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Abstract

Background: Cadmium (Cd) is a well-known hazardous environmental contaminant. It exerts its toxicity through induction of lipid pe-
roxidation and reduction of cellular antioxidant. Therefore, in this study, we investigated whether cinnamon could protect against Cd
toxicity in liver and kidney.

Materials and methods: Forty male Wister rats (130-135 gm) were divided randomly into 4 groups/ 10 rats each. Control, cinnamon,
cadmium, and Cinn+Cd groups received distilled water, cinnamon extract (200 mg/kg b.wt. orally), cadmium chloride (5 mg/kg b.wt.
orally), and Cd plus cinnamon, respectively. Blood, liver, and kidney samples were collected after 8 weeks of treatment. Erythrogram,
leukogram, liver and kidney functions, and oxidative status (MDA, CAT, and TAC) were determined.

Results and discussion: Cd-treated animals showed significant increases in serum ALT, AST, creatinine, and urea indicating hepatic
and renal damage. Cd-induced oxidative stress was observed by marked decease TAC accompanied by increase in MDA which contrib-
uted in liver and kidney dysfunction. Co-treatment of Cd with cinnamon has improved the oxidation profile by increasing the TAC and
decreasing the lipid peroxidation. Cinnamon ameliorated the toxic effect of Cd, which observed by improvement of liver and kidney

functions.

Conclusion: High antioxidants content of cinnamon could protect the liver and kidney from Cd toxicity.
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1. Introduction

Cadmium (Cd), is considered one of the most hazardous metal
among other heavy metals. Cd is a serious environmental and
occupational contaminant that causes very toxic effect to humans
and animals even in small amounts (Singh et al. 2013). Previous
studies have reported that Cd produced long-term negative impact
on health by producing a wide range of biochemical and physio-
logical dysfunctions in humans and laboratory animals including
hepatic, renal, and testicular damage (Nigam et al. 1999, Yiin et
al. 1999, Santos et al. 2004, Newairy et al. 2007, Singh et al.
2007). Cd has a great affinity to various biological components
such as sulfhydryl containing proteins, macromolecules, and
metallothionein (Klassen et al. 1999). Cd-metallothionein complex
is generated in the liver and then distributed to other tissues main-
ly kidney causing tubular damage (Liu et al. 1996, Tremellen
2008, Turner & Lysiak 2008).

The mechanisms underlying Cd toxicity is regarding mainly to
its oxidative damage. It has been reported that Cd induces produc-
tion of reactive oxygen species (ROS) including superoxide anion,
hydrogen peroxide, and hydroxyl radical (Toppo et al. 2015).
These ROS react with several cellular molecules causing lipid
peroxidation, protein oxidation, DNA damage, and ultimately
induce apoptosis (Stohs et al. 2000). Moreover, Cd inhibits the
endogenous antioxidants such glutathione peroxidase, reduced
glutathione, catalase, and superoxide dismutase leading to accu-

mulation of free radicals inside the cell resulting in cell damage
(Amara et al. 2011). Based on the previously mentioned, conduct-
ing research aimed for counteracting the Cd-induced oxidative
damage would be of great importance.

On the other hand, one of the most widely used medicinal
plants is cinnamon (Cinnamomum cassia) that contains high con-
centrations of antioxidants (Su et al. 2007, Eidi et al. 2012). Cin-
namon therefore has a role in hepatoprotective and nephroprotec-
tive effect as well as in cancer remedy (Nishida et al. 2003,
Moselhy & Ali 2009, Sakr & Albarakai 2014, Elkomy et al.
2016).

Therefore, in the current study, we investigated whether cin-
namon could protect against Cd-induced hepatic and renal oxida-
tive damage in rats. The results revealed that cinnamon could
decrease the hepatic and renal damage exerted by Cd insult.

2. Materials and methods

2.1. Medicinal plant

Cinnamon barks were purchased from retail market, Cairo,
Egypt. The plant was identified by Department of Botany, Faculty
of Science, Benha University, Egypt. The dried cinnamon was
grinded into a fine powder. The dried powder was then soaked in
distilled water (10 gm powder/ 100 ml distilled water) for 2h at
90°C. The soaking solution was filtered and the filtrate was then
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dehydrated in hot air oven at 80 “C overnight. The resulted dark
reddish brown dry extract was weighed (Morgan et al. 2014).

2.2. Animals

Forty male Wistar rats (130-135 gm) were purchased from the
Animal House, Faculty of Veterinary Medicine, Benha University,
Egypt. They were fed on a standard pellet diet and tap water was
provided ad libitum. All rats were acclimatized to the environment
for 2 weeks prior to experiment. This study was approved by the
Ethics Committee of animals.

