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Öz

Amaç:	Bu	çalışma,	nar	kabuğu	ekstresi	(PPE)	ve	N-asetil	Sistein	(NAC)'in	tek	

başına	veya	ticari	preparat	Ornipural®	(ORN)	ile	birlikte	kullanımının,	deney-

sel	olarak	kadmiyum	(Cd)	indüklenmiş	toksisiteye	karşı	kemik	metabolizma-

sı	üzerindeki	etkilerini	belirlemek	amacıyla	yapılmıştır.

Gereç ve Yöntem:	Çalışmada	her	grupta	6	adet	Wistar	Albino	sıçan	olmak	

üzere	toplam	36	hayvan	kullanıldı.	Hayvanlar	kontrol,	Cd,	Cd+PPE,	Cd+NAC,	

Cd+PPE+ORN	ve	Cd+NAC+ORN	gruplarına	atandı.	Gruplardaki	hayvanlara	8.	

haftanın	sonunda	kan	örnekleri	alındıktan	sonra	ötenazi	uygulandı.	Ötenazi	

sonrasında	morfometrik	 ve	 histopatolojik	 incelemeler	 için	 kemikler	mase-

rasyona	tabi	tutuldu.

Bulgular:	Tedavi	grupları	ile	Cd	grubu	arasında	histopatolojik	değişiklikler	

(osteoporotik	değişiklikler	ve	kırmızı	kemik	 iliğinde	değişiklikler)	ve	biyo-

belirteçler	(Ca,	P	ve	Mg)	açısından	istatistiksel	olarak	anlamlı	farklılıklar	be-

lirlendi	(P<0.05).

Öneri:	 Deneysel	 olarak	 indüklenmiş	 kadmiyum	 toksisitesine	 karşı	 uygula-

nan	PPE,	NAC	ve	ORN	ile	birlikte	uygulanan	tedavi	kombinasyonlarının	ke-

mik	metabolizması	üzerinde	olumlu	etkilerinin	olduğu	belirlenmiş	olmasına	

rağmen,	 uygulanan	 tedavi	 protokollerinin	 kesin	 etkililiğini	 belirlemek	 için	

tedavi	süresini	ve	dozunu	artırarak	denemeler	yapmanın	faydalı	olacağı	dü-

şünülmüştür.

Anahtar kelimeler:	Kemik	 toksisitesi,	 kadmiyum,	N-asetil	 sistein,	Ornipu-

ral®,	nar	kabuğu

Abstract

Aim:	 The	 present	 study	 was	 conducted	 to	 determine	 the	 effects	 of	

pomegranate	peel	extract	(PPE)	and	N-acetyl	Cysteine	(NAC)	alone	or	in	their	

treatment	combinations	with	commercial	preparation	Ornipural®	(ORN)	on	

bone	metabolism	against	 experimentally	 cadmium	 (Cd)-induced	 toxicity	 in	

rats.		

Materials and Methods:	Totally	36	animals	were	used	in	the	study	including	

6	Wistar	Albino	rats	in	each	group.	The	animals	were	assigned	to	control,	Cd,	

Cd+PPE,	 Cd+NAC,	 Cd+PPE+ORN	 and	 Cd+NAC+ORN	 groups.	 The	 animals	 in	

the	groups	were	euthanized	after	their	blood	samples	were	taken	at	the	end	

of	the	8th	week.	The	bones	were	subjected	to	maceration	for	morphometric	

and	histopathological	examinations	after	euthanasia.

Results:	 The	 statistically	 significant	 differences	were	 determined	 between	

the	 treatment	 groups	 and	 Cd	 group	 in	 terms	 of	 histopathological	 changes	

(osteoporotic	alterations	and	changes	in	red	bone	marrow)	and	biomarkers	

(Ca,	P	and	Mg)	(P<0.05).

Conclusion:	 Although	 PPE,	 NAC	 and	 treatment	 combinations	 with	 ORN	

applied	against	experimentally	 induced	cadmium	toxicity	were	determined	

to	have	positive	effects	on	bone	metabolism,	it	has	been	thought	that	carrying	

out	trials	by	increasing	treatment	duration	and	dose	would	be	beneficial	to	

determine	definite	efficacy	of	the	applied	treatment	protocols.
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Introduction

Heavy	 metals	 released	 into	 environment	 upon	
industrialization	are	increased	with	every	passing	day.	The	
exposure	 to	 heavy	 metals	 such	 as	 copper,	 lead,	 mercury	
and	 cadmium	 (Cd)	 at	 acute	 and	 chronic	 doses	 seriously	
threatens	public	 and	 animal	 health	 (Nordberg	 et	 al	 2018).	
The	production	and	release	of	Cd,	which	is	a	by-product	of	
zinc,	have	increased	day	by	day	because	zinc	production	has	
increased,	and	cadmium	has	started	to	be	used	as	a	coating	
material	 against	 corrosion	 (Krone	 et	 al	 2001).	 In	 addition,	
the	increase	in	industrial	wastes	and	inhalation	of	cigarette	
smoke	increases	Cd	exposure	(Li	et	al	2020).

