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ABSTRACT 

LIver tumor promoLJng acllvlty of buty/aled hydroxytoluene (BHT) Js controversial. 

butyJaled hydroxytoJuene (BHTJ had previously reported to have a promot.lng and 
protective roles in occurrence of tumour formauon b ut suaJn differences. the effect 
upon varIous carCinogens. paradoXIcal dose r esponses and mechanJsms of BetJon r e

roain major questions in the tOxicology of BHT. Here. we Invesugate the promoter Be

Uvlty of BHT in c-myc transgenic mouse model of lIver cancer . It was found that BHT 

increase lJVt:I to body Weight ratio espeCially at age of 4 month 1.lDmediBtely after 

treatment when compared with non- transgeniC control. Moreover Increase the mitot
Ic Ogures and proliferation of h~palocyte -eIther darJ/led in histopathology or lJDmu

nohlstochemJst.rly labeling index which consider eVIdence of promOllng aCtivfty of 

BHT at early stage. Additionally. cytochrome p450 members played an important role 
In m etabolism of BHT espedaJly al early slage of 4 month agree with the tncrease of 

gene expression of these members while Its expreSSIon decreased at 8.5 month. Nola
bly. BHT treatment Increase gene expreSSIon of cellular metabolism espedaJly protein 
metaboltsm and drug deloxiDcalJon lJk.e Cypla2. Cyp7b J and Cyp2c40 was down 
r~guJatJon at age 8.5 month . While Cyp4aJ4. CypJa2and Cyp4a29 were Increased at 
4 month ImmedIately a.fi.er treatment. Moreover Bscorbate and aJdarate melaboJJsID 

was unchanged tn BHT treatment. 

INTRODUCTION 
BHT Is one of the most commonly used an

tioxidants In foods conLaJ.n1ng fats and oUs 

and in rood packaging and other rood contact 
appl..1cations. COSO'1eUcs, drugs. and animaJ 

feeds to prevent oxygen-lnduced I1pld peroxl
daUon. (FDA. 19 73 .... d NIH. 1979, U.S . In· 

ternatIonai Trade CommlAlaloD. 1977). Be· 

cause of the lack of reported toxic effects to 

people s ince Jts wide use in 1954. BHT was 

Ahuuoura. VeL Mcd. J. (:ng • UBI 

gtven a GRAS (Generally Recognized as Safe) 

s tatus by the FDA at a level not to exceed 0 .5 

mg/ kg body wt/day or 0 .02 ppm in foods. Ac

cordlng to this regulaUon, companies adding 
BHT to foods and drugs would be compeUed 

to perform further studies on certain toXic ef
fects of BHT (TABltB , 1977). 

The co·mutageruc and co-carClnogen1c 

properUes of BHT have been demonstrated in 

Val. XlII. No. 1. 3011 



E1alfy. M.; et aJ ••• 

tests ranging from the Ames test to cell trans

formation procedures to in vivo assays. These 

effects are probably medIated by metabolltes 

of BHT, rather Ulan by BHT Itself (Malk1nSOD. 

1988), WhUe there were a few studies on the 

effects of BHT to humans , with most of these 

s tudIes Just IdenUfy1ng the metabolic prod

ucts or BHT (BabIch, 1982). 

Liver tumor promoting actlvtty of butylated 

hydroxytoluene (BBT) Is con troversial. was

ch i, (1981, 1986) also suggested that butylat

cd hydroxytoluene (BHT) had both promoting 

and protective roles In occurrence of turnoUT 

formauon but s tralo dllTerences. the effect 

upon various carclnogens . paradoxical dose 

responses and mechanlsms of action remaln 

major questions In the toXicology of BHT. 

More over, Shira! et aI. (1982) tnvestigated 
the carCinogeniCity of butylated hydroxyto

luenc on long-term adm1n1stration to B6C3Fl 

mice. Females mice gtven 1000 or 5000 ppm 

BHT and maJes given 5000 ppm showed re

duced we ight gam. No slgnJilcant changes at

tributable to BHT treatment. Tumours were 
found in many organs; especially the lungs. 

