collected and sera were separated for the 

estimation of the liver and kidney function tests by colorimetric assay kits.  

Tissue Sampling 

Liver and brain of each rat were immediately excised, and divided into two portions, one was kept in 10% formalin 

for histopathological examination, while the other was reserved for estimating the other biochemical parameters. As 

the liver and the cerebrum (cerebral cortex and hippocampus) were dissected, each of them was weighed and 

bisected. The first half of either liver or cerebrum was homogenized in ice cold PBS to prepare 10% homogenate 

that was used for the assessment of oxidative stress biomarkers, myeloperoxidase activity (MPO), as inflammatory 

marker, as well as, ɤ-aminobutyric acid (GABA) and cholinesterase (ChE) cerebral contents. The other half of liver 

was used to determine the liver lysosomal enzymes, while that of cerebrum was homogenized in ice cold solution of 

acidified n-butanol to obtain 10% homogenate for the determination of brain contents of serotonin (5-HT) and 

dopamine (DA). Finally, the used animals will be frozen till being incinerated. 

Open Field Behavioral Test  

It is a general test for motor activity, excitability, emotionality and exploratory behavior in rodents [41]. It consists 

of a square wooden box 80 cm x 80 cm × 40cm height, with red sides and white floor divided by black lines into 16 

equal squares 4 × 4 [42]. Latency time was measured in seconds, while ambulation frequency, expressed by number 

of squares crossed by the animal was counted during 3 min. Numbers the animal stood stretched on its hind limbs 

with and without forelimbs support during 3 min was identified as rearing frequency [43].  

Determination of Liver and Kidney Functions in Serum 

Estimation of serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels were done 

according to Burtis et al. [44] using Diamond Diagnostics kits (Egypt, Cairo).  

Stanbio Laboratory kits (Boerne, TX, USA) were used for the determination of the serum albumin, bilirubin and the 

total protein levels. The estimation of blood urea nitrogen and creatinine was carried out according to the method of 

Wybenga et al. [45], Henry et al. [46], respectively using Bio-diagnostic kits (Egypt, Giza). All procedures were 

performed according to the manufacturers’ instructions. 

Determination of Liver Lysosomal Enzymes Activities 

The activity of liver lysosomal acid hydrolases, acid phosphatase, β-galactosidase, and N-acetyl-β-glucosaminidase 

were measured according to the method described by Van Hoof and Hers [47]. 

Determination of Liver and Cerebral Inflammatory and Oxidative Stress Parameters 

Determination of myeloperoxidase (MPO) activity was done using a kinetic colorimetric method described by 

Bradley et al. [48].  Malondialdehyde (MDA) was determined according to the method of Buege and Aust [49] and 

expressed as nmol/g wet tissue. Determination of reduced glutathione (GSH) was done according to the method 

described by Beutler et al. [50] and expressed as mg/g wet tissue. 
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Determination of Cerebral Dopamine (DA) and Serotonin (5-HT) Contents 

For the determination of neurotransmitters, a 10% (w/v) homogenate was prepared in acidified n-butanol. Each 

homogenate was centrifuged at 2000 rpm (4 °C) for 5 min. The resultant supernatant was used for monoamines 

determination; namely dopamine (DA) and serotonin (5-HT) according to Ciarlone [51] and they were expressed as 

µg/g wet tissue. 

 Determination of Cerebral ɤ-aminobutyric Acid (GABA) content 

Determination of cerebral GABA content in brain was carried out according to the method described by Sutton and 

Simmonds [52]. 

Determination of Cerebral Cholinesterase (ChE) content 

Cholinesterase (ChE) in cerebrum was determined according to the method of Ellman et al. [53] using DTNB-

phosphate reagent after 10 min incubation of the brain homogenate with acetyl thiocholine iodide. 

Histopathological Examination 

Liver and brain tissues from every rat were fixed with 10% formalin for 24h and embedded in paraffin. Then, they 

were cut into 5μm-thick sequential sections with a microtome, stained with hematoxylin and eosin (H&E) and liver 

were also examined with Masson's Trichrome stain. 

Statistical Analysis 

Results were expressed as mean ± SEM. Statistical analysis was carried out using one-way analysis of variance 

(ANOVA) followed by Tukey–Kramer Multiple Comparison Test. Probability values of less than 0.05 were 

considered statistically significant. Whereas the graphs were drawn using a prism computer program (GraphPad 

software Inc. V5, San Diego, CA). 

 

Results 

Effect of Treatments on Open Field Behavioral Test 

In open field test, latency time was elevated, while ambulation and rearing frequencies were significantly reduced by 

cadmium administration compared to normal group (Figure 1-A, B, and C). On administration of either cin-20 or 

cin-120 in cadmium treated rats, ambulation frequency was elevated but did not reach normal values. Meanwhile, 

latency was normalized by treatment with low dose of cinnamon rather than high dose in cadmium received rats. 

Still, rearing frequency was not affected by cin-20, cin-120 intake in cadmium- intoxicated rats. Noteworthy, cin-

120 treatment in normal rats caused significant rise in ambulation and rearing frequencies. 

 
Figure 1: Effects of low and high dose of cinnamon on latency [A], ambulation frequency [B], and rearing 

frequency [C] of open field behavioral test in Cd induced liver-brain injury in rats 

Cadmium was given at a dose 2 mg/kg, p.o., 45 days, while cinnamon was given in two different doses (20 mg/kg, 

p.o., 45 days), (120 mg/kg, p.o., 45 days). 

Data represents mean (n = 8-10) ±S.E.M. *$!# P<0.05 compared to the Con, Cin-20, Cin-120, and Cd-treated rats, 

respectively. Statistical analysis was carried out by one way ANOVA followed by Tukey- Kramer Multiple 

Comparison Test. 

 

Effect of Treatments on Liver Functions and Kidney Functions in Serum 

In serum, cinnamon administration in high dose elevated ALT and AST levels. Serum ALT was also raised by cin-

20 and cadmium intake in normal rats. Conversely, cinnamon low dose co-administration with cadmium 
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significantly renormalized serum ALT. Although, high dose of cinnamon reduced serum ALT in cadmium treated 

rats, serum AST was still elevated (Table 1). 

