863 Egypt. J. Chem. Vol. 65, No. SI:13, pp. 279 — 289 (2022)

o [

Egyptian Journal of Chemistry

http://ejchem.journals.ekb.eg/

Protective Role of Curcumin Against Combined Toxicity of
Nickel-Chromium on The Enzymatic Antioxidants, Blood and

Testicular Histopathology of Albino Rats ExoasMadl

Ayman Ahmed EI-Amawy?*, Samir Attia Zaahkouk ?, Hesham Gamal
AbdelRasheed °, Bassem Elsayed Elarabi °
a- Holding company for water and wastewater, Central Laboratories of Gharbia Company, Tanta, Egypt.
b- Department of Zoology, Faculty of Science, Al-Azhar University, Cairo, Egypt.

Abstract

Recently, in particular, environmental contaminants have continued to be the most potential cause of many
diseases, those of toxic metals which are capable of accumulating within vital organs of both humans and
animals, inducing reactive oxygen species (ROS) production and causing severe health hazards within biological
systems. Nickel (Ni) and chromium (Cr) are toxic elements producing highly reactive radicals which are able to
disable enzymatic antioxidants through binding to their active sites. The present study has been designed to
evaluate the protective role of curcumin against testicular dysfunction induced by nickel-chromium combination.
The concentrations of Ni and Cr as well as the activities of antioxidants endogenous enzymes including;
glutathione peroxidase (Gpx), glutathione reductase (GR), catalase (CAT), and superoxide dismutase (SOD) were
all determined in the testicular tissue while hematological biomarkers were being measured in the blood of
experimental rats. Mixture metals resulted in significant variances within testicular tissues. However, oral
administration of curcumin provided a significantly protective role against combined toxicity of nickel-chromium
and reduced histopathological alterations due to antioxidant property represented in scavenging and chelating
properties as concluded from the present investigations.
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1. Introduction

Heavy metals are able to interact with the different
tissues of both human and animal since they are
hardly broken down or discharged out the body
instead, they gradually affect the vital processes
allover internal organs till partial or complete
malfunction. Such effects begin as soon as
communicating with hormone, proteins and enzymes
in order to form stable covalent complexes with these
macromolecules [1, 2]. Nickel is used mainly in the
manufacturing of stainless steel and nickel alloys,
however, food is the main source of nickel exposure
in the non-smokers in addition to normal people who
don’t not working in nickel industries. Moreover,
water is a minor participator to the daily oral intake
of nickel through naturally polluted groundwater or
kettles made from non-resistance materials or even

direct contacting to nickel-chromium plated taps [3].
Exposure to nickel has negative impacts on human
health with high possible toxicity on liver, kidney,
brain, lung and testis [4]. Chromium on the other
hand, contributes in metal plating, production of
pigments and dyes, corrosion inhibitors materials,
leather tanning and other chemical synthesis
applications [5, 6]. Testicular tissue is a major target
for chromium-induced oxidative damage due to its
high polyunsaturated membrane lipids thereby,
chromium increases the risks reduced semen quality,
sperm abnormalities leading to infertility for workers
of welding industry; moreover, severe injuries have
been appeared in seminiferous epithelium of the mice
testis by the action of chromate concentration [7].
Oxidative stress is one of the critical mechanisms
implicated in the nickel-chromium inducing toxicity
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as they are dangerous metals producing free radicals
in biological systems through redox reactions carried
out by such metals, these reactions create oxidative
damage to proteins and DNA, in addition to
disrupting the normal defense systems performed by
enzymatic antioxidant [8, 9]. Since oxidative
damages in various body organs are mostly related to
toxic metals exposure, high solicitude has been given
for the application of natural products to strengthen
the cell antioxidant and to protect it from the toxic
metals-induced damage [10]. Curcumin is the product
obtained by solvent extraction of turmeric or the
ground rhizomes of Curcuma longa L [11]. It is
consider a natural class of anti-inflammatory and
antioxidant which is concluded to be a potent
inhibitor of reactive oxygen species (ROS) formation
[12]. Curcumin is a lipid soluble antioxidant which
reveals a typical radical trapping ability as a chain
breaking; it is believed to be settle down within the
membranous sub-cellular fraction of living cells to
protect them from peroxidative damage [13].
Curcumin is able to nullifying heavy metal toxicity as
it has a protective efficacy against metals induced
toxicity while its recent applications such as
nanocurcumin has a magnificent preventive efficacy
against oxidative stress induced by toxic metals
which lowering the reactive oxygen species along
with the restoration of the blood glutathione level
[14]. Many experiments have proved that curcumin
has a protective role for the enzymes through its
electron donor ability to the gastric peroxidase [15].
Therefore, there is little information about the
testicular protection of curcumin against heavy
metals toxicity. Hence, the purpose from this
experimental study is to clarify the protective effects
of curcumin against combined toxicity of nickel-
chromium.

Experimental details

Material and Methods
Chemicals

All reagents and chemicals were of analytical
grade quality with high purity. Nickel and chromium
(SCP SCIENCE, Canada) were used for mixture
preparation of oral administration solutions. Standard
solutions (Merck, Germany) were used to create
calibration curves for nickel and chromium analysis,
while concentrated HNOs; (65%, Merck, Germany)
and H>0; (30%, Sigma-Aldrich, Germany) were used
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for tissue digestion. All chemical and reagents for the
examination of antioxidant status were purchased
from Bio-diagnostic (Egypt).

