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Cadmium (Cd), a potent cardiotoxic environmental heavy metal, induces oxidative stress and membrane
disturbances in cardiac myocytes. Phosphodiesterase (PDEs) retards the positive inotropic effects of b-
adrenoceptor activation by decreasing levels of cAMP via degradation. Hence, PDE inhibitors sensitize
the heart to catecholamine and are therefore, used as positive inotropic agents. The present study was
designed to probe the potential attenuating effects of the selective PDE4 inhibitor (Roflumilast, ROF),
on cardiac biomarkers, lipid profile, lipid peroxidation products, antioxidant status and histology of car-
diac tissues against Cd-induced cardiotoxicity in rats. Rats were randomly distributed into four different
groups: group 1, served as the normal control group. Group 2, served as the toxic control group and were
administered Cd (3 mg/kg, i.p.) for next 7 days. Groups 3 and 4, served as treatment groups that received
Cd with concomitant oral administration of ROF doses (0.5 and 1.5 mg/kg), respectively for 7 days. Serum
samples of toxic control group rats resulted in significant (P < 0.001) increase in lactate dehydrogenase
(LDH), creatine phosphokinase (CPK), total cholesterol (TC), triglycerides (TG) and low density lipopro-
teins (LDL) levels with concomitant decrease in high density lipoproteins (HDL) levels in serum which
were found reversed with both of ROF treatment groups. Cd also causes significant increased
(P < 0.001) in myocardial malondialdehyde (MDA) contents while cardiac glutathione (GSH) level, super-
oxide dismutase (SOD) and catalase (CAT) enzyme activities were found decreased whereas both doses of
ROF, significantly reversed these oxidative stress markers and antioxidant enzymes. Cardiotoxicity
induced by Cd also resulted in enhanced expression of non-phosphorylated and phosphorylated form
of NF-jB p65 and decreased expression of glutathione-S-transferase (GST) and NQO1 which were found
reversed with ROF treatments, comparable to normal control group. Histopathological changes were also
improved by ROF administration as compared to Cd treated rats alone. In conclusion, Roflumilast exhib-
ited attenuating effect against Cd-induced cardiac toxicity.
� 2019 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cadmium (Cd), a toxic metal, is capable to be absorbed in pop-
ulation at low-level chronic exposure by different ways including
smoking, diet, polluted water with Cd and occupational exposure
in certain industries. Due to its long half-life, which ranged from
10 to 40 years, Cd accumulates in the body (Nordberg et al.,
2007; Akerstrom et al., 2013).

Besides the carcinogenic potential, Cd has been associated with
nephrotoxicity, bone disease and cardiac abnormalities (ATSDR,
2012). Although, Cd causes multi-organ toxicities, heart is one of
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the most targeted organs that results in oxidative damage after Cd
exposure (Alissa and Ferns, 2011; Mollaoğlu et al., 2006). Earlier
research conducted in human’s myocardial autopsy show that
the myocardial content of Cd increases up to late middle age
(Borné et al., 2015). The capability of Cd to change lipid metabo-
lism and its contribution to the progression of cardiovascular dis-
eases (CVDs) is not only reported in earlier experimental studies
but epidemiological surveys also support the association of Cd
and CVDs such as: hypertension, atherosclerosis, stroke and car-
diac arrest (Satarug et al., 2003; Larregle et al., 2008; Tellez-Plaza
et al., 2013). Even though several mechanisms of cardiovascular
toxicities mediated by Cd were proposed, including inflammation,
the precise mechanism(s) is/are still unexplored (Fagerberg et al.,
2013). Cd toxicity generally involves interruption of numerous cel-
lular functions and damage to various cellular structures (Stohs
et al., 2000; Nemmiche et al., 2007). The main diseases and exact
biochemical changes in heart tissues as a result of Cd-induced tox-
icities are directly related to Cd concentration and cardiac oxida-
tive stress (Ercal et al., 2001; Yazıhan et al., 2011).

