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Öz

Amaç:	 Bu	 çalışmada,	 akrilamid	 (AA)	kaynaklı	 hepatotoksisite	üzerine	kar-

vakrolün	 (CRV)	 rat	 karaciğeri	 üzerine	 koruyucu	 etkilerinin	 araştırılması	

amaçlanmıştır.

Gereç ve Yöntem:	 Çalışmada	 toplam	30	 adet	Wistar	Albino	 rat	 kullanıldı.	

Ratlar;	Kontrol	 (n:6),	CRV	 (n:8,	50	mg/kg/gün	karvakrol,	 i.p	 ),	AA	 (n:8,	40	

mg/kg/gün	akrilamid,	gavaj)	ve	AA+CRV	(n:8,	40	mg/kg/gün	akrilamid,	ga-

vaj	+	50	mg/kg/gün	karvakrol	 i.p)	olmak	üzere	4	gruba	ayrıldı.	15	günlük	

deneysel	çalışmanın	ardından	anestezi	altında	kan	örnekleri	alınan	hayvan-

lara	ötanazi	uygulanarak	nekropsileri	yapıldı.	 Serum	örneklerine	karaciğer	

fonksiyon	 testleri	 uygulandı.	 Aynı	 zamanda	 histolojik	 analiz,	 skorlama	 ve	

hematoksilen-eozin	boyama	için	karaciğer	dokuları	%10'luk	formaldehit	so-

lüsyonunda	tespit	edildi.

Bulgular:	Mikroskobik	incelemede;	AA’nın	hidropik	dejenerasyon,	yağlanma,	

nekroz/apoptoz,	safra	kanalı	proliferasyonu,	dissosiasyon,	konjesyon,	mega-

lositozis	ve	mononükleer	hücre	infiltrasyonlarına	neden	olduğu	tespit	edildi.	

Buna	paralel	olarak	ALT,	AST	ve	ALP	düzeylerinde	AA	kaynaklı	artışlar	tespit	

edildi.	Diyete	CRV	eklenmesiyle	histolojik	yapı	ve	karaciğer	fonksiyon	testleri	

önemli	ölçüde	 iyileşti.	Bu	bulgular,	CRV’nin	AA’nın	neden	olduğu	karaciğer	

hasarını	iyileştirerek	hepatoprotektif	etkiye	sahip	olduğunu	ortaya	koydu.

Öneri:	Bu	çalışma	CRV'nin	AA	kaynaklı	karaciğer	hasarını	hafiflettiğini	gös-

terdi.	Karaciğer	hasarını	önleyici	etkisinin	antioksidan	özelliğinden	kaynak-

landığı	düşünülmektedir.	Ancak	spesifik	mekanizmanın	moleküler	düzeyde	

belirlenmesi	 ve	 terapötik	 yönetim	 önerilerinin	 sunulması	 için	 daha	 fazla	

araştırmaya	ihtiyaç	vardır.

Anahtar kelimeler:	Antioksidan,	karaciğer,	kekik,	hepatoprotektif,	oksidatif	

stres, 

Abstract

Aim:	This	study	aimed	to	investigate	the	protective	effects	of	carvacrol	(CRV)	

on	rat	liver	against	acrylamide	(AA)-induced	hepatotoxicity.

Materials and Methods:	A	 total	of	30	Wistar	Albino	 rats	were	used	 in	 the	

study.	Rats	were	divided	 into	4	groups:	Control	 (n:6),	CRV	(n:8,	50	mg/kg/

day	carvacrol,	i.p),	AA	(n:8,	40	mg/kg/day	acrylamide,	gavage)	and	AA+CRV	

(n:8,	 40	 mg/kg/day	 acrylamide,	 gavage	 +	 50	 mg/kg/day	 carvacrol	 i.p).	

At	 the	end	of	 the	15-day	study	period,	 the	 rats,	whose	blood	samples	were	

taken	 under	 anesthesia,	 were	 euthanized	 and	 necropsied.	 Liver	 function	

tests	were	examined	from	serums.	At	the	same	time	for	histological	analysis,	

scoring,	and	hematoxylin-eosin	staining,	liver	tissues	were	preserved	in	10%	

formaldehyde	solution.