Curcumin:

Curcumin extract was commercially purchased from
Sigma Chemical Co, Germany and dissolved in
commercial corn oil (2.5 ml/Kg B.W/ day). It was
given to rats by oral gavage tube at a dose of 100
mg/Kg body weight / day [16].

Animals:

Thirty male Wistar rats weighing approximately
200g = 10g were purchased from The Egyptian
Holding Company for Biological Products &
Vaccines, Cairo, Egypt and used as experimental
animals. Rats were housed and maintained under
standard controlled conditions of good ventilation,
normal  temperatures, and humidity range
(temperature 25 +4 °C, relative humidity of 35% to
60%, 12-h light-dark cycle). They were allowed free
access to drinking water (metal-free water) unlike,
feeding which was restricted to be introduced by
limited amount (50 g) once daily for each group.
During the experiment period (75 days), the feeding
time was one hour before Ni-Cr dosing, while
curcumin dosing was after two hours of metals
administration. The experiment was carried out
according to the Guide for the care and use of
Laboratory Animals published by the National
Institutes of Health (No. 85:23, 1996) and in
compliance with the principles and guidelines of the
Scientific Research Ethics Committee, Faculty of
Science Al-Azhar University under Certificate
Reference  Number AZHAR11/2017. All rats
underwent to good care and minimum pain suffering
during the experiment, besides, anaesthetising before
blood collection and dissection processes.

Study design and experimental procedure:

After ten days of acclimatization, rats were marked
then placed into suitable cages by ratio of ten rats per
cage and randomly divided into three groups: one
negative control group and two experimental groups
(Ni-Cr group and curcumin group). A long 75 days
both experimental groups received a single dose (1 ml
/200 g rat /day) of freshly prepared aqueous solution
containing Ni-Cr mixture with concentrations exceeds
the maximum limits of both WHO and Egyptian
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standard regulation by 10 fold which are; 200, and 500
ppb for nickel, and chromium respectively. The
curcumin group was post-treated by curcumin extract
in a dose 100 mg/kg/day body weight (b.w.) for 75
days while the control group was neither treated nor
contaminated. The treatment of all animals was
performed by an oral gavage tube directly into
stomach.

Tissue Preparations:

Blood samples were collected where retro-orbital
venous plexus exist, after anesthetic administration.
Suitable amounts of blood were collected in test tubes
with anticoagulant (EDTA) for the measurement of
hematological parameters. Testis organs were
removed and separated into three parts. One tissue
sample (0.5 g) was frozen and stored for the
investigation of antioxidant status; a second was
frozen and stored for toxic metals analysis and a third
tissue sample was preserved in formalin for
histopathological examination [35].

Nickel-chromium Analysis:

After the animals had been sacrificed, wet tissue
samples of testis weighing about 0.5 g were placed in
Teflon containers with 9 ml conc. HNO3z and 1 ml
H20; and digested using high performance microwave
sample digestion (model Milestone ETHOS UP).
Digestion was carried out according to the Milestone’s
recommendations and USEPA [17, 18]. After the
digestion program, the samples were transferred to 50
ml volumetric flasks and the volumes were completed
to 50 ml using free-metal water (grade A). The
amounts of Ni and Cr in the testicular tissues were
determined by Inductively Coupled Plasma Optical
Emission spectroscopy ICP-OES (I Cap Thermo 7400,
Thermo Fisher Scientific, Waltham, Ma, USA)
according to APHA [19].

Hematology Analysis

Hematological parameters were measured by the
CELL-DYN Ruby analyzer (Abbott, Abbott Park, IL,
USA). Multi-angle polarized scatters separation was
used for white blood cell and dual angle optical
analysis for platelets count. The following
hematological parameters were examined: white blood
cell count (WBC) with WBC differential count
(granulocytes, lymphocytes, and monocytes), red
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blood cell count (RBC), hemoglobin concentration
(HGB), hematocrit (HCT), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), and
platelet count (PLT).

Antioxidants Analysis:

Testis were rapidly excised, washed in ice-cold
0.9% NaCl, then an exact weight of each organ (0.5
g) was grinded through homogenizer in 4 ml saline
solution (NaCl 0.9%). Each sample was centrifuged
at 4000 RPM for 15 minutes, the supernatant
obtained were transferred into eppendorf tubes, and
frozen to be analyzed for antioxidants biomarker.
Assessment of the following parameters was
performed: glutathione peroxidase (Gpx), glutathione
reductase (GR), catalase (CAT), and superoxide
dismutase (SOD) according to, [20, 21, 22, 23]
respectively.

Histopathological Analysis

Testicular  tissues  were subjected to
histopathological examination. Microscopic
examinations on paraffin embedded 5 pm tissue
sections with hematoxylin-eosin were performed.
Each section was examined under an optical
microscope 35].

Statistical Analysis

Statistical evaluation was performed using
Graphpad Prism 6.0 Statistics software (Graphpad
Inc. San Diego, CA, USA). One-way and two-way
analysis of variance (ANOVA) tests were performed
followed by Tukey's multiple comparisons test. p-
Values less than 0.05were considered significant.

