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Original: 4 May 2018 Cinnamon the eternal tree of tropical medicine is one of the most important and spices
Revised: 28 March used daily by people all over the world for preparing delicious foods. This plant
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considers as a rich source of antioxidants. Therefore, the current research was aimed to
study the protective effects of cinnamon against oxidative stress and, nephron-toxicity
induced by Lead acetate in male rats. For this purpose, 35 male rats have been used, they
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June 2018 were randomly allotted to five groups each with seven rats; The first group was used as a
control negative and was fed on the standard diet and tap water. The second group was
Key Words: injected intraperitoneally (IP) (20 mg/kg BW) with lead acetate. The third group was
Lead acetate treated with 10% cinnamon dissolved drinking water and injected with 20 mg/kg BW
nephron-toxicity lead acetate. The fourth group was treated with 20% cinnamon dissolved in drinking
oxidative stress water and injected with lead acetate (20 mg/kg BW). The fifth group was treated with
antioxidant 40% cinnamon dissolved in drinking water and injected with lead acetate (20 mg/kg.bw).
cinnamon After 10 weeks of the experiment, blood collected for estimation of superoxide
renal function dismutase (SOD), levels of total glutathione (GSH), malonaldehyde (MDA), serum
lipid peroxidation creatinine and blood urea. The second group results revealed that lead acetate has a
negative effect on rats by significantly decreasing the level of SOD, total GSH, blood
urea and creatinine and significantly increasing the level of MDA in the serum of rats.
The protective activity of cinnamon against oxidative stress and nephrotoxicity was
dose-dependent because the best result has been obtained from third group Pb+10%
cinnamon by improving levels of SOD, GSH, blood urea, serum creatinine
concentration. Positive impacts of cinnamon decreased at a higher concentration 20%
cinnamon and 40% cinnamon. As a result, cinnamon at low concentration has a great
impact on oxidative stress and nephron-toxicity.
Introduction

Heavy metals have abundant deleterious health effects and lead acetate is one of the most dangerous
contaminants on the earth with serious impact on human and even animals in several ways and in general,
lead associated with environmental pollution because of their toxicity and bioaccumulation [1].
Environmental levels of lead have increased over the past three centuries as a result of human activity, so
most of the high levels found throughout the environment come from human activities that is continually
increased. As increasing worldwide use of leaded gasoline, paints, and toys [2]. Lead acetate impaired the
physiological functions of several organs by causing oxidative stress and induce free radical production such
as superoxide radicals, hydrogen peroxide, hydroxyl radicals and lipid peroxides [3]. The serious damages in
several organs like liver, kidney, reproductive and central nervous systems in mammals induced by lead
were the result of oxidative stress by enhancement of lipid peroxidation [4-6]. Oxidative stress is the
outcome of a negative shift of the balance between the production of reactive oxygen species (ROS) and the
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ability of the biological systems to remove the ROS mediated damage or repair of it rapidly causing damage
to membranes, DNA, and proteins [7]. Recently, proved that the long-term lead exposure inhibits
antioxidants activity such as superoxide dismutase (SOD) and catalase (CAT) and it decreases total
glutathione (GSH) concentration [8]. There has been increased demand among researchers to use plant
products with antioxidant activity for protection against heavy metal toxicity [6,9].

One of these plants is cinnamon which is a medicinal tropical plant belongs to Lauraceae family and is
obtained from the inner bark of the cinnamon tree. The used species in this study is the commercial
cinnamon that has several bioactive features and widely used in herbal medicines [10]. It was indicated that
cinnamon may serve as the potential dietary source of natural antioxidants for improving human nutrition
and health. It is rich in natural polyphenol compound [11]. Previous studies reported that cinnamon
stimulates the increase of antioxidant enzymes activities, including SOD and CAT in rat's liver and heart
[12]. The present study was designed to assess the potential protective effect of cinnamon against lead
acetate-induced oxidative stress by evaluating the activity of SOD, level of total GSH, MAD and kidney
function tests of male albino rats.