Results:	 In	 microscopic	 examination,	 it	 was	 determined	 that	 AA	 causes	

hydropic/vacuolar	 degeneration,	 fatty	 changes,	 necrosis/apoptosis,	 bile	

duct	 proliferation,	 hepatic	 cord	 dissociation,	 congestion,	megalocytosis	 and	

mononuclear	 cell	 infiltration.	 Parallelly,	 AA	 raised	 the	 levels	 of	 ALP,	 AST,	

and	 ALT.	 The	 inclusion	 of	 CRV	 to	 the	 diet	 improved	 histological	 structure	

and	 liver	 function	 tests	 considerably.	 These	 results	 show	 that	 CRV	 has	 a	

hepatoprotective	effect	by	reducing	AA-induced	liver	damage.

Conclusion:	This	study	showed	that	CRV	attenuated	AA-induced	liver	injury.	

It	 is	 considered	 that	 its	 preventive	 effect	 against	 liver	damage	 is	 due	 to	 its	

antioxidant	properties.	However,	more	research	is	needed	to	determine	the	

specific	mechanism	at	the	molecular	level	and	offer	therapeutic	management	

suggestions.
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Introduction

Acrylamide	(AA)	is	an	odorless,	white,	crystalline	compound	
with	 a	 polar	 structure,	 readily	 soluble	 in	 water,	 ether,	
chloroform,	ethanol,	and	methanol	(Posta	2021).	AA	exhibits	
carcinogenic	and	mutagenic	effects	(Öztürk	2023).	Although	
it	 is	 a	 synthetic	 compound	 that	 has	 been	 used	 in	 various	
industrial	 areas	 (water	 treatment,	 textile	 and	 cosmetic	
industries,	 etc.)	 since	 1950,	 it	 is	 also	 a	 compound	 formed	
during	 the	 cooking	 stages	 of	 foods	 (Koszucka	 et	 al	 2020,	
Pekmez	2020).	AA	emerges	as	a	byproduct	of	 the	Maillard	
reaction,	 a	 chemical	 process	 occurring	 in	 carbohydrate-
rich	 foods	 cooked	 at	 high	 temperatures	 	 (Kowalska	 et	 al	
2017).	 The	most	 important	 sources	 of	 exposure	 to	AA	 are	
foods	 and	 drinking	water	 (Svensson	 et	 al	 2003, Bušová	 et	
al  2020, Hatipoğlu	 et	 al	 2023).	 Cigarette	 smoke	 contains	
it	 as	 well	 (Mojska	 et	 al	 2016).	 AA	 is	 taken	 into	 through	
skin,	 respiration	 and	 digestion	 and	 spreads	 to	 all	 tissues,	
especially	the	liver.	While	most	of	AA	(90%)	is	metabolized,	
the	remaining	part	is	excreted	in	the	urine	(Semla	et	al	2017,	
Kopanska	 et	 al	 2018, Mollakhalili-Meybodi	 et	 al	 2021).	
Recognized	 as	 a	 carcinogenic	 substance	 for	 human	 health	
by	the	International	Agency	for	Research	on	Cancer	(IARC)	
in	1994,	AA	is	released	during	cooking	and	frying	processes	
(Powers	et	al	2013).	

The	 liver,	 responsible	 for	 detoxifying	 chemicals,	 alcohol,	
and	drugs,	plays	a	crucial	role	in	AA	metabolism.	AA	can	be	
directly	metabolized	by	glutathione	in	the	liver	or	converted	
to	 glycidamide	 (GA),	 the	 epoxide	 form	 of	 AA,	 through	 the	
cytochrome	P-450	CYP2E1	enzyme	system.	Subsequently,	GA	
is	enzymatically	metabolized	by	glutathione	(GSH)	(Paulsson	
et al 2005, Kwolek-	Mirek	 et	 al	 2011).	 AA	 toxications	 are	
caused	by	this	epoxide	form	GA,	which	is	formed	as	a	result	
of	 its	 metabolism	 (Kim	 et	 al	 2015).	 Approximately	 6%	 of	
AA	 taken	 into	 the	body	 is	 converted	 to	GA	(Koszucka	et	al	
2020).	AA	detoxification	reduces	glutathione	(GSH),	SOD	and	
peroxidase	activities.	 It	 also	 increases	 the	amount	of	MDA,	
which	 is	 an	 indicator	 of	 lipid	 peroxidation	 level	 and	 liver	
damage	 (Allam	 et	 al	 2010, Abdel-Daim	 et	 al	 2020).	 Thus,	
AA	 induces	 oxidative	 stress	 and	 causes	 cytotoxicity	 (Nan	
et	al	2021).	AA	and	 its	derivatives,	having	a	short	half-life,	
are	mostly	excreted	through	urine	(Öztürk	2023).	AA,	with	
its	 increasing	 use	 in	 many	 industrial	 sectors,	 has	 drawn	
attention	as	a	carcinogenic,	neurotoxic,	and	reproductively	
toxic	 chemical	 to	 which	 humans	 are	 exposed.	 Despite	 the	
well-understood	metabolism	of	AA,	its	complete	toxic	effects	
on	the	liver	remain	elusive.