Table 1: Effect of low and high dose of cinnamon on liver and kidney functions in Cd induced liver-brain injury in 

rats 

 Serum ALT 

(U/L) 

Serum AST 

(U/L) 

Total Protein 

(g/dl) 

Serum 

Albumin (g/dl) 

Serum creatinine 

(mg/dl) 

Blood urea 

nitrogen 

(mg/dl) 

Con 13.98±1.16 17.00±0.52 6.15±0.47 4.17±0.04 1.78±0.01 16.37±0.60 

Cin-20 26.23±0.88* 12.83±0.87 5.98±0.21 2.72±0.11* 1.87±0.01 28.30±0.18* 

Cin-120 28.80±0.49* 40±2.56*$ 5.25±0.14 2.24±0.12*$ 1.96±0.01* 20.17±0.40$ 

Cd 33.14±2..29*$ 21.83±0.54$! 4.55±0.16*$ 2.90±0.04*! 2.07±0.02*$! 27.80±0.77*! 

Cd+Cin-20 15.81±1.42#$ 22.83±1.38$ 5.40±0.16 3.10±0.15*! 1.84±0.04# 30.65±1.70* 

Cd+Cin-120 25.86±1.20*# 35.33±1.61*# 5.80±0.26# 2.49±0.12* 2.07±0.03*! 46.28±2.77*#! 

Cadmium was given at a dose 2 mg/kg, p.o., 45 days, while cinnamon was given in two different doses (20 mg/kg, 

p.o., 45 days), (120 mg/kg, p.o., 45 days). 

Data represents mean (n = 8-10) ±S.E.M. *$!# P<0.05 compared to the Con, Cin-20, Cin-120, and Cd-treated rats, 

respectively. Statistical analysis was carried out by one way ANOVA followed by Tukey- Kramer Multiple 

Comparison Test. 

 

Intake of cin-20 elevated blood urea nitrogen, while intake of cin-120 elevated serum creatinine of normal rats. 

Noteworthy, normal groups received cinnamon in either dose showed marked decrease in serum albumin compared 

to control group.  Moreover, cadmium intoxicated rats displayed significant increase in urea, creatinine versus 

reduction in albumin and total protein compared to their respective control values. Concomitant administration of 

cinnamon in low dose with cadmium restored serum creatinine with no effect on the remaining parameters. The 

combined intake of high dose of cinnamon with cadmium elevated blood urea nitrogen upper than the normal levels 

and restored total protein with no effect on either albumin or creatinine (Table 1). 

 

Effect of Treatments on Lysosomal Enzymes in Liver 

Administration of cin-120, cadmium, concurrent cadmium and cinnamon in both doses revealed significant 

reduction in acid phosphatase, B-galactosidase, N-acetyl-glucosaminidaselysosomal enzymes compared to control. 

Further reduction in N-acetyl-glucosaminidase was shown by cin-120 compared to cadmium treated rats (Table 2). 

Table 2: Effect of of low and high dose of cinnamon on liver lyzosomal enzymes in Cd induced liver-brain injury in 

rats 

 Acid phosphatise  (nmol/g) β-Galactosidas (nmol/g) N-acetyl-glucosaminidas (nmol/g) 

Con 4727±137.0 1836±74.62 1622±34.13 

Cin-20 4382±67.0 1810±102.4 1576±15.10 

Cin-120 3383±201.6*$ 1368±80.25*$ 1389±23.75*$ 

Cd 3108±117.6*$ 1057±8.98*$! 1222±7.92*$! 

Cd+ Cin-20 3259±128.3*$ 1253±77.77*$ 1356±61.64*$ 

Cd+ Cin-120 3030±22.83* 1022±9.09*! 963±31.13*#! 

Cadmium was given at a dose 2 mg/kg, p.o., 45 days, while cinnamon was given in two different doses (20 mg/kg, 

p.o., 45 days), (120 mg/kg, p.o., 45 days). 

Data represents mean (n = 8-10) ±S.E.M. *$!# P<0.05 compared to the Con, Cin-20, Cin-120, and Cd-treated rats, 

respectively. Statistical analysis was carried out by one way ANOVA followed by Tukey- Kramer Multiple 

Comparison Test. 

 

Effect of Treatments on Neurotransmitters, DA, 5-HT, GABA, ChE in Cerebrum 

Cerebral monoamines contents, DA and 5-HT were significantly decreased by 39 and 35% in cadmium treated rats 

compared to normal rats.The level of DA in cerebrum of rats under the toxicity of cadmium was restored 

bycinnamon administration in each dose. Moreover, cerebral 5-HT was renormalized by high dose of cinnamon, 
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however, low dose of cinnamon did not affect the cerebral level of 5-HT of cadmium toxicant rats. Worth 

mentioning that normal rats received cin-120 displayed lower cerebral DA content in respect to control rats (Figure 

2-A and B). 

 
Figure 2: Effects of low and high dose of cinnamon on cerebrum Dopamine (DA) [A] , Serotonin (5-HT) [B], ɤ-

Amino butyric acid (GABA) [C], cholinesterase (ChE) [D] contents in Cd induced liver-brain injury in rats. 

Cadmium was given at a dose 2 mg/kg, p.o., 45 days, while cinnamon was given in two different doses (20 mg/kg, 

p.o., 45 days), (120 mg/kg, p.o., 45 days). 

Data represents mean (n = 8-10) ±S.E.M. *$!# P<0.05 compared to the Con, Cin-20, Cin-120, and Cd-treated rats, 

respectively. Statistical analysis was carried out by one way ANOVA followed by Tukey- Kramer Multiple 

Comparison Test. 

Cadmium administration elevated cerebral GABA content by 43% in respect to control. Co-administration of either 

Cin-20 or Cin-120 with cadmium restored its content to nearly normal value (Figure 2-C). 

Normal ChE content in cerebrum was 44.2±1.87 (mmol/g). Administration of either cin-120 or cadmium raised the 

enzyme activity by 40 and 46% compared to normal rats. Administration of either dose of cinnamon in cadmium-

treated rats normalized the cerebral enzyme content (Figure 2-D). 

 

Effect of Treatments on Inflammatory and Oxidative Stress Parameters in Liver 

Hepatic MPO as well as MDA was elevated in case of treatment with high dose of cinnamon, cadmium, and their 

combination compared to normal rats. Conversely, low dose of cinnamon restored MPO and MDA hepatic 

concentration in cadmium exposed rats (Figure 3-A and B). 

