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Abstract

Bakcground & Aims: Mice models as in-vivo model for cancer research provide
significant help to researchers about the mechanisms of tumorigenesis in dynamic
systems which affected by many factors such as hormones, various -cellular
communications, diets, and chemicals. One of the most common cancer is
hepatocarcinoma or liver cell cancer, which has different stages and caused by various
environmental and genetical factors. Thioacetamide is a kind of toxin which destroys liver
tissue through affects the mechanisms of cell proliferation, differentiation and apoptosis
by the destruction or damage of cell structure induction pathways, increasing the risk of
genetic errors and stimulating the evolution of cells into malignant neoplasia, and is used
in many industries such as leather, textile, paper and rubber, but its carcinogenic
mechanisms are not well defined. In order to diagnose liver cancer, there are various
methods including liver function test such as ALT (alanine aminotransferase), AST
(aspartate aminotransferase), ALP (alkaline phosphatase), GGT (Gamma glutamyl
transferase) and tumor markers such as CEA (Carcinoembryonic Antigen) and AFP
(Alpha fetoprotein), which are most widely used prognosticators for determining cancer,
but their specificity and sensitivity is not high. Therefore, the direct method of examining
the tissue, pathology method is used for the final diagnosis of cancer. It shows the
structural changes of the cells. In this study, by using the in-vivo modeling of cancer in
mice exposed to a toxic substance, we have investigated different stages of
hepatocarcinogenesis process, in order to help doctors to have in-vivo samples at every
stage of the occurrence of this cancer for treatment purposes and to make decisions about
how to treat and test different drugs.

Methods: In this research, in order to determine the tolerance and lethal dose of
thioacetamide, before starting the main experiment, 18 male mice in 3 groups of 6 were
treated for 4 months with different doses of thioacetamide including 100, 200 and 300
mg/L respectively and after observing the process of mortality, causing shock, lethargy
and investigating the cause of death after surgery in different groups, the best dose was
determined. More than half of the mice in the high-dose group were shock and died in
less than a month, while in the low-dose group, the tissues were still healthy after surgery
and just in the middle dose receiver mice, the tissue changes was obtained, which was
precisely determined during the main test by examining the pathology of the changes.
After determining the carcinogenic concentration of thioacetamide, in this study, 200
mg/L (equivalent to 33 mg/l daily TAA) of thioacetamide was consumed as a solution in
drinking water to make liver cancer in mice. Mice were euthanized by ketamine/xylazine
after 2 and 4 months. Then the livers of mice were separate in formalin to investigate the
cancer process. After staining with Hematoxylin/Eosin, the tissue samples were studied
using a light microscope with different magnifications by a camera installed on the
microscope and a computer system connected to the camera with DINO CAPTURE
software.

Results: Liver samples were examined in terms of morphology, cytoplasmic staining,
nuclear size and cellular atypia (abnormality and uniformity of cells). Also, for staging in
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case of cancer, the size of tumors, the number of lymph nodes containing tumor and the
rate of spread (metastasis) were investigated. No histopathological lesion was observed
in the samples taken from the liver of the control group and the liver had a normal
structure. Among the tissue lesions created in the group that were euthanized after 2
months, we can mention mild to moderate dysplasia, which is associated with
hypertrophy (enlargement) of liver cell nuclei, bordering of nuclei, degeneration of some
cells, and swelling of cell walls. Also, in some areas, the expansion of diss space and
sinusoid can be seen. The liver tissue of mice exposed to thioacetamide for 4 months is
completely necrotic. Hepatic lobules and dysplastic hepatic portal space can be seen and
focal structural changes are also observed. Many necrotic foci are seen in the liver, which
indicates the destructive effect of thioacetamide in acute liver damage. Hepatic lobules
and dysplastic hepatic portal space can be seen and focal structural changes are also
observed. Many necrotic foci are seen in the liver, which indicates the destructive effect
of thioacetamide in acute liver damage.