liver, lymph nodes and spleen, 1n both the ex

perimental and conlrol groups. but none were 

related to SHT treatment. Inconsistent. buty
laled hydroxytoluene (BHT) found to be faUed 

to induce biOlOgically s ignillcant increases In 

ceUuJar prollferauon in the liver. urlnary blad

der and thyrOid gland on feedlng to young 
adult Wlstar rats. Nevertheless, It has been 

reported to enhance the yield of liver tumors 
when fed to rats or mice that developed an a p

preciable background Incidence of these tu 

mors wtthoul treatment (La .. et aI .. 1995). 
In contrut. WJlllama ct al. (1991) round 
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that BHT at different doses promoted lJver 

cancer at subsequent time POints of 24, 36. 
and 48 weeks. the n umber of fOCi progressive

ly Increased, and at the end of the s tudy, the 

incidence of Uvcr neoplasms was 100% in 

mice treated with hydroxytoluene after expo

sure to 2-acetylamlnofluorene {AAFI. AddlUon

ally, Decade studies suggest that BHA. and 

perhaps BHT, were carCinogeniC to rodents. 

Notably, the neoplasUc effects observed at 

very high dietary levels of BHA and BHT occur 

only after effective blOlogtcai defense mecha

n1sms were overloaded (lveraon. 1995). 

Sun ct aI. (1996) studIed that the induc

tion of Isozymes of drug-roetabolJ.zing enzymes 

by butylated hydroxytoluene (SHT) in t.he 

male ddY mouse. In mice gtven 0.05 and 

0.15% BHT in the diet for 14 days cytochrome 

P·450 contents and the activities of urtdlne 

d.1phosphate-glucuronyl transferase {UDP-GTI 

and pentoxyresorufln O·deaLkylase were 

markedly increased. whlle in those fed 0.15% 

BHT testosterone 6a, 16a and 16~ hydroxy
lases were greatly lncreased. which indJcated 

Induction of cytochrome P·4 .50 tsozymes of 

the CVP2B ramily. 

Vanyuahln et aI. (1998) round that a sin

gle lIltraperltoneal lnJecUon of butylated hy

droxytoluene (BHT, 60 mg/ kg body mass) re

s uJted "Within a few hours in a strong Increase 
In nuclear DNA (cytosine-5l-methyl transfe

rase (methyl transferase) aCtivity to the liver, 
kidneys. heart, spleen. brain and lungs of 

male rats. 

In a dose-response study. the bromodeox· 

yurldine-labeUng index (LI)LI was increased 
dramatically at first. then effects gradually 
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diminished with further exposure. and finally 

six BHT treatments fatled to induce cell pro
liferaUon. In a two-stage model using ure

thane as the InlUator. although up to five con

secutive doses of BHT were able to exert 

continued enhancing effects in terms of aden

oma yield, no increment was evident with fur

ther treatments. The data overall indicate that 

a rasH2/BHT model with five weekly actmmls

lratlons of BHT at a dose of 400 rug/kg Is 

most efficacious (Umemura et al. 2002). 

ShlbutanJ ct aI. (2002) investigated genes 
that were steadily up-regulated during the 

promotion stage in carCinogenesis. Rats re
ceived a siJlgle lnJeClIon of dlethylnttrosa

mIne (DEN; 200 mg/kg body wt. 1.p.l. and 

then after 2 weeks fats were adm1n.1stered 

600 p.p.m. of phenobarbital (PS) in the drink-. 

tng water for up to 64 weeks . Also, arurnals 

were fed 1 p.p.m. eth1nylestradlol (EE) or 

3000 p.p.m. butylated hydroxytoluene (BHT) 

in the diet at promotion stage. Rats were ex

posed to parUal hepatectomy (PH) at week 3. 

Both PB and EE treatments showed. up

regulation of 16 genes in the livers at week 8 

of promoUon with the levels being three times 

or more than the basal expressIon of unpro

moted Uver . The majOrity of these genes were 

also up-regulated at week 8 by BHT treat

ment. AddJuonally, sUerum et al. (2008) 

reported that {BHTJ induced changes in 

the expression of 10 genes. including 

phase I (CYP2B 1 /2; C¥P3A9; CYP2C61 and 

phase II metabolism (OST 12). The CYF2Bl/2 

and GST expression findings were confirmed 

by real time RT-PCR. Western blotUng. and 

enzyme acuvity in male Sprague-Dawley rats. 