In	 an	 era	 witnessing	 an	 escalation	 in	 exposure	 to	 toxic	
substances,	 resulting	 in	 an	 upswing	 in	 organ	 failures,	
various	 therapeutic	 strategies	 have	 been	 developed	 to	
mitigate	the	side	effects	of	toxic	agents	like	AA.	Researchers	
have	 conducted	 studies	 using	 protective	 compounds	
such	 as	 thymoquinone,	 resveratrol,	 curcumin,	 crocin,	 and	

N-acetylcysteine,	 reporting	 positive	 outcome	 (Altinoz	 et	 al	
2015, Gedik	et	al	2017,	Ranjini	and	Manonmani	2019, Sun 
et al 2020, Ghonim	 2023).	 CRV	 is	 a	 phenolic	 compound	
found	in	thyme	oil	that	is	soluble	in	solvents	such	as	ethanol	
and	 acetone.	 CRV,	 which	 is	 used	 as	 a	 preservative	 in	 the	
food	 industry,	 has	 antioxidant,	 antibacterial,	 antiviral,	 and	
antitumoral	activities	(Sharifi-Rad	et	al	2018).	This	current	
study	aims	to	pathologically	assess	the	effects	of	CRV,	with	its	
numerous	positive	attributes,	on	AA-induced	hepatotoxicity.

Material and Methods

Animals	and	ethics	statement

Thirty	healthy	adult	Wistar	Albino	rats	weighing	250-300	g 
were	used	in	the	investigation.	The	experiment	terminated	
15	days.	All	experimental	protocols	 followed	the	European	
Economic	Community	Directives	on	animal	welfare	(86/609/
CEE	and	2010/63/EU).	During	the	study,	rats	were	housed	
in	cages	with	a	12-hour	day	and	12-hour	night	light	cycle,	a	
temperature	of	22±2	°C	in	the	room	and	50±10%	humidity.	

Experimental	design

The	study	included	30	Wistar	Albino	rats	in	total.	There	were	
four	groups	of	rats:		Control	(n:6),	CRV	(n:8,	50	mg/kg/day	
carvacrol,	 i.p),	AA	 (n:8,	40	mg/kg/day	acrylamide,	gavage)	
and	 AA+CRV	 (n:8,	 40	mg/kg/day	 acrylamide,	 gavage	 +	 50	
mg/kg/day	carvacrol	 i.p).	During	the	experiment,	standard	
rat	 food	 and	 drinking	 water	 were	 given	 ad	 libitum.	 After	
the	 15-day	 experiment,	 all	 animals	 were	 euthanized	 and	
necropsied	under	sedation	(10mg/kg	xylazine	and	90	mg/kg	
ketamine)	following	the	determination	of	their	body	weights.	
The	 blood	 was	 collected	 in	 serum	 (BD	 Vacutainer	 SSTTM	
IIAdvance-367953)	 tubes	and	centrifuged	at	4500	rpm	 for	
10	min	at	+4°C	(Hettich	Universal	32R).	Serum	samples	were	
stored	at	-80	°C	in	Eppendorf	tubes	until	analysis.