Cardiomyopathies often lead to myocarditis and myocardial
infarction which might result in elevated levels of cardiac marker
enzymes, importantly lactate dehydrogenase (LDH), and creatine
phosphokinase (CPK), in the circulation, and thus serve as diagnos-
tic markers in direct myocardial endothelial injury and damage to
the myocardial cells (Ansari et al., 2007, 2006).

Decreased levels of antioxidant enzymes namely catalase (CAT),
superoxide dismutase (SOD), glutathione reductase (GR) and glu-
tathione peroxidase (GPx), are highly correlated with multi-organ
oxidative damage because of more production of reactive oxygen
species (ROS) (Blokhina et al., 2002; Ansari et al., 2008;
Valdecantos et al., 2009). Findings of the study conducted by
Mishra, (2004) show that increased levels of free radicals may
adversely affect cell survival not only by their membrane damage
potential through oxidative stress, but also by causing irreversible
DNA modification in cells (Mishra, 2004). Malondialdehyde (MDA),
a breakdown product of polyunsaturated fatty acids oxidation,
functions as a valid indicator of lipid peroxidation (LPO) in
tissues (Ayala and Muñoz, 2014). Cd ions have high affinity to
sulfhydryl (-SH), carboxyl and phosphate groups containing
biological structures, and can inhibit numerous enzymes like Cu,
Zn-SOD, phosphatases. Thus, they would tend to mediate abnormal
metabolic reactions, including lipid metabolism.

As Cd exposure ultimately leads to oxidative stress, scientists
pay more attention on searching for compounds that have antiox-
idant potential to prevent/treat Cd-induced cardiac damage. A pre-
viously conducted study by Brandes and Kreuzer (2005), suggests
that as NADPH oxidase activates ROS and causes disturbance of
the antioxidant defense system, hence, ROS might be one of the
reason of cardiotoxicity.

A report shows that in myocardial tissues, the formation of
cytokines or ROS activating NF-jB transcription factor not only fur-
ther accelerates the pathologic process of endothelial dysfunction,
but also exacerbates various CVD such as unstable angina pectoris,
acute myocardial infarction and heart failure (Liu and Malik, 2006;
Oeckinghaus and Ghosh, 2009).

Many physiological processes such as vascular resistance (VR),
cardiac output (CO), visceral motility, inflammation, immune
response and reproduction depends on cyclic nucleotides (cAMP
and cGMP) and intracellular second messengers for their tissue
protective and anti-inflammatory characters (Ghosh et al., 2009;
Houslay and Adams, 2003). PDEs, by metabolizing cAMP and cGMP
to their inactive forms, are considered pivotal in the regulation of
various physiological functions in cardiac myocytes including
pace-making, contractility, cell growth and survival (Imam et al.,
2018).
Based on the expression of PDE isoenzyme in nearly all tissue,
alteration in these enzymes expression/activity and cyclic nucleo-
tide signaling in cardiovascular system have been identified in
multiple CVD (Amsallem et al., 2005). Pharmacological inhibition
of PDEs could be one of the potential approaches to address some
of cardiac problems, especially congestive heart failure (Imam
et al., 2018).

