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ABSTRACT

Liver tumor promoting activity of butylated hydroxytoluene (BHT) Is controversial,
butylated hydroxytoluene (BHT) had previously reported to have a promolng and
protecUve roles in occurrence of tumour formation but strain differences, the effect
upon varlous carcinogens, paradoxical dose responses and mechanisms of actlon re-
maln major questions In the toxicology of BHT. Here. we invesligate the promoter ac-
uvity of BHT in c-myc transgenic mouse model of liver cancer. It was found that BHT
Increase liver to body welght ratio especially at age of 4 month lmmediately after
treatment when compared with non- transgenic control. Moreover increase the mitot-
Ic figures and proliferation of hepatocyte either clarified In histopathology or tmmu-
nohistochemistrly labeltng index which consider evidence of promoting activity of
BHT at early stage. Additionally, cytochrome p450 members played an important role
in metabolism of BHT especially at early stage of 4 month agree with the Increase of
gene expression of these members while its expression decreased at 8.5 month. Nota-
bly, BHT treatment increase gene expression of cellular metabolism especially protein
metabolism and drug detoxification ltke Cypla2, Cyp7bl and Cyp2¢40 was down
regulation at age 8.5 roonth. While Cyp4al4. Cypla2 and Cyp4a29 were increased at
4 month immediately after treatment, Moreover ascorbale and aldarate metabo/ism
was unchanged u1 BHT treatmen!.

INTRODUCTION

229

BRT is one of the most commonty used an-
toxidants tn foods contalnlng fats and olls
and In food packaging and other food contact
applications, cosmetics, drugs. and animal
feeds to prevent oxygen-lnduced liptd peroxi-
dation. (FDA, 1973 and NIH, 1979, U.S. In-
ternational Trade Commission, 1977). Be-
cause of the lack of reported toxic effects to
people slnce Jts wide use {n 1954, BHT was
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given a GRAS (Generally Recognized as Safe)
status by the FDA at a level not to exceed 0.5
mg/ kg body wt/day or 0.02 ppm in foods. Ac-
cording to this regulation, companies adding
BHT to foods and drugs would be compelled
to perform (urther studles on certain toxic ef-
fects of BHT (FASEB, 1977).

The co-mutagenic and co-carcinogenic
properties of BHT have been demonstrated in
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tests ranging from thc Ames test to cell trans-
formation procedures to {n vivo assays. These
effects are probably medlated by metabolites
of BHT, rather than by BHT itself (Malkinson,
1988). While there were a {ew studies on the
effects of BHT to humans, with most of these
studles just tdentlfying the metabolic prod-
ucts of BHT (Babich, 1882),

Liver tumor promoting activity of butylated
hydroxytoluene (BHT) is controversial. Wits-
chi, (1981, 1986) also suggested that butylat-
ed hydroxytoluene {BHT) had both promoting
and protective roles In occurrence of tumour
formation but straln differences, the effect
upon varlous carclnogens, paradoxical dose
responses and mechanisms of actlon remain
major questions In the toxicology of BHT.

More over, Shirai et al. (1982) mvestigated
the carcinogenicity of butylated hydroxyto-
luene on long-term admintstration to B6C3F1
mice. Femates mice given 1000 or 5000 ppm
BHT and males glven 5000 ppm showed re-
duced wetght gain. No signiflcant changes at-
tribufable to BHT treatment. Tumours were
found {n many organs; especially the lungs.
ltver, lymph nodes and spleen, in both the ex-
perimental and control groups, but none were
related to BHT treatment. Inconsistent, buty-
lated hydroxytoluene (BHT) found to be failed
to induce btologically significant increases (n
cellujar proliferation in the liver, urlnary blad-
der and thyroid gland on feeding to young
adult Wistar rats. Nevertheless, it has been
reported to enhance the yleld of Uver tumors
when fed to rats or mice that developed an ap-
preciable background tncidence of these tu-
mors without treatment (Lok et al., 1898).
In copirast, Willama et al. (1891) found
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that BHT at different doses promoted liver
cancer at subsequent time points of 24, 36,
and 48 weeks. the number of focl progressive-
)y fncreased, and at the end of the study, the
incidence of Uver neoplasms was 100% n
mlice treated with hydroxytoluene after expo-
sure to 2-acetylaminofluorene (AAF). Addition-
ally, Decade studles suggest that BHA, and
perhaps BHT. were carcinogendc to rodents.
Notably, the neoplastle effects observed at
very hlgh dietary levels of BHA and BHT occur
only after effective biological defense mecha-
nisms were overloaded (Iveraon, 1986).