Cd	can	be	 taken	 from	contaminated	soil	primarily	 through	
foodstuffs	 such	 as	 vegetables	 and	 rice,	 as	 well	 as	 through	
other	 foodstuffs	 such	 as	 shellfish	 and	 offal	 (Satarug	 et	
al 2017, Renieri	 et	 al	 2019).	 The	 data	 obtained	 from	 the	
epidemiological	studies	including	cohort	and	cross-sectional	
studies	which	have	 indicated	 that	even	 low	environmental	
exposure	 to	 cadmium	 poses	 a	 threat	 to	 public	 health	
indicated	that	it	is	a	toxic	substance	that	can	damage	kidneys,	
liver,	 testicles,	 cardiovascular	 and	 endocrine	 systems	
(Erdem	and	Hatipoğlu	2011, Buha	et	al	2018, Deering	et	al	
2018, Mezynska	and	Brzoska	2018, Andjelkovic	et	al	2019,	
Kisadere	et	al	2022).	It	has	also	been	suggested	that	Cd	may	
contribute	to	the	development	of	various	cancer	types	in	some	
tissues	 such	 as	 breast,	 prostate,	 pancreatic,	 nasopharynx	
and	bladder	(Julin	et	al	2012, Khlifi	et	al	2013,	Nawrot	et	al	
2015, Wallace	et	al	2019).	Besides,	it	has	been	reported	that	
risk	for	osteoporosis	and	bone	fracture	formation	increases	
particularly	 in	 the	 populations	 occupationally	 exposed	 to	
Cd	and	humans	living	in	the	residential	areas	contaminated	
with	this	contaminant	(Kazantzis	2004).	It	is	also	considered	
that	osteotoxic	effect	of	Cd	is	not	associated	only	with	high	
levels	 of	 exposure	 and	 low	 environmental	 Cd	 levels	 may	
also	lead	to	adverse	effects		(Gallagher	et	al	2008,	Wu	et	al	
2010).	Cd	accumulated	in	the	body	after	long-term	exposure	
may	 be	 deposited	 in	 the	 bones	 and	 cause	 mineralization	
impairments,	 decline	 in	 bone	 mass	 and	 increase	 in	 bone	
fracture	 sensitivity	 	 (Jarup	 and	 Akesson	 2009,	 James	 and	
Meliker	2013).	Cd	that	has	a	biological	half-life	of	10-30	years	
histologically	 causes	 hyperplastic	 enlargement	 of	 medulla	
ossium,	 accelerates	 the	 differentiation	 of	 osteoclasts,	 and	
increases	the	activity	of	mature	osteoclasts	in	bone	(Wilson	
et	 al	 1996).	 Cd	 may	 impair	 bone	 metabolism	 by	 directly	
affecting	 osteoblast	 and	 osteoclast	 functions	 (Chen	 et	 al	
2009).	 Indirectly,	 it	 causes	 a	 decline	 in	 intestinal	 calcium	
absorption	 and	 thereby	 impairs	 bone	 mineralization	 by	
affecting	Vitamin	D	due	to	its	nephrotoxic	effect	(Bressler	et	
al	2004,	Uchida	et	al	2010).	These	effects	lead	to	metabolic	
bone	 disorders	 such	 as	 osteoporosis	 and	 osteomalacia	
(Berglund	et	al	2000).

Although	 substances	 that	 inhibit	 the	 chelator	 and	 toxic	

effects	 reduce	 Cd	 toxicity,	 have	 insufficient	 effects.	 New	
therapeutic	approaches	are	needed	due	to	the	limited	heavy	
metal	binding	capacity	harmful	effects	of	heavy	metals	in	the	
blood.	 For	 this	 purpose,	many	 natural	 products	 (food,	 air,	
soil,	 etc.)	 and	 dietary	 components	 have	 been	 evaluated	 to	
reduce	the	toxic	effect	of	Cd	as	an	environmental	pollutant	
on	 bone	 metabolism	 	 (Brzoska	 et	 al	 2015, Li	 et	 al	 2017,	
Hatipoglu	et	al	2024).

Pomegranate	 peel	 extract	 (PPE)	 is	 rich	 in	 flavonoids	 and	
tannins.	 This	 part	 of	 the	 fruit	 has	 the	 highest	 antioxidant	
capacity	 and	 is	 equivalent	 to	 92%	 of	 the	 total	 antioxidant	
activity	of	this	fruit	(Al-Rawahi	et	al	2014).		Its	composition	
mainly	contains	substantial	amounts	of	ellagitannins	 (ETs)	
such	 as	 punicalagin	 (PC),	 punicalin,	 gallagic	 acid,	 ellagic	
acid	(EA),	and	EA-glycosides	(Zhou	et	al	2015).	Tannins	are	
one	of	 the	main	polyphenol	groups	 in	 the	diet.	 It	has	been	
reported	 that	 flavonoids	 and	 tannins	may	 be	 beneficial	 in	
preventing	of	 the	diseases	associated	with	oxidative	stress	
and	 inflammation,	 cardiovascular	 diseases,	 cancer	 and	
osteoporosis	(Lansky	and	Newman	2007, Ge	et	al	2021).	It	
has	been	shown	that	flavonoids		effect	osteoporosis	(Bellavia	
et	al	2021),	inhibits	osteoclast	differentiation	(Al	Mamun	et	
al	2020)	and	stimulates	osteoblast	formation	(An	et	al	2016).	
However,	 their	 protective	 effects	 on	 bone	 metabolism	 in	
Cd	toxicity	are	unknwon.	It	is	stated	that	PPE	can	suppress	
nuclear	factor-κB	(NF-κB)	activation	in	vascular	endothelial	
cells	and	reduce	oxidative	damage	by	preventing	excessive	
free	radical	formation	(Itoh	et	al	2014).	It	can	prevent	many	
diseases	such	as	cancer,	diabetes,	and	cardiovascular	disease	
(Aviram	 et	 al	 2002, Afaq	 et	 al	 2010,	 Jain	 et	 al	 2012).	 In	
addition,	it	is	stated	that	PPE	reduces	liver	and	kidney	damage	
caused	 by	 Cd	 and	 increases	 antioxidant	 capacity	 (El-Daly	
2016).	PPE	is	associated	with	antioxidant	activity	because	it	
contains	significant	amounts	of	phenolic	compounds	such	as	
anthocyanins,	 ellagic	 acid,	 phytoestrogens,	 flavonoids,	 and	
tannins (Ghasemian	et	al	2006, Tehranifar	et	al	2010, Orak	
et	al	2012).