Measurement	of	Liver	Function	Test	(LFT)	Enzyme	Activities

To	 examine	 AA-induced	 liver	 toxicity	 and	 the	
hepatoprotective	effects	of	CRV,	some	necessary	LFT	enzyme	
analyzes	were	performed	in	serum.	The	standard	protocol	of	
Reitman	and	Frankel	(1957)	was	used	to	measure	aspartate	
aminotransferase	(AST)	and	alanine	aminotransferase	(ALT)	
activity.	Alkaline	phosphatase	(ALP)	activity	was	measured	
with	the	Wenk	and	Fernandis	(2007)	protocol.	AST,	ALT,	and	
ALP	activity	were	given	in	IU/mL	serum.	

Relative	liver	weight

The	 rats	 were	 euthanized	 after	 their	 live	 weights	 were	
weighed.	 Then	 liver	 samples	 dissected	 and	 weighed.	 The	
formula	 was	 used	 to	 find	 the	 relative	 liver	 weights;	 Liver	
weight	x	100	/	body	weight	(Ates	et	al	2022).	
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Macroscopic	and	histopathological	examination

Macroscopic	examination	of	 liver	samples	was	carried	out.	
Livers	 after	 macroscopic	 examination	 were	 fixed	 in	 10%	
formaldehyde	 solution	 for	 24	 hours.	 In	 order	 to	 get	 rid	 of	
the	 fixation	 solution,	 tissues	were	 rinsed	 under	 tap	water	
for	 12	 hours.	 Routine	 tissues	 processing	 procedure	 were	
performed	on	a	device	(LeicaTP1050).	Then,	5-micron	thick	
sections	were	cut	from	the	paraffin-embedded	tissues	with	
a	 microtome	 (Leica	 RM2120).	 The	 sections	 were	 stained	
with	hematoxylin-eosin,	which	is	a	routine	staining	method,	
and	 examined	 under	 a	 light	 microscope	 (Olympus	 BX51,	
Tokyo,	 Japan).	 Hydropic/vacuolar	 degeneration,	 necrosis/
apoptosis,	 bile	 duct	 hyperplasia	 (BDH),	 hepatic	 cord	
dissociation	(HCD),	congestion,	Kupffer	cell	activation	(KCA),	
karyomegaly	 and	mononuclear	 cell	 infiltration	 (MCI)	 in	 at	
least	five	distinc	areas	were	examined	through	a	microscope.	
The	severity	and	frequency	of	findings	(0):	no	lesion,	(1):	1-25	
percent,	(2)	26-50	percent,	(3):	51-75	percent	and	(4):	76-
100	percent	(Ateş	and	Hatipoğlu	2022).	After	summing	the	
total	liver	lesion	score	was	determined	using	the	numerical	
values	attributed	to	degenerative	findings.	

Statistics analysis

The	numerical	 values	 obtained	 as	 a	 result	 of	 scoring	were	
analyzed	 in	 the	 IBM	 SPSS	 Statistics	 22	 program.	 The	
Shapiro-Wilk	 test	 was	 used	 to	 examine	 whether	 the	 data	
was	normally	distributed,	and	the	homogeneity	of	the	data	
was	 checked	with	 Levene's	 test.	 One	Way	Anova	 and	 post	
hoc	Duncan	test	were	applied	to	the	data	that	were	found	to	
comply	with	normal	distribution.	The	results	were	given	as	
mean	±	standard	error	of	the	mean,	with	P<0.05	indicating	
significance.

Results

Measurement	of	Liver	Function	Test	(LFT)	Enzyme	Activities

According	 to	 the	 results	of	 this	 study,	 it	was	assigned	 that	
AA	caused	hepatotoxicity	by	causing	a	significant	increase	in	
liver	enzyme	levels	(ALT,	AST	and	ALP).	On	the	other	hand,	
CRV,	whose	therapeutic	efficacy	was	analysed,	was	observed	
to	reduce	the	increase	in	these	enzyme	levels	and	promote	
the	protective	activity	of	the	liver	(Figure	1).	

Relative	liver	weights

Table	 1	 indicates	 the	 relative	 liver	weights	 determined	by	
proportioning	 the	 %	 live	 weights	 of	 the	 replicates	 in	 the	
groups.	 According	 to	 these	 data,	 a	 substantial	 increase	 in	
liver	weights	was	 detected	 in	 the	 AA	 and	 AA+CRV	 groups	
compared	 to	 the	 control	 group	 (P<0.05).	 No	 statistical	
difference	was	observed	between	the	control	group	and	CRV	
group	(P>0.05).