7 -weeks old. fed a ruet containing BHT for 28 

days. 
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The raUonai of this study to InvesUgation 

the tumor promting acUVity of butylated hy

droxytoluene in a c-myc transgenIc mouse 

model of liver cancer 

MATERIAL AND METHODS 
1_ Laborato:ry 8nlmala, tranagen1dty and 

treatment: 
The att-myc transgenic line was de

scribed earlier by Daleman. ct aI. (1990). 
transgenIc mice strain was C57/Blex 6 
background. peR was carr1ed out wtth hot 

star Tag DNA polymerase (Qlagen). Anneallng 

temperature and the number of cycles are !n

dJcated in brackets after each primer pair. 

The trans gene was verUled by PCR of DNA 

extracted from tall biopSies (Hoaan ct al .• 

1994) and the followtng forward primer 

(fp) and reverse prtmer (rp) palr was used for 

a transgene-specific amplificaUon: forward 

primer; 50· TCCTGTACCTCGT-CCGATIC·30; 

reverse primer 50GTIGTGCTGGTGAG· 

TGOACA-30 (60C, 31 cycles). 24 transgeniC 

mJce of both sex at 2 month age treated wtth 

BHT at dose of 300 mgl kg once per week for 

8 weeks while another 24 transgenic mice or 

non transgenic treated by com oU as a vehicle 

control (W1tach1 ct aI., 1981, 1986). At four 

different lime paints - 1.e. at the age of 4. 5.5, 

7 and 8.5 months - In Vivo J,lCT and J,lPET tro

aging was employed: animals were sacrificed 
afterwards for histopathology. 

2 . In vivo imaging of tranegcntc animA]. 

by j4CT and I'l'ET 
AU imaging procedures were performed un

der tnhalaUon anesthesia with lsoflurane (lso

ba vet.. Essex Pharma. Germany) at a concen
traUon of 4% for LnducUon of anestheSia and 
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1-2% for maintenance. MIce were placed on a 

temperature controlled bed at 39°C (T/Pump. 

Gaymar, Orchard Park, NY, USA) and {SOnU

rane was suppl1ed via a nose cone. The ani· 

mal respiration was spontaneous (Summit 

Anesthesia Solu Uons. Bend. OR. USA) and 

the breathing was monitored conUnuously us

ing a smaJl pressure transducer (Blovet. m2m 

lmagmg. Newark, NJ, USA). Breathlng was 

maintained at a r ate between 60 and 100 per 

minute. After image data acquisition the re

covery time of the anLmlas from anaesthesia 

was usually less than five minutes. Overall 

the procedures wefe well tolerated. 

Specl1lcaUy. sequential J.1CT and 18F_FDO 

IlPET Imaging was carried out with a total of 

24 animals. MIce were Imaged at the age of 4 

(l sl sacr1f1ce), 5.5 (2nd sacrifice). 7 (3rd sacrl

Oce) and 8.5 months (4 th sacrifice). The trans

genic control animals were examined at the 

age of 8.5 months only (4th sacrU'lce), al

though some exploraUve contrast-enhanced 

imaging was carried out at the age of 2, 5 and 

7 months. All animals were sacrlflced 2 days 

after the PET tmagmg. At thJs time the radio

acUve tracer declined to below the level of de

tection. 

2.1 Contrut enhanced )'C'I' Imaging: 

Three hours prior to CT scans anaesthe

t.1z.ed mice were given an Inlravenous InJecUon 

of a liver-specific lodlnated contrast agent 

(DHOa. Fenestra LC, ART Inc., Salnt-Laurent, 

Canada) at an approX1mately volume of 200-

300 ~ (10 ~l/g bodywelght) Into the tall vein. 

The Image data acquisition was as recom

mended by the manufacturer and previously 

pub1J.shed protocols (Von ct al .• 2009 and 
Weber et 81., 20(4). 

MIm6oura. Vet. Jled. J. 
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The !leT scan was done willi a hlgh

resolution small animal computed tomogra

phy scanner (eXplore Locus, GE Hea1thcare. 

Chalfont st. Giles. UKI. The scan parameters 

were set as follow: tube voltage 80 kVp. tube 

current 450 J,1A, number of acquisition 360. 

number of views 720. exposure time 100 ms, 

one average per frame. axial field-of-view 33 

mm. Scans were recorded without respiratory 

gating. Total scan duration was about 12 min

utes. 

Image data was reconslructed using a 

cone-beam algorithm on an 8-node linux clus

ter. The resulting voxel Size of the IsotroPiC 

dataset was 45 !lm. Arbitrary attenuation val

ues were converted to the Hounsfieid scale 

uSing a calibration phantom wtth water, air 

and bone inserts. 