Recently, scientists are more interested in targeting selective of
PDE and developed a number of specific PDE enzymes inhibitors
(Imam et al., 2016). Selective PDE type-4 (PDE4), is mainly
expressed in cardiovascular tissues, inflammatory cells, airway
smooth muscle and brain (Muller et al., 1996). It is well known that
inhibition of PDE4 results in enhancing levels of intracellular cAMP
and thus initiating intracellular signaling pathway that involves
the activation of both; protein kinase A and cAMP sensitive ele-
ment binding protein or family of transcription factors (CREB/
ATF-1), as well as down regulation of NF-jB transcriptional activity
(Baldwin, 2001). Roflumilast (ROF), one of PDE4-inhibitor has been
reported to suppress inflammatory responses by activating cAMP/
PKA pathways and suppressing LPO (Erdogan et al., 2007). ROF
reduced release of chemokines (CCL2, CCL3, CCL4 and CXCL10)
and tumor necrosis factor alpha (TNF-a) from human lung macro-
phages in dose-dependent fashion (Buenestado et al., 2012). Fur-
thermore, inhibition of TNF-a-mediated pathways can reduce
myocardial ischemia-reperfusion injury (Saito et al., 2012). TNF-a
is directly involved in the activation of activated NF-jB which is
critical for the inflammatory processes (Barnes et al., 1997;
Brasier et al., 2006). Understanding of the selective targets of PDEs
in cardiovascular biology and disease would further explore and
facilitate their potential development as new application in treat-
ing/preventing CVDs.

To achieve the greatest possible reduction in CVD, possible
strategies for treatment should be targeted at reducing the
patient’s oxidative stress and elevated lipids profile. Considering
the reported literature highlighting the possible beneficial effects
of ROF in cardiovascular-related disorders, this study was designed
to evaluate the protective efficacy of ROF in Cd-induced oxidative
cardiotoxicity and dyslipidemia in Wistar albino rats.
2. Materials and methods

2.1. Chemicals and reagents

Cadmium chloride (CdCl2) salt was procured from Sigma Chem-
ical Co. (St. Luis, Mo, USA). Antibodies (Primary and secondary) for
Western blotting were purchased from Santa Cruz (Dallas, USA).
Nitrocellulose membrane was obtained from Bio-Rad Laboratories
(Hercules, USA). Western blot detection kits (Chemiluminescence)
were supplied from GE Healthcare Life Sciences (Piscataway, USA).
All used chemicals and reagents were of analytical grade.
2.2. Animals

This study was conducted using total twenty-four healthy male
Wistar albino rats (200–250 g, 6–8 weeks old), housed at the Ani-
mal Care Unit, College of Pharmacy, Prince Sattam Bin Abdulaziz
University (PSAU), KSA. During acclimatization period, animals
were administered with water ad libitum and a standard diet con-
sisting of (g/kg): flour 380, chokar 380, molasses 12, NaCl 5.8,
nutrivet L 2.5, potassium m-bisulphate 1.2, vegetable oil 38, fish
meal 170 and powdered milk 150. The study was approved by
the Ethical Review Committee, College of Pharmacy, Prince Sattam
Bin Abdulaziz University, KSA (approval ref no. HAP-01-KJ-050).



M.N. Ansari et al. / Saudi Pharmaceutical Journal 27 (2019) 673–681 675
All the experiments performed in present study obeyed and fol-
lowed the rulings of the Institute of Laboratory Animal Resources,
Commission on Life Sciences, National Research Council (1996).

2.3. Experimental design

Rats were randomly separated into four groups (n = 6). Group 1
was labeled as normal control and receive normal saline only for
7 days, Group number 2 served as disease control group and was
administered with CdCl2 (3 mg/Kg, IP.) daily for 7 days. Groups 3
& 4 served as treated groups and were co-administered with CdCl2
and tested drug (Roflumilast) in two increasing doses of 0.5 and
1.5 mg/Kg (PO), respectively, once a day for 7 days.

After 24 h of last dose, blood samples were collected from retro
orbital plexus of all the animals under light anesthesia (Diethyl
ether). Serumwas separated and stored at �20 �C until further bio-
chemical estimations of LDH, CPK and lipid profile. After successful
blood collection, all rats were sacrifice by cervical dislocation and
heart was isolated. Small part of heart was placed in 10% formalin
solution for histopathological examination and the remaining
heart preserved at �80 �C until the biochemical analysis of differ-
ent parameters (MDA, SOD, CAT and GSH) and Western blot
analysis.

