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Abstract: Hydroxyapatite nanoparticles (HAP NPs) are a calcium phosphate, basically and artificially like the mineral
period of human bone and teeth. Current study were performed to study the therapeutic effects of chicory extract towards
the injection of hydroxyapatite nanoparticles (HAP NPs) in rat induced kidney damage by decreasing kidney functions,
electrolytes, cytokines and apoptosis. An aggregate of 40 Wistar male rats were divided into 4 equal groups [control,
chicory, HAP NPs, treated HAP NPs with chicory (HAP NPs+chicory)]. Rat treated with HAP NPs exhibit increased
serum creatinine, urea, cystatin C, potassium ions, chloride ions, kidney injury, Bax, PCNA and TNFa expression. In
contrast; decline in serum sodium and calcium ions. Post treatments of HAP NPs with chicory extract (HAP NPs+chicory)
improved the kidney structure and functions. We can conclude that; chicory extract may offer advantages against the
dangerous nature of hydroxyapatite nanoparticles (HAP NPs).

Keywords: Hydroxyapatite nanoparticles (HAP NPs), Chicory extract, kidney, Bax, PCNA and TNFa expressions.

INTRODUCTION

Nanoparticles (NPs) commonly running in estimation
from 1-100 nanometers (nm) have properties exceptional
from their diminishing molecule and mass proportionate
sizes of any component to the levels of atomic variations,
it tends to be controlled to be utilized for some gainful
requests (Dolez and Debia, 2015; Yousef et al., 2019).
Engineered nanomaterials have discovered applications in
numerous parts, including car, synthetics, development,
beauty care products, vitality, building, condition,
medication, security, sports, media transmission,
materials and transportation (Dolez and Debia, 2015;
Altwaijry et al., 2020).

Hydroxyapatite ((HAP); CalO(PO4)6(OH)2) is a bio-
ceramic materials with a calcium to phosphorus
proportion as in normal teeth and bone (Nayar et al.,
2006; Khajuria er al., 2015). Hydroxyapatite can be
synthesized using hydrolysis, precipitation, hydrothermal
synthesis or extracted from natural resources as fish
bones, seashells, bovine bones, eggshells or shrimp shells
(Heidari et al., 2015; Padmanabhan et al., 2015; Maleki-
Ghale et al., 2016; Pal et al., 2017).

Hydroxyapatite nanoparticles (HAP NPs) are seen as an
effective impetus for union of 2, 3 — dihydro-quinazolin-4
(1H) single subsidiaries in watery media by means of a 3
part one - pot buildup of isatoic anhydride and fragrant

aldehydes with essential amines (Oberbek et al., 2018).
HAP NPs is a calcium phosphate, basically and
artificially like the mineral period of human bone and
teeth. Because of its high biocompatibility and
bioactivity, it has been effectively applied in the
assembling of beautifying agents and cleanliness items,
just as in bone-tissue designing and regenerative
medication. The utilization of nanosized hydroxyapatites
in biomedical applications is continually becoming
because of their great mechanical properties and
improved effectiveness of quality transfection in sedate
conveyance (Abd El-Fattah et al., 2014; Simon et al.,
2019).

Recently, there is a marked elevation in the utilization of
corresponding and elective medication (El-Moghazy et
al., 2014; Moustafa et al., 2014; Tousson et al., 2018,
2020; El Masry et al., 2018, 2019, 2020; Aldubayan et al.,
2019; Mutar et al., 2019). Kidney diseases is
accompanying with extraordinary morbidity and
mortality, and these diseases are associated with elevation
oxidative damage, and endogenous and synthetic
antioxidants (Salama et al., 2012, 2013; El-Moghazy et
al., 2014; Oyouni et al., 2018; Tousson et al., 2019;
Eldaim et al., 2019).

Cichorium intybus is a perennial herb and medicinally
important plant that belongs to the family Asteraceae that
has been used in Arab country and many centuries in
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Europe (Rumball, 1986; Rumball et al., 2003). Cichorium
intybus, generally identified as chicory is usually used as
substitute for coffee. Also, it had been used commonly for
treatment of many disorders from lesions to diabetes. This
plant is used for treatment of many diseases like
tachycardia, cancer, impotence, dysmenorrhoea, diabetes,
insomnia, splenitis and AIDS (Duke, 1983; Niness, 1999;
Saggu et al., 2014; Keshk et al., 2019).

However, some researches have informed that HAPNs
displayed major cytotoxicity to some kinds of cancer cells
like breast cancer cells (Meena et al., 2012),
osteosarcoma cells (Qing et al., 2012), gastric cancer cells
(Chen et al., 2007) and glioma cells (Xu et al., 2012).
Therefore, the current study were performed to study the
therapeutic  effects of chicory extract against
hydroxyapatite nanoparticles induced rat kidney damage
by decreasing kidney functions, electrolytes, cytokines
and apoptosis.