2.8 ~ET Imaging: 
All animals were fasted prior to Lmag

Ing for about 6 hours . Anaesthetized mice 

were gtven an Intraperitoneal injection of 10 

MSq (IBF)-2- fluoro-2-deoxyglu cose (18F_FDG. 

Department of Nuclear Medlclne, Hannover 

Medical School. Germany) In a total volume 

of 50- 100 ~ sterUe IsotonIc saUne solu

tion. PET 1magmg was 1n the same pOSI

tion as fo r CT scans and done on the same 

day, StaUc Ltnages were acqulred 45 min

utes after lnJecUon of the tracer uSing a 

high-resolution small an1rDal PET camera 

(eXplore Vista, GE Healthcare, Chalfont st. 
GUes, UK). Total acquiSItion time was 30 min

utes for a single bed pOSition. tmages were 

corrected for random events and scatter prior 

to reconstruction With a 30-FORE/ 20-0SEM 

Ite rative algorithm. No attenuation correcUon 

was used , 
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2.4lmajJ;e analyola : 

)leT datasets were visual1Zed and analyzed 

uSing the software packages Mlcrovtew 2 .2 
(OE Healthcare. Chalfont St. DUes. UK)' Me~ 

VlsLab 2.0 (MeVis Medical Solutions AG, Bre~ 

men, Germany) and OslJLX (v.3. 7 . 1 32-blt. 

P1Xmeo Sari). Total liver volume was calculat

ed USing the LlveWireMacro module (MeVls

Lab 2.0) which utilizes a contour-based semi

automatic segmentation method. focal Uver 

lesions were counted and quantified by 20-

measurement of the largest diameter. The di

ameter (d) of the lesions was used to esttmat

ed the tumor volume by the (ollowtng formula: 

tumor volume (V) = 1/6 x n x d3, The volumes 

of allilver lesions were added to determine the 

total tumor volume. The tumor percentage of 

the llver was calculated as the raUo of the to

tal tumor volume (mIl and the total Uver vol
ume (ml) . 

RJgid registration of PET and CT datasets 

was based on anatomical landmarks and 

used to generate fused dalasets. Reglons-of

lnterest (ROI) were manually defined for focal 

llver lesIons of a dlameter above 5 mrn as de

tected tn IlCT and IBF -FOG J,1PET lDlagtng. 

The background (non-lumor) signal was de

termined by plaCing a ROI In the tumor-free 

liver parenchyma and the maxtmum count 

per volume was determlned for each ROI to 
estimate the turoor-to-non-tumor raUos. 

s. Sample collect!on and prcparaUon 
6 Mice were anaesthetIzed by an overdose 

of C02 and sacrificed at the age of 4. 5.5, 7 

and 8.5 months. The thorax was opened by 
standard surgtcal procedures and the Uver 

was explanted and rinsed with P8S. All or
gans weight was recorded. The tumors were 

MIuIM>ura. VoL Med. J. 
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Inspected macroscoplcaDy and separated (rom 

the liver . Upon anatomical preparation liver 

Ussue was In preserved In buffered formal in 

4% or frozen tromedJately In liquid nitrogen. 

4. Hlatoiogy 

Tissue of transgenJc treated anJmals, as 

well as liver from control anlmals. were fixed 

In 4% formaldehyde in PBS and embedded In 

paraffin by standard operating procedures. 

Paraffin blocks were sectioned lnto 3-5 rom 

thick sUces and stained wtth haematoxylin 
and eosLn (H and EJ. 

6. Array hybJ1dJr.aNon and acanntng 

TotaJ RNA was Isolated from frozen liver 

tissues of transgenic mice at age of 4 and 8.5 

months by uslng QJAGEN's RNeasy. total RNA 

isolation procedure. A second cleanup of Iso

lated RNA was performed using the same RNA 
tsolaUon Idt. In all . 10 ,..g o( total RNA was 

used for the synthesls of double-stranded 

cDNA wtth Superscript II RT and other rea
gents from Invitrogen Ufe Technologtes. 

