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Abstract: Hydroxyapatite is bio-ceramic materials with a calcium to phosphorus proportion like to that of normal bone
and teeth. The current study meant to examine the cardiac toxicity by hydroxyapatite nanoparticles (HAP NPs) and the
protective effect of the rocket seeds in treatments. An aggregate of 40 male Wistar rodents were partitioned into 4 equal
groups [Gp1, control; Gp2, rocket seeds extract (RS); Gp3, HAP NPs; Gp4, HAP NPs+RS]. Current results exhibit that; HAP
NPs induce a significant increase in myoglobin, LDH (lactate dehydrogenase), CK-MB (creatinine kinase) and CK
(creatinine kinase) levels, cardiac thiobarbituric acid-reactive substances (TBARS), injury and P53 expressions. In
contrast; a significant reduction in cardiac catalase, reduced glutathione (GSH) and superoxide dismutase (SOD) as
compared to control group. Post treatment of rat with HAP NPs and rocket seeds extract (HAP NPs+RS) improved the
cardiac functions and structure. Rocket seeds extract may offer advantages against the harmful effects of hydroxyapatite
nanoparticles.
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INTRODUCTION

Hydroxyapatite is a bio-ceramic material with a calcium
to phosphorus proportion as in normal teeth and bone.
Therefore, great clinical interest in its utilization for bone
grafts substitutes and coatings over metallic implants for
bone recovery (Nayar et al., 2006). Hydroxyapatite can be
synthesized using hydrolysis, precipitation, hydrothermal
synthesis or mined from ordinary resources as bones of
bovine and fishes, crustacea and shells or eggs (Heidari et
al., 2015; Padmanabhan et al., 2015; Maleki-Ghale et al.,
2016; Pal et al., 2017).

Nanoparticles (NPs) are particles that exist on a
nanometre scale (i.e., beneath 100 nm in at any rate one
measurement). They can have physical properties, for
example, consistency, conductance or exceptional optical
properties that make them alluring in materials science
and science (Wang et al., 2011). Synthetic hydroxyapatite
nanoparticles (HAP NPs) are progressively being utilized
in clinical applications as a bioresorbable bearer material
for controlled medication conveyance in the treatment of
infections, osteoporosis and osteomyelitis (Hafez et al.,
2012; Khajuria et al., 2015).

Investigations have revealed that hydroxyapatite
nanoparticles (HAP NPs) powders possess improved
densification and sinter ability due to increased surface

area, which could ameliorate fracture toughness, and
other mechanical properties (Abd El-Fattah et al., 2014).
Moreover, HAP NPs, contrasted with HAP, indicated
positive impact on cell expansion of human osteoblast-
like cells in vitro and animated hard tissue recovery in
vivo (Zhou and Lee, 2011). All things considered, the
specific role of HAP NPs in bone repair, especially the
real correlation between HAP NPs and main cells
responsible for bone regeneration, is a long way from
being explained and the biocompatibility of HAP NPs is
as yet a matter of discussion (Shi et al., 2009; Zhu et al.,
2013).

Recently, there is a marked increase in the utilization of
correlative and elective medication (EI-Moghazy et al.,
2014; Moustafa et al., 2014; Tousson et al., 2018a, 2018b,
2020; El Masry et al., 2018, 2019, 2020; Abd Eldaim et
al., 2019). Numerous plants items have huge cancer
prevention agent exercises, which assume significant jobs
in numerous diseases treatment (Mutar et al., 2019;
Eldaim et al., 2019; Aldubayan et al., 2019). The rocket
plant (Eruca sativa L.) is a herbaceous yearly vegetable
for the most part known as the “plate of mixed greens
herb” has a place with the group of Brassicaceae and is
local to the Mediterranean Region and West Asia (Vieira
et al., 2015). Plant-determined cancer prevention agents
have free-radical rummaging exercises and are profoundly
created in blossoms and leaves in light of oxidative
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pressure and senescence degenerative procedures
(Cavaiuolo et al., 2013). Among all the components, Mg,
Ca, Fe and K are the most bottomless minerals in the
rocket leaves; however Na, Ca, Cr and P are pervasive in
the rocket seeds (Bukhashi et al., 2007).

Nanoparticles are known to actuate receptive oxygen
species (ROS) creation, prompting an oxidative pressure
when redox condition of the cell is imbalanced (Sarkar et
al., 2014). ROS acceptance by nanoparticles is viewed as
the essential driver of nanotoxicity, and has been ascribed
to the nearness of star oxidant practical gatherings on
their responsive surface or due to nanoparticle-cell
communications (Risom et al., 2005). The current study
planned to explore the therapeutic role of rocket seeds
(RS) against the injection of hydroxyapatite nanoparticles
(HAP NPs) in rat induced cardiac damage by decreasing
oxidative stress and apoptosis.