Materials and Methods
a. Animals

A total of 35 healthy male albino rats weighing (160 - 170) g aged 8-10 weeks were used in this study.
The cages were cleaned and sterilized weekly with 70% ethanol. Each cage was embedded with wooden

shelve and maintained for at least 2 weeks before initiation of the experiments [13]. Rats were acclimatized
for 2 weeks for standard condition before the beginning of an experiment.

b. Lead acetate(PbA)

PbA obtained from the Faculty of Science and Educational Science /Sulaimani University for the
preparation of the stock solution of 20g/L.

c. Preparation of cinnamon aqueous solution

The cinnamon aqueous solution was freshly prepared from the powdered cinnamon bark by soaking the
ground bark in distilled water at 900C for 2 h for 3 concentrations 10%, 20%, and 40% followed by filtration.

d. Standard diet

The standard diet for rats was prepared for 1.0 kg as follows: wheat 665.5g, soya 256.2g, sunflower oil
43.5g, Ca2(PO4) 6.42, limestone 14.9g, salt 6.34g, methionine 1.56g, lysine 2.44g, vitamins 0.8g, choline
0.58g, chloride 0.62g, enzymes and trace elements 0.5g [14].

e. Experimental design and animal grouping

Thirty-five adult male rats (160-180 g) were housed in temperature-controlled rooms (25°C) with
constant humidity (40-70%) and a 12 h light: dark cycle. All animals were treated in accordance with the
principles of laboratory animal care. The animals were divided into five groups of seven rats each as follow:
1-Group C: The animals served as the control group. 2-Group Pb: The animals were injected (IP) with
20mg/Kg body weight of PBA, once each a week for 10 weeks. 3-Group Pb+10% Ci: The animals were
injected (I.P) with 20mg/Kg body weight of PbA once weekly, and orally treated with 10% cinnamon in
drinking water, for 10 weeks. 4-Group Pb+20% Ci: The animals were injected (I.P) with 20mg/Kg body
weight of PbA once weekly, and orally treated with 20% cinnamon in drinking water, for 10 weeks. 5-Group
Pb+40% Ci: The animals were injected (I.P) with 20mg/Kg body weight of PbA once weekly, and orally
treated with 40% cinnamon in drinking water, for 10 weeks.

f- Blood collection

At the end of each experiment, the animals were fasted overnight and sacrificed after chloroform
anesthesia. Blood samples have been taken by heart puncture without anticoagulant and allowed to clot for
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serum separation.

g. Biochemical assays

1. Assay for SOD activity: SOD in serum was measured by using SOD Assay Kit-WST (Dojindo),
monitoring the decrease in the rate of superoxide mediated reduction of nitroblue tetrazolium at 450 nm
using a spectrophotometer.

2. Determination of serum GSH: The content of reduced GSH and oxidized GSSH in the serum were
determined by using OxiSelect™ Total Glutathione Assay Kit (Cell BIOLABS, INC.). Glutathione
reductase reduces oxidized glutathione (GSSG) to reduced glutathione (GSH) in the presence of NADPH.
Subsequently, the chromogen reacts with the thiol group of GSH to produce a colored compound that
absorbs at 405 nm. The total GSH content in unknown samples is determined by comparison with the
predetermined GSH standard curve.

3. Determination of serum MDA: In the presence of heat and acid, MDA reacts with TBA to produce a
pink colored end product. The intensity of color at 532 nm corresponds to the level of lipid peroxidation in
the sample the level of serum MDA was determined spectrophotometrically.

4. Kidney function tests: Serum urea and creatinine levels were determined by enzymatic colorimetric
methods using commercial laboratory kit purchased from BIOLABS-FRANCE and by using Cobas
instrument.

h. Statistical Analysis

Results were expressed as mean +S.E. Statistical differences were determined by Duncan Post Hoc test for
multiple comparisons after ANOVA, The criterion for statistical significance was set at P <0.05 by using
SPSS (versionl5).