Results

Concentrations of nickel and chromium in the
testis:

The experimental groups (Ni-Cr group and
Ni-Cr + curcumin group) receiving a single dose
(1 ml / 2009 rat/day) of Ni-Cr mixture, provided
significant elevations of Ni and Cr in the testis
compared to the control group. The concentration
of Ni in the testis of rats within Ni-Cr group
exhibited a statistically high significant difference
when compared to the control (p < 0.0001);



282 A. A. EI-Amawy et.al.

whereas, Cr showed elevation with statistically
significant (p < 0.001). Moreover, treatment with
curcumin produced remarkable reduction in the
concentrations of Ni and Cr in, testicular tissues
when compared with Ni-Cr group, (Table, 1).

Hematology:

Acute exposure of rats to nickel and chromium
in a mixture form via oral administration resulted
in slight alteration in some haematological
parameters. Comparing to control group, RBCs,
WBCs and platelets showed slight elevation
without any statistical differences in Ni-Cr group.

Furthermore, curcumin treating provided trivial
reduction in the values of RBCs and PLTs with no
statistical variances; in addition to barely
increasing in WBCs value after curcumin.
Similarly, trifle variances in HGB, HCT, MCV,
MCH and MCHC were observed in both
experimental groups compared to values obtained
from control group. The change in WBCs
differential (Lymphocytes, Monocytes  and
granulocytes) had a similar trend without any
statistical differences comparing to control,
(Table, 2).

Table, (1): Concentrations of nickel and chromium (ug/g wet wt. £ SE) as well investigated antioxidants
enzymes (U/g + SE) in the testis tissues of rats from experimental groups.

Groups - . .
Parameters Control Ni-Cr Ni-Cr & curcumin
*kkx *k*k
Nickel 177.69 £ 151 1183.76 + 102.25 788.61%{ 37.39
*xx **
Chromium 412,77 £ 2.55 2634.89 + 206.36 1633.5%:; 24.31
*kk *
Glutathione peroxidise 13.53+0.34 6.37 + 0.51 10.657#r 0.37
*kk **
Glutathione reductase 7.83+0.27 3.30+ 028 4.79 ? 0.22
*kkk *kkk
Superoxide dismutase 11.04 £0.24 592 + 024 8.77 £0.33
it
*kk **
Catalase 241.71 +4.35 114.87 + 4.77 166.9%1 6.24

Observed metals and antioxidant enzymes are expressed on wet tissues by means + SE. Statistically significant differences (p < 0.05)
compared to control group are indicated by *, while those compared to heavy metals group are indicated by . Statistical evaluation was
performed using one-way ANOVA followed by Tukey's multiple comparisons test. * ¥ p < 0.05; ** 71 p < 0.01; *** 71 p < 0.001; ****

++++ p < 0.0001.

Table (2): Values of haematological parameters + SE in the different experimental groups

Groups . . .
Control Ni-Cr Ni-Cr & curcumin
Parameters

RBCs 10¢/mm? 7.65+0.24 7.69+0.26 7.47£0.27
WBCs 10%mm? 10.18 +1.17 11.22 +3.00 11.75+0.81

PLTs 10%mm? 677.75 £ 34.70 753.00 + 18.19 662.25 + 24.75
HGB g/dL 14.23+0.23 14.30 + 0.60 14.35 +0.39
HCT % 41.95+1.19 41.40 + 1.64 40.98 + 1.67
MCV um? 54.75 +0.19 53.80 + 0.49 54.75 + 0.49
MCH pg 18.63 +0.32 18.64 + 0.41 19.25 +0.29
MHCH g/di 33.98+0.45 34.56 + 0.62 35.10 £ 0.56
Lymphocytes % 76.63 +1.83 77.82 £3.89 81.68 +0.79
Monocytes % 13.05+1.08 12.60 + 1.57 10.08 +0.37
Granulocytes % 10.33 £ 1.53 9.58 +2.47 8.25+0.42

One-way ANOVA and Tukey's multiple comparisons tests, didn’t show any statistical significant differences (p < 0.05)
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Antioxidants Status:

After exposure to the heavy metals mixture, the
activities of all endogenous antioxidant enzymes
(GPx, GR, SOD, CAT) exhibited a downward trend
in testis of rats at both, Ni-Cr and Ni-Cr-curcumin
groups with statistically significant effects when
compared to the control group. Administration of
curcumin  treatment  demonstrated  significant
restoring in the activities of GPx, GR, SOD and CAT
within testicular tissues with statistically significant
elevations (p < 0.01, p < 0.05, p < 0.0001, p < 0.01,
respectively) when compared to Ni-Cr group.
Observed redox parameters in the testis of rats are
presented in (Table,1 ).Histopathological analysis:

Photomicrograph examination in the testis of control
rats (section A) showed intact seminiferous tubules
(white arrow) separated by interstitial tissue (black
arrow). The Ni-Cr group (section B) showed
degeneration and necrosis of spermatogonia (white
arrow); necrosis of interstitial tissue (black arrow)
and necrosis with sloughing of spermatocytes and
spermatozoal zone (black arrow head). On the other
hand, testicular tissue of rats at curcumin group
(section C) showed moderate degeneration and
separation of spermatogonia (white arrow) and
focal area of necrosis (white arrow head), Figure, 1,
A; B; C.