 Additionally, GSH concentration in liver was decreased in cadmium treated rats, while co-treatment of cin-120 in 

cadmium treated rats caused significant elevation in GSH above normal (Figure 3-C).  
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Figure 3: Effects of low and high dose of cinnamon on hepatic and cerebrum myeloperoxidase activity (MPO) [A, 

D], lipid peroxidation (LPO) [B, E], and reduced glutathione (GSH) [C, F] in Cd induced liver-brain injury in rats. 

Cadmium was given at a dose 2 mg/kg, p.o., 45 days, while cinnamon was given in two different doses (20 mg/kg, 

p.o., 45 days), (120 mg/kg, p.o., 45 days). 

Data represents mean (n = 8-10) ±S.E.M. *$!# P<0.05 compared to the Con, Cin-20, Cin-120, and Cd-treated rats, 

respectively. Statistical analysis was carried out by one way ANOVA followed by Tukey- Kramer Multiple 

Comparison Test. 

 

Effect of Treatments on Inflammatory and Oxidative Stress Parameters in Cerebrum 

Low and high intake of cinnamon in normal rats showed elevation in cerebral MDA in opposition to reduction in 

cerebral GSH. In addition, elevated content of cerebral MPO by the intake of cin-120 was observed. Cadmium 

administration enhanced cerebral concentration of MPO and MDA to 2 and 3.5 folds, respectively. Conversely, low 

and high dose of cinnamon intake in cadmium-received rats caused significant reduction in MPO and MDA. 

Furthermore, MPO touched normal level by cin-20 co-administration in cadmium treated rats (Figure 3-D and E). 

On the other hand, cerebral concentration of GSH was reduced to almost half its value by cadmium exposure, and 

the administration of cin-20 or cin-120 either alone or in combination did not augment GSH cerebral concentration 

(Figure 3-F). 

Effect of Treatments on Histopathological Study in Liver, Cerebral Cortex, and Hippocampus 

By using H & E stain, figure (4) illustrated that rats in either control or cin-20 group revealed normal 

histopathological appearance, while sections of liver treated with cin-120 showed focal hepatic necrosis associated 

with inflammatory cells infiltration. The liver histopathological examination of animals treated with cadmium 

showed hyperplasia of biliary epithelium and appearance of newly formed bile ductuoles with fibroplasia in the 

portal triad along with focal hepatic necrosis associated with inflammatory cells infiltration. Co administration of 

either cin-20 or 120 with cadmium showed almost normal morphology except for slight congestion of hepatic 

sinusoids and fibroplasia in the portal triad, respectively (Figure 4). 

Concerning brain, normal and cin-20 treated rats showed normal histopathological appearance, while cin-120 

received rats exhibited necrosis of some sporadic hippocampal neurons although cerebral cortex appeared normal. 

Cadmium treatment resulted in necrosis, pyknosis and atrophy of cerebral cortex, as well as hippocampal neurons 

accompanied by neuronophagia. The neuron architecture was amended to some extent by the intake of cin-20 orcin-

120 in cadmium toxicant rats (Figure 4). 
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By using Massosn's trichrome stain, figure (5) illustrated that normal and cin-20 treated rats showed normal 

appearance of hepatic cells, while cin-120 treated rats exhibited weak positive histochemical reaction for collagen 

fibers. An apparent increase in the collagen fibers in between hepatocytes were detected in cadmium received group 

as compared to that of the control group, whereas cin-20 and cin-120 displayed weak fibrosis, as compared to 

cadmium group. 

 
Figure 4: Photomicrographs of rat liver, cerebral cortex and hippocampus sections stained with H & E (X400). 

Cadmium was given at a dose 2 mg/kg, p.o., 45 days, while cinnamon was given in two different doses (20 mg/kg, 

p.o., 45 days), (120 mg/kg, p.o., 45 days). 
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Figure 5: Photomicrographs of rat liver stained with Masson's Trichome (X400). Cadmium was given at a dose 2 

mg/kg, p.o., 45 days, while cinnamon was given in two different doses (20 mg/kg, p.o., 45 days), (120 mg/kg, p.o., 45 

days). 

 

Discussion  

Cadmium is a ubiquitous strong cell toxin, its toxicity occurs mainly by ingestion and inhalation and liver is the 

main site of its metabolism as well as accumulation. Brain is another organ also affected by cadmium exposure, 

where severe neurological damages take place as a result of its toxicity. The current study evaluates the hepato- and 

neuro-modulatory influence of low and high intake of cinnamon aqueous extract against liver and cerebrum injury in 

cadmium-toxicant rats.  

Regarding to metal-induced hepatotoxicity observed in the current study, cadmium received group exhibited marked 

increase in serum ALT in respect to normal rats. Similarly, El-Maraghy et al. [54]; Renugadevi and Prabu [55]; 

Mladenović et al. [56], and Adefegha et al. [57] pointed to liver enzymes rise as a result of their release into 

circulation after hepatic cell damage by cadmium. On the contrary, liver lysosomal enzymes, acid phosphatase, B-

galactosidase, and N-acetyl glucosaminides were reduced in cadmium- treated group. de Santiago-Martín et al. [58]; 

Simone et al. [59] referred to the inactivation of enzymes as a result of metal contamination. The lysosomal injury 

hypothesis proposes that excessive accumulation of metals within lysosomes can lead to lysosomal fragility, 

impaired lysosomal function, and eventual cellular injury [60]. 

In the current study, serum creatinine and urea were elevated as a result of cadmium administration. These 

alterations reflect renal toxicity and impaired glomerular function, as kidney is a further organ that retains cadmium 

at a high level. Researchers mentioned a specific metal binding protein that deliver cadmium efficiently to the 

epithelial cells of the proximal tubule called Metallothionein, where after degradation, high levels of free cadmium 

release locally and cause tubular injury [2,13,61]. Other molecules such as albumin, cysteine,  and sulfhydryl (SH)-

rich proteins, can also form associations with cadmium, subsequently hepato-renal toxicity of cadmium could be 
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also produced by direct effects of free cadmium initiating oxidative stress in organs as a result of binding to SH 

group [13,62]. The ability of liver to synthesize proteins was depressed by cadmium as mentioned by Cupertino et 

al. [63], therefore, the observed reduction in albumin and total protein in our study upon cadmium exposure mirrors 

a disturbance in hepatic function. 