Conclusion: In vivo mice models are key tools for oncology, pharmaceutical, genetics
and other research studies. Considering that nearly five hundred thousand patients are
diagnosed with liver cancer every year and it is associated with a poor prognosis, therefore
creating experimental models to define the pathogenesis of HCC that occurs in the early
stages of liver cancer can be a solution in the direction of reduce the cost of cancer
research. Our results showed that thioacetamide as an organosulfur can change the
structure of liver cells and severely inflame the tissue during 4 months. Thioacetamide
leading to apoptosis and necrosis of these cells by CYP2E1 enzymes present in liver
microsomes through the mechanism of oxidation to thioacetamide S-oxide, which
changes the permeability of cells, increases intracellular calcium concentration, increases
nuclear volume and inhibits mitochondrial activity by reducing their membrane potential
in liver cells. TAA has long been recognized as a hepatotoxin that requires biological
activation of S oxidation to thioacetamide oxide (TASO) and then to the highly reactive
S-Oxide (TASO2) and can be tautomerized to acyl species which capable of transforming
cellular nucleophiles include phosphatidylethanolamine (PE) lipids and proteins with
lysine side chains. Liver cells can effectively oxidize TA to TASO and TA make strongly
covalent bonds with lipids and proteins. Exposure to this substance can activate the ROS
system (reactive oxygen species) such as nitric oxide (NO), which causes cell death due
to interaction with superoxidase ion and the formation of peroxynitrite, which causes a
significant decrease in FRAP values, which indicates the capacity of antioxidant. It can
also affect the pre-apoptotic signaling pathways through G protein-coupled receptors, as
well as the effect on the phosphorylation of the transcription factor P53, the production
of inflammatory cytokines such as NF-kB, the metabolism and apoptosis of cells. In this
project, after 2 months of exposure the mice to thioacetamide, liver tissue cells gradually
changed towards fibrosis and after 4 months, some cells changed to necrosis, which
indicates the irreversible effects of this substance in the body. In conclusion, it seems that
mice model has the potential to be used as accessible strategies replace human samples.

Conflicts of interest: None
Funding: None

Cite this article as:
Farzaneh S, Salehipour M, Tafvizi F, Naseh V. The in-vivo Modeling of Hepatocarcinogenesis Process by
Thioacetamide. Razi J Med Sci. 2024(8 Oct);31.124.

Copyright: ©2024 The Author(s); Published by Iran University of Medical Sciences. This is an open-access article distributed under the terms
of the CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/deed.en).

*This work is published under CC BY-NC-SA 4.0 licence.

v

VoY o W OTF am gy o,led Y 005 15l ._.,S.l.'isH ogle alan http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.31.124
https://rjms.iums.ac.ir/article-1-8413-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

[ DOI: 10.47176/rjms.31.124 ]

Sl algss a3l oo apeli il o S
Ohge—w )5 S 5 98 Thioacetamide (TAA)
ol b 55 Bayb 1A Cl S S g5 e
slaths S ) (al Bl Jobo bl Sl sl e
2 e 4 Job—w JolSS S 28 5 (S5
Al Jsbw 55ual 5 nled 5SS Gls oS s
SYsb (6,5 )18 a5 wlazdl o e L(A)s IS oo
S5t o Wl oo sl (520 )0 Do
S 5 S TAA (D) 955 Logipms 55335 5 550
@ a5 Caw | CZHSNS Slards Jg0,8 b j9algum o5 )|
52150 Jslome Koyt (Jlwy 5 dal> 00le 050
9 IOl 5 s 50 jeils (g e Olgie @
Oleie 4 susli—ulgd daisl jo 0iS o Jos Goxs
sy Jis 5SS o 5| clailons gz 1576
(i oy b 0 ioren () 2ol o colail
B 3 B )gise S g 00iiS Sl lge 4 9 I
LS o 588 o 0 8) uilSly oS
Slaa 4y 5,565 (g9l> (slronims CL_i a5 0438l
an bl Llas oooolan | (wgd oo Jias b
& 5 05 8L 00lS g 55 e Sy o5 Wk 4zl
@ ol G,k 5l ol i sole SO lgie
0S4 el 5l e (V) 0ib e 0SSzl
b i3S (slo Jskos 5 oo olal el slagea,
aS Wi oo iy glo S yiol58l o o
s 1y Stella i s psals ol o Jsl o
b 098 g0 s il 4y ()LD pled o g WS 0
5 00903 lows yiul38 LMMP gla 5)US Lo &g, ol
Ol 5 J5 e 5 & e ol 4 ealyd o
OV g g0 05
SPLS slaghy) &5 ol A il jolate 4
(Liver oS cow! jadeis cond Jolls 040 0424
alanine) ALT o 5L o Function Test)
aspartate ) AST «(aminotransferase
«(alkalinephosphatase) ALP «(aminotransferase
S Lo, 9095 9 (Gamma glutamyltransferase) GGT
AFP4 (Carcino Embryonic Antigen) CEA uile
Olgre au aS o4l o (Alpha Feto protein)
Ol s (el glooains (5T iy 1300
DR E-Y RGVE EEEWE S S PP Y Q| 1 KU Py