Figure (1): Histopathological investigations in the testis sections

A) control group;

B) Ni-Cr group;
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C) Ni-Cr & curcumin group
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DISCUSSION:

Nickel-chromium and curcumin:

Generally, accumulation of toxic metals in the
testicular tissues is conditioned by the nature, dose,
amount, exposure period and route type of the
metals, since the toxicity can be carried through
blood to many vital organs where deposition
begins to occur and increase gradually until the
symptoms of health hazards appear. The present
study has proved that exposure to Ni-Cr mixture in
high levels (10x) for 75 days via oral
administration caused combined toxicity in male
rats such toxicity biomarkers attained significant
decreasing after curcumin treatment. Rats exposed
to Ni-Cr mixture only, exhibited high significant
increasing in the concentrations of Ni (p<0.0001)
and Cr (p<0.001) inside testicular tissues in
comparison to unexposed rats. Clear signs for
oxidative stress like; singlet oxygen, hydroperoxides
(HOy), and hydrogen peroxide (H20.) appeared after
Ni-Cr exposure. These signs were shown to
enhance the formation of free radicals and
overproduction of ROS leading to deactivation of
antioxidant defense system, including; GPx, CAT,
SOD and GR, as a clear mark for cellular damage
[24, 25, 26]. Nickel element is able to raise
structural changes and functional disruptions in
various tissues and organs of the body [27, 28, 29].
Similarly, it was observed that, chromium intake
promotes an early oxidative stress through
undergoing an intracellular reduction, resulting in the
generation of toxic intermediates as strong oxidants.
These toxins generate excess of ROS and cause
injury to cellular proteins, lipids and DNA as well as
enhanced excretion of urinary lipid metabolites
including malondialdehyde, formaldehyde,
acetaldehyde, acetone and propionaldehyde [30, 31,
32, 33, 34]. Moreover, combined toxicity might be
due to the differences in the metals bioavailability
and their competitive affinity to protein
transporters after oral exposure with possible
synergistic effect [35]. Despite the presence of
many complications because of metals effects, data
detected that curcumin treatment provided
statistically significant reduction (p < 0.01) in the
concentrations of investigated metals (Ni, Cr)
among testicular tissues. This reduction is probably
due to the capacity of curcumin to prevent the
damage of membranes or proteins and regulating
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their activity by specifically scavenging reactive
oxygen species or by regulating specific enzymes and
influencing cellular structures. Also, curcumin is able
to reactivate the defense characteristics of enzymatic
antioxidants, to protect testicular tissues as the
alternative method for chelation therapy. Curcumin
was shown to inhibit the formation of free radicals
through scavenge action, and it has high efficacy
against oxidative tissue damage arose by nickel-
chromium [7, 36, 37].

Antioxidant enzymes and Curcumin:

Oral administration of Ni-Cr mixture for 75 days
produced lower level of glutathione peroxidase (GPx)
in the testicular tissues (p<0.001) at Ni-Cr group in
comparison with control group, this is probably
attributed to the testicular defensive mechanism
under the effect of Ni-Cr within the testis as a result
of free radicals production and ROS generation [38,
39, 40]. At the same time, rats exposed to Ni-Cr
mixture and treated with curcumin showed
statistically significant improvement (p<0.01) in the
activities of GPx among testicular tissues compared
to Ni-Cr group which reinforces the protective role of
curcumin in recovering the affected testis as normal
rats through reducing the combined toxicity of Ni-Cr
[41, 42, 43]. Moreover, the levels of glutathione
reductase (GR) in the testis of rats exhibited
statistically significant decreasing (p<0.001) at Ni-Cr
group and (p<0.01) at treated group when compared
to control. This probably occurred when Ni-Cr
elements interfered with the disulfide bond of
glutathione enzyme and inhibited its defense
mechanism, as well prevented the optimal balance
leaving testicular cells under oxidative damage [38,
44]. Furthermore, superoxide dismutase (SOD)
enzyme attained statistically significance decreasing
(p<0.0001) within testicular tissues of rats from both
experimental groups when compared to the control.
This inhibition could be as a result of copper
depletion which leads to decreased capability of cells
to produce SOD and disrupting its pivotal role
represented in producing H;O, in cells by a
dismutation of superoxide radicals which are
generated by the oxidative process [45, 46].
However, the antioxidant feature of curcumin
enhanced the reversing effect of toxic mixture with
statistical elevation (p<0.0001) in SOD activity
among Ni-Cr & curcumin group in comparison with
Ni-Cr group. Comparing to control group, measured
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levels of catalase enzyme in the testicular tissues
showed remarkable statistically decreasing at Ni-Cr
group (p<0.001) as well as curcumin treated group
(p<0.01) which showed bio-signs for restoring
catalase activities in the testicular tissues. Lower
catalase activity was attributed to its ability to disable
consumption of O, inside cells as a result of
combined toxicity of Ni-Cr thereby, capturing H2O;
before it can escape the cell then converting it to water
and molecular oxygen for maintaining the amount of
O3 in order to be repeated in chemical reduction or to
interact with other toxins [47, 48].