Our result revealed that the elevated serum ALT induced by cadmium were near normal levels or only slightly 

elevated by oral administration of low and high dose of cinnamon extract, indicating protection against liver 

damage. Total protein was reversed upon treatment with cin-120, reflecting its hepato- protective activity. 

Stimulation of protein synthesis has been advanced as an influential mechanism which accelerates the regeneration 

and production of liver cells [64]. Creatinine was reduced upon treatment with cin-20. In accordance, 

cinnamaldehyde administration restored kidney function and suppressed renal oxidative stress in the study of sharma 

et al. [65]. 

In the current study, cadmium induced oxidative stress displayed by increased hepatic and cerebral MPO, MDA, as 

well as glutathione depletion. The results are in accordance with [14,54,66,67]. Stohs and Bagachi [6] suggested that 

cadmium induce phagocytic cells for production of ROS which is involved in the initiation of lipid peroxidation 

(LPO) and oxidative stress in different tissues. Another suggestion was cadmium displacement of iron from its 

binding sites leading to acceleration of free radicals production [68]. Additionally, the content of GSH was greatly 

diminished in the liver and cerebral tissues of the cadmium-treated group compared with control group. As 

mentioned above, cadmium has a strong affinity for the SH group of cysteine moiety of glutathione, therefore, 

decreased GSH level is due to its consumption in cadmium reclamation and its utilization in the protective action 

against free radical-induced LPO [67,69,70]. Moreover, SH is exhausted in heavy metals detoxification, 

consequently, SH level reduction changes the activities of antioxidant enzymes and lead to peroxidation of 

polyunsaturated fatty acids initiating a prooxidant state in the biological system [6,71,72,73]. 

Besides, histopathological examination revealed marked changes in the structure of the studied tissues in cadmium-

 administered animals. In liver, the histological area occupied by collagen fibers in group exposed to cadmium was 

higher compared with the control, also showed in the study of Cupertino et al. [63]. Svegtiati Baroni et al. [74] 

referred to a common link between chronic liver damage and hepatic fibrosis. Changes in H & E stain demonstrated 

by congestion of central vein and sinusoids, focal hepatic necrosis, inflammatory cells infiltration, hyperplasia of 

biliary epithelium with fibroplasia in the portal triad were in line with other reports [1,75]. Liver injury from acute 

cadmium revelation is expected to originate from the activation of Kupffer cells and a cascade of events including 

cytokines, nitric oxide and ROS [76].  

On the contrary, the use of cinnamon provided protection against the oxidative disorder by lowering the MPO and 

MDA levels in liver and cerebrum. The present protective capacity against MPO and LPO in both organs mostly by 

the low dose of cinnamon is attributed to its phytoconstituents, flavonoids, triterpenoids, saponins, and alkaloids 

[35]. Hepatoprotection from oxidative stress by cinnamon was also investigated by [32,77,78,79]. Hepatoprotective 

activity of cinnamon aqueous extract against the toxic effect of cadmium is also revealed in the histological studies. 

Cinnamon reduced the toxin-induced inflammatory cells infiltration and maintained an almost normal architecture. 

The current preservation of hepatic cells structure by cinnamon was according to Moselhy and Ali [78]. In a 

previous study, few collagen fibers were observed by cinnamon in high fructose diet model comparable to that of 

control group [80]. 

Concerning brain, oxidative stress induced by cadmium exposure was accompanied by histological damage in the 

examined tissue (cerebral cortex and hippocampus). Histological examination of each region revealed a change in 

internal morphology; increased nuclear pyknosis, necrosis, and atrophy of neurons in the cadmium-treated group. 

Barroso-Moguel et al. [81] explained that cell damage via the necrotic pathway is associated with the shrinkage and 

condensation of nuclear chromatin, leading to nuclear pyknosis. Brain histopathological examination was in 

accordance to [82,83,84]. However, there has been no prior report on the neuroprotective effects of cinnamon in the 

cadmium toxicity. Herein, cinnamon possesses neuroprotective effects interfering cerebral oxidative stress and 

histopathological alterations involved by cadmium. The observed improvement in cortical and hippocampal 
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neuronal cells in cinnamon- administered rats may be due to free radical scavenging activities of its polyphenolic 

derivatives and the capacity of cinnamon flavonoids to enter the brain upon crossing the blood brain barrier [36]. 

In our study, the content of the inhibitory amino acid GABA in cerebrum was shown to be elevated in cadmium-

treated rats. GABA release is boosted due to inhibition of the voltage-dependent calcium channels with cadmium 

[85] and as a result, the degree and balance of excitation–inhibition in synaptic neurotransmission was altered by the 

metal toxicity [86]. Meanwhile, we observed reduction in cerebral monoamines levels by cadmium administration, 

in consistent with [23,87]. The impairment in the catecholaminergic and serotoninergic transmission by cadmium 

administration is mediated by alterations in the intracellular calcium metabolism and impairment in calcium function 

as a second messenger in the CNS [88]. The calcium overload, mediated by cadmium, also inhibits the calcium 

ATPase activity in cell membrane and eventually potentiates irreversible cell destruction [89]. The activities of these 

ATPase enzymes are affected by the exposure of cadmium leading to the alterations in membrane and 

neurotransmitter functions [23,90,91]. Another suggested mechanism is MAO activity increase by cadmium 

exposure, an indicator of impaired neuronal functions leading to brain damage [57]. Disorders in behavior of both 

humans and animals were previously reported by chronic exposure to low doses of cadmium [16,17]. Herein, both 

the ambulation and rearing frequencies were decreased in cadmium- received rats, while the latency was increased 

indicating lesser exploratory and locomotor activity. In cerebrum, ChE content was elevated by cadmium treatment 

reflecting cholinergic hypo-activity due to low level of acetyl choline. Administration of cinnamon extract in 

cadmium-treated rats improved both latency and ambulation frequencies in open field test, thus locomotor activity 

was enhanced. Effect of cinnamon in low and high doses was extended to normalize GABA as well as DA content 

in cerebrum.  Furthermore, both doses restored cerebral ChE activity. Likewise, cognition perfection by cinnamon 

extract through anticholinergic activity was discussed in Alzheimer's disease animal model and scopolamine-treated 

rats [92,93]. Ngoc et al. [94] also reported that a methanol extract of cinnamon exhibited a strong tyrosinase-

inhibitory activity. Tyrosinase inhibitors offer a possible treatment for Parkinson’s disease [95]. Hence, lending a 

plausible explanation to the current normalization of DA and consequently, the observed improvement in locomotor 

activity in cinnamon treated rats. 