Macroscopic	and	histopathological	findings	

Degenerative	 changes	 were	 observed	 in	 the	 livers	 of	 the	
AA	 and	 AA+CRV	 groups,	 characterized	 by	 enlargement,	
blunting	of	the	edges,	and	a	dull	grayish	brown	appearance.	
No	macroscopic	changes	were	found	in	the	control	and	CRV	
groups.	

It	 was	 carried	 out	 for	 each	 case	 in	 terms	 of	 hydropic/
vacuolar	 degeneration,	 fatty	 changes,	 necrosis/apoptosis,	
bile	duct	hyperplasia	(BDH),	hepatic	cord	dissociation	(HCD),	
congestion,	 Kupffer	 cell	 activation	 (KCA),	 megalocystosis	
and	 mononuclear	 cell	 infiltration.	 Then,	 the	 findings	
were	 scored	 separately,	 and	 the	 total	 lesion	 score	 was	
determined	 (Table	 2).	When	 the	 outcomes	were	 analyzed,	
the	histological	structure	was	observed	to	be	normal	in	the	
control	group	(Figure	2A).	Hydropic/vacuolar	degeneration,	
fatty	 changes,	 necrosis/apoptosis,	 HCD,	 congestion,	
megalocytosis,	 KCA	 and	 MCI	 were	 considerably	 increased	
in	 the	 AA	 group	 compared	 to	 the	 control	 group	 (P<0.05).	
The	 degenerative	 and	 necrotic/apoptotic	 changes	 that	
occurred	 were	mostly	 centrilobular	 (Figure	 2B,	 Figure	 3).	
The	concurrent	application	of	acrylamide	with	carvacrol	was	
found	to	significantly	improve	all	parameters,	as	illustrated	
in	Figure	2D.	No	difference	was	 found	 in	 the	groups	given	
CRV	compared	to	the	healthy	control	group	(P>0.05)	(Figure	
2A,C).	

Discussion

Acrylamide,	a	 low	molecular	weight	 toxic	 compound,	 finds	
frequent	use	 in	various	 industries	 (Boyacı	2012).	 It	 is	 also	
formed	 by	 heating	 carbohydrate-rich	 foods	 (Arusoğlu	
2015).	It	enters	the	body	via	digestion,	respiration,	and	the	
skin.	AA,	which	can	be	transmitted	to	the	offspring	through	
the	 placenta	 and	 milk,	 causes	 many	 toxic	 effects	 such	 as	
hepatotoxicity.	The	cause	of	acrylamide	 toxicity	 is	 reactive	
oxygen	species	released	during	its	metabolism.	GA,	released	
as	 a	 result	 of	 metabolism	 with	 cytochrome	 P450	 and	
glutathione,	 is	 more	 dangerous	 than	 AA	 and	 significantly	
increases	 oxidative	 stress	 by	 disrupting	 enzyme	 activity	
(Teodor	 et	 al	 2011, Sayed	 et	 al	 2022).	 In	 this	 study,	 our	
aim	was	to	ascertain	the	protective	effects	of	carvacrol,	the	
active	ingredient	in	thyme,	on	the	liver	in	rats	administered	
acrylamide,	 evaluating	 serum	 biochemical	 parameters	 and	
pathological	 findings,	 including	 relative	 organ	 weight	 and	
histopathology.
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Table	1.	Relative	liver	weights
Groups Relative liver weight 
Control 
AA 
AA+CRV 
CRV 

3,19±0,24a 
4,36±0,15b 
4,04±0,14b 
3,76±0,24a 

 a,b,c Values with different superscripts in the same column indicate that the difference is 
statistically significant (p <0.05, one-way ANOVA post hoc Duncan test).



