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Öz

Amaç:	 Bu	 çalışmanın	 amacı,	 buzağılarda	 lokal	 ve	 sistemik	
inflamatuar	 durumun	 demir	 metabolizması	 ve	 lipit	 profili	
üzerine	etkilerinin	belirlenmesidir.

Gereç	ve	Yöntem:	Çalışmada	farklı	ırk	ve	cinsiyette	39	hasta	
ve	17	sağlıklı	olmak	üzere	toplam	56	buzağı	kullanıldı.	Has-
ta	buzağılar	 lokal	 (8	omfalit	ve	11	artritis)	ve	sistemik	 (10	
enterit	 ve	10	pnömoni)	 yangı	 olmak	üzere	2	 gruba	ayrıldı.	
Tüm	buzağıların	rutin	klinik	muayeneleri	yapıldıktan	sonra	
kan	analizleri	için	8	ml	kan	alındı	ve	biyokimyasal	analizleri	
yapıldı.

Bulgular:	Lokal	ve	sistemik	yangılı	buzağılarda	serum	demir,	
total	kolesterol	 (TC),	yüksek	dansiteli	 lipoprotein	(HDL)	ve	
albümin	düzeylerinin	kontrol	grubuna	göre	önemli	düzeyde	
(p	<0.05)	düştüğü	tespit	edildi.	Serum	üre	ve	kreatinin	dü-
zeyleri	ise	sistemik	yangılı	buzağılarda	kontrol	grubuna	göre	
önemi	düzeyde	(p	<0.05)	yüksekti.

Öneri:	 Sonuç	olarak,	düşük	demir,	 total	 kolesterol,	HDL	ve	
albümin	düzeylerinin	buzağılarda	 lokal	 ve	 sistemik	yangıyı	
işaret	edebileceği	değerlendirildi.

Anahtar	kelimeler:	Yangı,	demir,	lipit	profili,	buzağı

Abstract

Aim:	The	aim	of	 this	study	was	to	determine	the	effects	of	
local	and	systemic	inflammatory	status	on	iron	metabolism	
and	lipid	profile	in	calves.

Materials	and	Methods:	A	total	of	56	calves,	39	sick	and	17	
healthy,	were	used	 in	 the	 study	 in	different	 races	and	gen-
ders.	The	sick	calves	were	divided	into	two	groups	as	local	(8	
omphalitis	and	11	arthritis)	and	systemic	(10	enteritis	and	
10	pneumonia)	inflammations.	After	routine	clinical	exami-
nations	of	all	the	animals	were	performed,	8	ml	of	blood	was	
taken	for	blood	analysis	and	biochemical	analyses	were	per-
formed.

Results:	Serum	iron,	 total	cholesterol	 (TC),	high	density	 li-
poprotein	 (HDL)	 and	 albumin	 levels	 were	 significantly	 (p	
<0.05)	lower	in	calves	with	local	and	systemic	inflammation	
compared	to	the	control	group.	Serum	urea	and	creatinine	le-
vels	were	significantly	(p	<0.05)	higher	in	calves	with	syste-
mic	inflammation	compared	to	the	control	group.

Conclusion:	As	a	result,	it	was	evaluated	that	low	iron,	total	
cholesterol,	HDL	and	albumin	levels	may	indicate	to	local	and	
systemic	inflammation	in	calves.
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Introduction

Calf	diseases	have	a	major	impact	on	the	economic	viability	
of	cattle	operations,	due	to	the	direct	costs	of	calf	losses	and	
treatment	and	 long-term	effects	on	performance	 (Donovan	
et	al	1998,	Lorenz	et	al	2011).	The	most	common	causes	of	
morbidity	and	mortality	in	the	calves	are	diarrhea	and,	less	
frequently,	 pneumonia	 (Astiz	 et	 al	 2018).	Diseases	 such	 as	
arthritis	 and	omphalitis	 are	 also	 responsible	 for	morbidity	
and	mortality	(Bozukluhan	et	al	2017,	Constable	et	al	2017).	
Studies	are	underway	to	prevent	morbidity	and	mortality,	to	
identify	diseases	and	to	determine	pathogenesis	during	this	
period.	