In conclusion, our data indicate that cinnamon extract in low dose possess neuro and hepato-protective effect against 

cadmium-mediated toxicity in brain and liver via inhibiting MPO, LPO and subsequently restoring the ChE, DA, 

GABA along with better locomotor activity, as well as histological appearance. Therefore, populations of high risk 

to cadmium should be advised to use frequent low dose of cinnamon to reduce risk factors associated with its 

toxicity.  

 

Acknowledgements 

The authors would like to thank Professor Kawkab A. Ahmed, Pathology Department, Faculty of Veterinary 

Medicine, Cairo University (Giza, Egypt) for her assistance in the histopathological examination. 

 

Declaration of Conflicting Interests  

The Authors declare that there is no conflict of interest 

 

References  

1. Prabu SM, Shagirtha K and Renugadevi J (2010) Amelioration of cadmium-induced oxidative stress, 

impairment in lipids and plasma lipoproteins by the combined treatment with quercetin and a-tocopherol in 

rats. Journal of Food Science 75(7): 132–140. 

2. Klaassen CD, Liu J, Choudhuri S (1999) Metallothionein: an intracellular protein to protect against cadmium 

toxicity. Annual Review of Pharmacology and Toxicology 39: 267–294. 

3. Liu J, Goyer R, Waalkes MP (2007a) Toxic effects of metals, In: Klaassen, C.D. (Ed.), Casarett and Doull's 

Toxicology — the Basic Science of Poisons, 7th Edition. McGraw Hill, pp. 931–979. 

4. Sinha M, Manna P, Sil PC (2008) Cadmium induced neurological disorders: prophylactic role of 

taurine.Journal of Applied Toxicology 28(8): 974-986.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Cadmium-induced+neurological+disorders%3A+prophylactic+role+of+taurine


Mohamed EG et al                                                                       The Pharmaceutical and Chemical Journal, 2018, 5(4):81-96 

 

        The Pharmaceutical and Chemical Journal 

92 

 

5. IARC, International Agency for Research on Cancer, Monographs on the Evaluation of the Carcinogenic 

Risks to Humans, Beryllium, Cadmium, Mercury and Exposures in the Glass Manufacturing Industry, IARC 

Scientific Publications, Lyon, France,1993, pp. 119–238. 

6. Stohs SJ, Bagchi D (1995) Oxidative mechanisms in the toxicity of metal ions.Free Radical Biology & 

Medicine 18(2): 321-336. 

7. Järup L (2002) Cadmium overload and toxicity. Nephrology, Dialysis, Transplantation 17(2): 35-39. 

8. Wang B, Du Y (2013) Cadmium and its neurotoxic effects. Oxidative Medicine and Cell Longevity 2013: 

898034. 

9. Ben P, Zhang Z, Zhu Y, Xiong A, Gao Y, Mu J, Yin Z, Luo L (2016) l-Theanine attenuates cadmium-induced 

neurotoxicity through the inhibition of oxidative damage and tau hyperphosphorylation. Neurotoxicology 57: 

95-103. 

10. Arroyo VS, Flores KM, Ortiz LB, Gómez-Quiroz LE, Gutiérrez-Ruiz MC (2012) Liver and Cadmium 

Toxicity. Journal of Drug Metabolism & Toxicology S5: 001. 

11. Waisberg M, Joseph P, Hale B, Beyersmann D (2003) Molecular and cellular mechanisms of cadmium 

carcinogenesis. Toxicology 192(2-3): 95-117. 

12. Oh SH, Lim SC (2006) A rapid and transient ROS generation by cadmium triggers apoptosis via caspase-

dependent pathway in HepG2 cells and this is inhibited through N-acetylcysteine-mediated catalase 

upregulation. Toxicology and Applied Pharmacology 212(3): 212-223. 

13. Klaassen CD, Liu J, Diwan BA (2009) Metallothionein Protection of Cadmium Toxicity. Toxicology and 

Applied Pharmacology 238 (3): 215–220. 

14. Nemmiche S, Chabane-Sari D, Guiraud P(2007) Role of alpha-tocopherol in cadmium-induced oxidative 

stress in Wistar rat's blood, liver and brain. Chemico Biological Interactions 170(3): 221-230. 

15. Albasha MO, Azab SA (2014) Effect of cadmium on the liver and amelioration by aqueous extracts of 

fenugreek seeds, rosemary, and cinnamon in guinea pigs: Histological and biochemical study. Cell Biology 

2(2): 34-44. 

16. Viaene MK, Masschelein R, Leenders J, De Groof M, Swerts LJ, Roels HA (2000) Neurobehavioural effects 

of occupational exposure to cadmium: a cross sectional epidemiological study. Occupational and 

Environmental Medicine 57(1): 19-27. 

17. Leret ML, Millán JA, Antonio MT (2003) Perinatal exposure to lead and cadmium affects anxiety-like 

behaviour. Toxicology 186(1-2): 125-130. 

18. Seok SM, Park DH, Kim YC, Moon CH, Jung YS, Baik EJ, Moon CK, Lee SH (2006) COX-2 is associated 

with cadmium-induced ICAM-1 expression in cerebrovascular endothelial  cells. Toxicology Letters 165(3): 

212-220. 

19. Bertin G, Averbeck D (2006) Cadmium: cellular effects, modifications of biomolecules, modulation of DNA 

repair and genotoxic consequences (a review). Biochimie 88(11): 1549-1559. 

20. Nishimura Y, Yamaguchi JY, Kanada A, Horimoto K, Kanemaru K, Satoh M, Oyama Y (2006) Increase in 

intracellular Cd(2+) concentration of rat cerebellar granule neurons  incubated with cadmium chloride: 

cadmium cytotoxicity under external Ca(2+)-free  condition. Toxicology in Vitro 20(2): 211-216. 

21. Yuan D, Ye S, Pan Y, Bao Y, Chen H, Shao C (2013) Long-term cadmium exposure leads to the enhancement 

of lymphocyte proliferation via down-regulating p16 by DNA hypermethylation. Mutation Research 757(2): 

125-131. 