MATERIALS AND METHODS

Chemicals

Hydroxyapatite nanoparticles

Hydroxyapatite nanoparticles (HAP NPs) and the dose of
hydroxyapatite nanoparticles was 300 mgkg BW
(dissolved in distilled water) >30 nm particle size were
gotten from nano-tech Company (Nano-tech Egypt for
Photo-Electronics, sales@nanotecheg.com).

Extract preparation
The extraction system of Cichorium intybus roots was
finished as point by point by Saggu et al. (2014).

Animals

Healthy 40 male Wistar rats (weighting 160-170 gram and
13+1 weeks age), supplied from the Accredited Breeding
and Experimental Laboratory in Faculty of Medicine,
Alexandria University, Egypt.

The rats remained preserved on a standard rodent diet and
water available ad libitum. The temperature in the animal
room was maintained at 23+2°C with a relative humidity
of 55+5%. Light was on a 12:12 hr light - dark cycle. 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).

Experimental design
After two weeks of acclimation, animals were divided
into 4 equal groups (10 rats per group):

Group 1 (Control): Negative control; as negative controls,
these rats were untreated.

Group 2 (Chicory): Negative control receiving chicory;
(20 mg/kg b.wt.) administered by oral gavage for 4
weeks (Saggu et al., 2014).

Group 3 (HAP NPs): Rats were injected intraperitoneally
with HAP NPs (IP; 300 mg/kg BW /day) for 4 weeks.

Group 4 (HAP NPs+Chicory): treated of HAP NPs for 4
weeks and then treated with chicory extract for 4
weeks.

Tissue preparation

Rodents from individually gathering were euthanized with
sodium pentobarbital and exposed to a total necropsy
following 10-12 hours fasting (Salama et al., 2015).
Blood tests from each rodent were pulled back from vena-
cava and accumulated in non-heparinised tubes before
being absent for thirty minutes to cluster at room
temperature preceding being dependent upon a 5000 rpm
divergent for ten minutes.

Electrolytes and kidney functions biomarkers

Creatinine and urea were estimated in sera according to
Tousson et al. (2016) and Eldaim et al. (2019)
respectively. Cystatin C in sere was estimated according
to the method of Tizon et al. (2010). The method offered
by Abd Eldaim et al. (2019) was used to estimate
electrolytes levels (ions of Potassium, sodium, and
calcium) in the sera consuming commercial tools (Sensa-
core electrolyte, Andhra Pradesh, India).

Histopathological examination

Fixed kidney in 10% buffer neutral formalin were
prepared for paraffin sectioning and subjected to
histopathological examination using haematoxylin and
eosin stains according to Tousson (2016).

Immunohistochemical detection

Expression of pro apoptotic Bax immunoreactivities
(Bax-ir), TNFo-ir and PCNA-ir in rat kidney sections
were identified using ABC (Avidin Biotin Complex) after
El-Atrsh et al. (2019), Calabrese et al. (2004) and
Tousson et al. (2011) respectively.

STATISTICAL ANALYSIS

Data were reported as mean values + SE and one way
ANOVA was used to detect significant differences
between treatment groups. For biochemical results, the
analysis was done by using the Statistical Package for the
Social Sciences (SPSS software version 16), the criterion
for statistical significance was set at p<0.01.

RESULTS

Markers of kidney damage

Relative to control and chicory groups, the HAP NPs
group displayed significantly (P<0.01) elevated levels of
serum urea, creatinine, cystatin C, potassium ions, and
chloride ions (table 1), but significantly (P<0.01)
decreased levels of serum sodium and calcium ions (table
1). By contrast, improvement in alterations in electrolytes,
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cystatin C and kidney functions levels were detected after
the post treatment of HAP NPs with chicory (HAP NP+
chicory) compared with HAP NPs group (table 1).

Effect of chicory on the kidney histopathology

Kidney sections in the control and chicory groups
revealed normal histological structures of the glomeruli
and tubules in the medullary and cortical portions (figs.
1A&1B). Kidney section in the treated rats with HAP NPs
revealed severe hypertrophied cells lining the tubules of

Thanaa A El-Masry et al.

tubular cells and atrophied glomeruli, moderate necrotic
tubular cells, with inflammatory cellular infiltration were
observed (Fig. 1C). Moreover, kidney sections in the
treated HAP NPs with chicory extract (HAP
NPs+chicory) greatly improved the glomeruli and renal
tubules (fig. 1D).