Ohlen g &lj)8 onw

40 IS0

oo line ul&c‘ g A L:ﬁ.' L= BN quJ.m ‘5)5.19.».’

helge ©o5 y9ag8 Sliwbie 9 S8y w98 iN-ViVO
ooty 35S Jobs AL ) daygasn pzmes
Ol s (VN o &l ) olan i Slge g ol
assS b Jol—w o5 Plsl 5l b 4 (Cancer)
(V)50 ,5 o Slul b yg095 ) amil )0 a5 09 oo
(Liver o5 ol ,w o)l glgil cp galss 51 SO
oo 3 S e Jule s lo> leie 4y 9 ol Cancer)
Oy redin 5 (1) Gler o laglb s 5l (5L
Jele S ¥e 5l o b osomize YL T o il
D bioe Jlo 5o 50 Gl oll jo ool sols auseins
ools (i oS by g5 i 5l o 3)l5S 5]
W 11553 Grlew (I b &S (oo )9l inn oS
2ol b 3T 5 L T3, oyt s
Al Ms 0 )l s 0 125 0 logas a5 jlie) e
5 odle i pe (1) 955 (o0 g e (VL LT a8
Sewd 5leJds g Gjg (RalS 1S ol slaailas
g lop—iar (ad 355 S ot I deal el
(5> e 5 g Jo i IS 01531 (Jaundice) cow o
R sladels lply o5 0d pals
() wsb s (Erythrocytosis)
Hepatocellular carcinoma lLogicew 5 ,¥slus g5l
&S Gl auS b IS o S, (HCC)
g S gle wlei oo 2550 1) oS sla ol
ol 88 el oz o Saislans anl 3 S,
L byl o 59,0015 095 ols (sanal> e 5 55LsS
Sy sl ysiS o Jame Cany5 (b )5S (6l s
g SdlSs o s (rb ot (g5l Jlab alox
Lo y35501555 2 (85l o ol 5l b e Jole
S ol by slosl aled 5 bagy5sSl ]
o y5e50lg3 9, o Jlad ool lis Oladss .coul
S ERSede iSS a2 2 e Jobw 0955 4 e
Sl 05iiny slagiy 098 0 lod s 5 555
wilgi oo oot SLeS 5 (B0 g poe ¢ (S
o2 Jld s (S5 b gl 5o 4 e
Sl ot SLS 5. (VoP) Wigd lay5950l5i
RSO TPV SN KO D


http://dx.doi.org/10.47176/rjms.31.124
https://rjms.iums.ac.ir/article-1-8413-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

[ DOI: 10.47176/rjms.31.124 ]

polialgss Aoy 4 B5gtam S il 4513 IN-VIVO (g3l J o

g Ve Ve mg/L ol vuolivwles calizee slajg
om S dele oy z g o Sod olml e
DS e 9d ae it sleey 5 >
8L o VL j90 45 (29,5 slahge Sl (oo 5l i
PRER W) ffﬁﬁw)boou&:)‘)ﬂgf)omo;w
om WS 8L )0 ol j90 &S (855 0
LS’L"A 399 LQ,.»..) 9 0993 QJLM) LQMBL: QLM k5>‘)'>
b bol Galejl o S 052 00 Jol (38l i
AP 335 )90 4 Sl S3l95l ()2
RV

Lg‘)uLL:)_m oolo A.A_MJL».A cdale u...a..u )‘ )
Jolee) mE/LY« -« i Gimghs pl jo celiwlgs
Oy sbu! Cyz alinld (ailys, TAA mg/l YY
el O s Jsloms &jg o ay o ige po oS
Foale ¥ Sloj slaosl 5l o b ige .oals onilye>
oogden (Sigma-K113) o PLlj g ueliS Jawsgs canls
ey sk a4 LbalS Cal glaaigel oo
llep Jslons 15 5 5a 53l oz (s3lsilysi 1
g o odls 1,8 (Merck, Germany) -7
Y gilwoslel g o ige S Sojglgtnnn anllas
xS B (bl calizre slacdale Law ¢5) (5 501
G5B 283 plnil (5500155 5 S (08l 50)
bwgs 395l oltalesl po 08 (L A p and g
(MK 1210 Pooyan, Iran) Tissue processor oKiws
Al Ve diges 1o gl s )T plxl el VP b
oY b 38,5 L5 5 3,0 0 i el b 3L
(SIGMA, H&E) (556l 9 cyudnSgilon 5l oolaxw L
L (OLYMPUS) (5,5 @55—wgSee 3l oola il
s 9 2959 S (S92 0D el ()90 Lawgs
DINO 1381 o 5 sl)ls pmy90 4 J—alo sl b |,
Al ow, » CAPTURE