22. Al Omairi NE, Radwan OK, Alzahrani YA, Kassab RB (2018) Neuroprotective efficiency of Mangifera 

indica leaves extract on cadmium-induced cortical damage in rats. Metabolic Brain Disease 

23. Antonio MT, Corredor L, Leret ML (2003) Study of the activity of several brain enzymes like markers of the 

neurotoxicity induced by perinatal exposure to lead and/or cadmium. Toxicology Letters 143(3): 331-340. 

24. Calabrese V, Bates T E, Giuffrida Stella A M (2000) NO synthase and NO-dependent signal pathways in 

brain aging and neurodegenerative disorders: The role of oxidant/antioxidant balance. Neurochemical 

Research 25:1315–1341. 

https://www.ncbi.nlm.nih.gov/pubmed/7744317
https://www.ncbi.nlm.nih.gov/pubmed/?term=J%C3%A4rup%20L%5BAuthor%5D&cauthor=true&cauthor_uid=11904357
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cadmium+overload+and+toxicity+L+J%C3%A4rup
https://scholar.google.com.eg/citations?user=JrANNYMAAAAJ&hl=en&oi=sra


Mohamed EG et al                                                                       The Pharmaceutical and Chemical Journal, 2018, 5(4):81-96 

 

          The Pharmaceutical and Chemical Journal 

93 

 

25. Moulis JM (2010) Cellular mechanisms of cadmium toxicity related to the homeostasis of essential metals. 

Biometals 23(5): 877-896. 

26. Carageorgiou H, Tzotzes V, Sideris A, Zarros A, Tsakiris S (2005) Cadmium effects on brain 

acetylcholinesterase activity and antioxidant status of adult rats: modulation by zinc, calcium and L-cysteine 

co-administration. Basic & Clinical Pharmacology & Toxicology 97(5): 320-324. 

27. Pari L, Murugavel P (2007) Diallyltetrasulfide improves cadmium induced alterations of acetylcholinesterase, 

ATPases and oxidative stress in brain of rats. Toxicology 234(1-2): 44-50. 

28. Firuzi O, Miri R, Tavakkoli M, Saso L (2011) Antioxidant therapy: current status and future prospects. 

Current Medicinal Chemistry 18(25): 3871-3888. 

29. El-Missiry MA, Shalaby F (2000) Role of beta-carotene in ameliorating the cadmium induced oxidative stress 

in rat brain and testis. Journal of Biochemical and Molecular Toxicology 14(5): 238-243. 

30. Khan A, Safdar M, Ali Khan MM, Khattak KN, Anderson RA (2003) Cinnamon improves glucose and lipids 

of people with type 2 diabetes. Diabetes Care 26(12): 3215-3218. 

31. Qin B, Panickar KS, Anderson RA (2010) Cinnamon: potential role in the prevention of insulin resistance, 

metabolic syndrome, and type 2 diabetes. Journal of Diabetes Science and Technology 4(3): 685-693. 

32. Noori S, Azmat M, Mahboob T (2012) Study on antioxidant effects of cinnamon and garlic extract in liver, 

kidney and heart tissue of rat. Bioscience Research 9(1): 17-22.  

33. Madhavadas S, Subramanian S (2017) Cognition enhancing effect of the aqueous extract of Cinnamomum 

zeylanicum on non-transgenic Alzheimer's disease rat model: Biochemical, histological, and behavioural 

studies. Nutritional Neuroscience 20(9): 526-537. 

34. Kanuri G, Weber S, Volynets V, Spruss A, Bischoff SC, Bergheim I (2009) Cinnamon extract protects against 

acute alcohol-induced liver steatosis in mice. The Journal of Nutrition 139(3): 482-487. 

35. Eidi A, Mortazavi P, Bazargan M, Zaringhalam J (2012) Hepatoprotective activity of cinnamon ethanolic 

extract against CCI4-induced liver injury in rats. EXCLI Journal 11: 495-507. 

36. Momtaz S, Hassani S, Khan F, Ziaee M, Abdollahi M (2018) Cinnamon, a promising prospect towards 

Alzheimer's disease. Pharmacological Research 130: 241-258. 

37. Elgawish RAR, Abdelrazek HMA (2014) Effects of lead acetate on testicular function and caspase-3 

expression with respect to the protective effect of cinnamon in albino rats. Toxicology Reports 1: 795-801. 

38. Mahmoud A, Attia R, Said S, Ibraheim Z (2014) Ginger and cinnamon: can this household remedy treat 

giardiasis? Parasitological and histopathological studies. Iranian Journal of Parasitology 9(4): 530-540. 

39. Ismail NS (2014) Protective effects of aqueous extracts of cinnamon and ginger herbs against obesity and 

diabetes in obese diabetic rat. World Journal of Dairy & Food Sciences 9(2): 145-153. 

40. Hejazy M, Koohi MK (2017) Effects of Nano-zinc on Biochemical Parameters in Cadmium Exposed Rats. 

Biological Trace Element Research 180(2): 265-274. 

41. Costall B, Jones BJ, Kelly ME, Naylor RJ, Tomkins DM (1989) Exploration of mice in a black and white test 

box: validation as a model of anxiety. Pharmacology Biochemistry and Behavior 32(3): 777-785. 

42. Cunha JM, Masur J (1978) Evaluation of psychotropic drugs with a modified open field test. Pharmacology 

16: 259–267. 

43. Van den Buuse M, de Jong W (1989) Differential effects of dopaminergic drugs on open-field behavior of 

spontaneously hypertensive rats and normotensive Wistar-Kyoto rats. The Journal of Pharmacology and 

Experimental Therapeutics 248: 1189-1196. 

44. Burtis CA, Ashwood ER, Enders DB and Rude RK (1999) Mineral and Bone metabolism. Tietz text book of 

clinical chemistry, 3rd ed. Philadelphia, W.B., Saunders; P: 1395-1457. 

45. Wybenga  DR,  Di  Giorgio  J, Pileggi  VJ  (1971) Manual  and  automated methods  for  urea  nitrogen  

measurement  in  whole  serum. Clinical chemistry (17): 891- 895. 

46. Henry R J (1974) Clinical Chemistry, Principles and Techniques. 2
nd

 Ed., Pp. 526, Harper and Row. 