N-acetyl	cysteine	(NAC)	is	a	cysteine	derivative	amino	acid.	It	
is	known	that	NAC	has	a	chelating	effect	in	removal	of	metals	
such	as	cadmium	(Cd),	mercury	(Hg),	chromium	(Cr),	arsenic	
(As)	and	gold	(Au)	from	the	body	(Evli	et	al	2020, Hirota	and	
Matsuoka	2021).	NAC	can	exhibit	a	protective	effect	against	
heavy	 metal	 toxications	 by	 decreasing	 oxidative	 stress	
associated	with	 toxic	 substance	 and	 by	 chelating	 (Deng	 et	
al	2010).	It	has	been	reported	that	NAC	is	a	more	favorable	
and	 reliable	 chelating	 agent	 than	 other	 chelating	 agents	
since	it	only	binds	to	heavy	metals	in	the	tissues	(Sisombath	
and	Jalilehvand	2015).	 	At	the	same	time,	much	toxication-
related	damage	can	be	reduced	with	its	antioxidant	effects.	
Alak	et	al.	(2019)	reported	that	NAC	could	reduce	oxidative	
damage	 caused	by	 cypermethrin	by	 increasing	 the	 activity	
of	 antioxidant	 enzymes	 and	 decreasing	 the	 levels	 of	
malondialdehyde	(MDA),	myeloperoxidase	(MPO),	8-OHdG,	
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and	Caspase-3	 and	 that	 its	 use	 as	 a	 pro-oxidant	 has	metal	
chelating	 properties	 (Alak	 et	 al	 2019).	 In	 addition,	 Yedjou	
et	al.	 (2010)	think	that	NAC	may	be	a	promising	candidate	
for	chemoprevention	against	 lead	toxicity	due	to	 its	ability	
to	 scavenge	 free	 radicals	 (Yedjou	 et	 al	 2010).	 	 Kaplan	 et	
al.,	 (2008)	 reported	 that	 exogenously	 administered	 NAC	
can	 reduce	 the	 toxic	 effects	 of	 Cd	 in	 the	 kidney	 without	
decreasing	tissue	Cd	level	(Kaplan	et	al	2008).

Ornipural®	 (ORN)	 is	 a	 veterinary	 commercial	 product	
containing	 betaine,	 L-arginine,	 L-ornithine,	 L-citrulline	
and	sorbitol.	 It	has	hepatoprotective,	 lyophilic	and	diuretic	
properties.	 Betaine	 is	 known	 as	 a	 natural	 antioxidant	
(Zhang	 et	 al	 2016).	 L-arginine,	 one	 of	 the	most	 functional	
amino	acids	 in	 the	 living	cells,	 is	 the	precursor	 for	cellular	
signalling	molecules	such	as	glutamine	and	nitric	oxide	and	
has	 a	protective	 effect	 against	Cd	 toxicity	 (Liu	 et	 al	 2006).	
L-ornithine	 is	 the	 primary	 substance	 of	 the	 urea	 cycle	
that	 allows	 the	 excretion	 of	 excess	 nitrogen	 by	 converting	
ammonia	to	urea	in	the	liver	(Kowalski	and	Bieniecki	2006).	
Sorbitol	increases	the	intestinal	absorption	of	many	vitamins	
primarily	vitamin	B6,	vitamin	B12	and	iron	ion.	It	has	also	a	
promotive	effect	on	bile	excretion	(Lan	et	al	2021).

Cd	toxicity	is	a	critical	condition	for	veterinary	medicine	and	
human	medicine.	Inefficient	treatment	of	this	toxicity	leads	
to	 impairment	 of	 bone	 metabolism.	 The	 use	 of	 chelating	
agents	or	 substances	 that	 reduce/prevent	bone	damage	 in	
the	Cd	bone	toxicity	is	necessary	for	an	effective	treatment.	
Therefore,	 PPE	 and	 NAC,	 which	 have	 antioxidant	 and	
osteoblastic	 effects,	 may	 be	 beneficial	 in	 Cd-induced	 bone	
toxicity.	 For	 this	 purpose,	 the	 protective	 efficacy	 of	 PPE	
and	 treatment	 and	 combinations	of	ORN,	which	 is	 used	 as	
a	 supportive	 agent,	 were	 investigated	 morphometrically,	
histopathologically	and	biochemically	in	the	Cd	bone	toxicity.