Liver	 function	 tests	 (LFT),	 crucial	 for	 determining	 serum	
enzyme	 concentrations	 like	 ALT,	 AST,	 and	 ALP,	 play	 a	
pivotal	 role	 in	 liver	 histopathological	 examinations	 and	
hepatotoxicity	assessment	 (Tian	et	al.	2019).	ALT	and	AST	
enzymes,	 the	 most	 critical	 indicators	 of	 hepatocellular	
damage,	 are	 found	 in	 high	 concentrations	 in	 the	 liver.	
Concentrations	 of	 ALT	 and	 AST	 enzymes	 in	 the	 liver	 vary	
regionally.	 AST	 is	 high	 in	 hepatocytes	 located	 in	 the	 3rd	
region	of	the	liver	(periacinar).	ALT	is	higher	in	hepatocytes	
located	 in	 the	 periportal	 area.	 This	 difference	 may	 be	 an	
indicator	of	the	region	where	liver	damage	is	concentrated	
(Rej	1989, Moshtaghie	et	al	2003,	Center	2007, Goorden	et	
al	 2013).	 ALP	 is	 an	 enzyme	 that	 can	 be	 synthesized	 from	
other	tissues,	especially	the	liver	(Kantar	2017).	AST	is	both	
a	 cytosolic	 and	 mitochondrial	 enzyme.	 ALT	 is	 primarily	
found	in	the	cytosol	and	is	most	abundant	in	the	liver	tissue,	
making	it	a	more	specific	indicator	of	liver	damage	(Lott	and	
Wolf	 1986).	 ALP	 is	 found	 in	 the	 canalicular	membrane	 of	
hepatocytes	 (Kaplan	 1986).	 In	 a	 research	 by	Bin-Jumah	 et	
al	(2021),	they	observed	a	significant	increase	in	the	serum	
levels	 of	 ALT,	 AST	 and	 ALP	 enzymes.	 In	 the	 biochemical	
results	of	our	study,	 increases	 in	serum	ALT,	AST	and	ALP	
levels	of	rats	exposed	to	AA	were	observed.	The	reason	for	
this	 was	 thought	 to	 be	 the	 impaired	 membrane	 integrity	
as	 a	 result	 of	 AA-induced	 increased	 ROS	 accumulation	 in	
hepatocytes	affecting	mitochondrial	 energy	metabolism.	 In	
addition,	 CRV,	 whose	 therapeutic	 efficacy	 was	 evaluated,	
was	found	to	reduce	the	increase	observed	in	enzyme	levels	
with	simultaneous	administration	with	AA.	This	result	was	
interpreted	as	protective	activity	of	CRV	against	AA-induced	
liver	damage.	

There	are	studies	reporting	changes	in	relative	liver	weight	
as	a	result	of	AA	exposure	(Banc	et	al	2022, Tomaszewska	
et	al	2022).	 In	our	study,	 increases	 in	 relative	 liver	weight	
were	 also	 detected	 as	 a	 result	 of	 AA	 exposure	 compared	
to	 the	 control	 group.	 It	 was	 thought	 that	 the	 reason	 for	
this	situation		observed	in	the	AA	and	AA+CRV	groups	was	
due	 to	 hydropic	 degeneration,	 steatosis,	 congestion	 and	
mononuclear	cell	infiltration	in	the	liver.

The	 toxic	 effect	 of	 acrylamide	on	 the	 liver	 is	 attributed	 to	
cellular	 damage	 caused	 by	 oxidative	 stress	 resulting	 from	
its	biotransformation	(Zhao	et	al	2015a, Zhang	et	al	2023).	
An	accumulation	of	reactive	oxygen	species	in	hepatocytes	
is	caused	by	AA.	As	a	result	of	 this	accumulation,	 it	causes	
hepatotoxicity	by	reducing	the	release	of	antioxidant	enzymes	
and	 antioxidant	 genes	 (Zhao	 et	 al	 2015b).	 Increased	 ROS	
accumulation	 in	 hepatocytes	 affects	mitochondrial	 energy	
metabolism,	 causing	 hydropic/vacuolar	 degeneration	 and	
necrosis/apoptosis	 (Iwakiri	 2015).	 In	 the	 current	 study,	
it	 was	 interpreted	 that	 the	 observed	 liver	 abnormalities,	
including	 single-cell	 necrosis/apoptosis	 and	 hydropic	
degeneration,	 mostly	 concentrated	 in	 the	 centirolobular	
region,	may	be	caused	by	acrylamide-induced	ROS	increase	
and	DNA	damage	(Besaratinia	and	Pfeifer	2004).