After acclimatization, all rats were divided randomly into 4
groups/10 rats each. Control group; received distilled water, cin-
namon group; received cinnamon extract (200 mg/kg b.wt. orally),
cadmium group; received cadmium chloride (5 mg/kg b. wt. oral-
ly), and Cinn+Cd group; received cadmium chloride (5 mg/kg b.
wt. orally) and cinnamon extract (200 mg/kg b.wt. orally). After 8
weeks, all animals were killed under anesthesia and samples were
collected.

2.3. Analyses of blood parameters

Blood samples were collected from retro orbital plexus after 8
weeks of experiment and taken on anticoagulant, 10% disodium
EDTA (20 pl/ml blood) was used for hematological studies. Other
blood samples were taken without anticoagulant for serum bio-
chemical studies.

2.3.1. Hematological studies

The hematological studies included erythrogram and leu-
kogram and differential leucocytic counts were evaluated at the
end of the experiment (after 8 weeks) directly by using automatic
cell counter (H.A-Vet Clindiage, Belgium) which depends on both
electrical and optical techniques according to Knapp et al. 1996.

The erythrogram includes hemoglobin concentration (Hb), to-
tal erythrocyte cell count (RBCs), and haematocrite (HCT). While,
the leukogram includes several parameters such as total leukocytic
count (WBCs), lymphocyte, monocyte, and granulocyte count.

2.3.2. Serum biochemical studies

Serum alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), urea, creatinine, total protein, and albumin were
measured using diagnostic kits (Centronic GmbH, Wartenberg,
Germany). ALT and AST were estimated according to Z. Klin
1972. Urea and creatinine were determined according to Eisen-
wiener 1976, Allen 1982 respectively. While, total protein and
albumin were evaluated according to Gornall 1949, Doumas et al.
1971 respectively. Alkaline phosphatase (ALP) was determined by
using special diagnostic kit (Stan Bio laboratory, Texas, USA)
according to Demetrious et al. 1974. All parameters were meas-
ured colorimetry using a spectrophotometer (JASCO 7800, uv/vis,
Japan).

2.4. Evaluation of oxidative status

The levels of catalase (CAT), malondialdehyde (MDA), and
total antioxidant capacity (TAC) were determined by using special
diagnostic kits (Bio diagnostic company, Egypt) according to Aebi
1984, Satoh 1978, Koracevic et al. 2001 respectively.

Preparation of liver and kidney homogenates: tissue sample
was washed with PBS (pH 7.4) containing 0.16 mg/ml heparin to
remove any red blood cells and clots. One gram of each tissue was
homogenized in 5-10 ml cold buffer (i.e. 50mmol potassium
phosphate, pH7.5.1mmol EDTA) per gram tissue, using sonicator
homogenizer. Aliquots of tissue homogenates were centrifuged
using cool centrifuge 4000 rpm for 20 min then stored at -20 °C
till analysis.

2.5. Histopathological studies

Liver and kidney samples were collected in 10% formalin.
Samples were washed under tap water then serial dilutions of al-
cohol (methyl, ethyl, and absolute ethyl) were used for dehydra-
tion. Specimens were cleared in xylene and embedded in paraffin
at 56 °C in hot air oven for 24 h. Paraffin bees wax tissue blocks
were prepared for sectioning at 4 pm. Next, tissue sections were
deparffinized and stained by hematoxylin and eosin stains
(Banchroft, et al. 1996) for further histopathological examination.

2.6. Statistical analysis

Statistical analysis was performed using the statistical soft-
ware package SPSS for Windows (Version 20.0; SPSS Inc., Chi-
cago, IL, USA). The significance of differences between groups
was evaluated by one-way ANOVA using Duncan test as a post
hoc. Results are expressed as mean + standard error (SE). P value
<0.05 was considered significant.

3. Results

3.1. Effect of cinnamon and/or cadmium on hematology

As shown in Table (1), rats administrated Cd showed signifi-
cant decreases in RBCs count, Hb concentration, and HCT com-
paring to the control group indicating a normocytic normochromic
anemia induced by Cd insult. While, in animals co-administrated
Cd and cinnamon showed recovery in the same parameters but
still not significant in comparison to control group. Moreover,
there was a significant increase in the total WBCs count, lympho-
cytes, and granulocytes with no changes in monocytes in Cd treat-
ed animals when compared to control animals. These data suggest-
ing that Cd has exerted degenerative changes in the different body
tissues. There also were no significant changes in hematogical
picture between cinnamon and control group.