2.4. Biochemical estimations in serum

Functions of heart were assessed by measuring the levels of
LDH and CPK in serum using commercially available diagnostic kits
(BioSystems S.A., Barcelona, Spain). Respective diagnostic kits were
used to estimate LDH and CPK levels and expressed in IU/L (Tietz,
2005).

2.5. Lipid profile estimation

The concentrations of Triglycerides (TGs), Total Cholesterol
(TC), and High Density Lipoprotein (HDL-C) in the serum were ana-
lyzed using commercial assay kits (Giesse Diagnostics S.r.l., Rome,
Italy). Very Low Density Lipoprotein (VLDL-C), Low Density
Lipoprotein (LDL-C), Atherosclerotic index and Cardiac Risk Factor
(CRF) were calculated by given formula:

VLDL ¼ TGs=5

LDL ¼ TC � ðVLDLþ HDLÞ

Atherosclerotic Index ¼ ðTC � HDLÞ=HDL

CRF ¼ TC=HDL
2.6. Biochemical estimations in heart tissue

Heart tissues were cut in to small pieces and homogenized (10%
w/v) using homogenizer in ice–cold phosphate buffer (0.1 M, pH
7.4) followed by centrifugation for 30 min (4 �C) at 12000 rpm.
Standard protocols were used to estimate myocardial MDA
(Esterbauer and Cheeseman, 1990), total glutathione (GSH)
(Jollow et al., 1974), SOD (Marklund, 1985) and CAT (Claiborne,
1985).

2.7. Western blot analysis

Protein isolation was performed as follows. Isolated heart tis-
sues from rats of all groups were washed with ice-cold PBS fol-
lowed by minced and homogenization in cold protein lysis buffer
and protease inhibitor cocktail (Ansari et al., 2013). The cell lysates
were incubate on ice for 60 min with vortex mixing after every
10 min, followed by centrifugation for 10 min (12,000 RPM, 4 �C),
to obtained total cellular proteins. Total protein content was mea-
sured according to the well-established method of Lowry et al.
(1951). Western blot analysis was done by following the previously
described method of Ansari et al. (2013). Briefly, protein (25–
50 mg) from each group was separated by 10% SDS-
polyacrylamide gel electrophoresis (PAGE) and electrophoretically
moved to nitrocellulose membranes. Protein blots was incubated
overnight at 4 �C with primary antibodies against GST, NF-jB
p65, pNF-jB p65 and NQO1 and peroxidase-conjugated secondary
antibodies at 25 �C. Bands were visualized using the enhanced
chemiluminescence method (GE Health Care, Mississauga,
Canada). Band intensities were calculated comparative to b-actin
bands using an image analysis system (ImageJ� image processing
program, National Institutes of Health, Bethesda, USA). Images
were capture by using C-Digit chemiluminescent western blot
scanner (LI-COR, Lincoln, USA).

2.8. Histopathological studies

Heart isolated tissue previously preserved in 10% buffered for-
malin were further processed for histopathology studies. The tis-
sues were dehydrated, embedded on paraffin block and cut in to
sections of about 5 mm thickness followed by staining with hema-
toxylin and eosin (H&E), Masson’s trichrome (MT) and Periodic
Acid–Schiff (PAS) stain. Then, the samples were observed under
microscope by histopathologist.

2.9. Statistical analysis

The data is presented as mean ± standard error of mean (SEM)
with 95% confidence intervals (CI). Student’s t-test was used for
the comparison of diseased control with control group while,
one-way analysis of variance (ANOVA) followed by Tukey’s test
was applied to check significant difference of treatments groups
with diseased control group. P < 0.01 considered as significantly
different (Dawson-Saunders and Trapp, 1990). Results were ana-
lyzed by using GraphPad Prism (GraphPad Software, San Diego,
CA, USA).
3. Results

3.1. Effect of ROF on serum diagnostic marker enzymes

Intraperitoneal injection of Cd (3 mg/Kg) for 7 days induced
severe biochemical changes in cardiac tissues. The LDH and CPK
levels were estimated in serum and showed in Table 1. In rats trea-
ted with Cd only, the serum diagnostic marker enzymes were
found to be significantly (p < 0.001) increased than that for the rats
in the control group. ROF treatment significantly and dose-
dependently restored the elevated levels of these enzymes by
42.51% and 51.42% for LDH and by 54.05% and 65.58% for CPK,
respectively.