Changes of pro-apoptotic Bax protein expression in
kidney
Kidney sections in HAP NPs showed moderate to strong

Table 1: Effect of hydroxyapatite nanoparticles and/or chicory extract on the serum of kidney functions, Cystatin C

and electrolytes

Item Control chicory HAP NPs HAP NPs+ chicory

Urea (mg/dl) 26.5" £ 1.27 22.87+0.93 375 £1.63 27.0° £1.00

Creatnine (mg/dl) 0.44" £ 0.04 0.417 £0.03 0.73" +0.04 0.55" +£0.04

Cystatin C (Pg/ml) 7.65" +0249 7.15" +0.255 21.18 +1.262 9.49" +0.854
Na* (mmol/l) 136.6"+11.13 135.5" £9.97 121.6 +8.35 130.0" £11.05
K* (mmol/l) 4.12"+0.530 3.91% +0.255 5.16" +0.495 470" +0.338
Ca™ (mmol/l) 1.183" +0.07 1.206" +0.13 0.885 +0.028 1.149"+ 0.024
CI' (mmol/l) 101.9°+7.56 100.5" + 6.80 119.5+8.75 108.0" +7.20

Data are expressed as mean = SE of 5 observations. *Significantly different from hydroxyapatite nanoparticles, *Significantly

different from control at p<0.01.

Fig. 1: Photomicrographs of Kidney sections in the different experimental groups stained with Hematoxylin & Eosin.
A&B: Kidney sections in the control and chicory groups showed normal histological structures of the glomeruli (G)
and tubules (RT). C: Kidney section in the treated rats with HAP NPs (G3) revealed hypertrophied cells lining the
tubules, and atrophied glomeruli (arrows), moderate necrotic tubular cells (arrow heads), with inflammatory cellular
infiltration. D: Kidney section in treated HAP NPs with chicory extract (HAP NPs+chicory) revealed a good degree of
improvement in the glomeruli and renal tubules.
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Fig. 2: Photomicrographs of kidney sections in the different experimental groups stained with Bax-ir. A&B: Mild
positive reaction for Bax-ir in glomeruli (G) and renal tubules in control and chicory groups. C: Moderate positive
reactions (arrows) for Bax-ir in HAP NPs group. D: Mild positive reactions for Bax-ir in HAP NPs+chicory group.

positive reaction for Bax expression relative to its
expression in control and chicory groups that showed
mild positive reaction (Figs. 2A-2C). Furthermore; kidney
sections in the treated rats with HAP NPs with chicory
extract (HAP NPs+chicory) revealed mild positive
expression for Bax as compared to HAP NPs (fig. 2D).

Changes of TNF a expression in kidney

Kidney sections in the treated rats with HAP NPs showed
moderate positive reaction for TNFa expression as
compared to faint positive reaction in the control and
chicory groups (figs. 3A-3C). Mild positive expressions
for TNFa were observed in the kidney sections section in
the treated rats with HAP NPs with chicory extract (HAP
NPs+chicory) when compared to HAP NPs (fig. 3D).

Changes of PCNA expression in kidney

Kidney sections in the treated rats with HAP NPs showed
moderate positive reaction for PCNA expression as
compared to faint positive reaction in the control and
chicory groups (Figs. 4A-4C). Mild positive expressions
for PCNA were detected in the kidney sections section in

the treated rats with HAP NPs with chicory extract (HAP
NPs+chicory) when compared to HAP NPs (fig. 4D).

DISCUSSION

Nanoparticles can enter the human body via ingestion,
inhalation, or skin contact and induced cardiovascular,
respiratory, lymphatic, autoimmune, hepatic, reproductive
and renal diseases that can manifest immediately
following exposure or many years later. Relatively
insufficient studies have been done to study the influence
of hydroxyapatite nanoparticles (HAP-NPs) on the kidney
functions and structure. Recently, role of natural
antioxidant plants on renal toxicity has been studied by
pharmacological researches (Tousson et al., 2016;
Almakhatreh et al., 2019; Mutar et al., 2020). Along these
lines, this study was planned to study the function of
chicory extract in improving renal toxicity by
hydroxyapatite nanoparticles (HAP NPs) in male rats.

Urea is a waste item framed from the breakdown of
proteins while creatinine is a waste item made by the
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Fig. 3: Photomicrographs of kidney sections in the different experimental groups stained with TNFa-ir. A&B: Faint
positive reaction for TNFa-ir in glomeruli (G) and tubules in control, and chicory groups. C: Moderate positive
reactions for TNFoa in HAP NPs group. D: Mild positive reactions for TNFa in HAP NPs+chicory group.

muscles. Serum urea and creatinine are helpful records for
assessing the status of renal capacity and the creatinine
levels is typically a more exact marker of kidney work
than urea (Tousson et al., 2014). The elevation serum urea
levels may suggest debilitated renal discharge (Alm-
Eldeen and Tousson, 2012; Barakat et al., 2015). Iavicoli
et al. (2016) who reported that; nanoparticles induced
renal toxicity. Current results revealed that; treated rats
with HAP NPs induced significant elevation in the levels
of creatinine, urea, cystatin C, potassium ions and
chloride ions, (P < 0.01) by comparison to the control and
chicory groups. In contrast; decline in serum sodium and
calcium ions were observed after the treatments of rats with
HAP NPs. Post treatments of rats with HAP NPs and
chicory extract (HAP NPs+chicory) revealed improved the
kidney functions and structure. This elevation in kidney
functions is due to severe atrophy in glomeruli and renal
tubules, necrotic cells, and mild inflammatory cellular
infiltration as confirmed by histological result. Our results
align with Mosa et al. (2019) who stated that
hydroxyapatite nanoparticles induced renal toxicity,
damage in DNA, oxidative stress, and changes in
histological and immunohistochemical reactions in male