Table 1: Effect of cinnamon and / or cadmium on hematological parame-
ters (n=10)

Parameters Control Cinnamon Cadmium Cinn+Cd
RBCs 8.11+0.14° 7.82+0.33° 6.41+0.38° 7.10+0.28%
(10%2/L)

Hb (g/dl) 12.67+0.33°  11.37+0.94® 9.73+0.81°  12.03+0.13®
HCT (%) 48.14+1.56° 47.21+2.02®  40.99+2.23°  46.01+0.65
WBCs 9.57+0.45% 10.80+0.52?2 17.73+0.82°  11.27+0.54%
(10°/L)

Lympho- 1.95+£0.59? 1.06£0.54% 5.47+0.55° 1.43+0.37¢
cyte (10%/L)

Monocytes 1.92+0.20° 2.58+0.44? 2.33+0.122 2.53+0.172
(10°L)

Granulocyte  5.72+0.24% 7.160.22° 9.94+0.22°  7.31+0.74°
(10°/L)

Data expressed as mean+ SE
Means within the same raw with different letters are statistically significant
(P <0.05)

3.2. Effect of cinnamon and/or cadmium on biochemical
parameters of liver and kidney

In Table (2), Cd group showed dramatic increases in the liver
function parameters (ALT, AST, and ALP) compared to the con-
trol group. These data confirm the toxic effect of Cd on liver.
Moreover, there were drastic increases in the kidney functions
including serum creatinine and urea in animals received Cd when
compared to the control animals (Table 2). In addition, the signifi-
cant decreases in the total serum protein and albumin in the Cd
group in comparison to control group (Table 2) indicating loss of
protein in the urine, which may be contributed to impaired glo-
merular filtration. These data suggest that Cd caused damage in
the renal tubules.
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Interestingly, the rats co-administrated Cd and cinnamon
showed significant improvements in the liver and kidney functions
when compared to the control and Cd groups (Table 2). On the
other hand, there were no significant changes in the liver and kid-
ney function parameters in the cinnamon group in comparison to
the control group.

Table 2: Effect of cinnamon and / or cadmium on biochemical parameters
(n=10)

Parameters Control Cinnamon Cadmium Cinn+Cd
ALT (U/l) 13.64+1.278  12.58+0.912 44.52+2.15° 31.06+0.85P
AST (U/l) 63.21+4.73%  69.44+3.60% 121.90+3.63¢ 92.70+5.20P
ALP (U/l)  149.63+31.44% 179.20+21.39%  326.97+19.86° 229.30+4.48°
Urea 122.88+2.300 127.67+2.022 150.1045.27¢ 136.37+4.41°
(mgy/dI)

Creatinine  0.58+0.042 0.62+0.042 1.05+0.04¢ 0.76+0.05°
(mg/dl)

Protein 6.07+0.29¢ 5.53+0.08° 4.41+0.08% 5.36+0.16°
(gm/dI)

Albumin 3.65+0.21° 3.11+0.30% 2.70+0.162 3.11+0.37%
(gmv/dI)

Data expressed as mean+ SE
Means within the same raw with different letters are statistically significant
(P <0.05)

3.3. Effect of cinnamon and/or cadmium on oxidative
status in the liver and kidney tissues

Data in Table (3) revealed that Cd insult could dramatically
decrease the level of CAT along with increase in the MDA in liver
and kidney in comparison with the control. Cd insult significantly
decreased the TAC in kidney but not in liver.

Expectedly, rats received cinnamon and Cd showed improve-
ments in the levels of CAT, MDA, and TAC in liver and kidney
compared to control rats. Because of the cinnamon group did not
show any significant changes when compared to the control group,
it is suggested cinnamon has a role in counteracting the oxidative
damage induced by Cd.

Table 3: Effect of cinnamon and / or cadmium on oxidative cascade (n=10)

Parameters Control Cinnamon Cadmium Cinn+Cd

CAT liver 182.71+11.72° 170.02+9.45° 130.85+12.78%  158.07+4.16%
(Ulgm)

CAT Kkid- 309.77+34.94° 297.91466.44®  152.55+15.10°  200.29+17.53%
ney (U/gm)

MDA 654.05+26.84°  545.38+64.14% 742.70£72.13°  310.45+6.49%
liver

(nmol/gm)

MDA 247.67+14.84*  238.85+19.04% 366.27+30.21°  310.45+6.49°
kidney

(nmol/gm)