VE Y 0 W AYF wi gy o5led ) o) 15l 1Saisja ogle alan

]

2 S8L (o el s (B9, 5l nlple o Lo
ook 65l Syt Lo 45 (s5liily s,
bl oles (e il Sz jo dos oo olis |
cowlid cawT b 5590550 ple CBun 08,5 o soliaiw]
9 LQMBL» g.f)bl..:-‘ ) L&)&)Lo..u &Lﬁp_m.uli.o axlles
..\_..ula‘sn ng,u_m—‘ G J"‘S‘ﬁ 09.76 AS)\) o
Olgie g 00903 Gl S3gdsm Slle S0 4 2y
Sladiges (030l dde g ux Sleys slagil i |
OF) e Sl

Joe olxsl sk a0 bl axlllas yo oplpliy
A5 2Bl JlBbe is Wg; odaline 5 H5eiem S il
sl gige Jlowi 5l L In-vivo sledsges o
L g e slagle) b o o5 iyl
S3Pbgind () 4 (Bl sladiges welbiulss
28,5 auslgs )13 1 IUT 890

JLIT-TY

AP 5 Shge oly VAol Budod plnil S
S S Y S5 oeSke L) it aa A-¥ NMRI
ol dililgs jo Sllgus o 4 (53], A 30
Sl a0 oo S bl iy & aslg olsl
il gy so,90 by FEY ¢ sgus Cusb, NEYYC
o stsles] oobod o (6,lgSs azelw VY S b
5 G0a%5 sl Jaad oo 5 (IS (jlse 5l
S 0 L ol > 5l sola
d 3 plx I IRIAU.VARAMIN.REC.1399.003
@B 7 o9 S Y o (Bolai ©j9o b hge e
slahge JyS 09,5 b Jol diwd o b o
Wgd g0 0315 90 Jlop gy 4 &5 Sitws (b
@B se 30 09,5 35-Bom 03l e g Sl ol &
Auoliwlgd ool pusi 590 g9l Sl ole ¥ it 4y aS
oo ¥ Ste a4y 45 o bge pes 4t ool 3]
WAl e deliwlgs lawgs

oS Clle 5 Jord el Sz Glalojl ol o
ol o | Gialosl 978 5l A el I o5 5
L _wgole ¥ oue & oU £ 09, SY j0 Jige VA

http://rjms.iums.ac.ir



http://dx.doi.org/10.47176/rjms.31.124
https://rjms.iums.ac.ir/article-1-8413-fa.html

O)ySed 5 &l5,8 oo

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

[ DOI: 10.47176/rjms.31.124 ]

Ozl 359 dadins (i pe w50 slaJsho atun
el olyan ol ol 55 5 a sl 5
9 oo sbad glasl all gblio (25 50 uizmen
b dges & 2 5o el canl ie JB 0595900
b wa @gssly oS b ok g
a 53l50 Slyd 5 (GuassilSsigsel) o3l lom s
(Y US8) cewl asuine feathery g Steatosis & g0
S Bl 0O o odal i JS U jo aS jhilen
deoli—wlss Byxe 0ol F e 4 a5 oo yige
lad 5 oS sl Jarg) .l ouls 59,50 MolS Wilosgs
OlyeesS 5 0392 Sugy Bl S Mwnyd g5 JU)s
S eS80 5 o cnal i 55 JB 48 g ixlw
odids L i aS 0l o 0030 WS H0 duxie SS9 SO

assl,

el S5 «hsdsdge bl 4 w5 slo & 9ol
5 &, ual) Jolw WT g A 03103l ¢ coms Dl g
Oe WS 18 sy 0 3550 (b ok (M0 U
0318l sl ;s Syl s py o 43 (g Al ye g
Ol 3 53085 sl olad sad olass L jsegs
28,5 18y 0590 (Gli—slie) b S
JreS 05,5 sl hge 9eS 5l ea b 351 sladiged
s a5 5 ot sunlt Syl yt s anls
() JSs) og armbs lzs s

s 45 2,5 5 o bzl 28l el dlex
b aas o wsd & o)lg5 o 2o pLbgs ole ¥ 5
(9 S 530) (B et by 45 0905 o)Ll Lo ogie