Material and Methods

Pomegranate	Peel	Extraction

The	 extraction	 of	 pomegranate	 peels	 in	 the	 study	 was	
carried	out	according	 to	 the	method	specified	by	Demir	et	
al.	(2019).	In	this	method,	after	the	pomegranate	peels	were	
treated	with	33%	ethanol,	78°C	and	113	minutes,	the	peels	
were	extracted	by	mixing	at	a	ratio	of	200:20	(mL	solvent/g	
plant).	 The	 obtained	 extract	was	 centrifuged	 at	 5000	 rpm	
for	10	minutes.	Then,	it	was	filtered	through	filter	paper	at	
room	temperature,	and	the	filtrate	was	concentrated	in	the	
evaporator	and	made	ready	for	use	(Demir	et	al	2019).

Animal	groups	and	treatment	schedule	

In	 the	 present	 study,	 36	 adult	 male	 Wistar	 Albino	 rats	
weighing	 240±20	 g	 were	 supplied	 from	 the	 Experimental	
Medicine	 Research	 and	 Application	 Centre	 of	 Selcuk	

University.	 All	 rats	 were	 kept	 in	 a	 well-ventilated	 room	
under	 standardized	 housing	 conditions	 including	 constant	
temperature	(25±2°C),	humidity	of	50%	±	10%	and	12-hour	
light/12-hour	 dark	 cycle.	 All	 experimental	 animals	 were	
fed	 a	 standard	 laboratory	 balanced	 commercial	 diet	 and	
drinking	water	ad	libitum.	The	animal	handling	and	the	study	
protocol	 were	 ethically	 approved	 by	 Animal	 Experiments	
Local	 Ethics	 Committee	 of	 Harran	 University	 (Approval	
No:	 2020/003/04).	 Thirty-six	 male	 rats	 were	 randomly	
assigned	to	six	equal	groups,	each	consisting	of	six	rats.	The	
physiological	saline	solution	was	administered	to	the	animals	
in	the	control	group	concurrently	with	the	other	animals	(1	
ml/rat/day,	oral).	The	animals	in	the	cadmium	group	were	
orally	 administered	Cd	 at	 a	 dose	 of	 5	mg/kg/day	 (Jacobo-
Estrada	et	al	2017).	The	animals	in	the	Cd+PPE	group	were	
orally	administered	Cd	at	a	dose	of	5	mg/kg/day	30	minutes	
after	oral	administration	of	pomegranate	peel	extract	(PPE)	
at	a	dose	of	500	mg/kg/day	(Jafri	et	al.,	2000).	The	animals	
in	the	Cd+NAC	group	were	orally	administered	Cd	at	a	dose	
of	 5	 mg/kg/day	 30	 minutes	 after	 oral	 administration	 of	
N-acetyl	Cysteine	(NAC)	at	a	dose	of	100	mg/kg/day	(Abdel-
Wahab	and	Moussa,	2019).	The	animals	in	the	Cd+PPE+ORN	
group	were	orally	administered	Cd	at	a	dose	of	5	mg/kg/day	
30	minutes	 after	 oral	 administration	 of	 pomegranate	 peel	
extract	 (PPE)	 at	 a	 dose	 of	 500	mg/kg/day	 in	 combination	
with	 subcutaneous	 administration	 of	 Ornipural®	 at	 a	 dose	
of	 1	ml/kg.	 The	 animals	 in	 the	 Cd+NAC+ORN	 group	were	
orally	administered	Cd	at	a	dose	of	5	mg/kg/day	30	minutes	
after	 oral	 administration	 of	 N-acetyl	 Cysteine	 (NAC)	 at	 a	
dose	of	100	mg/kg/day	 in	combination	with	subcutaneous	
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Figure 1. Experimental design illustrating the distribution of groups. CD: Cadmium, NAC: 
N-acetyl Cysteine, ORN: Ornipural, PPE: Pomegranate peel extract, PSS: Physiological saline 
solution, SC: Subcutaneous. The applications of PPE, NAC, and Orn were performed half an 
hour after Cd administration



administration	of	Ornipural®	at	a	dose	of	1	ml/kg	(Figure	1).

The	evaluation	of	serum	Ca,	P,	and	Mg	levels

The	 serum	 samples	 were	 kept	 at	 -20οC	 until	 they	 were	
analyzed.	 Calcium	 (Ca),	 magnesium	 (Mg)	 and	 inorganic	
phosphorus	 (P)	 were	 measured	 from	 the	 serum	 samples	
using	 commercial	 reagents	 and	 Beckman	 Coulter	 analyzer	
(AU	480,	Beckman	Coulter,	Brea,	CA,	USA)	according	to	the	
standards.	

Morphometric	examination	

Bone	 maceration	 was	 carried	 out	 in	 the	 animals	 after	
performing	 euthanasia	 procedure.	 After	 completion	 of	
maceration	 procedures,	 bones	were	 scanned	 at	 0.625	mm	
section	thickness,	80	kv,	200	MA	and	639	mGY	in	the	64-slice	
Multidetector	 Computed	 Tomography	 (MDCT)	 device.	
Prokop	 (2003)	and	Kalra	 (2004)	were	 taken	as	 references	
for	scanning	and	dose	protocols	(Kalra	et	al.,	2004).	Three-
dimensional	(3D)	modeling	was	created	using	MIMICS	20.1	
(The	Materialise	Group,	Leuven,	Belgium)	software	from	the	
images	 recorded	 in	 the	 format	 of	 DICOM	 (Digital	 Imaging	
and	Communications	 in	Medicine).	The	bones’	volume	and	
surface	 area	 data	were	 obtained	 from	 the	 3D	models.	 The	
volume	and	surface	area	data	were	analyzed	involving	all	the	
bones	of	the	extremities	except	for	scapula	and	ossa	coxae.