TAC liver 1.37+0.12% 1.58+0.29° 0.98+0.042 1.24+0.14%®

(mmol/l)

TAC kid- 1.7740.03¢ 1.75+0.02¢ 1.34+0.06° 1.57+0.05°

ney

(mmol/l)

Data expressed as mean+ SE
Means within the same raw with different letters are statistically significant
(P <0.05)

3.4. Effect of cinnamon and/or cadmium on histopatho-
logical findings in liver and kidney tissues

Next, to confirm the previous data, we examined the histo-
pathology of liver and kidney. As shown in Fig. 1C, rats adminis-
trated Cd showed extensive destruction in the architecture of liver
and kidney. There were fatty changes detected in diffuse manner
all over the hepatocytes associated with dilatation and congestion
in both central and portal veins as well as edema in the portal area
and dilatation in the bile. While, in kidney, there was focal in-

flammatory cells infiltration in between the degenerated tubules at
the cortex (Fig. 2C). These histopathological findings confirmed
the hepatorenal-toxic effect of Cd.

In contrast, rats received cinnamon and Cd showed improvement
in the histology of liver and kidney in comparison to control group
(Fig. 1D and 2D, respectively).

4. Discussion

Cd is one of the most toxic pollutants among other environmental
pollutants. Cd is known to induce oxidative damage by enhancing
production of ROS inside the cell. Liver and kidney are the main
target organs for Cd (Nigam et al. 1999, Newairy et al. 2007,
Tremellen 2008, Turner & Lysiak 2008, Abernethy et al. 2010).
Moreover, there are many appreciated studies have demonstrated
the potential use of cinnamon, an enriched source of antioxidants,
as ROS scavenger (Su et al. 2007, Moselhy & Ali 2009, Sakr &
Albarakai 2014). Therefore, this study aimed to investigate the
antioxidant power of cinnamon against Cd-induced oxidative
damage in liver and kidney.

Cd has a great affinity for SH-containing molecules inside the
cell such as glutathione (GSH) and metllothionein (MT). MT is a
cysteine-SH rich protein which is important in detoxification of
Cd through formation of Cd-MT complex. Because liver and kid-
ney are rich in MT, they are known to be the major target organs
for Cd accumulation (Bagchi et al. 1996, Rikans & Yamano 2000,
Hollis et al. 2001, Massanyi et al. 2003). Hence, SH group is in-
volved in the function of many enzymes, the Cd-SH complex
possibly disturb many functions of cell mainly mitochondrial dys-
function. Interacting of Cd with the redox system in the mitochon-
dria enhances over production of ROS and their release into the
cytoplasm inducing apoptotic cascade (Radosavljevici et al. 2012).
In the current study, firstly, the hepatotoxic effect of Cd was
demonstrated by elevated ALT, AST, and ALP levels. The in-
creased ALT, AST, and ALP levels may be attributed to the hepa-
tocellular degeneration as a result of Cd-induced oxidative damage
in the liver which observed by depletion of hepatic CAT and TAC,
as seen in Table (3). It is also possibly attributed to Cd-induced
lipid peroxidation which observed by marked increase the MDA
level (Table 3), supporting the data reported in the previous stud-
ies (Kara et al. 2005, Lakshmi et al. 2012, Tribowo et al. 2014).
MDA is the major aldehyde metabolite of lipid peroxidation. Lipid
peroxidation is an autolytic mechanism leading to oxidative de-
struction of cellular membranes. Cd-induced lipid peroxidation in
liver resulted in increasing the permeability of the cell membrane
of hepatocytes and release of transaminases (ALT and AST) into
the blood. The increase in synthesis of ALP indicates hepatic tox-
icity and biliary obstruction (Mauro & Renze 2008, Toppo et al.
2015, Naik 2010). In addition, our results revealed reduction in the
serum total protein and albumin, which possibly due to the re-
duced ability of liver to synthesize proteins because of Cd insult.
These data have been also confirmed by histopathological exami-
nation of liver. As shown in Fig. 1C, Cd could cause severe dam-
age in the liver cells.

Then, we investigated the toxic effect of Cd on the kidney. Cd
increased the levels of serum creatinine and urea (Table 2). Altera-
tion in the kidney function probably regarded to the oxidative
damage induced by Cd which seen by decreased CAT and TAC
along with increased MDA in kidney tissue (Table 3). Since Cd
impaired the glomerular filtration, the creatinine and urea accumu-
lated in the blood.