Biomarkers	 are	 used	 for	 the	 early	 detection	 of	 diseases	 in	
humans	and	animals	and	also	for	the	evaluation	of	progno-
sis	(Basoglu	et	al	2014,	Aygun	and	Yildiz	2018,	Basoglu	at	al	
2018,	Yıldız	et	al	2018).	Among	these	biomarkers,	iron	(Fe)	
metabolism	and	changes	in	lipid	profile	are	also	important.	It	
has	been	reported	that	in	different	inflammatory	processes,	
significant	reductions	in	Fe	levels	were	reported	in	humans	
(Srinivas	et	al	1988,	Sipahi	et	al	2004),	calves	(Aydoğdu	et	al	
2018)	and	dogs	(Torrente	et	al	2015).	Endotoxemia	 is	also	
reported	 to	 cause	 negative	 mineral	 balance	 (reduction	 in	
iron	and	zinc	levels).	As	a	part	of	the	acute	phase	response,	
the	minerals	help	 to	clear	 the	body's	bacteria	 in	 the	bacte-
rial	invasion.	In	the	acute	phase	response,	there	is	a	decrease	
in	 serum	 iron	 concentration	 during	 fever	 (Constable	 et	 al	
2017).	In	humans	(Barati	et	al	2011)	and	animals	(Civelek	et	
al	2007,	Bozukluhan	et	al	2017,	Aydogdu	et	al	2018),	infec-
tion	and	 inflammation	have	been	reported	to	cause	signifi-
cant	changes	in	plasma	lipid	and	lipoprotein	concentration,	
composition,	and	function.	Many	of	these	changes	have	been	
shown	to	be	induced	by	cytokines	released	during	infections	
and	inflammations	(Lekkou	et	al	2014).	Circulating	lipopro-
teins	 play	 a	 very	 important	 role	 in	 the	 pathophysiology	 of	
infectious	diseases.	In	most	studies	in	human	patients	with	
infection	and	inflammation	have	reported	decreased	serum	
levels	of	TC,	HDL	and	low-density	lipoprotein	(LDL),	and	in-
creased	triglyceride	(TG).	It	was	also	stated	that	these	chang-
es	were	independent	of	the	underlying	disease	or	infectious	
agents	(Alvarez	and	Ramos	1986,	Barati	et	al	2011,	Fitrolaki	
et	al	2016,	Bermudes	et	al	2017).	Although	there	are	studies	
on	Fe	and	lipid	metabolism	in	some	infections	in	the	calves,	
there	are	no	studies	that	are	evaluated	together	in	different	
types	of	infections.

In	this	study,	we	aimed	to	evaluate	whether	it	has	any	role	of	
serum	Fe	level	and	lipid	profile	in	the	pathogenesis	of	local	or	
systemic	inflammation	in	calves.

Material	and	Methods

In	 this	study,	a	 total	of	56	calves,	39	sick	calves	(2-60	days	
old)	with	different	infections	and	17	healthy	calves	(7-60	
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days	old)	 in	different	 races	 and	genders	were	used	as	 ani-
mal	material	brought	to	for	the	examining	and	treatment	to	
Sivas	Cumhuriyet	University	Faculty	of	Veterinary	Medicine	
Animal	Hospital.	For	control	purposes,	the	calves	were	obta-
ined	from	several	different	cattle	farms	from	the	same	area.	
The	control	group	was	included	in	the	study	of	those	who	did	
not	have	any	infectious	/	inflammatory	condition	by	making	
health	checks	on	the	animals.	The	sick	calves	were	divided	
into	two	groups	as	local	(8	omphalitis	and	11	arthritis)	and	
systemic	(10	enteritis	and	10	pneumonia)	inflammation.	The	
calves	with	more	than	one	different	infection	were	not	inclu-
ded	in	the	study.		