3.2. Effect of ROF on serum lipid profile

The serum lipid levels of Cd-treated rats were determined and
depicted in Table 2. Serum total cholesterol (TC), triglycerides
(TG), and low density lipoprotein (LDL-C) levels were found to be
significantly (p < 0.001) higher in the Cd only treated group with
concomitant decrease in high density lipoprotein (HDL-C) levels
than those in the normal control group. The serum levels in ROF
treated groups at both doses were significantly decreased by
22.61%, and 40.95%, for TC, by 29.81%, and 35.00% for TG and by
27.87%, and 53.63% for LDL-C (p < 0.001), respectively as compared



Table 1
Effect of ROF on LDH and CK in serum against Cd-induced cardiotoxic rats.

Groups LDH (IU/L) CPK (IU/L)

Control 107.93 ± 9.72 59.15 ± 2.52
CdCl2 (3 mg/Kg) 333.24 ± 14.08*** 213.63 ± 5.78***

ROF (0.5 mg/Kg) + CdCl2 191.58 ± 11.76## 98.16 ± 4.37###

ROF (1.5 mg/Kg) + CdCl2 161.90 ± 9.57### 73.52 ± 4.88###

All values are expressed as Mean ± SEM (n = 6).
*** p < 0.001, compared with control group.
## p < 0.01.

### p < 0.001 compared with CdCl2 group (One-way ANOVA followed by Tukey’s
test).
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to toxic group (Cd only). However, ROF treatment at both doses
significantly improves the HDL-C levels by 25.16% (p < 0.01) and
39.05% (p < 0.001) respectively.

3.3. Effect of ROF on myocardial oxidative stress markers

The results of Cd-induced oxidative stress are showed in Fig. 1.
Cd treatment resulted in increased MDA levels and decreased GSH
contents as well as SOD and CAT enzyme activity in heart tissues
significantly (p < 0.001) as compared to the normal rats. ROF treat-
ment significantly (p < 0.001) reversed the Cd-induced increase in
myocardial MDA levels and decrease in GSH level as well as SOD
and CAT enzyme activity.

3.4. Effect of ROF on Western blot analysis

In present study, the influence of ROF on protein expression of
GST, NF-jB p65, and NQO1 was studied and results were showed
in Fig. 2. Western blotting was performed to investigate the
expression of NF-jB p65 as activation of NF-jB plays significant
role in the inflammatory mediator production. Western blotting
analyses revealed that the Cd treatment found to be resulted in
significantly enhanced NF-jB p65, protein expression when
compared with normal control group. ROF treatment at both
doses (0.5 and 1.5 mg/kg), significantly suppressed the
non-phosphorylated and phosphorylated form of NF-jB p65
expression, as compared to the Cd-injected rats. Furthermore,
Cd-injected rats also showed significant (p < 0.001) reduced levels
of GST and NQO1 protein expression as compared to control group,
while these reduced levels were significantly (p < 0.001) found to
be restored in ROF treated rats at higher dose, except NQO1 at
lower dose as results were non-significant.

3.5. Effect of ROF on histopathology of heart tissue

The heart tissues of the control rats showed normal heart archi-
tecture and histology using H&E staining (Fig. 3). Photomicrograph
of Cd-treated group showed distorted cardiac muscle cells with the
Table 2
Effect of ROF on lipid profile against Cd-induced cardiotoxic rats.