HPLC-purlfied T7-(dT)24 (GenSet SA) was 

used as a prtmer. After cleanup, double· 

stranded cDNA was used for the synthesis of 

biotin-labelled cRNA (Enzos BloArray High 
Yield RNA Transcript LabeJLng Kit. Affymetrlx). 

cRNA purified wtth RNeasy Spin columns from 
QJagen was cleaved 111to fragments of 35-200 

bases by metal Jnduced hydrolYSIS. A measure 

of 10 !J.g of bJotfnylated fragmented cRNA 

washybrtdized onto the Mur1ne Genome 
U74Av2 Array (MG-U74Av2), The array con

sists of 12 488 probe sets that represent Ref
Seq annotated sequences (86000) 111 the 

Mouse UrUOene database. as well as 86000 
EST clones . The hybridIzed, washed and 
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coloured arrays were scanned using the Agi

lent Gene Arrays Scanner. Scanned image 

rues were visually Inspected for artifacts and 

then analysed. each lmage being scaled to an 

all probe sel intensity of 150 for comparison 

between chips. The Affymetrlxs Mlcroarray 

Suite (verSion 5 .0) was used to control the 

fluidicS staUon and the scanner, to capture 

probe array data and to analyse hybridization 

intensity data. Default parameters prOvided Ln 

the Affymetr!x data analySIS software package 

were applied in running of analyses array 

track and student test. The array track and 

student tes t were used for dala analySIS for 

gene expreSSion comparIson between liver tu

mour of att-myc transgenic mice and normal 

I1ver of non- transgenic mice. 

6. lmmunobJatochmellltry 

Fixed liver tissue was embedded In paraffin 
and then sectioned at 4-5 rom. The sections 

were depara.ftl.rU.zed. rehydrated, and heated 

luslng a microwave <!ven) to bolling 0.01 M 
citrate buffer (pH 6.0). Upon bolling, the sec

Uons were subsequently heated (low heal set

Ungl for an adctJUonal 15 min. The sections 

were then blocked in 1.5% normal serum for 

10 min at room temperature. The follOwing 

antisera (Santa Cruz Biotechnology, Inc., San

ta Cruz, CA. USA) : anti- PCNA and anti -

Srdu antisera were used. The liver sections 

were incubated with antisera overrught at 

room temperature USJ.ng the fonowing dilu

tions for 1:200. Immunoreacuvity (as IdenU

ned by brown color) to the respective protem 

was then VIsualized USing the DAKO Staining 

System fonowtng the manufacturer's protocol. 

The negative control secUons for were incu

bated with normal rabbit or goat rgO instead 

of primary antibody .. Sections were counter-

Ahln80ura, Vet. Jled. J. 
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stained with Mayer's hematoxylin. The sec

tions were then photographed using an a.X1ovi

slon lIght microscope and Nlkon DXM 1200F 

dJgtlal camera. 

7. StatIBl1cal anal,.,. 
The in v1vo Imaged liver volume and the ex 

vivo measured ltver weight was recorded and 

the liver volume and the tumor volume were 

computed and defined as the tumor percent

age. The statisUcal analysiS of individual gene 

expresSion data are based on the Sludent's t· 

test. 

RESULTS 
The gene construct for the production of 

AAT-c-Myc m1ce and PCR analysis of c-myc 

from tail biopSies to IdentitY transgenic mice 

were shown in figure la, b. By use of the al

phal-antitrypsln promoter targeted expres

sion of c-Myc to the liver was achieved as orlg

lnally described by Dalemans et al .. 1990. C

myc was expressed In transgenic mIce treated 

by BHT by 7 folds at age of 4 month whtle at 

8.5 month was 12 folds 111 comparison to non

transgeniC mice. 

Liver lesions were detected by MicroCT fig 

(2a, b) with a lesion size vaJ")'1ng between 0.9 

mm and 11 mm. After Intravenous injection of 

the Uver-speclft.c iodinated contrast agent 

DHOO the lesions were wen defl.ned and pre

sented hypodens as compared to the normal 

liver parenchyma. Lesions of a size of> 1 mm 

could be Identified with certainty. Important

ly, and with the exception of one animal c

Myc Lransgeruc animals treated 'With SHT 

showned very small lesions less than 5mm 

detected by Mico-CT. Mean of tunmor lesLons 

was 4 m.m for BHT and 3 mm for the corn oil 
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transgenic control. respectively. There Is no 

change in 1!ver volume (fig 2b) detected by MI

croCT as there Is no detected HCC that reo 
sponsible of Uver volume lncreament. AddJ· 

UonaUy. lungs were normal although BHT 

previously reported to increase lung tumor. 