After	the	clinical	examination	of	all	the	calves	was	done,	8	ml	
of	blood	was	taken	from	vena	 jugularis	to	without	anticoa-
gulant	tubes	for	blood	analysis.	Blood	samples	were	kept	at	
room	 temperature	and	allowed	 to	 clot,	 then	 centrifuged	at	
5000	rpm	for	5	min	to	remove	the	serum	and	stored	at	-80	
°C	until	analyzed.	The	concentrations	of	Fe,	unsaturated	iron	
binding	capacity	(UIBC),	total	 iron	binding	capacity	(TIBC),	
TC,	HDL,	LDL,	TG,	very	low	density	lipoprotein	(VLDL),	urea,	
creatinine	 and	 albumin	 in	 serum	of	 the	 calves	were	deter-
mined	with	an	auto	analyzer	(XL-1000,	Erba	Lachema,	Brno,	
Czech	Republic)	using	commercial	kits.

Statistics analysis

The	data	were	presented	as	mean	and	the	standard	error	of	
mean.	Kolmogrov-Smirnov	test	was	performed	to	determine	
the	normal	distribution	of	data.	Differences	between	the	gro-
ups	were	determined	by	one-way	ANOVA	and	Tukey	test	for	
variables	with	a	normal	distribution	(UIBC,	TIBC,	total	cho-
lesterol,	HDL,	LDL	and	albumin)	whilst	for	variables	that	do	
not	show	normal	distribution	(Iron,	triglyceride,	VLDL,	urea	
and	creatinine)	were	analyzed	with	Kruskal	Wallis.	P	<0.05	
was	 considered	 statistically	 significant.	 Statistical	 analyses	
were	determined	using	the	SPSS	software	program.

Results

All	of	the	calves	involved	in	the	study	were	≤60	days	old	and	
had	not	been	pre-weaned.	In	the	calves	with	arthritis,	typical	
clinical	signs	such	as	lameness	in	varying	degrees,	the	pain	in	
palpation	and	manipulation	of	the	relevant	joint,	local	tem-
perature	 increase,	 joint	 swelling	 and	 sensitivity	 at	 varying	
levels	and	decreased	appetite,	weakness	and	fever	in	a	few	
cases	were	determined.	Depending	of	the	severity	of	the	la-
meness,	animal’s	 stance	was	changed.	 In	radiologically,	 the	
opacity	increase	and	joint	tension	due	to	increased	purulen-
ce	or	increased	purulence	with	gas	in	certain	cases	were	de-
tected.	In	radiological	examination,	the	articular	destruction,	
intraarticular	narrowing	and	degeneration	on	 joint	 surface	
in	some	cases	were	determined.	

Aydogdu	and	YurdakulIron	and	lipids	levels	in	calves
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In	the	calves	with	omphalitis,	in	clinically	examination,	the-
re	was	swelling,	pain,	redness	and	increased	temperature	in	
the	um	bilicus	of	calves	with	omphalitis.	It	was	also	seen	that	
some	cases	were	 fistulized.	 In	 cases	where	 lesions	 such	as	
omphalitis	and	omphalophilebitis	were	together	 inflamma-
tory	signs	such	as	pain	and	temperature	were	also	seen.	In	
the	calves	with	enteritis,	diarrhea	continuing	1-4	days,	dehy-
dration,	absence	or	decrease	 in	suckling	reflex,	depression,	
weakness,	hypothermia,	 standing	difficulty	or	 sternal	posi-
tion	were	observed.	 It	was	observed	 that	 the	diarrhea	was	
watery,	malodorous	and	bloody	in	some	calves.	In	the	calves	
with	pneumonia,	tachypnea,	dyspnea,	the	trachea	and	larynx	
are	 susceptible,	 cough	 and	 mucous	 and/or	 mucopurulent	
nasal	discharge,	absence	of	suction	reflex	and	fever	were	ob-
served.

Changes	 in	 iron	metabolism,	 lipid	 profile	 and	 biochemical	
parameters	of	 calves	with	 local	and	systemic	 inflammation	
and	healthy	calves	are	given	in	Table	1.	Serum	iron,	total	cho-
lesterol,	HDL	and	albumin	levels	were	significantly	(p	<0.05)	
lower	in	calves	with	local	and	systemic	inflammation	compa-
red	to	the	control	group.	In	addition,	albumin	level	was	sig-
nificantly	(p	<0.05)	lower	in	calves	with	local	inflammation	
compared	to	calves	with	systemic	inflammation.	Serum	urea	
and	creatinine	 levels	were	significantly	 (p	<0.05)	higher	 in	
the	calves	with	systemic	inflammation	compared	to	the	cont-
rol	group.	