Sun et al. (1996) studied that the induc-
tion of 1sozymes of drug-metabolizing enzymes
by butylated hydroxytoluene (BHT) in the
male ddY mouse. In mice given 0.05 and
0.15% BHT In the dtet for 14 days cytochrome
P-450 contents and the activities of uridine
diphosphate-glucuronyl transferase {UDP-GT)
and pentoxyresorufin O-dealkylase were
markedly increased, while In those fed 0.15%
BHT testosterone 6«, 16 and 16f hydroxy-
lases were greally increased, which indfcated
Induction of cytochrome P-4.50 tsozymes of
the CYP2B family.

Vanyushin et al. (1888) found that a sn-
gle intraperitoneal injection of butylated hy-
droxytoluene (BHT, 60 mg/kg body mass) re-
sulted within a few hours in a strong Increase
in nuclear DNA (cytosine-5)-methyl transfe-
rase (methyl transferase) activity in the lver,
kidneys, heart, spleen, braln and lungs of
male rats.

In a dose-response study, the bromodeox-

yuriding-labeling Index (LI)L1 was Increased
dramatically at first, then effects gradually
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diminished with further expasure, and flnally
six BHT treatments falled to (nduce cell pro-
liferation. In a two-stage model using ure-
thane as the (mit{ator, although up to five con-
secutlive doses of BHT were able to exert
continued enhancing effects in teyms of aden-
oma yleld, no (ncrement was evident with fur-
ther treatments. The data overall indicate that
arasH2/BHT model with five weekly adminis-
trations of BHT at a dose of 400 mg/kg s
most efficacious (Umemura et al. 2002).

Shibutani et al. (2002) investigated genes
that were steadily up-regulated during the
promotion stage in carcinogenesis. Rats re-
celved a single Injection of diethylnltrosa-
mine (DEN; 200 mg/kg body wt, i.p.). and
then after 2 weeks rats were administered
600 p.p.m. of phenobarbital (PB} In the drink-
Ing water for up to 64 weeks. Also, animals
were fed 1 p.p.m. ethinylestradiol (EE) or
3000 p.p.m. butylated hydroxytoluene (BHT)
in the diet at promotion stage. Rats were ex-
posed {o partial hepatectomy (PH) at week 3.
Both PB and EE treatments showed up-
regulation of 16 genes in the livers at week 8
of promotion with the levels being three times
or moare than the basal expresslion of unpro-
moted liver. The majority of these genes were
also up-regulated at week 8 by BHT treat-
ment. Additionally, SHerum et al. (2008)
reported that (BHT) tnduced changes in
the expression of 10 genes, including
phase | (CYP2B1/2; CYP3A9; CYP2C6) and
phase 1] metabolism (GST 12). The CYP2B1/2
and GST expression (lndings were conflrmed
by real time RT-PCR, Western blotiing. and
enzyme activity in male Sprague-Dawley rats,
7-weeks old, fed a diet containing BHT for 28
days.
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The rational of this study t¢ (nvestigation
the tumor promting activity of butylated hy-
droxytoluene (n a c-myc transgenic mouse
model of ltver ¢ancer