rats. Our results in line of Tang et al. (2010), Guo et al.
(2009) who find that; TiO2NPs have elevated the levels
of urea creatinine and uric acid. This increase in
potassium ions and the decrease in sodium ions levels
may be due to kidney injury. In kidney injury outcome is
decreasing in GFR and tubular flow, also tissue injury and
acute K* load are occurred. All these factor causes
hyperkalaemia in acute kidney injury (Kovesdy, 2014).
Contradictory to our results, Liu er al. (2005) reported
that; acute induction of hydroxyapatite nanoparticles on
rabbits not induced renal toxicity and no changes in
calcium.

Current results revealed; significant depletion in the levels
of creatinine, urea, Cystatin C, potassium ions and
chloride ions after the post treatment of rats with HAP
NPs and chicory extract as compared to HAP NPs group.
Wang et al. (2019) who reported that; chicory slows renal
reabsorption by controlling expression of urate
transporters in fructose-induced hyperuricemia. These
data are supported by Jin et al. (2018) who studied the
influences of chicory on serum kidney functions, and in
vitro verification with cells and reported that; chicory
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extract inhibits the elevation in urea, uric acid, and
creatinine in hyperuricaemic rats with kidney damage.
Also our results are in alignment with Pourfarjam et al.
(2017) who find that; the extract of chicory seed decrease
kidney functions parameters in experimentally induced
early and late diabetes type 2 in rats.

Many studies reports a different harmful cellular effects
including after nanoparticles exposure as oxidative stress,
damage in the cellular DNA, tissue injury, and changes in
gene expression (Singh et al., 2010; Khanna et al., 2015;
Mosa et al., 2018; Altwaijry et al., 2020). The current
study revealed that; injected rats with hydroxyapatite
nanoparticles revealed renal injury with severe
hypertrophied cells lining the tubules of tubular cells and
atrophied glomeruli, moderate necrotic tubular cells, with
inflammatory cellular infiltration. Also; an increase in the
pro-apoptotic Bax protein, cytokines TNFo and
proliferation PCNA expressions in kidney sections as
compared to control. Current results agree with Mosa et
al. (2019) who reported that hydroxyapatite nanoparticles
induced renal inury, DNA damage, oxidative stress, and
an increase in PCNA expression in male rats. These data

o e 3 T S - - ’;‘J:.;‘ .

Fig. 4: Photomicrographs of kidney sections in the different experimental groups stained with PCNA-ir. A&B: Faint
positive reaction for PCNA-ir in glomeruli (G) and renal tubules in control and chicory groups. C: Moderate positive
reactions (arrows) for PCNA-ir in HAP NPs group. D: Mild positive reactions for PCNA-ir in HAP NPs+chicory
group.

are supported by Chen ef al. (2006); Wang et al. (2008)
reported that; many types of nanoparticles administration
induced toxic effects mainly on liver, kidneys, and spleen
tissues. Also; Esmaeillou et al. (2013) who found that;
ZnO nanoparticles induced kidney toxicity and injury in
healthy adult mice. Our results agree with Wang et al.
(2008) who find that; ZnO nanoparticles demonstrated
induced severe renal toxicological impact and renal
damage. Also our results are in alignment with
Pourfarjam et al. (2017) who reported that; Cichorium
intybus L. seed extract is capable of reversing kidney
damage based on its ability to substantially decrease
urinary al-microglobulin and enhance the histological
appearance. Also; Gui et al. (2013) who find that;
titanium dioxide nanoparticles induced nephrotoxicity in
mice.

Nanoparticles can up-regulate the transcription of many
pro-inflammatory genes, like tumor necrosis factor-o
(TNF- ) and interleukins, through signaling activation of
nuclear factor-kappa B (Khanna er al., 2015). These
molecular and cellular actions can cause oxidative stress,
then severe cellular genotoxicity and subsequently
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apoptosis (Raafat et al., 2011; Taha et al., 2018; El-Atrsh
et al, 2019). Apoptosis and necrosis are two
characteristic types of cell death, which are discussed in
many reports. TNFa is type of pro-inflammatory
cytokine. TNF-a concentration increases in renal failure,
glomerulonephritis, diabetic nephropathy, and interstitial
tubular nephritis (Ramseyer and Garvin, 2013). In our
study, we evaluated the apoptosis, for proliferating cell
nuclear antigen (PCNA) and cytokines occurring in
kidney section after injection with hydroxyapatite
nanoparticles. Also; post treatment of hydroxyapatite
nanoparticles with chicory (HAP NPs+chicory) improved
the renal damage, elevation in Bax, PCNA and TNF-a
expression as compared to injected rats with
hydroxyapatite nanoparticles. Our outcomes agree with
Mahmoudian et al. (2016) who informed that; silver
nanoparticle intraorally administration induced injury and
apoptosis in rat liver. Supportive with our results, Pujalté
et al. (2011) reported that; metallic nanoparticles induced
kidney cytotoxicity, oxidative stress and apoptosis. These
data are supported by Park et al. (2010) reported that oral
administration of silver NPs induced elevation in TNF-a
and IL-6.