Discussion

Various	 diseases,	 such	 as	 omphalitis,	 arthritis,	 pneumonia	
and	enteritis,	that	cause	inflammation	are	frequently	obser-
ved	 in	 the	 calves.	 Among	 these	 diseases	 diarrhea,	 particu-
larly	 in	the	neonatal	period,	 is	much	more	frequently	conf-
ronted	than	other	diseases.	These	 illnesses	are	responsible	
for	serious	economic	losses,	causing	morbidity	and	mortality	
(Lorenz	et	 al	2011,	Bozukluhan	et	 al	2017,	Constable	et	 al	
2017,	Astiz	et	al	2018).	Studies	on	the	prevention,	pathoge-
nesis	and	treatment	of	these	diseases	are	continuing	and	ef-
forts	are	being	made	to	minimize	these	economic	losses	by	
minimizing	morbidity	and	mortality.

Inflammatory	 clinical	 conditions	 affect	 the	 lipid	 profile.	 In	
human	patients	with	sepsis	and	SIRS,	an	 increase	 in	TG	 le-
vels	and	a	decrease	in	TC,	HDL	and	LDL	levels	are	observed.	
These	changes	in	the	lipid	profile	during	infection	are	most	
evident	in	the	first	72	h	(Alvarez	and	Ramos	1986,	Barati	et	al	
2011,	Cherayil	2011).	Many	studies	in	human	patients	with	
infection	have	reported	decreased	serum	 levels	of	TC,	HDL	
and	LDL,	and	increased	TG.	These	changes	were	reported	to	
be	 independent	 of	 underlying	 disease	 or	 infectious	 agents	
(Fitrolaki	 et	 al	 2013,	 Fitrolaki	 et	 al	 2016,	 Bermudes	 et	 al	
2017).	 It	has	been	reported	 that	diarrhoea	 (Bozukluhan	et	
al	2017),	pneumonia	(Joshi	et	al	2015)	and	sepsis	(Aydogdu	
et	al	2018)	have	been	shown	to	significantly	reduce	TC,	HDL	
and	LDL	levels	in	calves.	

Aydogdu	and	YurdakulIron	and	lipids	levels	in	calves

Table	1.	Changes	in	iron	metabolism,	lipid	profile	and	biochemical	parameters	in	the	calves	with	local	inflammation,	
systemic	inflammation	and	healthy	(Mean±SEM)