Histopathological	examination

After	 the	 bones	 of	 the	 rats	 were	 fixed	 in	 10%	 neutral	
formaldehyde	 (Merck,	 Germany),	 they	 were	 kept	 in	 10%	
EDTA	solution	(Merck,	Germany)	until	appropriate	hardness	
was	obtained.	The	samples	were	trimmed	and	placed	in	the	
cassettes	 (Isolab,	 Germany).	 Afterward,	 the	 samples	 were	
washed	 for	 12	 hours	 in	 the	 running	 tap	 water.	 Later,	 the	
tissues	were	taken	to	routine	tissue	processor	(Leica	TP1020,	
Germany)	 and	 blocked-in	 paraffin	 (Thermo	Electron	 Corp.	
Shandon	Histocentre	3).	The	5-μm	thick	sections	prepared	
from	each	block	using	microtome	(Leica	RM2255,	Germany)	
were	 stained	 based	 on	 Harris’s	 Haematoxylin-Eosin	 (HE)	
method	 in	 the	 automated	 stainer	 (Leica	 Autostainer	 XL,	
Germany)	after	the	deparaffinisation	and	rehydration	stages.	
The	 stained	 preparations	 were	 covered	 with	 coverslip	
(Citotest,	China)	in	the	automated	glass	coverslipper	device	
(Leica	 CV5030).	 All	 results	 were	 evaluated	 under	 light	
microscope	 (Olympus	 BX51,	 Japan)	 and	 appropriate	 fields	
were	photographed	(Olympus	DP71,	Japan).		

Statistics analysis

IBM	SPSS	Statistics	25.0	(SPSS,	Inc.,	Chicago,	IL,	USA)	software	
package	was	used	to	analyse	to	data		stasistically	to	determine	
the	 significance	 of	 inter-group	 differences.	 Data	 regarding	
bone	surface	area	and	calcium,	phosphorus	and	magnesium	

levels	obtained	as	a	result	of	the	research	showed	a	normal	
distribution,	but	histopathological	scoring	analysis	data	did	
not	 show	a	 normal	 distribution.	 For	 this	 reason,	 normally	
distributed	data	were	carried	out	with	one-way	analysis	of	
variance	 (ANOVA)	 test.	 The	 intragroup	 comparisons	were	
conducted	 using	 an	 appropriate	 advanced	 analysis	 (Post	
Hoc,	 Duncan).	 The	 histopathological	 data	 were	 analyzed	
using	 Kruskal-Walli's	 method	 (a	 non-parametric	 test)	
and	post	hoc	Dunn-Bonferroni	 test.	The	P<0.05	value	was	
accepted	as	statistically	significant	for	differences	between	
mean	values	of	the	groups.	All	the	variables	were	expressed	
as	mean±standart	error	mean	(SEM).

Results

Serum	mineral	levels	in	cadmium-induced	toxicity	and	NAC,	
PPE		and	ORN	treatment	effects

The	analysis	of	 the	data	obtained	 from	the	serum	samples	
in	the	trial	demonstrated	that	Ca,	P	and	Mg	levels	of	the	Cd	
group	were	 statistically	 significantly	 lower	 than	 the	 other	
treatment	 groups	 (C,	 Cd+NAC,	 Cd+PPE,	 Cd+NAC+ORN,	
Cd+PPE+ORN)	 (P<0.05).	 Administration	 of	 Pomegranate	
Peel	 Extract	 (Cd+PPE)	 and	 N-Acetyl	 Cysteine	 (Cd+NAC)	
significantly	improved	Ca	and	Mg	levels	in	these	treatment	
groups	compared	to	Cd	group	(P<0.05).	Furthermore,	ORN	
treatment	combined	with	 these	substances	(Cd+NAC+ORN	
and	 Cd+PPE+ORN)	 showed	 a	 similar	 effect	 (P<0.05).	 A	
significant	increase	of	P	level	was	noticed	in	the	Cd+NAC	and	
Cd+NAC+ORN	groups	than	the	Cd	group	(P<0.05);	whereas	
this	 increase	 in	 the	Cd+PPE	and	Cd+PPE+ORN	groups	was	
not	significant	compared	to	Cd	group	(P>0.05)	(Figure	2).	
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Figure 2. Serum calcium (Ca), phosphorus (P), and magnesium (Mg) levels. (Statistically 
significant differences are indicated by * when compared with the control group (P<0,05), 
statistically significant differences are indicated by # when compared with the CD group 
group (P<0,05). K; control.



Cadmium-induced	 rat	 forelimbs	 and	 hindlimbs	 changes:	
Effects	of	NAC,	PPE	and	ORN

Table	1	shows	mean	volume	and	surface	areas	of	forelimbs	
and	 hindlimbs	 of	 the	 rats,	 SEM	 values,	 and	 intergroup	
statistical	 analysis	 data	 of	 the	 animals.	 Forelimb	 volume	
values	were	statistically	 significant	 in	Cd+NAC+ORN	group	
compared	 to	 the	 other	 groups	 (P<0.001).	 No	 statistically	
significant	 difference	 was	 identified	 between	 the	 other	
groups	 (P>0.05).	 Forelimb	 surface	 area	 values	 were	
statistically	 significantly	 different	 in	 Cd+NAC+ORN	 and	
Cd+PPE	 groups	 compared	 to	 the	 other	 groups	 (P<0.01).	
Hindlimb	volume	values	of	the	control	and	Cd+PPE	groups	
were	 similar	 and	 higher	 than	 the	 other	 groups	 (P<0.05).	
Cd+PPE+ORN	and	Cd	groups	were	 statistically	 similar	 and	
lower	than	the	other	groups	(P<0.05).