MATERIAL AND METHODS
1. Labaratory animals, transgenicity and
treatment

The att-myc transgenic Iline was de-
scribed earller by Dalemans et al. (1880).
Transgenic mice strain was C57/Blex 6
background. PCR was carried out with hot
star Tag DNA polymerase (Qlagen). Annealing
temperature and the number of cycles are in-
dicated in brackets after each primer pair.
The transgene was verified by PCR of DNA’
extracled from tall blopstes (Hogan et al.,
1994) and the following forward primer
(fp) and reverse primer (rp) palr was used for
a uansgene-spectflc amplfication: forward
primer: 50- TCCTGTACCTCGT-CCGATTC-30;
reverse primer 50GTTGTGCTGGTGAG-
TGGAGA-30 (60C, 31 cycles). 24 transgenic
mice of both sex at 2 month age treated with
BHT at dose of 300 mg/ kg once per week for
8 weeks whlile another 24 transgenic mice or
non transgenlc treated by corn oll as a vehicle
control (Witacht et al., 1981, 16888). At four
different time points - i.e. at the age of 4, 5.5.
7 and 8.5 months - in vivo uCT and pPET ilm-
aging was employed; animals were sacriflced
afterwards for histopathology.

2. In vivo tmaging of tranagenic animals
by uCT and pPET

All imaging procedures were performed un-
der inhalation ancsthesta with 1softurane (Iso-
ba vet., Essex Pharma, Gerroany) at a concen-
tration of 4% for Induction 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 isoflu-
rane was supplied via a nose cone. The anl-
mal respiration was spontaneous (Summit
Anesthesta Solutlons, Bend, OR, USA) and
the breathlng was monitored continuously us-
ing a small pressure transducer (Btovet, m2m
imaging, Newark, NJ, USA}. Breathing was
maintained at a rate between 60 and 100 per
minute. After image data acquisition the re-
covery time of the animlas from anaestbesia
was usually less than flve minutes. Overall
the procedures were well tolerated.

Specifically, sequential uCT and 18F-FDG
WPET Imaging was carried out with a total of
24 animals. Mice were tmaged at the age of 4
(18! sacrifice), 5.5 (2P4 sacrifice), 7 (379 sacri-
fice) and 8.5 months (41 sacrifice). The trans-
genlc control animals were examined at the
age of 8.5 months only (41 sacrifice), al-
though some explorative contrast-enhanced
Imaging was carried out at the age of 2, 5 and
7 months. All animals were sacrlficed 2 days
after the PET imaging. At this time the radio-
active tracer declined to below the level of de-
tection.

2.1 Contrast enhanced uCT tmaging :

Three hours prior to CT scans anaesthe-
tized mice were given an Intravenous (njection
of a Jlver-speclfic fodinated contrast agent
(DHOG, Fenestra LC, ART Inc., Saint-Laurent,
Canada) al an approximately volume of 200-
300 W (10 pl/g bodywelght) into the tail vein.
The image data acquisiion was as recom-
mended by the manufacturer and previously
published protocols (Von et al., 2009 and
Weber ct al., 2004).
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The uCT scan was done with a high-
resoludon small andmal computed tomogra-
phy scanner (eXplore Locus, GE Healthcare,
Chalfont St. Giles., UK). The scan parameters
were set as follow: tube voltage 80 kVp, tube
current 450 pA, number of acquisition 360,
number of views 720, exposure time 100 ms,
one average per frame, axial fleld-of-view 33
mm. Scans were recorded without respiratory
gating. Total scan duration was about 12 min-
utes.

Image data was reconstructed using a
cone-beam algorithm on an 8-node Unux clus-
ter. The resulting voxel size of the (sotrople
dataset was 45 pm. Arbitrary attenuation val-
ues were converted to the Hounsfield scale
uslng a calibration phantom with water, alr
and bore tnserts.