Skl 3 (sl g Jloy &9 s 65550 s90 a9 04 ()90 wusdlygism b (BCugiln) (508 slashos (8518 09, 45 €l (5SS gy =) S5
@)l Cope 8 gy slad b ol S5 SS e) agigie ST slad 1 sl Sa8 ladshes (C g wlasl Gl Jsig) Lo B 5550 2055 (b
B (350 3929 j5 W)l oage |y (o3 Al Aoy o iysS Jsho (o0l Jgeme JUbgnl slaJobu » 0gMe L3l 5 )l aslil lae 4y 395 5l oo lrio

(40X o8 3) sglyine S5 slyome (A 2500 023 odgisinw 5 gl (o (ud (slidb il S

5035 sty Mol 5 4, lao)lsy Cuas 4y 005 S5 o Jsho s (@ 433,518 dpolislys (5500 )3 oo ¥ Coo 4y &5 (29,5 S (SfgIgly g pp =T SIS
5 omd slad plas] b, o G & dpali g losd 03l s | o 4 gl g osd (sl pyg5 sled gl 0)ld (D g 00 (B95,m o> Bblio (S0 )0
L 35 sl Jsho oyl bl 53 (€ (40X 5 10X LS5 i 42 G oo ) sl oo B IS 55 bl (3 )3 (S9515 59,S5 ccsdgisizms glu]
5 (4993) o8 agiio (528 slo Joho o Mgt (b sy b 0 3l i (d amd o ¢y puosiliie |l 5 A8 g0 0685 38 15 (92l S50 &

(100x ,l5,5) (feathery changes) buwsla 1 o 4SS, geo

1

http://tjms.iums.ac.ir VEY a0 W OYF d s o)les ) 055 5l 1o Baiju ogle alan



http://dx.doi.org/10.47176/rjms.31.124
https://rjms.iums.ac.ir/article-1-8413-fa.html

Sealiaolgss aliasg 4 Bisi S gila 41,3 IN-VIVO (g5lo e

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

[ DOI: 10.47176/rjms.31.124 ]

b3 53 (515 (&sS) sl (sla ok sy I3 oo (ol 3 (B 35,5 8 sl 500 3 o ¥ ke s o8 (29§ 45 (55lgbhsinn T USD
4 b Jolo Ll poad cpl )0 (ol oad S anbs LSl (p5end o8 1 G sl ALES jg 5 bl Carge 45T BLSI Mian il g Cawl oaline LB zosg 4 JUys
odal y SiMunyd Slols 3939 (B .l osmlive BB 55 n Jobor atn platel (SwiSly, g ol (KisemnS wb jl Bloss j9,S5 s b Joho el g aidy o 5l JolS jobo

oyl Bl oo b 1 le )0 s j0 soge Jole
G sal >0 i g ts'uo)—‘*’ @‘5..} sl Joo
olaazine gly Sbls SaS wilgs o o] 5 lasbin |
Olee 9T b Calids @z g b (izeen 5l Lo e
Gl alin a5 —ige slrdiges o b, il
J.>|).o o ‘d._wlasn ULAMJ‘ B L‘b)}ny 6&..‘.)41}).0
P35 05,5 1O (S 0O FhedS wdle Dl gl
2 iz pslSn o5 0 23l slo sl 30
590 aaaw! g ailes,S syl L yitwl Cordg b
P 09,5 (S VL Jolie 50 g Wi 59,50 4 i
Slyaass w8 5 )18 welinlss (Byme )3 5 SYob a5
bl (&5 ;0 5 039 oaline BB 255 9 4 5l 350
25 o5l o jslolan isg; 0 laJsks 39,55 s
L ol 5o o8 el gl o aiz (6 )lery S HCC
by (Su) Sy QI w2, (e Jeloe
Syl b BL 5o b s sipnpe S silen
Sga> Lol 095 o Sl Ggileg S gen (y92een (H)5
GlaaS s cul (Sias HCC )0 1O-Y-.