MATERIALS AND METHODS

Hydroxyapatite nanoparticles

Hydroxyapatite nanoparticles (HAP NPs) and the dose of
hydroxyapatite nanoparticles was 300mg/kg BW
(dissolved in distilled water)) >30 nm particle size were
bought from nano-tech Company (Nanotech Egypt).

Animals and experimental design

40 Wistar male rats weighing 160-170g were involved in
this study. Animals were obtained from Faculty of
Medicine, Alexandria University, Egypt. Throughout the
treatment time (8 weeks), rats were divided to four groups
[Gpl, control; Gp2, treated rats with RS (intragastrically,
30 mg/kg body weight/day); Gp3, HAP NPs (IP; 300
mg/kg BW /day) for four weeks; Gp4, HAP NPs+RS (HAP
NPs for four weeks and then treated with RS for another four
weeks)]. Rata conservation and treatments were conducted
in accordance with the Faculty of Science, Tanta
University guide for animal, as approved by Institutional
Animal Care and Use Committee (IACUC — SCI - TU -
0129).

Tissue preparation

Rats from each gathering were fasting, euthanized and
exposed to a total necropsy. Heart tissues were weighed,
cut and homogenized (10% w/v) according to Salama et
al. (2014).

Cardiac biomarkers

Serum LDH and myoglobin levels were detected
according to Tousson et al. (2018b) and Muller-Bardorff
et al. (2000) respectively. Serum CK-MB and CK levels
were detected after Bishop et al. (1971) and Zilva and
Pannall (1988) respectively.

Assessment of cardiac oxidative stress biomarkers
The strategy suggested by Oyouni et al. (2018) was
applied for determination of TBARS within the cardiac

homogenate. Ibrahim et al. (2011) were used to determine
the concentrations of catalase enzyme activity, the
methodology reported by Saggu et al. (2014) was used to
determine levels of superoxide dismutase (SOD) within
the cardiac homogenate and the approach by Oyouni et al.
(2018) helped with the measurement of reduced
glutathione (GSH).

Histopathological Examination

Prepared for paraffin sectioning and subjected to
histopathological examination using haematoxylin and
eosin stains according to Tousson (2016) and Tousson et
al. (2012).

Immunohistochemical detection of P53
P53 immunoreactivities were detected in heart sections
using ABC method after Tousson et al. (2014).

Ethical approval

Animal maintenance and treatments were conducted in
accordance with the Faculty of Science, Tanta
University guide for animal, as approved by Institutional
Animal Care and Use Committee (IACUC -SCI - TU -
0129

STATISTICAL ANALYSIS

Data were reported as mean £ SE and one way ANOVA
was used to detect significant (p<0.01) differences
between treatment groups. All statistical analyses were
performed using SPSS statistical version 16 software
package (SPSS® Inc., USA).

RESULTS

Changes in cardiac functions in different groups under
study

Compared to the control and RS groups, HAP NPs group
showed a significant elevation in cardiac markers (CPK,
CK-Mb, LDH and myoglobin), but using both HAP NPs
and rocket seeds extract (HAP NPs+RS) significantly
depletion those levels (figs. 1a-1d).

Oxidative and antioxidant enzyme activities

Fig. 2 revealed that; a significant elevation in TBARS and
significant decrease in GSH in cardiac tissues of HAP
NPs group relative to control and rocket seeds.
Furthermore, rats treated with rocket seeds extract after
HAP NPs exhibits significant depletion in TBARS and
significant elevation in GSH as compared with HAP NPs
group (figs. 2a & 2d). Fig. 2 (b&c) revealed that; a
significant depletion in cardiac SOD and CAT activities
in HAP NPs group when compared with control and
rocket seeds groups. Furthermore, rats treated with rocket
seeds extract after HAP NPs exhibits a significant
elevation in cardiac SOD and CAT activities as compared
with HAP NPs group (figs. 2 & 2c).

1840

Pak. J. Pharm. Sci., Vol.33, No.4(Suppl), July 2020, pp.1839-1845



Badriyah Alotaibi et al

= I #
2
Q.Q ‘8. o
& g o
04 T #
0.3 # *
& @ 3 “.“’g‘\ &

a o bm_
400-
= 3000 ~
2 5 a0
5 X
2 2000- o
100+
1000- Gl
Q
F
C .