Results

Table 1 revealed that PbA has the negative effect on the level of SOD in the serum of rats by decreasing
to (72.26 + 0.09) significantly P<0.05 by comparing with the control group (85.32 + 0.23). While drinking
10% cinnamon lead to increase the SOD (85.05 + 0.19) significantly P<0.05 comparing with the pb group
(72.26 £ 0.09), so, close to the level of the control group. On the other hand, SOD decreased significantly in
both groups that drank 20% and 40% cinnamon (84.49 + 0.15) and (32.71 £ 0.11) respectively, compared to
control group (85.32 £ 0.23).

Table -1: The effect of drinking 10%, 20% and 40% cinnamon after injection of 20mg/Kg body weight of lead acetate
on SOD (Mean = S.E.) in the serum of rats.

Groups SOD%

Co 85.32+0.23 °
Pb 72.2620.09°
Pb+10%Ci 85.05+0.19*
Pb+20%Ci 84.49+0.15¢
PB+40%Ci 32.71+0.11¢

Table 2 reveal that the mean of total GSH pmol/ml in the serum of the Pb group decrease significantly
P<0.05 (0.082 £ 0.002) comparing with Co group (0.248 + 0.003). There are no significant differences
between Co and Pb+10% Ci. Also, the same table shows that the level of total GSH increased significantly
in the group that drank 10% Cinnamon (0.248 + 0.005) comparing with Pb group (0.082 + 0.002). But the
level of total GSH decreased significantly in both groups Pb+20% Ci and Pb+40% Ci (0.133 + 0.001) and
(0.318 = 0.005) respectively, comparing to the Co (0.248 £ 0.003) group.
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Table -2: The effect of drinking 10%, 20% and 40% cinnamon after injection of 20mg/Kg body weight of lead acetate
on Mean of GSH pmol/ml £SE in the serum of rats.

Groups T.Glutathione pmol/ml
Co 0.248+0.003"

Pb 0.082 +0.002°
Pb+10%Ci 0.248+0.005"
Pb+20%Ci 0.133£0.001°

Table 3 shows significant differences among all groups. As apparent from the table, the mean
concentration of MDA pmol/ml has been changed significantly in all groups. The level of MDA increased
significantly in Pb group (1.379 = 0.002) comparing to Co group (0.083 + 0.001). But decreased
significantly in all three groups that have been drinking cinnamon at concentrations of 10%, 20% and 40%
(0.248 + 0.005), (0.387 £ 0.002) and (0.172 £ 0.003) respectively, comparing with Pb group (1.379 + 0.002).
But these levels still higher significantly than Co group level (0.083 £ 0.001).

Table -3: The effect of drinking 10%, 20% and 40% cinnamon after injection of 20mg/Kg body weight of lead acetate
on MDA activity umol/ml (Mean + SE) in the serum of rats.

Groups MDA pmol/ml
Co 0.083+0.001°
Pb 1.379+0.002°
Pb+10%Ci 0.188+0.003¢
Pb+20%Ci 0.387+0.002¢
PB+40%Ci 0.172+0.003°

Table 4 reveal that the mean of the concentration of urea mg/ml has been increased significantly in Pb
group (35.74 £ 0.03) after comparing with Co group (29.74 + 0.030). Also, the table shows that mean of urea
mg/ml of group Pb+10% Ci decreased significantly (31.45 + 0.05) comparing with Pb group (35.74 + 0.03)
and increased non significantly after comparing with CO group (29.74 + 0.030). On another hand, the mean
of urea mg/ml increased significantly in both groups of Pb+20% Ci and Pb+40% Ci (37.80 = 1.40) (42.77 +
0.02) respectively after compared with Co group (29.74 + 0.030).

Table4: The effect of drinking 10%,20% and 40% cinnamon after injection with 20mg/Kg body weight of lead acetate
on urea concentration mg/ml (Mean + SE) in serum the of rats.