CONCLUSIONS

Hydroxyapatite nanoparticles (HAP NPs) induced renal
toxicity, tissue injury, changes in electrolytes levels,
apoptosis, cytokines and proliferation alterations. Chicory
extract may offer advantages against the dangerous nature
of hydroxyapatite nanoparticles.

ACKNOWLEDGEMENT

This work was funded by DSR (Deanship of Scientific
Research), Princess Nourah bint Abdulrahman University,
Riyadh, Saudi Arabia, under grant RGP-1440-0022. The
authors therefore, gratefully acknowledge the DSR
technical and financial support.

REFERENCES

Abd Eldaim M, Tousson E, El Sayed I and Awd WM
(2019). Ameliorative effects of Saussurea lappa root
aqueous extract against ethephonlJinduced reproductive
toxicity in male rats. Environ. Toxicol., 34(2):150-159.

Abd El-Fattah.H, Helmy Y, El-Kholy B and Marie M
(2014). In vivo animal histomorphometric study for
evaluating biocompatibility and osteointegration of
nano-hydroxyapatite as biomaterials in tissue
engineering. J. Egypt. Nat. Cancer Inst.,22(4): 241-
250.

Aldubayan MA, Elgharabawy RM, Ahmed AS and
Tousson E (2019). Antineoplastic activity and curative
role of avenanthramides against the growth of ehrlich
solid tumors in mice. Oxid. Med. Cellular Long., 2019:
ID 5162687.

Thanaa A El-Masry et al.

Alm-Eldeen A and Tousson E (2012). Deterioration of
glomerular endothelial surface layer and the alteration
in the renal function after a growth promoter boldenone
injection in rabbits. Human Exp. Toxicol., 31(5): 465-
72.

Al-Rasheed NM, El-Masry TA, Tousson E, Hassan HM
and Al-Ghadeer A (2018). Hepatic protective effect of
grape seed proanthocyanidin extract against Gleevec-
induced apoptosis, liver Injury and Ki67 alterations in
rats. Braz. J. Pharm. Sci., 54(2): e17391

Altwaijry N, Ell[JMasry TA, Alotaibi B, Tousson E and
Saleh A (2020). Therapeutic effects of rocket seeds
(Eruca sativa L.) against testicular toxicity and
oxidative stress caused by silver nanoparticles injection
in rats. Environm. Toxicol., 2020: Apr 15.
https://doi.org/10.1002/tox.22931

Calabrese F, Carturan E, Chimenti C, Pieroni M, Agostini
C, Angelini A, Crosato M, Valente M, Boffa GM,
Frustaci A and Thiene G (2004). Overexpression of
tumor necrosis factor (TNF) a and TNFa receptor I in
human viral myocarditis: Clinicopathologic
correlations. Modern Pathol., 17(9):1108.

Chen Z, Meng H, Xing GM, Chen CY, Zhao YL, Jia G,
Wang TC, Yuan H, Ye C, Zhao F, Chai ZF, Zhu CF,
Fang XH, Ma BC and Wan LJ (2006). Acute
toxicological effects of copper nanoparticles in vivo.
Toxicol. Lett., 163:109-120

Kovesdy CP (2014). Management of hyper kalaemia in
chronic kidney disease Nature Rev. Nephrol., 10: 653-
662.

Dolez PI and Debia M (2015). Nano engineering.
Overview of Workplace Exposure to Nanomaterials,
Elsevier, Amsterdam, Netherlands, pp.427-484.

Duke JA (1983). Medicinal Plants of the Bible (Illustrated
by Peggy K. Duke) Out of print Trado-Medic Books
Buffalo and New York, USA, p.233.

El-Atrsh A, Tousson E, Elnahas EE, Massoud A and Al-
Zubaidi M (2019). Ameliorative effects of spirulina and
chamomile aqueous extract against mice bearing ehrlich
solid tumor induced apoptosis. Asi. Oncol. Res. J., 2(1):
1-17.

Eldaim M, Tousson E, El Sayed IE, El Ae and
Elsharkawy HN (2019). Grape seeds proanthocyanidin
extract ameliorates ehrlich solid tumor induced renal
tissue and DNA damage in mice. Biomed. &
Pharmacoth., 115: 1.

El-Masry T, Al-Shaalan N, Tousson E, Buabeid M and
Al-Ghadeer A (2020). Potential therapy of vitamin B17
against Ehrlich solid tumor induced changes in
Interferon gamma, Nuclear factor kappa B, DNA
fragmentation, p53, Bcl2, survivin, VEGF and TNF-a
Expressions in mice. Pak. J. Pharm. Sci., 33(1): 393-
401.