2.8 YPET imaging :

All animals were fasted prior to imag-
ing for about 6 hours. Anaesthetlized mlce
were given an intraperitoneal injection of J0
MBq (18F)-2-fluoro-2-deoxyglucose (18F-FDG,
Department of Nuclear Medlicine, Hannover
Medical School, Germany) In a total volume
of 50-100 pl stertle isotonlc saline solu-
tion. PET imaging was in the same posi-
tion as for CT scans and done on the same
day. Static Ilmages were acquired 45 min-
utes after Injection of the tracer using a
high-resolution small animal PET camera
(eXplore Vista, GE Healthcare. Chalfont St.
Glles, UK). Total acquisition time was 30 min-
utes for a single bed position. Umages were
corrected for random events and scatter prior
to reconstruction with a 3D-FORE/2D-OSEM
[teratve algorithm. No attenuation correction
was used.
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2.4 Image analyais :

UCT datasets were visualized and analyzed
using the soltware packages Microview 2.2
(GE Healthcare, Chalfont St. Diles, UK). Me-
VisLab 2.0 (MeVis Medical Sojubons AG, Bre-
men, Germany) and OsiriX (v.3.7.1 32-bit,
Pixmeo Sarl). Total liver volume was calculat-
ed using the LiveWireMacro module (MeVis-
Lab 2.0) which utllizes a contour-based semi-
automatic segmentation method. Focal lver
lestons were counted and quantified by 2D-
measurement of the largest diameter. The di-
ameter (d) of the lesions was used to estimat-
ed the tumor volume by the following formula:
tumor volume (V) = 1/6 x n x d3. The volumes
of all lver lesions were added to determlne the
total tumor volume, The tumor percentage of
the Uver was calculated as the ratio of the to-
tal tumor volume (ml) and the total liver vol-
ame (ml).

Rigid registration of PET and CT datasets
was based on anatomical landmarks and
used to generate fused datasets. Reglons-of-
Interest (ROI) were manually defined for focal
liver lesions of a dlameter above 5 mm as de-
tected tn pCT and !8F-FDG pPET imaging.
The background (non-tumor) signal was de-
termined by placing a ROl tn the tumor-free
ltlver parenchyma and the maxmum count
per volume was determined for each ROI to
estimate the tumor-to-non-tumor rat(os.

3. Sample collection and preparation

68 Mice were anaesthetized by an overdose
of CO2 and sacrificed at the age of 4, 5.5, 7
and 8.5 months. The thorax was opened by
standard surgical procedures and the liver
was explanted and rinsed with PBS. All or-
gans welght was recorded. The tumors were
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fnspected macroscopically and separated from
the ldver. Upon anatoamlical preparation llver
tissue was (n preserved in buffered formalin
4% or frozen Immediately In liquid nitrogen.

4. Hiatology

Tissue of transgenic treated animals, as
well as liver from control anbnals, were fixed
in 4% formaldehyde in PBS and embedded in
paraflin by standard operating procedures.
Paraffin blocks were sectoned into 3-5 mm
thick slices and stained with haematoxylin
and eosin (H and E).

6. Array hybridization and acanning

Tolal RNA was isolated from frozen liver
tssues of transgenic mice at age of 4 and 8.5
months by using QIAGEN's RNeasy, tota] RNA
isolatlon procedure. A second cleanup of {so-
lated RNA was performed using the same RNA
(solation kit. In all, 10 ug of total RNA was
used for the synthesis of double-stranded
cDNA with Superscript I RT and other rea-
gents from Invitrogen Life Technologies.
HPLC-purified T7-(dT)24 (GenSet SA) was
used as a primer. After cleanup, double-
stranded cDNA was used for the synthesis of
btotin-labelled ¢RNA (Enzos BioArray High
Yield RNA Transcript Labellng Kit, Affymetrix).
cRNA purified with RNeasy spin ¢olumns from
Qlagen was cleaved into fragments of 35-200
bases by metal Induced hydrolysis. A measure
of 10 pg of blotinylated fragmented cRNA
washybridized onto the Murine Genome
U74Av2 Array (MG-U74Av2). The array con-
atsts of 12 488 probe sets that represent Ref-
Seq annotated sequences (B6000) in the
Mouse UniGene database, as well as B6000
EST clones. The hybridized, washed and
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coloured arrays were scanned using the Agi-
lent Gene Arrays Scanner. Scanned image
flles were visually inspected for artifacts and
then analysed, each image being scaled to an
all probe set intenslty of 150 for comparison
between chips. The Affymetrixs Microarray
Suite (version 5.0) was used to control the
fluidics station and the scanner, to capture
probe array data and to analyse hybridization
intensity data. Default parameters provided in
the Affymetrix data analysis software package
were applled in running of analyses array
track and student test. The array track and
student test were used for data analysis for
gene expression comparison between liver tu-
mour of att-myc transgenic mice and normal
liver of non- transgenic mice.