Groups Urea mg/ml
Co 29.74+ 0.030*
Pb 35.74+ 0.03°
Pb+10%Ci 31.45+ 0.05
Pb+20%Ci 37.80+ 1.40°
PB+40%Ci 42.77+0.02°

Table 5 shows that the mean of serum creatinine mg/ml increased significantly in Pb group (0.640 +
0.008) comparing to Co group (0.298 + 0.003). While the levels of serum creatinine decreased significantly
in both groups Pb+10% Ci and Pb+20% Ci (0.298 £ 0.004) (0.291 + 0.003) respectively comparing to Pb
group (0.640 + 0.008) and became very close to the level of creatinine of control group. But the level of
serum creatinine increased significantly in the group of Pb+40% Ci (0.4 + 0.003) compared to Co group
(0.298 + 0.003) and decreased significantly when compared to Pb group (0.640 + 0.008).

Table -5: The effect of drinking 10%,20% and 40% cinnamon after injection with 20mg/Kg body weight of lead acetate
on creatinine mg/mml (Mean +SE) in the serum of rats.

Groups Creatinin mg/mml
Co 0.298+ 0.003*
Pb 0.640% 0.008"
Pb+10%Ci 0.298+ 0.004"
Pb+20%Ci 0.291+ 0.003*
PB+40%Ci 0.400+ 0.003°
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Discussion