FUrthermore. the glucose metabolism In 

liver lesions was determLned by in vivo leF_ 

FDG IlPET lmagmg. To allow for accurate ana

tomIcal localiZation of focal 18r_FOG uptake. 

registration and fusion of )..I.CT and ),lPET data

sets was done prior to quantitative analysIs of 

PET data. The lar.FDG-uptake of BHT treat

ed mice was mainly homogenous!y and simi

lar to normal parenchymas of liver of control 

one. 

Liver weight and liver weight to body 

weight raUo (fig 2b) was tncreased in trans

genJc mice treated by BHT especially at 4 
month, immediately after treatment. WhOe at 

successfully 5.5 to 8.5 month, there was no 

cUfference in liver weight or liver weight to 

body weight raUo. 

The promoting aCtivity of BHT In c-myc 

transgeniC mice was examined hlstopathologi

caliy. by an Increase in mltoUC figures (2n 

beartng cells) and hyperplasIa of hepatocyte 

{fig 4,5 and 6), Similar results recorded by 

Clapp et aI .• (1973) who found hyperplasia of 

hepatic hOe ducts in mice foHowlng long-term 

admin1Stration of butylated hydroxytoluene. 

Moreover, there was a big macrocytJc dysplas

tic nodules detected in liver of treated trans

genic mice at age 8.5 month resemble hepato

ceUualar adenoma. Whtle transgenic antmal 

treated only with corn 011 show only dyspha

s ia that prevtously reported at this age in 

Jhn6oura. VeL Med. 01. 
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wtthout any evidence of tumor growth. There 

was no record for hepatocellular cellular car
cinoma In transgeniC mice treated by BHT or 

its control. 

AddHJonaUy. mcreased the proliferation of 

hepatocyte was also recorded by lncrease la
beling index either by prolifera ting cellular 

anugen (PCNAI or bromodeoxyurldlne-JabeUng 

(S,dul (fig 71. 

The most slgnifJcant gene exp ressIon of 

BHT treated transgenic mice Wg 8) a t 4 

month was 28 whUe at 8 .5 was 42 compared 

to non-transgenlC mice. The most coromen 

gene function pathway (KEGGI was 81 for 

BHT while the sign ificant KEGG was 17 path

ways at 8.5 month cO!llpared to non

transgeniC mice . 

BHT dJdn"t regulated any gene related to 

cell cycle. DNA replicauon. p53 slgnaHng 

pathway, mismatch repair, retinol metabo

lism, pyrtmidine metabol1sm, arachidonic acid 

metaboUsm, whereas BHT were ma1n1y regu

lated genes related to cellular metabolism and 

drug detoxification like CyplaZ. Cyp7bl and 

Cyp2c40 was down regulation at age 8.5 

month . While Cyp4a14. Cypla2 and Cyp4a29 

were Increased a t 4 month I.m.medlately after 

treatment. Moreover ascorbate and aldarate 

metabolism (KEGO) was unchanged in BHT 

treatment. 

DISCUSSION 
Because of the lack of reported toJdc effects 

to people since Its Wide use 1n 1954, BHT was 

given a GRAS (Cenerally RecognJzed as Safe) 

status by the FDA at a level not to exceed 0.5 

mg/kg body wt/day or 0.02 ppm 10 foods. Ac-
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cordlng to this regulaUon, companIes addlng 

BHT to foods and drugs would be compelled 
to perform further studies on certain toxic ef

fects of BHT (VASES, 1977). 

Till now, there Is no detected llver tumor 

promoting agent induce alone iJver tumor In 

human. WhUe there were a few studies on 

the effects of SHT to humans wtth most of 

these studles Just Identify1ng the metabolic 

products of BHT (Babich. 1982). In the 

present study. we Investtgated tumor promot

er activ1ty of BHT In c-myc transgenic mice by 

histopathology, In-Vivo modalities and gene 

expression. 

Liver weight and liver weight to body 

weight ratio was only 51gn1flcantly increased 

due to effect of BHT tOxiCity at first sacr1f1ce 
immediately after treatment when compared 

to non-transgenic control mIce wh.lle there 
was no difference at successful ume paLnt at 

dose under experlmen.t. 