Parameters Systemic	inflammation
n=20

Local	inflammation	n=19 Control	
group
n=17

Iron	(µg/dl) 72,53±7,25b 65,25±4,56b 141,82±12,57a

UIBC	(µg/dl) 405,45±34,68 390,24±25,91 335,69±24,66

TIBC	(µg/dl) 478,06±30,85 455,61±26,66 477,65±22,71

Total	cholesterol	(mg/dl) 43,55±3,67b 58,76±5,90b 82,47±5,12a

HDL	(mg/dl) 31,99±2,48b 41,00±4,37b 60,08±3,60a

LDL	(mg/dl) 10,42±1,75 11,00±1,97 15,67±1,86

Triglyceride	(mg/dl)	 16,06±2,66 29,06±5,60 31,24±4,62

VLDL	(mg/dl) 3,40±0,55 5,68±1,09 6,18±0,91

Urea	(mg/dl) 108,77±21,35a 26,29±3,67b 14,26±0,63b

Creatinine	(mg/dl) 2,18±0,36a 0,94±0,05b 1,06±0,03b

Albumin	(g/dl) 2,56±0,08b 2,26±0,05c 2,82±0,03a

UIBC:	unsaturated	iron	binding	capacity,	TIBC:	total	iron	binding	capacity,	HDL:	high-density	lipoprotein,	LDL:	low-density	lipoprotein,	VLDL:	very	low	
density	lipoproteins	Different	letters	in	the	same	rows	(a-c)	are	statistically	significant	(p	<	0.05).	
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El-Bahr	 and	El-Deeb	 (2013)	 also	 reported	 that	pneumonia	
causes	 low	TC,	HDL	and	LDL	levels	 in	water	buffalo	calves,	
and	 that	 these	parameters	may	be	biomarkers	 that	 can	be	
used	 in	 the	 diagnosis	 of	 bronchopneumonia.	 Nassaji	 and	
Ghorbani	(2012)	reported	that	acute	bacterial	infections	are	
associated	with	low	TC	and	HDL	levels	and	that	plasma	lipid	
levels	may	 serve	 as	 a	marker	 of	 acute	 bacterial	 infections.	
In	this	study,	serum	TC	and	HDL	levels	were	significantly	(p	
<0.05)	 lower	 in	 calves	with	 local	 and	 systemic	 inflammati-
on	compared	to	the	control	group.	In	addition,	TC	and	HDL	
levels	of	the	calves	with	systemic	inflammation	were	lower	
than	 the	 calves	 with	 local	 inflammation,	 but	 no	 statistical	
difference	was	detected.	The	 findings	 of	 the	 study	 confirm	
the	studies	showing	that	TC	and	HDL	levels	decrease	in	case	
of	inflammation.	The	present	study	showed	that	low	TC	and	
HDL	levels	may	be	indicative	of	both	local	and	systemic	inf-
lammation	in	calves.	Pathological	changes	during	the	course	
of	local	or	systemic	inflammatory	process	appear	to	affect	TC	
and	HDL	levels	at	different	levels.	This	may	be	related	to	the	
effects	of	systemic	inflammation	on	other	tissue/organs	(Ay-
dogdu	et	al	2018,	Aygun	and	Yildiz	2018,	Yıldız	et	al	2018)	
and	 energy	metabolism	 (Basoglu	 et	 al.	 2014,	Basoglu	 et	 al	
2018).

Iron	metabolism	 is	 also	 affected	 by	 acute	 phase	 reactions.	
Plasma	or	serum	Fe	concentrations	decrease	as	part	of	 the	
acute	phase	 response	 (Constable	 et	 al	 2017).	The	 increase	
in	 Fe-binding	 plasma	 proteins	 such	 as	 lactoferrin	 and	 the	
increase	in	Fe	uptake	of	macrophages	decrease	plasma	free	
Fe	 concentration	 and	 inhibit	 bacterial	 growth	 (Castellheim	
et	al	2009).	It	has	been	reported	that	there	is	a	decrease	in	Fe	
level	in	acute	infected	humans	and	this	decrease	is	observed	
from	the	first	day	(Srinivas	et	al	1988,	Sipahi	et	al	2004).	It	
is	also	stated	 that	Fe	 levels	decrease	 in	human	with	sepsis	
and	 SIRS	 and	 it	may	be	useful	 to	monitor	 Fe	 levels	 in	 the-
se	 patients	 (Shanbhogue	 and	 Paterson	 1990,	 Ayoglu	 et	 al	
2016		).	Aydoğdu	et	al	(2018)	reported	that	serum	Fe	levels	
significantly	 decreased	 in	 calves	with	 SIRS	 and	 that	 serum	
Fe	levels	could	be	a	useful	parameter	in	determining	the	inf-
lammatory	response.	Baydar	and	Dabak	(2014)	stated	that	
serum	Fe	levels	in	cattle	with	reticuloperitonitis	traumatica	
and	mastitis	could	be	a	useful	parameter	for	determining	of	
the	 inflammation.	A	significant	decrease	 in	serum	Fe	 levels	
has	 been	 reported	 in	 horses	 in	 response	 to	 intra-articular	
lipopolysaccharide	 injection	 (Andreassen	 et	 al	 2017).	 Tor-
rente	et	al	 (2015)	reported	that	plasma	 iron	concentration	
was	significantly	lower	in	dogs	with	systemic	inflammation	
compared	to	dogs	with	both	healthy	and	local	inflammation	
and	hypoferremia	in	dogs	is	a	sensitive	marker	of	systemic	
inflammation.	In	this	study,	serum	Fe	level	was	significantly	
(p	<0.05)	lower	in	calves	with	local	and	systemic	inflamma-
tion	compared	to	the	control	group.	However,	there	was	no	
difference	in	serum	Fe	level	in	calves	with	local	and	systemic	
inflammation.	The	results	of	our	study	were	found	not	to	be	
similar	to	Torrente	et	al	(2015).	In	this	study,	unlike	Torrente	

et	al	(2015),	it	has	been	determined	that	low	serum	Fe	con-
centration	can	indicate	both	local	and	systemic	inflammati-
on	in	calves.	