CK-Mb (ng/mi)

0.24

3t
3t
Myoglobin (ng/mi) o

144

. 12-

104

0.1 8-

& € ‘\,s‘g’ & &

Figs. 1(a-d): Variations in the cardiac function markers (CPK, CK-Mb, LDH and myoglobin) in the experimental
groups; expression of values were expressed as means + SE, with 10 subjects in every treatment group; * and *
respectively denote significant (P< 0.01) difference from HAP NPs and from control.
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Figs. 2(a-d): Variations in the oxidative stress parameters (TBARS, catalase, GSH, and SOD) in heart tissues in
experimental groups; expression of values were expressed as means + SE with 10 subjects in every treatment group; *
and * respectivelv denote sianificant (P< 0.01) difference from HAP NPs and from control.
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rocket seeds extract groups showed normal myofibrillar structure with striations. C) Heart sections in treated rats with
HAP NPs revealed moderate to marked myocardial hypertrophy (Black arrows), cytoplasmic vacuoles, and focal
hemorrhage (White arrows). D) Heart sections in post treated rats with HAP NPs and rocket seeds root extract revealed
mild cytoplasmic vacuoles and mild myocardial hypertrophy (Black arrows).
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Fig. 4: Photomicrographs of heart sections stainewith apoptotic P53 markers. A) and B) Mild positive reactions for
P53 (arrows) in the control and rocket seeds groups. C) Moderate to marked positive reactions for P53 in HAP NPs
group. D) Moderate to mild positive reactions for P53 in heart sections in HAP NPs+RS group (arrows).
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Heart histopathology

Heart sections in control and rocket seeds groups showed
normal myofibrillar structure with striations (figs. 3A &
3B). In contrast; heart sections in HAP NPs group
revealed moderate to marked hypertrophy, vacuolations,
focal hemorrhage, and nuclear pyknosis (fig. 3C). Heart
sections in HAP NPs + RS group exhibit myocardial
improvement with only mild injury, and mild hypertrophy
(fig. 3D).

P53 immunoreactivity

Heart sections in control and rocket seeds groups exhibits
mild positive reactions for P53 (figs. 4A&4B) while;
moderate to marked positive reactions for P53 were
observed in HAP NPs group (fig. 4C). Furthermore;
moderate to mild positive reactions for P53 were shows in
heart sections in HAP NPs + RS group (fig. 4D).

DISCUSSION

Nanoparticles induced respiratory, cardiovascular,
lymphatic, autoimmune, neurodegenerative diseases and a
variety of cancers that can manifest immediately
following exposure or many years later. Relatively few
studies have been done to examine the effect of
nanoparticles on the cardiovascular system. Recently,
several studies have been done to examine the effect of
natural antioxidant plants on cardiovascular dieses
(Salama et al. 2013, 2015; Tousson et al., 2014, 2020;
Abd Eldaim et al., 2019). So, the current study was
planned to examine the rocket seeds extract role in
improving rat cardiac toxicity by hydroxyapatite
nanoparticles.

Current results revealed that; treated rats with HAP NPs
induced significant elevation in the cardiac markers (CK,
CK-Mb, LDH and myoglobin) levels by comparison to
the control and RS groups, in contrast; a significant
depletion in cardiac markers after treatment (HAP
NPs+RS) as compared to HAP NPs group. Our results
adhere with Duan et al. (2009) who demonstrated that;
TiO2 NPs increase in CK, AST, LDH, and HBDH levels
indicators of myocardial injury. Also, Bu et al. (2010)
showed that TiO2 NPs-treated rats elevated AST, CK,
LDH, troponin T, myoglobin, and CK-MB. Also our
results are in alignment with Bostan et al. (2016) who
informed that; administration of silica NPs to rats induced
elevation in CRP, CK-MB, LDH, and D-dimer that cause
inflammation in cardiovascular system. These data are
supported by Chen et al., (2006) who reported that;
copper nanoparticles has hepatic toxicity in adult mice.
Also; Xiong et al. (2015) who reported that; iron oxide
nanoparticles (IONPs) treated rats induced an increased in
LDH, CK, CK-MB and MDA activities and decrease
SOD activity.

Badriyah Alotaibi et al

Current results exhibit elevation in TBARS and depletion
in catalase, GSH and SOD activities in HAP NPs group.
Further more; these activities were improved in HAP
NPs+RS group. The present study is in covenant with
Turkez et al. (2014) who find that; the exposure to HAP
NPs induce oxidative stress, with an elevation of the
H202 and MDA levels and a depletion in the SOD and
GSH. Also with Xu et al. (2012) who found that
hydroxyapatite  nanoparticles induced intracellular
accumulation of ROS and decreased SOD in C6 cells.
Turkez et al. (2014) reported that; exposure to HAP NPs
led to increases of total oxidative stress and decrease total
antioxidant capacity in blood cells culture in human.

CONCLUSIONS

Hydroxyapatite nanoparticles induced cardiac toxicity,
tissue injury, oxidative stress and apoptosis, alterations.
rocket seeds extract may offer advantages against the
dangerous nature of hydroxyapatite nanoparticles.
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