Control CdCl2 (3 mg/Kg)

TC (mg/dl) 109.67 ± 3.53 233.06 ± 8.05***

TG (mg/dl) 48.70 ± 2.36 114.42 ± 2.35***

HDL (mg/dl) 41.48 ± 1.32 23.25 ± 1.22***

LDL (mg/dl) 58.45 ± 3.87 186.92 ± 8.68***

VLDL (mg/dl) 9.74 ± 0.47 22.88 ± 0.47***

Atherosclerotic Index 1.65 ± 0.11 9.22 ± 0.83***

Cardiac Risk Factor 2.65 ± 0.11 10.22 ± 0.83***

All values are expressed as Mean ± SEM (n = 6).
*** p < 0.001, compared with control group.
## p < 0.01.

### p < 0.001 compared with CdCl2 group (One-way ANOVA followed by Tukey’s test).
infiltration of inflammatory cells. However, the photomicrographs
of ROF-treated groups showed normal myocardiocytes without
cardiac hypertrophy. Masson trichrome (MT) staining showed nor-
mal distribution of collagen fibers with no evidence of fibrosis in
control groups. Highly increased collagen bundles were observed
in the heart tissues of Cd treated group. Somewhat normal appear-
ance of collagen fibers was seen in ROF treated groups. Control
group of PAS shows normal distribution of PAS-positive materials.
Cd treated group shows very little to almost absence of PAS-
positive materials. ROF treated group shows almost normal distri-
bution of PAS-positive materials. Histological scores are presented
in Table 3.

4. Discussion

Cadmium (Cd) was used extensively in consumer products and
exposed to major population through tobacco smoke, certain foods
that contain Cd and ambient air, particularly in the industrial and
hazardous waste sites (Yassin and Martonik, 2004). Among the
research studies that evaluated the relationship between Cd expo-
sure and death because of cardiac impairment, most studies con-
firmed positive results (Nawrot et al., 2008; Menke et al., 2009).
In present study, the protective effect of ROF was evaluated against
Cd-induced cardiac oxidative stress and dyslipidemia in rats.
Experimental results showed that ROF treatment at both doses
(0.5 and 1.5 mg/kg) could prevent the Cd -induced myocardial
oxidative stress in rats when co-administered with Cd for 7 consec-
utive days.

Previous literature proposed that Cd exposure results in variety
of toxicological effects and alterations in biochemical functions
markers producing severe threat to health. Cd -induced toxicity
can generate free radical ions from membrane poly unsaturated
fat peroxidation and these free ions resulted in production of
ROS, as a result intracellular antioxidant defense system inhibited
(WHO, 1992; Casalino et al., 2002). Cd-toxicity may affect the
activities of some antioxidant enzymes, increased the activities of
serum diagnostic marker enzymes and reliable cardiac injury
markers by inducing the expression of different stress genes
(Wang and Templeton, 1998; Watjen et al., 2001; Manna et al.,
2008). In present study also, Cd treatment results in increased
serum diagnostic marker enzymes whereas, administration of
ROF notably reduced the activities of the cardiac diagnostic marker
enzymes in the serum of rats. These results proposed that ROF may
decrease serum enzyme levels because of anti-lipoperoxidative,
antioxidant and membrane stabilizing properties.

Previous literature suggests that Cd-induced CVD is related
with the abnormalities in the lipid metabolism and elevate the
contents of lipids and lipoproteins in serum (Murugavel and Pari,
2007; Larregle et al., 2008). The results from present study also,
showed increased serum levels of TC, TG, LDL and VLDL with con-
comitant decreased in HDL levels after Cd-administration, clearly
ROF (0.5 mg/Kg) + CdCl2 ROF (1.5 mg/Kg) + CdCl2