El-Masry TA, Al-Shaalan NH, Tousson E, Buabeid M
and Alyousef AM (2019). The therapeutic and
antineoplastic effects of vitamin B17 against the growth
of solid-form Ehrlich tumours and the associated

Pak. J. Pharm. Sci., Vol.33, No.3(Suppl), May 2020, pp.1251-1260

1257



Chicory (Cichorium intybus L.) extract

changes in oxidative stress, DNA damage, apoptosis
and proliferation in mice. Pak. J. Pharm. Sci., 32(6):
2801-2810.

Elmasry TA, Al-Shaalan NH, Tousson E, El-Morshedy K
and Al-Ghadeer A (2018). Star anise extracts
modulation of reproductive parameters, fertility
potential and DNA fragmentation induced by growth
promoter equigan in rat testes. Braz. J. Pharm. Sci.,
54(1): Epub June 07, 2018

El-Moghazy M, Zedan NS, El-Atrsh AM, El-Gogary M
and Tousson E (2014). The possible effect of diets
containing fish oil (omega-3) on hematological,
biochemical and histopathogical alterations of rabbit
liver and kidney. Biomed. & Preventive Nutr., 4(3):
371-377.

Esmaeillou M, Moharamnejad M, Hsankhani R, Tehrani
AA and Maadi H (2013). Toxicity of ZnO nanoparticles
in healthy adult mice. Environm. Toxicol. pharmacol.,
35(1): 67-71.

Gui S, Sang X, Zheng L, Ze Y, Zhao X, Sheng L, Sun Q,
Cheng Z, Cheng J, Hu R and Wang L (2013).
Intragastric exposure to titanium dioxide nanoparticles
induced nephrotoxicity in mice, assessed by
physiological and gene expression modifications.
Particle Fibre Toxicol., 10(1): 4.

Guo LL, Liu XH, Qin DX, Gao L, Zhang HM, Liu JY and
Cui YG (2009). Effects of nanosized Titanium dioxide
on the reproductive system or male mice. Zhonghua
Nan. Ke. Xue., 15: 517-522.

Hassan HA and Yousef MI. (2010) Ameliorating effect of
chicory (Cichorium intybus L.)-supplemented diet
against nitrosamine precursors-induced liver injury and
oxidative stress in male rats. Food Chem. Toxicol.,
48(8-9): 2163-9.

Heidari F, Bahrololoom ME, Vashaece D and Tayebi L
(2015). In situ preparation of iron oxide nanoparticles
in natural hydroxyapatite/chitosan matrix for bone
tissue engineering application. Ceramics Interna.,
41(2): 3094-100.

Tavicoli I, Fontana L and Nordberg G (2016). The effects
of nanoparticles on the renal system. Crit. Rev.
Toxicol., 46(6):490-560.

Jamshidzadeh A, Khoshnoud MJ, Dehghani Z and
Niknahad H (2006). Hepatoprotective activity of
Cichorium intybus L. leaves extract against carbon
tetrachloride induced toxicity. Iranian J. Pharm. Res.,
5:41-46

Jin YN, Lin ZJ, Zhang B and Bai YF (2018). Effects of
chicory on serum uric acid, renal function, and glut9
expression in hyperuricaemic rats with renal injury and
in vitro verification with cells. Evidence-Based
Complemen.Alternative Med., 2018; eCollection 2018.

Khajuria DK, Razdan R and Mahapatra DR (2015).
Development, in vitro and in vivo characterization of
zoledronic  acid  functionalized  hydroxyapatite
nanoparticle based formulation for treatment of

osteoporosis in animal model. Eur. J. Pharmaceut. Sci.,
66:173-83.

Khanna P, Ong C, Bay BH and Baeg GH (2015).

Nanotoxicity: An interplay of oxidative stress, inflame-
mation and cell death. Nanomat., 5(3): 1163-80.

Liu LP, Xiao YB, Xiao ZW, Wang ZB, Li C and Gong X
(2005). Toxicity of hydroxyapatite nanoparticles on
rabbits. Wei sheng yan jiu. J. hygiene Res., 34(4): 474-
476.

Mahmoudian ZG, Sohrabi M, Lahoutian H and Javad M
(2016). Histological alterations and apoptosis in rat
liver following silver nanoparticle intraorally
administration. Entomol. Appl. Sci. Lett., 3(5): 27-35.

Maleki-Ghale H, Aghaie E, Nadernezhad A, Zargarzadeh
M, Khakzad A, Shakeri MS, BeygiKhosrowshahi Y and
Siadati MH (2016). Influence of Fe304 Nanoparticles
in Hydroxyapatite Scaffolds on Proliferation of Primary
Human Fibroblast Cells. J. Mater. Eng. Perform.,
25(6): 2331-2339.

Yousef MI, Mutar TF and Kamel MA (2019). Hepato-
renal toxicity of oral sub-chronic exposure to aluminum
oxide and/or zinc oxide nanoparticles in rats. Toxicol.
Report., 6: 336-346.