9% )9 59t JBlax b oloanS L SCig,nd e

VEY e W OYF a gy o)les ) 055 15jl) 1o Sainja ogle alan

s

sl odoliio b uggun cp 8l pdaw 53 yio (eo V51 L 03181 L S5y s

A Lo S ol o T 50 el I o y50 50

(Y JSCs)

JB esia )l sl )l 0l plgre 4 (Shge sla o

bl oo by Dliion (el 48 p0 dr g (o ws
Omegd Olye @ |y seliulss clelllas Sl (65l
Seds 59 S5y 5 S e lunges byl e
OV0) Wlosges dlga—inn oS b, W slo oo
4o abtse )0 (Sisdsiligiuie by v, @S
SR eslaiwl o500 Buiod (nl )0 Sls oo lere
oobe b agzlgn 5l o calitee sloyloy (b waid )3
S s S seai s slm
el 5 0t Lo ke Vs 55 05 il (gla sk
S (o 52 A g @ Fisim B ik &g ovalis
3 el oagei wal 1) la sl gole 2 g5l 5 ad
S 28l o Bl s wi G (nl w3
P95 4 Ol ee e 4 oS ogr eaml i LU
3l 0ged o)Ll aad (6 wad 5 559, o Jolow
ol glal> o iz (g5lony S w5 (b &5 ]

Lol 185 al> o 5 o) s B j5b 2 5

http://rjms.iums.ac.ir



http://dx.doi.org/10.47176/rjms.31.124
https://rjms.iums.ac.ir/article-1-8413-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

[ DOI: 10.47176/rjms.31.124 ]

(Nuclear NF-kB jg=on oledl slo plS gl
sl 509! 5 mm Jgolie (YY) factor Kappa B)
o alios Sliass [0 (YY) wled s (hgsaiws |
(OB W g> ;) In-Vivo ¢ Jok s slodiges jlod
Oliee ial38l o Wilgh g0 dolins g5 a5 wilazdly yo
b5 o] (ALT) i 5 gical 5T (sl 31 oy
L (ALP) 36l o JISIT 5 (AST) 5l foice]
Y Sl e 059, cnl 50.(08) 90,5 oS a4 ool
sla s il e 3 Ua i 5,5 1 olo
il ks 3 03k oo 4 %5 4 5 il
T N 59,55 )l ol (S ole Bl e g
Sl g yo eobe ol pdlb e as ol pll S
250 bl S8 Ky & Wl ce koS oy
Sleys Slaal sl wilyy Gl rw 595 5l sl e
gl Gralesl g lays 055 9550 1 (65 s 5
il a Sl LSl 0 in-vivo sladiges calise
e dal 4 Seop Al e Sl 4 az g b e
Lgogh 000l jadeini oS lbyw 4w les
oo o) ol by s ol e Cins 45T Lo
alsl > 1ye 5o a5 HCC 3595L o pod > (228
58 ol plgre Wl oo aiS 0 590 0S5 Ll
Bl Gl gl Dl aije alS Cgx
) cee 2 ool gl & by Slsem Joo el
sl o 1) 03 Dladiz g bas ,SL,E b oo oo
SLp—dglie g aize Jolge b Jolas ;o j5055 a5
el az ST aaes 18 (o) 2 990 3)l0 18 (5950
Ol 55 (VF) oo i el omwidigo slo oo

Ohlen g &lj)8 onw

1S a5 08 ol L(F) 920 2 pgte s 59,08
Sgls e Sladgp @il )0 (i Sl slapla]
G ) 2 )0 SUikS (p)lse o | gl
il Ll gy a5 Sglite gloapd oole Yoo o |
SlaS 5l &5 Wlo 0529 05059, (S5 )0 Silea
aS o | Jolgac oS 5005 oo oidalio oy 0
o S0 deliwlgd (VY) oS o &8 8 0l ol o
O ool S
OV sl oo oS s le @ coml G,k 5l ol
40 39>30 (VA) CYP2E] (_ngM)'.;—l s g delin g
4 Oge M ST sl 325 5l 05 slapg g S
G RdSei yuesS o 45 A STS aeliilgs
Sl (s J515 S Sl 3l a5l
Gorb ) S e llad Jlan 5 (1) s
S sk 4 T (F4) (ol 2 o syl
dg—isise sl 52l OA) 59,55 5 j5s] & i
GAS o S Glgis 4y a4 cwlaoae TAA .(V9)
S (Saselom 53l Jlab & 515 85 conl ot acle
@ e 9 (TASO) spnnST solinlgs an oy ganlonS|
5 o s (TASO2) S-Oxide ic; STy Lo S
4,00 a5 Aol GladieS 4 053 03 pegiel Wl oo
Jrasilind sl Jols Jsbo sl JebsilS 55 ponis
3 sl 0y b sl 9 (PE) (el Joibl
S F5e sk & wilsi oo S Sla sk (V) Wit
s osd b TA 5 05903 aeuST TASO 4 |, TA
S cVleS YL _asl Sa b a La sl g
58,5 I3 a5 canloals L Cladss (Y))auS