47. Van Hoof F, Hers HG (1968) The abnormalities of lysosomal enzymes in mucopolysaccharides. European 

Journal of Biochemistry 7: 34-44. 

https://www.researchgate.net/profile/Masooma_Azmat/publication/236839418_Study_on_antioxidant_effects_of_cinnamon_and_garlic_extract_in_liver_kidney_and_heart_tissue_of_rat/links/004635194b63586371000000.pdf
https://www.researchgate.net/profile/Masooma_Azmat/publication/236839418_Study_on_antioxidant_effects_of_cinnamon_and_garlic_extract_in_liver_kidney_and_heart_tissue_of_rat/links/004635194b63586371000000.pdf


Mohamed EG et al                                                                       The Pharmaceutical and Chemical Journal, 2018, 5(4):81-96 

 

        The Pharmaceutical and Chemical Journal 

94 

 

48. Bradley PP, Priebat DA, Christensen RD, Rothstein G (1982) Measurement of cutaneous inflammation: 

estimation of neutrophil content with an enzyme marker. Journal of Investigative Dermatology 78(3): 206–

209.  

49. Buege JA, Aust SD (1978) Microsomal lipid peroxidation. Methods in Enzymology 302-310. 

50. Beutler E, Duron O, Kelly BM (1963). Improved method for the determination of blood glutathione. The 

Journal of Laboratory and Clinical Medicine 61: 882-888. 

51. Ciarlone AE (1978) Further modification of a fluorometric method for analyzing brain amines. Microchemical 

Journal 23: 9-12. 

52. Sutton J, Simmonds MA (1974) Effect of acute and chronic pentobarbitone on the γ-aminobutyric acid system 

in rat brain. Biochemical Pharmacology 23: 1801-1808. 

53. Ellman GL, Courtney KD, Andres V, Featherstone RM (1961) A new and rapid colorimetric determination of 

acetylcholinesterase activity. Biochemical Pharmacology 7: 88–95. 

54. El-Maraghy SA, Gad MZ, Fahim AT, Hamdy MA (2001) Effect of cadmium and aluminum intake on the 

antioxidant status and lipid peroxidation in rat tissues. Journal of Biochemical and Molecular Toxicology 

15(4): 207-214. 

55. Renugadevi J, Prabu SM (2010) Cadmium-induced hepatotoxicity in rats and the protective effect of 

naringenin. Experimental and Toxicologic Pathology 62(2): 171-181. 

56. Mladenović J, Ognjanović B, Dorđević N, Matić M, Knežević V, Stajn A, Saičić Z (2014) Protective effects 

of oestradiol against cadmium-induced changes in blood parameters and oxidative damage in rats. Arhivza 

Higijenu Rada i Toksikologiju 65(1): 37-46. 

57. Adefegha SA, Omojokun OS, Oboh G (2015) Modulatory effect of protocatechuic acid on cadmium induced 

nephrotoxicity and hepatoxicity in rats in vivo. Springer plus 4: 619- 626. 

58. de Santiago-Martín A, Cheviron N, Quintana JR, González C, Lafuente AL, Mougin C (2013) Metal 

contamination disturbs biochemical and microbial properties of calcareous agricultural soils of the 

Mediterranean area. Archieves of Environmental Contamination and Toxicology 64(3): 388-398. 

59. Simone MI, Mares L, Eveleens C, McCluskey A, Pappin BB, Kiefel MJ, Houston TA (2018) Back to (non-) 

Basics: An Update on Neutral and Charge-Balanced Glycosidase Inhibitors. Mini Review in Medicinal 

Chemistry 18(10): 812-827.  

60. Britton RS (1996) Metal-induced hepatotoxicity. Seminars in Liver Disease 16(1): 3-12. 

61. Klaassen CD, Liu J (1997) Role of metallothionein in cadmium-induced hepatotoxicity and nephrotoxicity. 

Drug Metabolism Reviews 29(1-2): 79-102. 

62. Amamou F, Nemmiche S, Meziane RK, Didi A, Yazit SM, Chabane-Sari D (2015) Protective effect of olive 

oil and colocynth oil against cadmium-induced oxidative stress in the liver of Wistar rats. Food Chemical 

Toxicology 78: 177-184. 

63. Cupertino MC, Costa KL, Santos DC, Novaes RD, Condessa SS, Neves AC, Oliveira JA, Matta SL (2013) 

Long-lasting morphofunctionalremodelling of liver parenchyma and stroma after a single exposure to low and 

moderate doses of cadmium in rats. International Journal of Experimental Pathology 94(5): 343-351. 

64. Tadeusz J, Teresa J, Krzysztof N (2001) The role of polyprenol in modulation of physical properties of model 

membranes. Current Topics in Biophysics 25: 33–38. 

65. Sharma UK, Kumar R, Gupta A, Ganguly R, Pandey AK (2018) Renoprotective effect of cinnamaldehyde in 

food color induced toxicity. 3 Biotech 8(4): 212. 

66. Eybl V, Kotyzová D, Bludovská M (2004) The effect of curcumin on cadmium-induced oxidative damage and 

trace elements level in the liver of rats and mice. Toxicology Letters 151(1): 79-85. 

67. Newairy AA, El-Sharaky AS, Badreldeen MM, Eweda SM, Sheweita SA (2007) Thehepatoprotective effects 

of selenium against cadmium toxicity in rats. Toxicology 242(1-3): 23-30. 

68. Casalino E, Sblano C, Landriscina C (1996) A possible mechanism for initiation of lipid peroxidation by 

ascorbate in rat liver microsomes. The International Journal of Biochemistry & Cell Biology 28(2): 137-149 



Mohamed EG et al                                                                       The Pharmaceutical and Chemical Journal, 2018, 5(4):81-96 

 

          The Pharmaceutical and Chemical Journal 

95 

 

69. Koyuturk M, Yanardag R, Bolkent S, Tunali S (2006) Influence of combined antioxidants against cadmium 

induced testicular damage. Environmental Toxicology and Pharmacology 21(3): 235-240. 

70. Mohanpuria P, Rana NK, Yadav SK (2007) Cadmium induced oxidative stress influence on glutathione 

metabolic genes of Camellia sinensis (L.) O. Kuntze. Environmental Toxicology 22(4): 368-374. 

71. Bagchi D, Bagchi M, Hassoun EA, Stohs SJ (1996) Cadmium-induced excretion of urinary lipid metabolites, 

DNA damage, glutathione depletion, and hepatic lipid peroxidation in Sprague-Dawley rats. Biological Trace 

Element Research 52(2): 143-154. 