8. Immunohistochmeistry )

Fixed llver issue was embedded in parafiin
and then sectioned at 4-5 mm. The sections
were deparaffinized, rehydrated, and heated
(using a microwave oven) to bolling 0.01 M
citrate buffer (pH 6.0). Upon bolling, the sec-
tions were subsequently heated (low heat set-
ting) for an additlonal 1S5 min. The sections
were then blocked in 1.5% normal serum for
10 min at room temperature. The following
antlsera (Santa Cruz Biotechnology. Inc., San-
ta Cruz, CA, USA) ; antl- PCNA and and -
Brdu antisera were used. The liver sections
were Incubated with antisera overnight at
room temperature using the following dilu-
tions for 1:200. Immunoreactivity (as identi-
fled by brown color) to the respective protein
was then visualized ustng the DAKO Staining
System following the manufacturer's protocol.
The negative control seclions for were Incu-
bated with normal rabbit or goat 1gG Instead
of primary antibody.. Sections were counter-
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stained with Mayer's hematoxylin. The sec-
tlons were then photographed using an axiovi-
sion light microscope and Nikon DXM1200F
digital camnera.

7. Statistical analysia

The in vivo imaged llver volume and the ex
vivo measured liver welght was recorded and
the lver volume and the tumor volurae were
computed and deflned as the tumor percent-
age. The statistical analysis of individual gene
expression data are based on the Student's t-
test.

RESULTS

The gene construct for the production of
AAT-c-Myc mice and PCR analysis of c-myc
from tall blopsles to ldentify transgenic mice
were shown o flgure la, b. By use of the al-
phal-antitrypsin promoter targeted expres-
sion of c-Myc to the llver was achieved as orig-
inally described by Dalemans et al., 1990. C-
myc was expressed in transgenic mice treated
by BHT by 7 folds at age of 4 month while at
8.5 month was 12 folds in comparison to non-
transgdenic mice.

Liver lesions were detected by MicroCT fig
(22, b) with a lesion size varying between 0.9
mm and 11 mm. After intravenous tnjecton of
the Uver-specific lodinated contrast agent
DHOG the lesions were well defined and pre-
sented hypodens as compared to the normal
liver parenchyma. Lesions of a siz¢ of > 1 mm
could be identified with certainty. lmportant-
ly. and with the exception of one animal c-
Myc transgenic animals treated with BHT
showned very small lesions less than 5mun
detected by Mico-CT. Mean of tunmor testons
was 4 mm for BHT and 3 mm for the corn oll
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transgenic control, respectively. There is no
change in liver volume (fig 2b) detected by Mi-
croCT as there (s no detected HCC that re-
gponsible of Uver volume increament. Addi-
tlonally, lungs were normal although BHT
previousty reported to increase lung tumor.

Furthermore, the glucose metabolism in
ver leslons was determined by in vivo !8F-
FDG pPET imaging. To allow for accurale ana-
tomical localization of focal !8F-FDG uptake,
registration and fuston of uCT and uPET data-
sets was done prior to quantitative analysis of
PET data. The 18F-FDG-uptake of BHT treat-
ed mice was mainly homogenously and simi-
lar to normal parenchymas of liver of control
one.

Liver welght and liver welght to body

weight rallo (fig 2b) was increased In trans-
genic mice treated by BHT espectally at 4
rmonth, Immediately after treatment. While at
successfully 5.5 to 8.5 month, there was no
difference (o Uver welght or llver welght to
body weight ratio.