Nan	 et	 al	 (2021)	 reported	 that	 AA	 increased	 Kupffer	 cell	
activation.	Toxic	substances	activate	these	cells,	causing	ROS	
production	and	secretion	of	cytokines	such	as	nitric	oxide	(NO)	
and	 TNF-alpha.	 These	 cytokines	 trigger	 the	 inflammatory	
response	(Wheeler	2003).	Mahmood	et	al	 (2015)	detected	
congestion	 and	mononuclear	 cell	 infiltration	 in	 vessels	 in	
the	sinusoidal	and	portal	sections	in	a	study	evaluating	the	
effects	of	AA	on	the	liver.	In	our	investigation,	we	also	found	
an	 increase	 in	 the	number	of	Kupffer	 cells.	 It	was	 thought	
that	 enhanced	 cytokine	 release	 produced	 mononuclear	
cell	 infiltration	as	a	result	of	 this	 increase	(Mahmood	et	al	
2015).	 It	has	been	reported	 that	AA	causes	dissociation	 in	
Remark	cords	(Zhao	et	al	2020).	Bile	duct	hyperplasia	and	
obstruction	 may	 also	 occur	 as	 a	 result	 of	 hepatotoxicity.	
Chronic	 toxications	 cause	 megalocytosis	 in	 hepatocytes	
(Metin	 1989,	 Greaves	 2012).	 Macro-microvesicular	
steatosis	is	observed	in	hepatocytes	as	a	result	of	exposure	
to	 chemical	 substances	 such	 as	 carbon	 tetrachloride	 and	
orotic	 acid	 (Atasever	 et	 al	 2020).	 Small	 drops	 of	 steatosis	
in	 hepatocytes	 are	 generally	 observed	 in	 acute	 metabolic	
and	toxic	events	(Erer	et	al	2009).	In	our	study,	congestion	
findings	were	 found	 in	 the	 portal	 and	 sinusoidal	 areas.	 It	
was	 determined	 that	 the	 cause	 of	 dissociation	 in	 Remark	
cords	was	 congestion	occurring	 in	 sinusoidal	 areas,	 and	 it	
was	also	observed	that	atrophy	occurred	in	hepatocytes	due	
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Figure	1.	Effect	of	AA	and	CRV	on	Serum	Liver	Function	Test	(LFT)	Enzymes.	Aspartate	transaminase	(AST),	alanine	transaminase	(ALT),	and	alkaline	
phosphatase	(ALP)	values	are	expressed	as	IU/mL	of	rat	serum	samples.



to	the	pressure	resulting	from	congestion.	It	was	postulated	
that	 AA	 provoked	 irritation	 of	 the	 bile	 duct	 surface,	 thus	
triggering	 bile	 duct	 hyperplasia	 as	 a	 defensive	 response.	
It	 was	 determined	 that	 the	 finding	 of	 megalocytosis	 was	
observed	as	a	result	of	acut	toxicity	caused	by	AA.	It	has	been	
reported	 that	 oral	 AA	 administration	 causes	 liver	 damage	
characterized	by	 liver	 activation,	 hepatocyte	 degeneration,	
necrosis/apoptosis,	 enlargement	 of	 sinusoidal	 areas,	
congestion	 and	 mononuclear	 cell	 infiltration	 (Al-Mosaibih	
2013, Sinan	et	al	2018).	In	the	current	study,	similar	to	the	
literature,	 it	was	histopathologically	shown	that	AA	caused	
hepatocyte	 degeneration,	 steatosis,	 necrosis/apoptosis,	
bile	duct	hyperplasia,	hepatic	cord	dissociation,	congestion,	
megalocytosis,	mononuclear	cell	infiltration,	liver	activation	
and	increased	the	total	liver	lesion	score.	