Proximal tubular epithelial cells are rich in mitochondria com-
paring to other renal cells. These mitochondria are needed for
high-energy production required in reabsorption of albumin by
endocytosis and amino acids with other molecules by active trans-
portation (Birn & Christensen 2006, Tojo & Kinugasa 2012). Be-
cause, mitochondria are the main target for Cd inducing oxidative
damage (Radosavljevici et al. 2012), the proximal convoluted
tubule is the most affected part in the kidney as confirmed by our
histopathological examination (Fig. 2C). In consistence with the
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previous studies, the decreased serum total protein and albumin
indicates loss of these components in the urine as a result of Cd-
induced glomerular and tubular injury (Maunsbach 1966, Hjalm et
al. 1996, Takeda et al. 2003, Birn & Christensen 2006).

Opposite to the data obtained by Branka et al. 2001, Hounkpatin et
al. 2013, this study has demonstrated a normocytic normochromic
anemia observed by marked decreases in RBCs count, Hb concen-
tration, and HCT. This anemia might be attributed to the deficien-
cy of erythropoietin hormone as a result of the impact of chronic
Cd intoxication on the erythropoietin producing cells in the kidney
(Horiguchi et al. 2006).

Mbeh and his group have reported an increase in the total leu-
kocytic count in rat-intoxicated with Cd (Mbeh et al. 2012). As
seen in Table (1), there was a leukocytosis in Cd-treated rats. That
increase was possibly occurred as a responsive mechanism to the
degenerative changes caused by Cd insult in liver and kidney. Fig.
1C & 2C show lymphocytic infiltrations in liver and kidney inter-
stitia, respectively.

Next, we examined the protective effect of cinnamon against
Cd toxicity. Cinnamon is known to have high contents of phenolic
compounds and flavonoids, which act as potent antioxidants

(Yang et al. 2012). There many studies have investigated the anti-
oxidant power of cinnamon against toxic effect of different agents
such as deltamethrin, bisphenol, gentamicin, and paracetamol
(Lamfon 2014, Morgan et al. 2014, Zahra et al. 2014, EI-Komy et
al. 2016, respectively). Consistently, in this study, rats co-
administrated Cd with cinnamon showed significant decreases in
ALT, AST, ALP, urea, and creatinine along with increases in the
serum total protein and albumin compared to Cd-treated rats.
These data strongly indicate a worthwhile improvement in the
liver and kidney functions. Cinnamon also could counteract the
negative effect of Cd on the erythrogram and leucogram. The
ameliorative effect of cinnamon against Cd-induced oxidative
damage in liver and kidney may be due to increasing the activity
of the antioxidant-defense system and scavenging the ROS as well
as inhibiting lipid peroxidation (Dhaliwal et al. 1991, Albasha &
Azab, 2014, Morgan et al. 2014). As seen in Table (3), there was
improvement in the antioxidant profile of the liver and kidney
along with reduction in the MDA levels. Histopathological pattern
of liver and kidney from rats treated with both Cd and cinnamon
confirming the above-mentioned data (Fig. 1D and 2D).

groups (received distilled water and cinnamon; 200 mg/kg, respectively) show normal liver architectures, uniform polyhedral hepatocytes with normal
sinusoids. (C) Liver section from cadmium treated rat (received cadmium chloride 5 mg/kg) shows portal vein congestion, edema in the portal area, dif-
fuse hydropic degeneration (signet ring), piknotic nuclei, and lymphocytic infiltrations. (D) Liver section from a rat co-administrated cinnamon with
cadmium shows improvement in the liver architecture shown by mild portal vein congestion with normal sinusoids. (PV: portal vein; H&E; x64)
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Fig. 2: Histopathological changes in kidney after treatment with cadmium and / or cinnamon. (A and B) kidney sections from control and cinnamon
groups (received distilled water and cinnamon; 200 mg/kg, respectively) show normal glomeruli and tubules. (C) Kidney section from cadmium treated rat
(received cadmium chloride 5 mg/kg) shows glomerular atrophy with obliterated capillaries, loss of brush border, tubular dilatation, and interstitial lym-
phocytic infiltration. (D) Kidney section from a rat co-administrated cinnamon with cadmium shows improvement in the kidney architecture shown by
mild loss of brush border with no interstitial lymphocytic infiltration. (G: glomerulus; H&E x64).

5. Conclusion

Cinnamon extract exhibited good protective effect against cadmi-
um induced oxidative damage in liver and kidney, shown by its
marked improvement on liver and kidney functions. This im-
provement may be due to the antioxidant power of cinnamon ex-
erted by inhibition of ROS and stimulation of cellular antioxidant
system.
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