Effects	 of	 NAC,	 ORN,	 and	 PPE	 on	 Osteoporotic	 Changes	 in	
Cadmium-Induced	Rat	Models

The	 most	 remarkable	 result	 of	 the	 histopathological	
examination	 was	 osteoporotic	 alterations.	 This	
situation	 appeared	 as	 particularly	 sporadic	 tapering	 and	
microfractures	 in	 the	 trabeculae	 and	 the	 expansion	 of	
channels	and	lacunae	(Figure	3).	The	control	group	showed	
normal	 histological	 appearance	 of	 the	 bone	 and	 articular	
surfaces	 in	 the	 microscopic	 examination.	 No	 pathological	
finding	 was	 observed.	 Cd	 group	 was	 the	 group	 that	 the	
most	 severe	osteoporotic	alterations	were	observed	 in	 the	
histopathological	 examination.	 Numerous	 vacuoles	 were	
observed	 in	 the	 red	 bone	 marrow	 and	 mild	 hyperaemias	
were	 present.	 The	 osteoporotic	 alterations	 in	 the	 Cd+PPE	
group	were	 less	 severe	 than	 the	 Cd	 group.	 The	 expansion	
of	 lacunae	 and	 channels	 was	 particularly	 prominent	 in	
this	 group.	 The	 less	 severe	 osteoporotic	 alterations	 were	
observed	also	in	the	Cd+NAC	group	compared	to	the	Cd	group.	
The	increased	number	of	vacuoles	in	the	red	bone	marrow	
was	 observed	 also	 in	 this	 group;	 however,	 no	 significant	
difference	 was	 determined	 in	 terms	 of	 severity	 compared	
to	the	Cd	group.	More	mildly	osteoporotic	alterations	were	
observed	 in	 the	 Cd+PPE+ORN	 group	 compared	 to	 the	 Cd	
group.	 The	 vacuolization	 in	 the	 red	 bone	 marrow	 was	

milder.	The	osteoporotic	alterations	were	remarkable	in	the	
Cd+NAC+ORN	group.	However,	these	alterations	were	milder	
than	 Cd	 group	 and	more	 severe	 than	 Cd+NAC	 group.	 The	
increased	number	of	vacuoles	in	the	red	bone	marrow	was	
observed	also	in	this	group;	however,	it	was	less	severe	than	
the	Cd	group	and	mild	hyperaemia	were	present.	 	Table	2	
shows	the	statistical	analysis	of	osteoporotic	alterations	and	
vacuolization	values	 in	 the	 red	bone	marrow.	A	 significant	
difference	was	determined	between	 the	 control	 group	and	
other	 groups	 (Cd	 and	 treatment	 groups)	 in	 the	 analysis	 of	
osteoporotic	 alterations	 and	 vacuolization	 in	 the	 red	 bone	
marrow	 (P<0.05).	 However,	 no	 difference	 was	 identified	
between	the	treatment	groups	(P>0.05).

Table	 2	 shows	 the	 statistical	 analysis	 of	 osteoporotic	
alterations	and	vacuolization	values	in	the	red	bone	marrow.	
A	significant	difference	was	determined	between	the	control	
group	 and	 other	 groups	 (Cd	 and	 treatment	 groups)	 in	 the	
analysis	 of	 osteoporotic	 alterations	 and	 vacuolization	 in	
the	red	bone	marrow	(P<0.05).	However,	no	difference	was	
identified	between	the	treatment	groups	(P>0.05).

Discussion

As	the	amounts	of	heavy	metal	releasing	 into	environment	
increases,	 intake	 levels	of	 these	heavy	metals	by	 the	 living	
organisms	 also	 increase.	 Cd	 exposure	 causes	 primarily	
many	 metabolic	 disorders	 that	 affect	 bone	 metabolism	
such	as	osteoporosis	and	osteomalacia.	Cd	exposure	 led	 to	
impairments	 in	 bone	 mineralization	 and	 impaired	 bone	
biomechanics	(Staessen	et	al	1999, Buha	et	al	2019).	In	the	
present	 study,	 the	 effects	 of	 PPE,	 NAC,	 and	 combinations	
with	 ORN	 on	 bone	 metabolism	 after	 the	 experimentally	
induced	Cd	bone	toxicity	were	examined	and	their	treatment	
efficacies	were	compared.