Indeed, contrast-enhanced j.tCT and 18F

fOG ).lPET metabolic imaging are facUe meth

ods for detection of llver lesIons and can be 

conSidered as robust In v1vo 1roaglng tech

nIques to quan tify lesions and to characterize 

tumor morphology (Henntng ct aI.. 2008 

Von; Falck et aI.. 2(09). In the present 
study. Uver and tumor volume were quant1fled 

based on semiautomatic segmentation of CT 

scans (MarUnlova et aI .• 2010). There Is no 
change In liver volume detected by MJcroCT 

as there is no detected HCC that responsible 

of Uver volume tncreament. 

Notably. the promoting ac Uv1ty of BHT is 
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controversial as BHT can behave as tumor 

promoting or act agalnst tumor . This depends 

on overload of defense of liver detoxification 

mechanisms (Ima1da ct aI .• 1983). In c-myc 

transgeruc mice was examined histopathologI 
cally, by an Increase In mltotJc figures (2n 

bearing ceUsJ that considered as precarclno

genic and Increase proIlferative cellular anti

gen detected by Immunoh istochemistry espe

Cially at 4 and 5 .5 month. Moreover . there 

was a bIg macrocytic dysplastic nodules de

tected in liver of treated transgeniC mIce at 

age 8.5 month resemble hepatocellualar aden

oma and suggested for expanSion 1n later time 

for HCC. 

Interestlngly. cytochrom p450 played im

portant role In metabolism of BHT espclally at 

age of 4 moth tmmedJatlly after treatment 

(SI!erum ct al.. 2008; ShlbutanJ ct al .• 
2002). while some members of cytochrome 

p450 was down regulated at 8.5 month which 

enable starting appearance of precarctnogenic 
evidance like m1toUc figures, hyperplaSia and 

large macrocytic dysplastic nodules that may 

be expand later to HCC .. 

CONCLUSIONS 
In the present study BHT as a tumor 

promoting agent and for such non-genotoxic 

carCLnogens had a threshold has been estab
lished. Possible BHT accelerates tumor 
growth in the c-Myc transgenIC model at lat

er Ume polots and I or higher doses but 

histopathology defined for thts group mainly 

dysplastic nodules even a t the last time POint 
of sacrlfice, e.g. 8.5 month . Cytochrome p450 

suggested playing an lmportant role In Uve r 

tumor promoUng acUv1ty of BHT. 
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Fig (1 a, b ) : show the gene construct for the production of AA T -c-Myc mice . 
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BHT previously reported to increase lung tumor. 

A 

BHT 

Cornall 

B 

Fig (2) : show fused microCT and microPet scanning (a) of both BHT and 

com oil. A transgenic treated by BHT show increase tumor load with 

10 mm tumor lesions and show a very little glucose uptake detected 

by micro pet imaging. Note there was no change in liver volume at 

different time point of sacrifice (b) . 

398 

Msn6ours., Vet. Mell. J. Vol. xm. No. I. 30II 



Elalfy, M.; et al ... 

A 
B * * 

l ~ ~ 
~ ~ t ~ ~~ 

~~ ~ O~ .;:, 
~~ l 0 (,0 ~o O~ ~ 

~ 

0 

Fig (3) : show liver to body weight ratio of BHT treated transgenic mice significantly 

increase when compared to non transgenic control at both 4(a) and 8.5 (b) 

month but when compared to transgenic mice only Increased at 4 months. 

Also showed gross picture of liver of transgenic mice treated by BHT show 

tumor while control transgenic one showed normal liver. 
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Fig (4) : liver of transgenic mice at age of 5.5 month treated by BHT showed 

dysphasia, increase mitotic figures, dysplastic nodules and apoptosis 

stained by (H&E) 250X . 

Fig (5) : liver of transgenic mice treated by BHT show large dysplatsic nodules at 

age o f 8 .5 month stained by (H&E) 250X. 

340 
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Fig (6) ; normal liver of non-transgenic mice treated with can oil at age of 8.5 

month stained (H&E) 100X 

A B c 

Fig (7) ; increase labeling index Pcna (a) Brdu (b) non stained control 

liver section of transgenic animal treated by BHT 100x 
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Fig (8) : show HCA and PCA analysis of gene expression in the liver of ATT·cmyc 

transgenic mice induced by BHT at ,~ sacrifice (4 months) and 4~ sacrifice 

(8.5 months) compared to the . non transgenic control mice treated with 

vehicle. 
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Table (1) : show The most common gene function pathway (KEGG) for BHT 

compared to non-transgenic mice 
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