The current study was aimed to investigate whether 10%, 20% or 40% cinnamon has protective effects
against oxidative stress and nephrotoxicity induced by lead acetate in male rats. The findings of this study
have shown in the Tables (1-5) that the injection of 20mg/kg BW PbA inhibited the antioxidant defense
mechanisms and caused oxidative stress by decreasing the SOD and GSH concentration. Also, lead enhanced
lipid peroxidation that causes elevation MDA level. Lead caused nephrotoxicity by inducing oxidative
damage and peroxidation of the lipids in the cell membranes and then renal cellular dysfunction and this
reflected by elevation of both of serum urea and creatinine levels. There are several mechanisms to explain
how lead cause oxidative stress, one of them is disrupted pro-oxidant/antioxidant balance by formation of
reactive oxygen species and decreasing the scavenging capacity of antioxidants mechanisms that lead to
accumulation of toxic and harmful free radicals and then cause oxidative damage to critical enzymes,
proteins, membrane lipids and DNA [15]. These finding supported by other studies on the renal toxicity of
lead. Lead causes nephropathy and impairment of renal tubules leading to the serious disorder called Fanconi
syndrome also inhibits uric acid excretion and causes predisposition in animals [16,17]. Literature data on
the effects of acute PbA exposure triggering oxidative stress in the kidney of animals are rare. The present
results are in agreement with findings of Salim that showed the concentration of urea and creatinine have
been increased significantly in the serum of lead acetate treated rats [18]. Sharma and Singh [19] have
recently reported that exposure to 10 and 150 mg/kg BW of Pb caused lipid peroxidation in the kidney of
Balb-c mice. Several recently researchers have also confirmed that there were increased in lipid peroxidation
in the kidneys as well as another organ of Pb-exposed animals. Our results are in agreement with Moneim
[20] and Lakshmi [21] as they indicated that intraperitoneal injection of 20 mg/kg BW of PbA could induce
increased in renal lipid peroxidation. Oxidative stress is presently accepted as the main factor in the
development of many serious diseases and syndromes. On the other hand, antioxidant dietary intakes could
be a possible method to reduce the incidence of these diseases and disorders. Antioxidants have the great
impact on the progress and existence of humans as they fight free radicals in metabolic diseases and
considered as anti- age-related syndromes of humans [22]. The present results regarding the effect of
cinnamon show that treatment with 10% cinnamon shows improvement of physiological parameters in lead
acetate intraperitoneally injected rats indicated by increasing the levels of SOD, GSH concentration and
decreasing level of MDA. These improvements may be due to its antioxidants activity [23]. Cinnamon is
used as the spice that gives a delicious taste to foods and plays important role in improving and protecting
human health and healing several diseases because it is the very rich source of antioxidants. Our results
confirmed by several studies like Kim ef al. [24] they reported that cinnamon oil potentially exhibits SOD-
like activity. Also, the aqueous and alcoholic extract (1: 1) of cinnamon could significantly inhibit fatty acid
oxidation and lipid peroxidation [25]. The free radical scavenging activity of the flavonoids that separated
from cinnamon with antioxidant features was confirmed [26]. Cinnamon extracts exhibit a protective
capacity against irradiation that induced lipid peroxidation in liposomes and inhibit hydroxyl radicals and
hydrogen peroxide [27]. These properties of cinnamon reduce the renal toxicity, and the results supported
that by decreasing the concentration of urea and creatinine in the serum of lead acetate injected rats, these
findings are in agreement with Mohammad et al. [28] and Khan et al. [29] that they observed normal
histological structures of kidney and normal serum levels of urea and creatinine in rats treated with cinnamon
extract. Also cinnamon has the ability to increase glomerular filtration rates, improve renal function and
control some physiological complication in diabetes mellitus patients [30]. Tanomand and Najafian [31]
reported that the concentration of urea and creatinine decreased in gentamicin-induced nephrotoxicity male
rats after administration of cinnamon extract. The nephroprotective effects of cinnamon were recorded by El-
Yamani [32] who observed decreased serum creatinine and urea levels in diabetic rats treated with cinnamon
extract. Mishra er al. [33] studied the effect of cinnamon oil against diabetic nephropathy, their histological
studies of the kidney revealed the protective effect of cinnamon oil by reducing the glomerular expansion,
decreasing the tubular dilatations, and eradicating hyaline casts. Ullah et al. [34] observed that cinnamon
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significantly reduced aminoglycosides-kidney toxicity by improving the urea, creatinine, uric acid, urinary
protein levels and histopathological alterations of the kidneys. Furthermore, Sakr and Albarakai [35] proved
that cinnamon has protective ability against cypermethrin-nephrotoxicity by an improvement in renal tubules
and glomeruli, with decreasing urea and creatinine of rats. Cinnamon consists of a variety of essential oils
including linalool, limonene, a-terpineol, terpinen-4-ol, c-terpinene, a- terpinene, and 1,8-cineole, and methyl
eugenol, so there is high total phenolic content with good antioxidant activity [36]. In another study, it was
reported that cinnamon bark contains flavonoids, steroids, terpenoids, coumarins, glycosides, anthraquinone,
tannins and alkaloids [37]. Numerous studies have suggested that flavonoids function as antioxidants [38].
The ROS scavenging ability of hydroxyl substituent, with the number of OH-groups on the B-ring, gave the
antioxidant capacity to cinnamon bark [39]. In the current study, we also reported that intake at high
concentration, exactly 20% and 40% cinnamon, had no beneficial effects on MDA, SOD, and GSH. The
findings of limited data in this context are rare and conflicting. Some studies showed that there is no
significant effect of cinnamon on some physiological parameters like, in human study proved that the intakes
of cinnamon for six weeks showed no significant change in MDA levels of women athletes [40]. Recently,
Talaei [41] revealed that an 8-week intervention of 3.0g of cinnamon supplement per day had no beneficial
effects on total antioxidant capacity, MDA levels and some other physiological parameters. Whereas, current
study showed that intake of 20% cinnamon can reduce the creatinine level close to control level but elevate
the level of serum urea. While intake of 40% cinnamon cause elevation of urea and creatinine levels. That
mean high concentration cinnamon has toxic effect on kidney may be due to coumarin that is one of the
cinnamon constitutes that has toxicity on kidney at high concentration [42].

Conclusion

The present results showed that the cinnamon at low concentration has a protective effect against
nephrotoxicity induced by PbA. These positive effects can be related to the antioxidant effects of cinnamon
due to inhibition of free radical production induced by PbA or by reactivation of the antioxidant enzymes.
On another hand, there were no nephroprotective effects of cinnamon at high concentration against PbA.
Further studies are needed to better evaluate the impact of cinnamon intake on renal function and antioxidant
system in rats.
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