Acute	 phase	 response	 is	 a	 series	 of	 physiological	 changes	
that	occur	in	response	to	stimuli	such	as	trauma,	infection,	
malignancy	and	 immunological	disorders.	The	acute	phase	
response	is	initiated	and	coordinated	by	cytokines	(Eckersall	
and	Bell	2010,	Jain	et	al	2011,	Kırbas	et	al	2019).	Albumin	is	
a	negative	acute	phase	protein	and	its	concentration	decre-
ases	by	more	than	25%	during	the	 inflammatory	response	
(Schmidt	and	Eckersall	2015).	 It	 is	stated	that	 in	dogs	and	
cats,	reduced	albumin	levels	in	the	event	of	inflammation	or	
infection	may	provide	an	estimate	of	the	acute	phase	reacti-
on	(Ceron	et	al	2005).	Torrente	et	al	(2015)	reported	that	the	
plasma	albumin	concentration	in	dogs	with	SIRS	was	inver-
sely	corralated	to	the	severity	of	inflammation.	Despite	the	
fact	that	the	albumin	is	now	easy	and	cheap	to	measure,	 it	
has	low	clinical	value	in	the	diagnosis	and	monitoring	of	inf-
lammation	(Ceron	et	al	2005).	In	this	study,	serum	albumin	
level	was	 significantly	 (p	<0.05)	 lower	 in	 calves	with	 local	
and	systemic	inflammation	compared	to	the	control	group.	
In	 addition,	 interestingly,	 the	 albumin	 level	 of	 calves	with	
local	 inflammation	was	 lower	 than	 that	 of	 the	 calves	with	
systemic	inflammation.	This	may	be	due	to	the	fact	that	half	
of	the	calves	with	systemic	inflammation	are	diarrhea	calves.		
Because,	albumin	levels	higher	than	the	value	that	should	be	
measured	due	to	dehydration	in	calves	with	diarrhea	can	be	
determined	(Guzelbektes	et	al	2007).	Although	low	albumin	
level	may	to	indicate	inflammation,	its	diagnostic	value	is	qu-
estionable	due	to	its	low	clinical	value.		

Multiple	 organ	 failure	 can	 be	 observed	 during	 the	 course	
of	systemic	 inflammation	such	as	sepsis	and	this	may	cau-
se	deaths	(Gupta	and	Jonas	2006).	It	has	been	reported	that	
high	serum	urea	nitrogen	concentrations	are	also	observed	
in	acute	endotoxemia	and	this	increase	is	a	reflection	of	the	
decrease	in	glomerular	filtration	(Constable	et	al	2017).	Ay-
dogdu	et	al	(2018)	also	found	that	serum	urea	nitrogen	and	
creatinine	levels	significantly	increased	in	calves	with	sepsis	
compared	to	healthy	ones.	In	this	study,	serum	urea	and	cre-
atinine	levels	were	found	to	be	significantly	(p	<0.05)	higher	
in	 the	 calves	with	 systemic	 inflammation	 compared	 to	 the	
control	 group,	 but	 no	 difference	was	 found	 in	 calves	with	
local	 inflammation.	 This	 increase	 in	 calves	 with	 systemic	
inflammation	may	possibly	be	associated	with	a	decrease	in	
glomerular	filtration.	In	addition,	our	study	results	showed	
that	it	may	be	beneficial	to	evaluate	renal	functions	during	
systemic	inflammation	in	calves.

Conclusion

In	conclusion,	it	was	determined	that	local	and	systemic	inf-
lammation	in	calves	caused	a	decrease	in	serum	Fe,	TC,	HDL	
and	albumin	 levels.	 	Furthermore,	 the	results	of	 this	study	
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show	that	serum	Fe,	TC	and	HDL	concentrations	may	be	app-
ropriate	tests	to	detect	the	inflammatory	response	in	calves.		
It	has	been	also	observed	that	changes	in	Fe	metabolism	and	
lipid	profile	may	play	an	important	role	in	the	pathophysio-
logy	of	diseases	and	require	different	advanced	studies.
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