It	has	been	stated	that	bone	resorption	cycles	which	repair	
microfractures	 in	 the	 bone	 and	 regulate	 bone	 structure	
in	 response	 to	 stress	 are	 impaired	 by	 exposure	 to	 toxic	
substances	 such	 as	 Cd	 and	 the	 impaired	 bone	 resorption	
leads	 to	 osteoporosis	 (Manolagas	 2000, Dempster	 2002).	
Osteoporosis	is	a	chronic	disease	characterized	by	declined	
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Table	1.Forefoot	and	hindfoot	volume	and	surface	area	data

a,b,c: Values within a row with different superscripts differ significantly at P<0.05 *P<0.05, **p<0.01, ***p<0.001, NS:p>0.05, SEM: Standard Error of Mean

Control Cd+Nac Cd+PPE Cd+PPE+ORN Cd+NAC+ORN Cd SEM P 

Front leg 

volume (mm3) 
895,31b 899,66b 910,6b 820,94b 1172,53a 894,26b 21,31 *** 

Front leg 

surface (mm2) 
1290,08b 1207,55bc 1122,96c 1225,68bc 1456,99a 1228,16bc 23,52 ** 

Hind leg 

volume (mm3) 
2376,12a 2244,68ab 2372,60a 2066,35b 2281,26ab 2118,45b 32,90 * 

Hind leg 

surface (mm2) 
2725,79 2630,65 2498,50 2560,66 2605,21 2513,16 28,32 NS 



bone	mineral	density,	impaired	bone	strength	and	increased	
risk	 for	 bone	 fracture	 (Yogesh	 2020).	 It	 was	 remarkable	
in	 the	analysis	of	histopathological	data	obtained	 from	 the	
present	 study	 that	 osteoporotic	 alterations	 observed	 in	
the	 bones	 were	 more	 severe	 in	 the	 Cd	 group	 than	 in	 the	
other	 groups	 and	 mild	 hyperemia	 was	 present	 as	 well	 as	
numerous	vacuoles	in	the	red	bone	marrow.	The	statistically	
lower	 levels	 of	 bone	 metabolism	 biomarkers	 (Ca,	 P	 and	
Mg)	 due	 to	 Cd	 toxication	 compared	 to	 the	 control	 group		
sported	 the	 histopathological	 findings.	 Observation	 of	
this	 significant	 decline	 particularly	 in	 the	 levels	 of	 Ca	 and	
P	 together	 with	 osteoporotic	 alterations	 suggests	 that	 Cd	
toxication	causes	 impairment	of	bone	metabolism	and	 loss	
of	 Ca	 in	 urine	 by	 leading	 to	 nephropathy	 (Jin	 et	 al	 2004).	
Additionally,	the	studies	have	revealed	that	Cd	may	lead	to	
pathological	 changes	 in	 bone	 formation	 and	 resorption	 by	
decreasing	 intestinal	 absorption	 of	 calcium,	 affecting	 bone	

cells	 and	 calcium	and	 interfering	with	 collagen	production	
in	 the	 bone	 cells	 (Bernard	 and	 Lauwerys	 1986,	 Alfven	
et	 al	 2000).	 As	 a	 result,	 the	 current	 study	 supported	 by	
morphological,	 histopathological	 and	 biochemical	 analyses	
suggests	 that	 Cd	 may	 cause	 osteoporosis	 by	 affecting	
bone	metabolism,	 especially	 Ca,	 P	 and	Mg.	 Similar	 results	
of	 changes	 in	 Ca,	 P,	 and	Mg	 levels	 have	 been	 observed	 in	
other	 studies	 (Chakraborty	 et	 al	 2013,	 Andjelkovic	 et	 al	
2019).	Nevertheless,	the	studies	results	on	the	relationship	
between	 Cd	 exposure	 and	 osteoporosis	 are	 inconsistent.	
Songprasert	et	al	(2015)	and	Li	et	al	(2020)	have	reported	
that	 excessive	 exposure	 and	 intake	 of	 Cd	 causes	 declined	
bone	 density	 and	 osteoporosis.	 In	 addition,	 Nawrot	 et	 al	
(2010)	have	stated	 that	occupational	exposure	 to	Cd	 leads	
to	 increased	 calcium	 excretion,	 declined	 bone	 density	 and	
increased	 clinical	 osteoporosis	 in	 the	 middle-aged	 males	
even	in	the	absence	of	renal	dysfunction.	However,	Trzcinka-
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Figure 3. Histopatological changes. A; Hyperemia, CD + NAC + ORN group, Humerus, HE staining. B; Osteoporotic changes in bone trabeculae; Femur, CD group, HE staining. C; Control 
group, Femur, HE staining. D; Increase in the number of fat vacuoles in the bone marrow, scapula, CD + NAC group, HE staining

Table	2.	Histopathological	scorings

* : For each parameter, it indicates a significant difference versus the healthy control group (p˂ 0.05).CD: Cadmium, NAC: N-acetyl Cysteine, ORN: 
Ornipural, PPE: Pomegranate peel extract,

Osteoporotic Changes Vacuolization in Red Bone Marrow 

Control 0 0 

CD 3 * 2 * 

CD+PPE 2 * 1 * 

CD+NAC 2,5 * 2 * 

CD+PPE+ORN 3 * 1 * 

CD+NAC+ORN 2,5 * 1,5 * 



Ochocka	et	al	(2010)	suggested	that	Cd	was	not	associated	
with	osteoporosis	and	bone	density.	These	differences	in	the	
literature	suggested	that	it	might	have	been	associated	with	
the	fact	that	pathophysiology	of	this	toxic	substance	has	not	
been	precisely	 clarified	and	 the	applied	species,	doses	and	
exposure	duration	were	different.