180.37 ± 4.58### 137.63 ± 5.04###

80.31 ± 1.53### 74.37 ± 2.42###

29.10 ± 2.14## 32.33 ± 1.47###

134.83 ± 4.19### 90.42 ± 5.51###

16.06 ± 0.30## 14.87 ± 0.48###

5.13 ± 0.17### 3.31 ± 0.28###

6.13 ± 0.17### 4.31 ± 0.28###



Fig. 1. Bar diagram showing the protective effect of ROF on myocardial oxidative stress against Cd-induced cardiotoxicity in rats. ***p < 0.001, showed comparison of CdCl2
with control (Unpaired t-test) and treated (ROF; 0.5 and 1.5 mg/kg) with CdCl2 group (One-way ANOVA followed by Tukey’s test). Each bar represents mean ± SEM (n = 6).
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showing the impairment in lipoprotein metabolism. The changes
in the HMG-CoA reductase activity (main enzyme for the synthesis
of cholesterol) may reduce the LDL receptor gene expression which
interferes with uptake of cholesterol from the blood by macro-
phages, and in turn causes more cholesterol synthesis in heart
and hypercholesterolemia (Kantola et al., 1998). The uptake of TC
by macrophages is impaired by Cd exposure, and causes increased
serum cholesterol level (Ramirez and Gimenez, 2002). Previous lit-
erature suggested that cytokines play significant role in the
increased levels of serum TG and VLDL production by enhancing
lipogenesis in liver and overwhelming oxidation of fatty acids
(Nachiappan et al., 1994). On the basis of observed results, it was
suggested that abnormalities in lipids and lipoprotein levels might
be because of Cd-induced myocardial oxidative stress.

ROF treatment in Cd-intoxicated rats significantly normalized
the elevated serum lipids and lipoproteins levels through their
anti-lipoperoxidative actions, and prevents the membrane lipid
oxidation by preserving the membranes of cells and organelles
from the Cd-induced oxidative stress. Thus, the hypolipidemic
effect of ROF by inhibiting the cholesterol and oxidized lipid accu-
mulation could diminish the prevalence of atherosclerosis upon Cd
exposure or other environmental toxicants.

The principal target sites for Cd-toxicity are cell membranes fol-
lowed by lipid peroxidation, proteins oxidation and thiol reduction
(Stohs et al., 2000; Larregle et al., 2008). The results from present
study also demonstrate the increased levels of myocardial LPO,
after Cd administration which might be because of the excess gen-
eration of OFR and decreased antioxidant defense. ROF treatment
in Cd treated rats successfully restores the elevated levels of LPO
which is one of the oxidative stress markers, revealing the anti-
lipid peroxidative and antioxidant effects of ROF.

Antioxidant enzymes prevent the cellular integrity from oxida-
tive damage caused by OFR. SOD and CAT play important role in
preventing the excess production of OFR (Casalino et al., 2002;
Ansari et al., 2007). The activity of both enzymes is observed to
be reduced in the heart tissue of the Cd treated rats which confirm



Fig. 2. Bar diagram showing the protective effect of ROF on NF-jB p65, GST and NQO1 protein expression in myocardial tissues of Cd-intoxicated rats. nsp > 0.05, **p < 0.01,
***p < 0.001, showed comparison of CdCl2 with control (Unpaired t-test) and treated (ROF; 0.5 and 1.5 mg/kg) with CdCl2 group (One-way ANOVA followed by Tukey’s test).
Each bar represents mean ± SEM (n = 6).
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the Cd-induced myocardial oxidative stress. ROF treatment signif-
icantly restores the activities of these enzymes showing that Cd-
induced cardiac toxicity can be attenuated by ROF administration.

Glutathione (GSH) is also one of the useful indicators for
myocardial injury caused by oxidative stress and plays important
role in cellular defense against oxidative damage caused by OFR
and other ROS by scavenging them (Kurian et al, 2016). Cd-
induced toxicity prominently diminished the myocardial GSH sta-
tus, as shown by significant decrease in the GSH levels which
describe the increased consumption of GSH for the detoxification
of Cd-induced oxidative stress. ROF treatment in Cd treated rats
could prevent the depletion of non-enzymatic antioxidants
(GSH), indicating ROF role in the GSH metabolism which in turn
increases the GSH concentration and intracellular antioxidant
power (Morales et al., 2006).