Effect on Hematopoietic System:

The hematopoietic system is one of the most
sensitive organs to assess the toxicity. The present
study declared that exposure to Ni-Cr for 75 days was
more than enough to cause haematological alterations
by which early effects associated with increased toxic
metals concentration in the testis and other soft
tissues [49]. After oral exposure, red blood cells
transported the Ni and Cr biomolecules within the
circulatory system which enabled these metals to be
absorbed at varied organs thereby accumulation
occurred. The present data showed that both Ni-Cr
administrations led to mild lymphocytosis as well as
relative neutropenia in both experimental groups in
comparison with control group. These effects could
be varied between synergistic and antagonistic,
thereby causing alteration in differential count of
peripheral blood leukocytes in experimental rats
groups as a result of activation of the immune system
and oxidative stress induced by Ni-Cr mixture [50,
51]. The Authors who described similar effects were
in conflict with some studies pointing to unchanged
WBCs status. The current work investigated
lymphocytosis and neutropenia [52]. However, others
postulated lymphopenia and neutrophilic leukocytosis
[53, 54]. Acute exposure to Ni-Cr produced mild
alteration in RBCs, HGB, HCT, MCV, MCH and
MCHC, in addition to a transient reactive
thrombocytosis in Ni-Cr group, which returns to
normal after curcumin treatment. Such mild changes
might attribute to gastrointestinal absorption or fast
clearance of Ni-Cr from the blood to the tissues
including testis. The present observations are nearly
in line with other authors who used different animal
models, route of exposure, and dose regime [35, 55,
56, 57, 58, 59, 60].
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Histopathological effects:

Histological examinations revealed that nickel-
chromium mixture caused relative alterations in testis
of rats from Ni-Cr group while rats from the control
group almost showed no histopathological changes.
The alterations in the testicular tissue could be
attributed to the ability of Ni-Cr mixture to penetrate
the testis barrier and impair testicular functions
through disrupting serum testosterone level and
activities of testicular steroidogenic enzymes in
addition to consequently reduction in sperm count
accompanied by abnormal morphology [61, 62].
Conversely, rats treated with curcumin exhibited
depletion in histopathological changes induced by Ni-
Cr mixture, since the number and morphological
integrity of seminiferous tubule were being restored.
Also most of the seminiferous tubules showed semi
normal histo-architecture including; mild to moderate
degeneration, less separation of spermatogonia, focal
area of necrosis, mild degeneration of spermatogonia,
congestion of blood vessels and focal area of
necrosis. It was revealed that natural antioxidants like
curcumin is able to modulate the toxic effects of
heavy metals in histological examinations and
attenuates the interstitial and seminiferous tubule
alterations of testicular tissue [63, 63].

Although several studies regarding curcumin
efficacy versus metals induced ROS toxicity have
been conducted, there is an obvious lack of data on
mechanisms underlying the curcumin antioxidant
property against toxicity of other metals.

Conclusion:

Our results declared a combined toxicity of Ni-Cr
through oral administration by which toxic effects
induced in the testicular tissues of adult Wistar rats.
The main toxicity mechanism of combined metals is
oxidative stress which relatively proved by a
disturbed structure in testicular tissues of Ni-Cr
treated rats in addition to mild hematological
alterations and significant decline in the levels of
antioxidants enzymes under investigation. The
present study also reinforced protective role of
curcumin which reduced Ni-Cr deposition inside
testis and improved the activities of investigated
antioxidants through many suggested mechanisms
including; lipid peroxidation inhibition, peroxidative
prevention and neutralizing reactive species.



286 A. A. EI-Amawy et.al.

Acknowledgments:

We are grateful to all our colleagues at the
zoology department, faculty of Science, Al-Azhar
University and the central laboratories of Gharbia
water and Wastewater Company for their valuable
support. We are also grateful to anatomy and
embryology department, faculty of veterinary
medicine,  Kafr  El-Sheikh  University  for
histopathology examination and image analysis.

Authors’ contributions:

All authors contributed significantly to this work;
Ayman ElI-Amawy and Dr. Samir Zaahkouk are the
two first authors responsible for the Study conception,
design, performing the experimental analysis and
overall data presented here, Dr. Hesham Abdel-Rashid
helped with the organization, references, tables, and
data presentation; Dr. Bassem Elaraby was responsible
for technical and scientific support during the
experiment in addition to statistical analysis.

Data availability:

The datasets from which the current study was
created are available from the corresponding author
on reasonable request.

Compliance with ethical standards:

Conflict of interest:
The authors declare that they have no conflict of
interest.

Ethical approval:

The experimental protocol was approved
according to certificate  reference  number,
AZHAR11/2017 of Institutional Animal Care and

Use Committee, Faculty of Science, Al-Azhar
University, Egypt.

Consent to participate: Not applicable

Consent for publication: Not applicable.

Funding: Not applicable.

References:

1  Mudgal Varsha, Madaan Nidhi, Mudgal

Anurag, Singh R.B. and Mishra Sanjay,
(2010): Effect of Toxic Metals on Human
Health. Open Nutraceuticals J., 3, 94-99.

Egypt. J. Chem. 65, No. SI:13 (2022)

10

11

12

13

Mumtaz, S., Ali, S., Khan, R., Shakir, H. A,
Tahir, H. M., Mumtaz, S. and Andleeb, S.
(2020): Therapeutic role of garlic and vitamins C
and E against toxicity induced by lead on various
organs. Environ. Sci. Pollut. Res., 1-12.

WHO (2007): Nickel in drinking-water,
Background document for development of WHO
Guidelines for drinking-water quality. Geneva,
World Health Organization,
(WHO/SDE/WSH/07.08/55).

Pari, L. and Prasath, A. (2008): Efficacy of
caffeic acid in preventing nickel induced
oxidative damage in liver of rats. Chem. Biol.
Interact., 173(2): 77-83

WHO (2003): Chromium in drinking-water,
Background document for preparation of WHO
Guidelines for drinking-water quality. Geneva,
World Health Organization,
(WHO/SDE/WSH/03.04/4).