Olgie 4 9 nS CdL ouiiS g 35

a5 ) ol o L5 gl e oLl
SUal 5 yloj s 3o B0 5La Lo @ Lol casles g
sladas 5 uil oo gm0 bl 4 (oliwd Gl
Sz (o Lo sl 5 olad Slge v 5 I
39 )5 oo Slgiig i S Sl ()
SlaisE 10 pgaw K0 glgl hwg 598 Slisle;]
wile o Sl 5lg 05 B ()2 990 Al
097 ;S (parid sbo)lnl g (JsSlse sla )5S
SHrzlinS slaghy, & (S S gigw 5 (S lSom
ooliiwl aiwd S59)95h 9 (g B9y 4 Somnd

http://rjms.iums.ac.ir

A

i 3903 JUB b il o oole (nl (B2 5o
B ST 59500 aile (ST Jled slaasss) ROS
O b GSe p S0 b obe S 5o o a5 (NO)
45 d9h (o0 Cu i (o Sep JSAT g o ST g
(Ferric reducing FRAP ,,0lis o jae yialS cely
b b sues L—ii 45 antioxidant power)
» Ajlgssn Cmizead (YY) 09 wﬁjl%flsﬂ
Gk 5l Seigua] Gy e LS Sl e
2 P e 9 (g n G Lodisd Ci slaons S
“’—‘JS‘ P53 P9 )9"’.‘Sl—é u?*—““y")“—‘“s

VY IV OYF w5l Y o) 15l) iSaisja ogle alan


http://dx.doi.org/10.47176/rjms.31.124
https://rjms.iums.ac.ir/article-1-8413-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

[ DOI: 10.47176/rjms.31.124 ]

polialgss Aoy 4 B5gtam S il 4513 IN-VIVO (g3l J o

National and Provincial Levels in Iran Between 1990
and 2015: A Meta Regression Analysis. Hepatitis
Monthly. 2017;18(1):¢62009.

4. Rawla P, Sunkara T, Muralidharan P, Raj JP.
Update in global trends and aetiology of
hepatocellular carcinoma. Contemp Oncol (Pozn).
2018;22(3):141-150.

5. Keane JT, Elangovan H, Stokes RA, Gunton JE.
Vitamin D and the Liver-Correlation or Cause?
Nutrients. 2018;10(4):496.

6. King RJB (2000) Cancer Biology, 2nd edn.
Printice Hall, Edinburgh.

7. Chen C, Wang G. Mechanisms of hepatocellular
carcinoma and challenges and opportunities for
molecular targeted therapy. World J Hepatol.
2015;7(15): 1964-1970.

8. Santos NP, Colago AA, Oliveira PA. Animal
models as a tool in hepatocellular carcinoma research:
A Review. Tumour Biol.
2017;39(3):1010428317695923.

9. Hui Emma Zhang, James M. Henderson, Mark D.
Gorrell, Animal models for hepatocellular carcinoma.
Biochimica et Biophysica Acta (BBA) - Molecular
Basis of Disease. 2018;1865(5): 993-10.

10. Ahmad A, Pillai KK, Najmi AK, Ahmad SH J,
Pal SN, Balani DK. Evaluation of hepatoprotective
potential of  jigrine post-treatment against
thioacetamide  induced  hepatic  damage. J
Ethnopharmacol. 2002;79:35-41.

11. National Toxicology Program. Report on
Carcinogens (12th Ed.). 2011;403-404.

12. Nguyen-Lefebvre AT, Ajith A, Portik-Dobos V,
Horuzsko DD, Arbab AS, Dzutsev A, et al. The innate
immune receptor TREM-1 promotes liver injury and
fibrosis. J Clin Invest. 2018;128(11):4870-4883.

13. Polanski M, Anderson NL. A list of candidate
cancer biomarkers for targeted proteomics. Biomark
Insights. 2007 Feb 7;1:1-48.

14. Cheon DJ, Orsulic S. Mouse models of cancer.
Annu Rev Pathol. 2011;6:95-119.

15. Wallace MC, Hamesch K, Lunova M, Kim Y,
Weiskirchen R, Strnad P, et al. Standard operating
procedures in experimental liver research:
thioacetamide model in mice and rats. Lab Anim.
2015 Apr; 49(1 Suppl):21-9.