NF-jB exist in the cytosol and is activated in response to differ-
ent inflammatory stimuli, atmospherically pollutants, pro-
oxidants, cancer-causing agents, stress, etc (Aggarwal, 2004).
Increased level of ROS may activate initial step in the signal mech-
anism of activation of redox-sensitive NF-jB signaling (Bar-Shai
et al., 2008; Kwak et al., 2011). In previous studies, it has been
reported that NF-kB activation stimulates apoptosis induced by
Cd in rats (Xie and Shaikh, 2006; Yuan et al., 2014). In the present
study, Cd-induced oxidative stress results in activation of NF-kB
protein expression and decreased expression of GST and NQO1,
whereas, ROF administration in Cd-intoxicated rats effectively sup-
presses the myocardial oxidative stress through the inhibition of
NF-kB signals transduction pathways and increased expression of
GST and NQO1. Our results are corroborated with the previous
findings (Xiaoli et al., 2011). These findings suggest that the pre-
ventive effect of ROF against Cd-induced myocardial oxidative
stress may be through the activation of GST and NQO1.

Photomicrographs of the heart tissues of Cd treated rats showed
abnormal histological changes. There was no significant differ-
ences were observed in myofibril impairment, between control
and ROF treated groups which showed that ROF is accomplished
of preventing the histological changes caused by Cd-induced
injury.



Fig. 3. Effect of ROF on histopathological features of Cd-intoxicated heart tissues with Haematoxylin and Eosin (H & E, 100X), Masson Trichrome (MT, 100X) and Periodic
Acid–Schiff (PAS, 100X) staining. Photomicrographs of heart tissues of (A) normal control rats, (B) CD- intoxicated rats, (C) ROF treated at low dose (0.5 mg/Kg), and (D) ROF
treated at high dose (1.5 mg/Kg). In figures, abbreviation ‘‘C” indicates for congestion and ‘‘N” for necrosis. Arrows in H&E stained figures, indicates degenerative marks of
myocardiocytes, in PAS stained figures, indicate PAS positive materials while in MT stained figures, indicate collagen fibers.

Table 3
Effect of ROF on histopathological scoring against Cd-induced cardiotoxic rats.

HE Staining (General histological status) MT Staining (Collagen fibers) PAS (PAS positive materials)

A 0 (Normal) 0 (Normal) 0 (Normal)
B (�3) (3steps below normal due to three pathological features) (�3) (highly increased collagen fibers) (�3) almost absence of PAS positive materials
C (�1) (one step below normal due to one pathological feature) (�1) (slightly increased collagen fibers) (�1) (slightly presence of PAS positive materials)
D 0 (non-significant changes) 0 (non-significant changes) 0 (non-significant changes)
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According to Cortijo et al. (2009) ROF possess anti-
inflammatory and antioxidant effect. In present study also, ROF
treatment with potentially protects the heart tissues and restores
its functions impaired from Cd-induced myocardial oxidative
stress. The biochemical and histological results from the present
study proposed the potential effect of ROF in protecting the cardiac
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tissues against oxidative damages and hyperlipidemia therefore
ROF could be used in future as an effective treatment against car-
diotoxicity, hyperlipidemia and associated cardiovascular
disorders.

5. Conclusions

On the basis of observed results from the present study ROF
could be proposed as a novel target for the therapeutic strategies
and prognostic biomarker in various cardiovascular pathologies,
especially disorders caused by heavy metals. However, the exact
mechanism of ROF is not clear therefore further detailed studies
are needed to explore and confirmed the protective molecular
mechanism of ROF against CVD and dyslipidemia.
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