Devi, K. R., Mosheraju, M. and Reddy, K.D.
(2012): Curcumin Prevents Chromium Induced
Sperm Characteristics In Mice. IOSR J. Pharm.,
2(2): 312-316.

Chandra, A. K., Chatterjee, A., Ghosh, R.,
and Sarkar, M. (2007): Effect of curcumin on
chromium-induced oxidative damage in male
reproductive  system.  Environ.  Toxicol.
Pharmacol., 24 (2): 160 — 166.

Dal-Corso, G., Farinati, S. and Furini, A.
(2010): Regulatory networks of cadmium stress
in plants. Plant Signaling Behav., 5: 663—-667.
Fu, Z., and Xi, S. (2019): The Effects of Heavy
Metals on Human Metabolism. Toxicol. Mech.
Methods, 1-33.

Dewanjee, S., Sahu, R., Karmakar, S., and
Gangopadhyay, M. (2013): Toxic effects of
lead exposure in Wistar rats: Involvement of
oxidative stress and the beneficial role of edible
jute (Corchorus olitorius) leaves. Food Chem.
Toxicol., 55, 78-91.

Yang, C., Dan, L., Yi-Fan, L., Xiao-Jin, H. and
Ming-Yan J. (2014): Preparation and In Vitro
Evaluation of Glycyrrhetinic  Acid-Modified
Curcumin-Loaded Nanostructured Lipid Carriers.
Molecules, 19: 2445-2457.

Fetouh, F. A., and Azab, A. E. S. (2014):
Ameliorating effects of curcumin and propolis
against the reproductive toxicity of gentamicin in
adult male guinea pigs: Quantitative analysis and
morphological study. American Journal of Life
Sciences, 2(3): 138-149.

Menon, V. P., and Sudheer, A. R. (2007):
Antioxidant and anti-inflammatory properties of
curcumin. The molecular targets and therapeutic
uses of curcumin in health and disease, 105-125.
Elshama, S., Abdalla, M. E., and Mohamed,
A. M. (2018): Role of Natural Antioxidants in



Protective Role Of Curcumin Against Combined Toxicity Of Nickel-Chromium On The Enzymatic Antioxidants, Blood ........ 287

15

16

17

18

19

20

21

22

23

24

25

26

Treatment of Toxicity. J. Toxicol.Anal., 1(1-3):
1-7.

Chattopadhyay, 1., Bandyopadhyay, U.,
Biswas, K., Maity, P., and Banerjee, R. K.
(2006):  Indomethacin  inactivates  gastric
peroxidase to induce reactive-oxygen-mediated
gastric mucosal injury and curcumin protects it
by preventing peroxidase inactivation and
scavenging reactive oxygen. Free Rad. Biol.
Med., 40: 1397-1408.

Naik, S.R., Thakare, V.N. and Patil, S.R.
(2011): Protective effect of curcumin on
experimentally induced inflammation,
hepatotoxicity and cardiotoxicity in rats:
evidence of its antioxidant property. EXxp.
Toxicol. Pathol. 63(5):419-31.

Kingston, H. M., and Walter, P. J. (1998): The
art and science of microwave sample preparations

for trace and ultratrace elemental
analysis. Inductively  Coupled Plasma Mass
Spectrometry, 33-81.

US EPA Method 3052, (1996): Microwave

assisted acid digestion of siliceous and organically
based matrices, SW-846, Test Methods for
Evaluating Solid Waste Physical/Chemical
Methods, Office of Solid Waste, Washington, DC.
APHA (2012): American Public Health
Association,  Standard  Methods for the
Examination of Water and Wastewater, 22"
edition, NW, Washington.

Gross, R.T., Bracci, R., Rudolph, N., Schroeder,
E. and Kochen, J.A. (1967): Hydrogen peroxide
toxicity and detoxification in the erythrocytes of
newborn infants, Blood, 29 (4): 481- 493.
Goldberg, D.M. and Spooner, R.J. (1983): In
Methods of Enzymatic Analysis (Bergmeyen,
H.V. Ed.), 3(3): 258 - 265, Verlog Chemie,
Deerfield Beach, FI.

Luck, H. (1974): Estimation of catalase activity.
Methods of Enzymology (Ed Bergmeyer U),
Academic Press, New York, p. 885.

Kakkar, P., Das, B. and Viswanathan, P.N.
(1984): A modified spectrophotometric assay of
superoxide dismutase. Indian J. Biochem.
Biophys., 21(2):130-132. PMID: 6490072.
Mousa, H.M., Al-Qarawi, A.A., Ali, B.H,,
Rahman, H.A.A. and EIMougy, S.A. (2002):
Effect of lead exposure on the erythrocytic
antioxidant levels in goats, J. Vet. Med., A 49:
531-534.

Flora S.J. (2011): Arsenic-induced oxidative
stress and its reversibility. Free Radic. Biol.
Med., 51(2):257-281.

Reckziegel, P., Dias, V. T., Benvegnu, D. M.,
Boufleur, N., Barcelos, R. C. S., Segat, H. J.
and Birger, M. E. (2016): Antioxidant
protection of gallic acid against toxicity induced

Egypt. J. Chem. 65, No. SI:13 (2022)

27

28

29

30

31

32

33

34

35

36

by Pb in blood, liver and kidney of rats. Toxicol.
Rep., 3: 351-356.