16. Schlageter M, Terracciano LM, D'Angelo S,
Sorrentino P. Histopathology of hepatocellular
carcinoma. World J Gastroenterol.
2014;20(43):15955-64.

17. Kabiri N, Ahangar Darabi M. Hepatoprotective
Effects of Kombucha Tea and Silymarin Against
Thioacetamide Induced Liver Toxicity in Rats.
Medical Journal of Tabriz University of Medical
Sciences and Health Services. 2014;36(5):80-87.

18. Jaya Chilakapati, Kartik Shankar, Midhun C.

VE Y 0 W AYF wi gy o5led ) o) 15l 1Saisja ogle alan

q

=

80,5

P g g
syl jo aS olal Sy B Ol 1 Al —wsin
e 5 Wioged 5,k 1) Lo lodiged (6 256Y 9 Sl
¥ L BRI L S SUIWE Sy BN LS A JURP E
Sle i3 5 1, 393 e Sl 451555 3505,
5 ol 81 ST i ol S 5 K 5 05
el 1) 595 6,158l Sl «Sols Ll wils
ST ol —isls &5 Lkilgun 35 00 40 Gubos (ol c00ge
Obl 5l o550 Glye 4 g oad plaxil w5y wly (Ol
4 8y —a—axs gl S 4Ll

2L oo IRTAU.VARAMIN.REC.1399.003

S olbs>do
slesal, b plhs o8 il ;] allos s lag S
olZils olKislojl ailsulaus 1o codls Lo (sgiiiu]
Al b an Do L oS, ool ol
od—2 pl il IRIAU.VARAMIN.REC.1399.003

L;Lo.&‘) olbiw | 4J9ﬁ.w..n o_\@*is.}:)% fv.lto Ogxum 2
g5 lgie saims &lil o 1585 0,90 4o iliy] o
0,99 ;0 byl pgo slosal,y sl ul: o ai4a5 il 8
ol g ol dlae 515 50 5,8 o 125
30 S8 g 1550 0,90 40 il jol e ol il

S3gleil la o,

References

1. Zhang W, Moore L, Ji P. Mouse models for
cancer research. Chin J Cancer. 2011 Mar; 30(3):149-
52.

2. Hassanpour SH, Dehghani MA. Review of
cancer from perspective of molecular. J Cancer Res
Pract. 2017;(4)4:127-129.

3. Rezaei N, Far FF, Khademiureh S, Sheidaei A,
Gohari K, Delavari F, et al. Liver Cancer Mortality at

http://rjms.iums.ac.ir



http://dx.doi.org/10.47176/rjms.31.124
https://rjms.iums.ac.ir/article-1-8413-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-18 ]

[ DOI: 10.47176/rjms.31.124 ]

Korrapati, Ronald A. Hill, Harihara M. Mehendale.
Saturation toxicokinetics of thioacetamide: role in
initiation of liver injury. Drug Metab Dispos.
2005;33(12): 1877-1885.

19. Shahsavan S, Hosseini S E. Evaluating the
effect of curcumin on Thioacetamide —induced liver
in maturemale rats. Journal of Birjand University of
Medical Sciences. 2018;25(2):94-103.

20. Ghosh S, Sarkar A, Bhattacharyya S, Sil PC.
Silymarin Protects Mouse Liver and Kidney from
Thioacetamide Induced Toxicity by Scavenging
Reactive Oxygen Species and Activating PI3K-Akt
Pathway. Front Pharmacol. 2016;7:481.

21. Koen YM, Sarma D, Hajovsky H, et al. Protein
targets of thioacetamide metabolites in rat
hepatocytes. Chem Res Toxicol. 2013;26(4):564—
574.

22. Benzie IF, Strain JJ. Ferric reducing/antioxidant
power assay: direct measure of total antioxidant
activity of biological fluids and modified version for
simultaneous measurement of total antioxidant power
and ascorbic acid concentration. Methods Enzymol.
1999;299:15-27.

23. El-Kashef DH, Serrya MS. Sitagliptin
ameliorates thioacetamide-induced acute liver injury
via modulating TLR4/NF-KB signaling pathway in
mice. Life Sci. 2019;228:266-273.

24. Heindryckx F, Colle I, Van Vlierberghe H.
Experimental mouse models for hepatocellular
carcinoma research. Int J Exp  Pathol.
2009;90(4):367-86.

Ohlen g &lj)8 onw


http://dx.doi.org/10.47176/rjms.31.124
https://rjms.iums.ac.ir/article-1-8413-fa.html
http://www.tcpdf.org