Mosa IF, Yousef MI, Kamel M, Mosa OF and Helmy Y
(2019). The protective role of CsNPs and CurNPs
against DNA damage, oxidative stress, and
histopathological and immunohistochemical alterations
induced by hydroxyapatite nanoparticles in male rat
kidney. Toxicol. Res., 8(5): 741-753.

Moustafa A, Ali E, Moselhey S, Tousson E and El-Said K
(2014). Effect of coriander on thioacetamide-induced
hepatotoxicity in rats. Toxicol. Industrial Health, 30(7):
621-629.

Mutar TF, Tousson E, Hafez E, Gazia MA and Salem
SB.(2020). Ameliorative effects of vitamin B17 on the
kidney against Ehrlich ascites carcinoma induced renal
toxicity in mice. Environm. Toxicol., 35(4): 528-537.

Nayar S, Sinha MK, Basu D and Sinha A (2006).
Synthesis and sintering of biomimetic hydroxyapatite
nanoparticles for biomedical applications. J. Materials
Sci.: Materials Med., 17(11): 1063-1068.

Niness KR (1999). Inulin and Oligofructose: What Are
They? J. Nutr., 129: 1402-1406.

Oberbek P, Bolek T, Chlanda A, Hirano S, Kusnieruk S,
Rogowska-Tylman J, Nechyporenko G, Zinchenko V,
Swieszkowski W and Puzyn T (2018). Characterization
and influence of hydroxyapatite nanopowders on living
cells. Beilstein J. Nanotechn., 9(1): 3079-3094.

Oyouni AA, Saggu S, Tousson E and Rehman H (2018).
Immunosuppressant ~ drug tacrolimus induced
mitochondrial nephrotoxicity, modified PCNA and Bcl-
2 expression attenuated by Ocimum basilicum L. in
CDI1 mice. Toxicol. Reports, 5: 687-694.

Park EJ, Bae E, Yi J, Kim Y, Choi K, Lee SH and et al
(2010). Repeated-dose toxicity and inflammatory
responses in mice by oral administration of silver

1258

Pak. J. Pharm. Sci., Vol.33, No.3(Suppl), May 2020, pp.1251-1260



nanoparticles. Environ. Toxicol. Pharmacol., 30: 162-
168.

Pourfarjam Y, Rezagholizadeh L, Nowrouzi A, Meysamie
A, Ghaseminejad S, Ziamajidi N and Norouzi D (2017).
Tousson E, Ali EM, Ibrahim W and Ashraf RM (2012).
Histopathological and immunohistochemical alterations
in rat heart after thyroidectomy and the role of hemin
and ketoconazole in treatment. Biomed. &
Pharmacoth., 66(8): 627-632.

Effect of Cichorium intybus L. seed extract on renal
parameters in experimentally induced early and late
diabetes type 2 in rats. Renal Failure, 39(1): 211-221.

Pujalté I, Passagne I, Brouillaud B, Tréguer M, Durand E,
Ohayon-Courtes C and L'Azou B (2011). Cytotoxicity
and oxidative stress induced by different metallic
nanoparticles on human kidney cells. Partic. Fibre
Toxicol., 8(1): 10.

Raafat BM, El-Barbary A, Touson E and Aziz S (2011).
Di-Mercapto Succinic Acid (DMSA) and vitamin C
chelating potency in lead intoxication, regarding
oxidative stress and apoptotic related proteins in
rabbits. J. Gen. Eng. Biotechn., 9(2): 121-131.

Rumball W, Keogh RG, Miller JE and Claydon RB
(2003). “Choice’ forage chicory (Cichorium intybus L.).
New Zealand J. Agric. Res., 46: 49-51.

Rumball W (1986) Grasslands Puna' chicory (Cichorium
intybus L.), New Zealand J. Exp. Agric., 14(1): 105-
107.

Saggu S, Sakeran M, Zidan N, Tousson E, Mohan A and
Rehman H (2014). Ameliorating effect of chicory
(Chichorium intybus 1.) Fruit extract against 4-tert-
octylphenol induced liverinjury and oxidative stress in
male rats. Food Chem. Toxicol., 72: 138-146.

Salama AF, Kasem SM, Tousson E and Elsisy MK
(2012). Protective role of L-carnitine and vitamin E on
the kidney of atherosclerotic rats. Biomed. & Aging
Pathol., 2(4): 212-215.

Salama AF, Kasem SM, Tousson E and Elsisy MK
(2015). Protective role of L-carnitine and vitamin E on
the testis of atherosclerotic rats. Toxicol. Industrial
Health. 31(5): 467-474.

Salama AF, Tousson E, Ibrahim W and Hussein WM
(2013). Biochemical and histopathological studies of
the PTU-induced hypothyroid rat kidney with reference
to the ameliorating role of folic acid. Toxicol. Industrial
Health, 29(7): 600-608.