Chen, C.Y., Wang, Y.F., Lin, Y.H. and Yen,
S.F. (2003): Nickel-induced oxidative stress and
effect of antioxidants in human lymphocytes,
Arch. Toxicol., 77: 123-130.

Xiao, J., Cui, H., Yang, F., Peng, X. and Cui,
Y. (2010): Effect of dietary high molybdenum
on peripheral blood T-cell subsets and serum IL-
2 contents in broilers. Biol. Trace Elem. Res.,
142(3): 517-522.

Liang, Y., Lei, L., Nilsson, J., Li, H.,
Nordberg, M., Bernard, A., Nordberg, G.F.,
Bergdahl, 1.A. and Jin, T., (2012): Renal
function after reduction in cadmium exposure: an
8-year follow-up of residents in cadmium-
polluted areas. Environ. Health Perspect. 120:
223-228.

Nordberg, J., Arner, E.S., (2001): Reactive
oxygen  species, antioxidants, and the
mammalian thioredoxin system. Free Radical
Biol. Med. 31: 1287-1312.

Ueno, S., Kashimoto, T., Susa, N., Furukawa,
Y, Ishii, M., Yokoi, K., and Sugiyama, M.
(2001): Detection of dichromate (VI)-induced
DNA strand breaks and formation of
paramagnetic chromium in multiple mouse
organs. Toxicol. Appl. Pharmacol.,170 (1): 56 —
62.

Xu, J., Manning, F. C., O'brien, T. J., Ceryak,
S., and Patierno, S. R. (2004): Mechanisms of
chromium-induced  suppression of RNA
synthesis in cellular and cell-free systems:
relationship to RNA polymerase arrest. Mol.
Cell. Biochem., 255(1): 151-160.

Wang, X.F., Xing, M.L., Shen, Y., Zhu, X, and
Xu, L.H. (2006): Oral administration of Cr (VI)
induced oxidative stress, DNA damage and apoptotic
cell death in mice. Toxicol., 228 (1): 16-23.
Soudani, N., Ben Amara, |I., Sefi, M.,
Boudawara, T., and Zeghal, N. (2011): Effects of
selenium on chromium (V1)-induced hepatotoxicity
in adult rats. Exp. Toxicol. Pathol., 63 (6): 541-
548.

Andjelkovic, M., Buha Djordjevic, A,
Antonijevic, E., Antonijevic, B., Stanic, M.,
Kotur-Stevuljevic, J., Bulat, Z.
(2019): Toxic Effect of Acute Cadmium and
Lead Exposure in Rat Blood, Liver, and Kidney.
Int. J. Environ. Res. Public Health, 16(2): 274.
Tikare, S. N., Yendigeri, S., Gupta, A. D,
Dhundasi, S. A, and Das, K. K. (2013):
Protective effect of a-tocopherol against
hematotoxicity, hepatotoxicity and
nephrotoxicity induced by nickel sulfate in male
albino rats. Indian J. Physiol. Pharmacol., 57(3):
280-292.



288 A. A. EI-Amawy et.al.

37 Garcia-Nifio, W. R. and Pedraza-Chaverri, J. 49 Okediran B.S., Biobaku K.T. , Olaifa F.H. and
(2014): Protective effect of curcumin against heavy Atata AJ. (2017): Haematological and
metals-induced liver damage. Food Chem. Toxicol., antioxidant enzyme response to Lead toxicity in
69: 182-201. male Wistar rats. Ceylon J. Sci., 46(2): 31-37.

38 Ercal, N., Gurer-Orhan, H., and Aykin- 50 El-Demerdash, F. M., Yousef, M. |., Kedwany,
Burns, N. (2001): Toxic Metals and Oxidative F. S., and Baghdadi, H. H. (2004): Cadmium-
Stress Part I: Mechanisms Involved in Metal induced changes in lipid peroxidation, blood
induced Oxidative Damage. Curr. Top. Med. hematology, biochemical parameters and semen
Chem., 1(6): 529-539. quality of male rats: protective role of vitamin E

39 Saxena, G., Pathak, U., and Flora, S. J. S. and B-carotene. Food Chem. Toxicol., 42(10):
(2005): Beneficial role of monoesters of meso-2, 1563-1571.
3-dimercaptosuccinic acid in the mobilization of 51 Onwuka, F. C., Erhabor, O., Eteng, M. U. and
lead and recovery of tissue oxidative injury in Umoh, 1. B. (2010): Ameliorative effect of
rats. Toxicol., 214(1-2), 39-56. cabbage extract on cadmium induced changes on

40 Bas, H., and Kalender, S. (2016): Antioxidant hematology and biochemical parameters of
Status,  Lipid  Peroxidation and  Testis- albino rats. J. Toxicol. Environ. Health Sci., 2(2):
histoarchitecture Induced by Lead Nitrate and 11-16.

Mercury Chloride in Male Rats. Braz. Arch. Biol. 52 Abdelhamid, F. M., Mahgoub, H. A., and
Technol. 59. Ateya, A. I. (2020): Ameliorative effect of

41 Salama, A.F., and El-Bahr, S.M. (2007): Effect curcumin against lead acetate—induced hemato-
of Curcumin on Cadmium-Induced Oxidative biochemical alterations, hepatotoxicity, and
Testicular Damage in Rats. J. Med. Res. Inst, testicular oxidative damage in rats. Environ. Sci.
28(2):167-73. Pollut. Res. 27: 10950-10965.