PPE	contains	anthocyanin,	a	chemical	compound	that	plays	
an	 important	 role	 in	 the	 increased	 bone	 cell	 proliferation,	
remodelling	 of	 the	 bone	 and	 osteoblast	 differentiation	
(Trimurni	 and	 Putra	 2020).	 In	 addition,	 PPE	 that	 contains	
flavonoids	in	its	structure	shows	a	weak	oestrogen-like	effect	
in	various	tissues	by	binding	to	ER-α	and	ER-β.	Flavonoids	
can	 control	 the	 activity	 of	 CYP19,	 which	 is	 an	 important	
enzyme	 in	 interaction	 with	 oestrogen	 receptors	 and	
oestrogen	biosynthesis,	and/or	steroid	dehydrogenases	(for	
instance,	 11β-hydroxysteroid	 dehydrogenase)	 (Shirwaikar	
et	 al	 2003).	 These	 effects	 protect	 against	 bone	 loss	 and	
decrease	osteoporotic	impacts.	It	was	noticed	in	the	present	
study	that	osteoporotic	alterations	caused	by	Cd	toxication	
progressed	 less	 severely	 with	 PPE	 supplementation	 and	
serum	 Ca	 and	 Mg	 levels	 showed	 a	 tendency	 to	 improve.	
Similar	results	were	encountered	also	 in	 the	Cd+PPE+ORN	
group.	 Besides,	 it	 was	 determined	 that	 PPE	 and	 control	
groups	were	morphometrically	similar		regarding	hindlimb	
volume	 values.	 This	 result	 supports	 the	 anti-osteoporotic	
effect	 of	 this	 rich-content	 flavonoid	 that	 contains	 the	
ellagitannins	 (ETs)	 particularly	 such	 as	 punicalagin	 (PC),	
punicalin,	gallagic	acid,	ellagic	acid	(EA)	and	EA-glycosides	
in	its	composition.	Spilmont	et	al	(2015)	reported	that	PPE	
metabolites	 can	directly	modulate	bone	cell	differentiation	
by	 enhancing	 resorption	 with	 anti-inflammatory	 and	
antioxidant	 effects	 in	 the	 bone	 microenvironment.	 Also,	
Satpathy	et	al	 (2013)	 stated	 that	EA	caused	an	 increase	 in	
femoral	bone	mineral	density	in	ovariectomized	rats	due	to	
its	 estrogenic	 solid	activity.	These	data	 suggest	 that	 	using	
PPE	as	a	complementary	therapeutic	agent	can	prevent	the	
reduction	in	bone	mineral	density	and	deterioration	of	bone	
microarchitecture	due	to	Cd	toxicity.

NAC	is	a	cysteine-derivative	amino	acid.	It	has	been	reported	
that	NAC	has	chelating	effects	in	removal	of	metals	such	as	
Cd,	Hg,	 	 and	As	 from	 the	body	 (Blanusa	et	 al	2005).	 It	has	
been	 also	 stated	 that	NAC	with	 antioxidant	 characteristics	
functions	as	free	radical	scavengers	and	increases	glutathione	
levels	 (Giustarini	 et	 al	 2018, Zhitkovich	 2019).	 NAC	 can	
exhibit	a	protective	effect	against	heavy	metal	toxications	by	
decreasing	oxidative	stress	associated	with	toxic	substances	
and	due	to	its	chelating	property	(Poli	et	al	2021).	It	has	been	
reported	that	NAC	is	a	more	favourable	and	reliable	chelating	
agent	than	other	chelating	agents	since	it	only	binds	to	heavy	
metals	 in	 the	 tissues	 (Sisombath	 and	 Jalilehvand	 2015).	 It	
has	been	reported	that	exogenously	administered	NAC	can	
reduce	the	toxic	effects	of	Cd	in	the	kidney	without	decreasing	
tissue	 Cd	 level	 (Kaplan	 et	 al	 2008).	 In	 the	 present	 study,	
although	treatments	of	NAC	and	NAC+ORN	administered	to	
regulate	the	bone	metabolism	against	Cd	toxication	improved	
Ca,	 P,	 and	 Mg	 levels	 morphometric	 and	 histopathological	
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data	 of	 the	 changes	 observed	 in	 bone	 metabolism	 in	 Cd	
toxication	indicated	that	these	treatment	options	decreased	
the	 osteoporotic	 alterations,	 however,	 this	 effect	 was	 not	
significant.	It	was	reported	in	a	study	investigated	the	effect	
of	 low-dose	 cadmium	 on	 femur	 morphometry	 and	 bone	
mineral	density	that	no	significant	correlation	was	present	
(Cömelekoglu	 et	 al	 2007).	 Ogoshi	 et	 al	 (1992)	 stated	 in	
their	 study	 that	 calcium	 and	 phosphorus	 values	 were	 not	
significantly	correlated	with	bone	morphometry.	Also	in	the	
present	study,	no	significant	correlation	was	found	between	
the	physiological	parameters	and	morphometric	data	and	it	
was	 thought	 that	 this	result	stemmed	 from	the	 inadequate	
treatment	durations	or	doses.

Conclusion

Cd	 can	 cause	 toxic	 effects	 on	 bone	metabolism.	 Advanced	
studies	 may	 be	 needed	 to	 more	 accurately	 determine	 the	
impact	 of	 Cd	 exposure	 on	 bone	 metabolism.	 Additionally,	
Cd	 may	 play	 a	 significant	 role	 in	 bone	 health,	 and	 this	
toxic	 element	 could	 be	 a	 crucial	 determinant	 factor	 in	
osteoporosis.	 Despite	 similar	 positive	 effects	 observed	 in	
treatment	 combinations	 containing	 PPE,	 NAC,	 and	 ORN,	
conducting	further	advanced	trials	with	increased	treatment	
duration	and	dosage	could	be	useful	in	determining	the	exact	
efficacy	of	the	treatments.
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