Simon AT, Dutta D, Chattopadhyay A and Ghosh SS
(2019). Copper Nanocluster-Doped Luminescent
Hydroxyapatite Nanoparticles for Antibacterial and
Antibiofilm Applications. ACS omega., 4(3): 4697-706.

Taha A, Hassan NS, Elbandrawy MM and Tousson EM
(2018). Different stages of hyperthyroidism: Alterations
in proliferation, apoptosis, and histology of female rat
ovary. Res.J. Pharmaceut. Biol.Chem.Sci., 9(3):1458-
1452.

Tang M, Zhang T, Xue Y and er al (2010). Dose
dependent in vivo metabolic characteristics of Titanium

Thanaa A El-Masry et al.

dioxide nanoparticle. J. Nanosci. Nanotechnol., 10:
8575- 8583.

Tizon B, Ribe EM, Mi W, Troy CM and Levy EJ (2010).
Cystatin C protects neuronal cells from amyloid-beta-
induced toxicity. Medine ALPDEMIR, Mehmet
Fatihalpdemirturkish J. Med. Sci., 19(3): 885-894.

Tousson E, Alghabban AJ and Harga HA (2014).
Thyroidectomy induced hepatic toxicity and possible
amelioration by Ginkgo biloba leaf extract. Biomed.
Prevent. Nutr., 4(3): 391-397.

Tousson E, Ali EM, Ibrahim W and Mansour MA (2011).
Proliferating cell nuclear antigen as a molecular
biomarker for spermatogenesis in PTU-induced
hypothyroidism of rats. Reprod. Sci., 18(7): 679-686.

Tousson E, Alm-Eldeen A and El-Moghazy M (2011).
p53 and Bcl-2expression in response to boldenone
induced liver cells injury. Toxicol. Industrial Health,
27(8): 711-718.

Tousson E, Bayomy MF and Ahmed AA (2018).
Rosemary extract modulates fertility potential, DNA
fragmentation, injury, KI67 and P53 alterations induced
by etoposide in rat testes. Biomed. & Pharmacoth., 98:
769-774.

Tousson E, Elgharabawy RM and Elmasry TA (2018b).
Grape seed proanthocyanidin ameliorates cardiac
toxicity induced by boldenone undecylenate through
inhibition of NADPH oxidase and reduction in the
expression of NOX2 and NOX4. Oxid. Med. Cellular
Longevity, 2018; 2018. Article ID 9434385, 12 pages,

Tousson E, El[JAtrsh A, Mansour M and Abdallah A
(2019). Modulatory effects of Saussurea lappa root
aqueous extract against ethephonllinduced kidney
toxicity in male rats. Environm. Toxicol., 34(12): 1277-
1284.

Tousson E, El-Moghazy M, Massoud A, El-Atrash A,
Sweef O and Akel A (2016a). Physiological and
biochemical changes after boldenone injection in adult
rabbits. Toxicol. Industrial Health, 32(1): 177-182.

Tousson E, Hafez E, Zaki S and Gad A (2016). The
cardioprotective effects of L-carnitine on rat cardiac
injury, apoptosis, and oxidative stress caused by
amethopterin. Environm. Sci. Pollution Res., 23(20):
20600-20608.

Tousson E, Hafez E, Gazia MM, Salem SB and Mutar TF
(2020). Hepatic ameliorative role of vitamin B17

against Ehrlich ascites carcinoma—induced liver
toxicity. Environm. Sci. Pollution Res., 27: 9236-
9246

Tousson E, Hegazy M, Hafez E and Ahmed EA (2014).
The effect of L-carnitine on amethopterin-induced
toxicity in rat large intestine. J. Cancer Res. Treat.,
2(3): 55-63.

Tousson E (2016). Histopathological alterations after a
growth promoter boldenone injection in rabbits.
Toxicol. Industrial Health, 32(2): 299-305.

Ramseyer VD and Garvin JF (2013). Tumor necrosis
factor-o: Regulation of renal function and blood

Pak. J. Pharm. Sci., Vol.33, No.3(Suppl), May 2020, pp.1251-1260

1259



Chicory (Cichorium intybus L.) extract

pressure. Am. J. Physiol. Renal Physiol., 15: 304(10):
1231-1242.

Wang JX, Fan YB, Cao Y, Hu QH and Wang TC (2009).
Tio  nanoparticle translocation and  potential
toxicological effect in rats after Intraarticularingection.
Biomaterials, 30: 4590-4600.

Wang Y, Lin Z, Zhang B, Wang X and Chu M (2019).
Chicory (Cichorium intybus L.) inhibits renal
reabsorption by regulating expression of urate
transporters in fructose-induced hyperuricemia. J.
Traditional Chinese Med. Sci., 6(1): 84-94.

XuJ, Xu P, Li Z, Huang J and Yang Z (2012). Oxidative
stress and apoptosis induced by hydroxyapatite
nanoparticles in C6 cells. J. Biom. Materials Res. Part
A., 100(3):738-745.

1260

Pak. J. Pharm. Sci., Vol.33, No.3(Suppl), May 2020, pp.1251-1260