42 Bhadauria, M. (2012): Combined treatment of 53 Karmakar, R., Bhattacharya, R., and
HEDTA and propolis prevents aluminum Chatterjee, M. (2000): Biochemical,
induced toxicity in rats. Food Chem. Toxicol., haematological and histopathological study in
50(7): 2487-2495. relation to time-related cadmium-induced

43 Mohamed, A.A., Thabet, H. Z. and Abdel- hepatotoxicity in mice. BioMetals, 13(3): 231—
hafez, A. M. (2017): Toxicity of monosodium 39.
glutamate on male rat reproductive system and 54 Donmez, H. H., Donmez, N., Kisadere, 1. and
effect of curcumin and propolis co- Undag, 1. (2019): Protective effect of quercetin on
administeration. Egypt J. Forensic Sci. Appl. some hematological parameters in rats exposed to
Toxicol., 17 (1): 129-146. cadmium. Biotech. Histochem., 94(5): 381-386.

44 Jomova, K., and Valko, M. (2011): Advances 55 Saxena, G., and Flora, S. J. S. (2004): Lead-
in metal-induced oxidative stress and human induced oxidative stress and hematological
disease. Toxicol., 283(2-3): 65-87. alterations and their response to combined

45 Dixit, A.K., Bhatnagar, D., Kumar, V., administration of calcium disodium EDTA with
Chawla, D., Fakhruddin, K. and Bhatnagar, a thiol chelator in rats. J. Biochem. Mol. Toxicol.,
D. (2012): Antioxidant potential and 18(4): 221-233.
radioprotective effect of soy isoflavone against 56 Suradkar, S. G., Ghodasara, D.J., Vihol, P.,
gamma irradiation induced oxidative stress. J. Patel, J., Jaiswal, V. and Prajapati, K.S.
Funct. Food 4(1):197-206. (2009): Haemato-Biochemical  Alterations

46 Emediong, 1.E., Adele, B.O., Odetola, A.O., induced by lead acetate toxicity in Wistar Rats,
lge, A.O. and Adewoye, E.O. (2019): Vet. World, 2(11):429-431.

“Lycopene Reverses aematological, Oxidative, 57 Mladenovié, J., Ognjanovié¢, B., Pordevi¢, N.,
Hepatic and Renal Damage in Arsenic - Toxic Mati¢, M., KneZevi¢, V., Stajn, A., & Saiti¢, Z.
Male Wistar Rats”. Pharmacol. Toxicol., 7(5): (2014): Protective effects of oestradiol against
393-403. cadmium-induced changes in blood parameters

47 Matés, J.M. (2000): Effects of antioxidant and oxidative damage in rats, Arch. Ind. Hyg.
enzymes in the molecular control of reactive Toxicol., 65(1): 37-46.
oxygen species toxicology. Toxicol., 153(1-3): 58 EI-Boshy, M. E., Risha, E. F., Abdelhamid, F.
83-104. M., Mubarak, M. S., and Hadda, T. B.

48 Ho, Y.S., Xiong, Y., Ma, W., Spector, A., and (2015): Protective effects of selenium against

Ho, D. S. (2004): Mice Lacking Catalase
Develop Normally but Show Differential
Sensitivity to Oxidant Tissue Injury. J. Biol.
Chem., 279(31): 32804-32812.

Egypt. J. Chem. 65, No. SI:13 (2022)

cadmium induced hematological disturbances,
immunosuppressive,  oxidative  stress  and
hepatorenal damage in rats. J. Trace Elem. Med.
Biol., 29: 104-110.



Protective Role Of Curcumin Against Combined Toxicity Of Nickel-Chromium On The Enzymatic Antioxidants, Blood ........ 289

59

60

61

Saha, J., Choudhuri, S., & Choudhuri, D.
(2017): Effect of sub-chronic exposure to
chromium on haematological and biochemical
parameters of male albino rat. Asian J. Pharm.
Clin. Res., 10(5): 345-348.

Lopotych, N., Panas, N. Datsko, T. and
Slobodian, S. (2020): Influence of heavy metals on
hematologic parameters, body weight gain and organ
weight in rats. Ukr. J. Ecol., 10(1): 175-179.
El-Sayed, M.F., Abdel-Ghafar, S.K., Adly,
M.A., Salim, A.A. and Abdel-Samei, W.M.
(2015): The ameliorative effects of DMSA and
some vitamins against toxicity induced by lead in
the testes of albino rats. 11. J. Basic Appl. Zool.
71:60-65.

Egypt. J. Chem. 65, No. SI:13 (2022)

62

63

64

BaSalamah, M. A., Abdelghany, A. H., EI-
Boshy, M., Ahmad, J., Idris, S., & Refaat, B.
(2018): Vitamin D alleviates lead induced renal
and testicular injuries by immunomodulatory and
antioxidant mechanisms in rats. Sci. Rep., 8(1):
1-13.
Sudjarwo,
Koerniasari
curcumin on
toxicity in  Wistar
12(5):381-390.
Gong, P., Xiao, X., Wang, L., Yang, W., &
Chang, X. (2019): Caffeic acid phenethyl ester,
a propolis polyphenolic, attenuates potentially
cadmium-induced testicular dysfunction in mice.
Toxin Reviews, 1-10

S. A, Sudjarwo, G. W. &
(2017): Protective effect of
lead acetate-induced testicular
rats. Res. Pharm. Sci.,