The	research	aimed	to	assess	 the	protective	effects	of	CRV	
against	 acrylamide-induced	 hepatotoxicity.	 Existing	 data	
suggests	 that	CRV	prevents	 liver	damage	by	reducing	 lipid	
peroxidation	severity	and	preserving	hepatocyte	structural	
integrity	(Suntres	et	al	2015, Baranauskaite	et	al	2020, Gursul	

et	al	2022).	CRV	is	reported	to	have	a	hepatoprotective	effect	
by	reducing	oxidative	stress,	decreasing	ROS	accumulation,	
and	enhancing	the	release	of	antioxidant	genes	and	enzymes		
(Gursul	et	al	2019,	Tohidi	et	al	2020).	In	the	current	study,	
it	 is	 determined	 that	 CRV	 causes	 decreases	 in	 the	 rate	 of	
hepatocyte	degeneration	as	a	result	of	 its	hepatoprotective	
effect.	It	is	thought	to	protect	hepatocytes	against	hydropic	
degeneration	by	reducing	ROS	accumulation	and	increasing	
the	release	of	antioxidant	genes	and	enzymes.	CRV	has	anti-
inflammatory	activity.	It	shows	this	effectiveness	by	reducing	
the	 amount	 of	 pro-inflammatory	 cytokines	 produced	 and	
released	in	Kupffer	cells	(Alvarenga	et	al	2016).	In	this	study,	
the	observed	decrease	 in	mononuclear	cell	 infiltration	was	
thought	to	be	due	to	the	decrease	in	the	number	of	Kupffer	
cells.	It	has	been	reported	that	CRV	has	an	antiapoptotic	effect	
by	reducing	cytochrome	c,	caspase-3	and	Bax	levels	(Yesildag	
et	al	2022).	The	decrease	in	the	level	of	necrosis/apoptosis	
in	this	study	was	also	attributed	to	this	activity	of	CRV.	As	a	
result,	it	was	determined	that	CRV	provided	improvements	
in	 hepatocyte	 degeneration,	 necrosis/apoptosis,	 bile	 duct	
hyperplasia,	congestion,	liver	activation	and	total	liver	lesion	
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Figure 2. A. Control group. General view, X20, HxE. B. AA group, X20, HXE. C. CRV group, X20, HXE. D. AA+CRV group, X40, HXE. Star: Congestion, 
Yellow arrowheads: Sinusoidal congestion, Blue arrows: Hydropic degeneration, Red arrowhead: Megalocytosis, Green arrowheads: Kupffer cells, Black 
arrows: necrotic/apoptotic cells. Black arrowhead: mononuclear cell infiltration.

Table	2.	Histopathological	results

a,b,c,d Values with different superscripts in the same column indicate that the difference is statistically significant (p <0.05, one-way ANOVA post hoc Duncan test). BDH: Bile duct hyperplasia; 
HCD: Hepatic cord dissociation; MCI: mononuclear cell infiltration, KCA: Kupffer cell activation.

Groups Hydropic/ 
vacuolar 

degeneration 

Fatty changes Necrosis/ 
Apoptosis 

BDH HCD Congestion Megalocytosis MCI KCA Total Score 

Control 
AA 

AA+CRV 
CRV 

0,33±0,10a 
2,33±0,16c 
1,00±0,18b 
0,83±0,16ab

0,25±0,11a 
2,08±0,23c 
0,75±0,11b 
0,58±0,08ab

0,33±0,11a 
2,83±0,16c 
1,75±0,17b 
0,91±0,08a

0,58±0,08ab 
2,16±0,21c 
0,91±0,08b 
0,50±0a

0,25±0,11a 
2,58±0,15c 
1,75±0,17b 
0,58±0,08a

0,16±0,10a 
2,33±0,21c 
1,00±0,18b 
0,41±0,15a

0,33±0,10a 
2,25±0,25b 
1,83±0,16b 
0,66±0,10a

0,58±0,08a 
1,66±0,24c 
1,08±0,08b 
0,58±0,08a

0,33±0,24a 
1,66±0,33b 
2,08±0,20b 
0,58±0,08a

3,91±0,71a 
21,33±1,61c 
14,75±0,68b 
6,66±0,20a



score.	 These	 findings	 were	 also	 supported	 by	 significant	
improvement	in	liver	function	tests.	

Conclusion

In	 conclusion,	 this	 study	demonstrated	 that	CRV	mitigated	
AA-induced	 liver	 injury.	 The	 observed	 protective	 effect	
against	 liver	 toxicity	 is	 postulated	 to	 stem	 from	 CRV's	
antioxidant	properties.	Nevertheless,	 to	precisely	elucidate	
the	 molecular-level	 mechanism	 and	 provide	 applicable	
recommendations	 for	 clinical	 practice,	 additional	
comprehensive	studies	are	warranted.
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