72. Casalino E, Calzaretti G, Sblano C, Landriscina C (2002) Molecular inhibitory mechanisms of antioxidant 

enzymes in rat liver and kidney by cadmium. Toxicology 179(1-2): 37-50. 

73. Thévenod F (2003) Nephrotoxicity and the proximal tubule. Insights from cadmium. Nephron Physiology 

93(4): 87-93. 

74. SvegtiatiBaroni G, DAmbrosio L, Ferretti G, Casini A, Di Srio A, Salzano R, Ridolfi F, Saccomanno S, 

Jezequel AM, Benedetti A (1998) Fibrogenic effect of oxidative stress on rat hepatic stellate cells. Hepatology 

27: 720–726. 

75. Ramakrishnan R, Elangovan P, Pari L (2017) Protective Role of Tetrahydrocurcumin: an Active Polyphenolic 

Curcuminoid on Cadmium-InducedOxidative Damage in Rats. Applied Biochemistry and Biotechnology 

183(1): 51-69. 

76. Bilzer M, Roggel F, Gerbes AL (2006) Role of Kupffer cells in host defense and liver disease. Liver 

International 26(10): 1175-1186. 

77. Murcia MA, Egea I, Romojaro F, Parras P, Jiménez AM, Martínez-Tomé M (2004) Antioxidant evaluation in 

dessert spices compared with common food additives. Influence of irradiation procedure. Journal of 

Agricultural and Food Chemistry 52(7): 1872-1881. 

78. Moselhy SS, Ali HK (2009) Hepatoprotective effect of cinnamon extracts against carbon tetrachloride 

induced oxidative stress and liver injury in rats. Biological Research 42(1): 93-98. 

79. Amin KA, Abd El-Twab TM (2009) Oxidative markers, nitric oxide and homocysteine alteration in 

hypercholesterolimic rats: role of atorvastatine and cinnamon. International Journal of Clinical and 

Experimental Medicine 2(3): 254-265. 

80. El Ebiary FH, Khalaf G (2014) The effect of high fructose diet on the structure of liver of albino rat and the 

possible protective role of cinnamon. Light and electron microscopic study. IOSR Journal of Dental and 

Medical Sciences 13(6): 46-53. 

81. Barroso-Moguel R, Mendez-Armenta M, Villeda-Hernandez J, Nava-Ruiz C, Santamaria A (2002) Brain 

lesions induced by chronic cocaine administration to rats. Progress in Neuro-psychopharmacoly & Biological 

Psychiatry 26(1): 59-63. 

82. Mendez-Armenta M, Barroso-Moguel R, Villeda-Hernandez J, NavaRuiz C, Rios C (2001) Histopathological 

alterations in the brain regions of rats after perinatal combined treatment with cadmium and dexamethasone. 

Toxicology 161: 189–199. 

83. Shagirtha K, Muthumani M, Prabu SM (2011) Melatonin abrogates cadmium induced oxidative stress related 

neurotoxicity in rats. European Review for Medical and Pharmacological Sciences 15(9): 1039-1050. 

84. Unsal C, Kanter M, Aktas C, Erboga M (2015) Role of quercetin in cadmium-induced oxidative stress, 

neuronal damage, and apoptosis in rats. Toxicology and Industrial Health 31(12): 1106-1115. 

85. Halabisky B, Friedman D, Radojicic M, Strowbridge BW (2000) Calcium influx through NMDA receptors 

directly evokes GABA release in olfactory bulb granule cells. The Journal of Neuroscience 20(13): 5124-

5134. 

86. Minami A, Takeda A, Nishibaba D, Takefuta S, Oku N (2001) Cadmium toxicity in synaptic 

neurotransmission in the brain. Brain Research 894(2): 336-339. 

87. Gupta A, Gupta A, Murthy RC, Chandra SV (1993) Neurochemical changes in developing rat brain after pre- 

and postnatal cadmium exposure. Bulletin of Environmental Contamination and Toxicology 51(1): 12-17. 

88. Repetto M (1997) In: Diaz de Santos (Ed.), Toxicologia Fundamental, 3a ed., Madrid, Spain. 



Mohamed EG et al                                                                       The Pharmaceutical and Chemical Journal, 2018, 5(4):81-96 

 

        The Pharmaceutical and Chemical Journal 

96 

 

89. Joseph P, Muchnok TK, Klishis ML, Roberts JR, Antonini JM, Whong W, Ong T (2001) Cadmium induced 

cell transformation and tumorigenesis are associated with transcriptional activation of c-fos, c-jun, and c myc-

protooncogenes: role of cellular calcium and reactive oxygen species. Toxicological Sciences 61(2): 295–303. 

90. Rajanna B, Hobson M, Boykin M, Chetty CS (1990) Effects of chronic treatment with cadmium on ATPases, 

uptake of catecholamines, and lipid peroxidation in rat brain synaptosomes. Ecotoxicology and Environmental 

Safety 20(1): 36-41. 

91. Carfagna MA, Ponsler GD, Muhoberac BB (1996) Inhibition of ATPase activity in rat synaptic plasma 

membranes by simultaneous exposure to metals. Chemico Biological Interactions 100(1): 53-65. 

92. Frydman-Marom A, Levin A, Farfara D, Benromano T, Scherzer-Attali R, Peled S, Vassar R, Segal D, Gazit 

E, Frenkel D, Ovadia M (2011) Orally administrated cinnamon extract reduces β-amyloid oligomerization and 

corrects cognitive impairment in Alzheimer's disease animal models. PLoS One 6(1): e16564. 

93. Jain S, Sangma T, Shukla SK, Mediratta PK (2015) Effect of Cinnamomum zeylanicum extract on 

scopolamine-induced cognitive impairment and oxidative stress in rats. Nutritional Neuroscience 18(5): 210-

216. 

94. Ngoc TM, Lee I, Ha do T, Kim H, Min B, Bae K (2009) Tyrosinase-inhibitory constituents from the twigs of 

Cinnamomum cassia. Journal of Natural Products 72(6): 1205-1208. 

95. Boğa M, Hacıbekiroğlu I, Kolak U (2011) Antioxidant and anticholinesterase activities of eleven edible 

plants. Pharmaceutical Biology 49(3): 290-295. 

 