The promoting acttvity of BHT In c-myc
transgenic raice was examlned histopathologi-
cally, by an increase in mitotic figures (2n
bearing cells) and hyperplasia of hepatocyte
{ig 4.5 and 6). Similar results recorded by
Clapp et al,, (1973) who found hyperplasla of
hepauc bile ducts in mice following long-term
administration of butylated hydroxytoluene.
Moreover, there was a big macrocytic dysplas-
tic nodules detected in liver of treated trans-
genic mice at age 8.5 month resemble hepata-
cellualar adenoma. While transgenic animal
treated only with corn oll show only dyspha-
sla that previously reported at thils age tn
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without any evidence of tumor growth. There
was no record for hepatocellular cellular car-
cinoma in transgenic mice treated by BHT or
its control.

Additjonally. Increased the proliferation of
hepalocyte was also recorded by increase la-
beling index clther by proliferating cellular
antigen (PCNA) or bromodeoxyuridine-Jabeling
(Brdu) (fig 7).

The most significant gene expression of
BHT treated transgenic mice (fig 8) at 4
month was 28 while at 8,5 was 42 compared
lo non-trapsgenic mice. The most comwmen
gene fupction pathway (KEGG) was 81 for
BHT while the significant KEGG was 17 path-
ways at 8.5 month compared to non-
transgenic mice.

BHT didn't regulated any gene related to
cell cycle, DNA replicationn, p53 signaling
pathway, mismatch repair, retinal metabo-
lism, pyrimidine metaboltsm, arachidonic acid
metabolism. whereas BHT were mainly regu-
lated genes related to cellular metabolism and
drug detoxdflcation like Cypla2, Cyp7bl and
Cyp2c40 was down regulation at age 8.5
month. While Cyp4al4. Cypla2 and Cyp4a29
were increased at 4 month immediately after
treatment. Moreover ascorbaie and aldarate
metabolisrn (KEGG) was unchanged in BHT
treatment.

DISCUSSION
Because of the lack of reported toxic effects
to people since Its wide use (n 1954, BHT was
glven a GRAS (Generally Recognized as Safe)
status by the FDA at a level not te exceed 0.5
mg/kg body wt/day or 0.02 ppm in foods. Ac-
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cording to this regulation. companies adding
BHT to foods and drugs would be compelled
to perform further studjes on certain toxic ef-
fects of BHT (FASEB, 1977).

Till now. there Is no detected liver tumor
promoiing agent Induce alane llver tumor In
human. While there were a few studies on
the effects of BHT to humans with most of
these studies just identifying the metabolic
products of BHT (Babich, 1882). In the
present study. we Investigated tumor promot-
er activity of BHT in c-myc transgenic mice by
histopathology. in-vivo modalities and gene
expression.

Liver weight and llver welght to body
welght ratto was only significantly increased
due to effect of BHT toxicity at first sacrifice
immediately after treatment when compared
to non-transgenic control mice while there
was no difference at successful time point at
dose under experiment.

Indeed, contrast-enhanced pCT and 18F-
FDG pPET metabollc imaging are factle meth-
ods for detection of Uver leslons and can be
cons(dered as robust in vivo irmaging tech-
niques to quantfy lesjons and to characterize
tumor morphology (Henning et al., 2008
Von; Falck et al., 2009). In the present
study. liver and tumor volume were gquantified
based on semiautomatic segmentation of CT
scans (Martiniova et al., 2010). There Is no
change in Uver volume detected by MicroCT
as there is no detected HCC that responsible
of Hver volume tncreament.

Notably, the promoting activity of BHT is
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controversial as BHT can behave as tumor
prormoting or act agalnst turnor. This depends
on overload of defense of liver detoxification
mechan{sms (lmaida et al., 1883). In c-myc
transgenic mice was examined histopathologi-
cally, by an increase i{n mijtotic figures (2n
bearing cells} that considered as precarcino-
genic and Increase proliferative cellular antl-
gen detected by Immunochistochemistry espe-
clally at 4 and 5.5 month. Moreover, there
was a big macrocytic dysplastic nodules de-
tected In lver of treated lransgenic mice at
age 8.5 month resemble hepatocellualar aden-
oma and suggested for expanslon In later time
for HCC.

Interestingly, cytochrom p450 played tm-
portant role in metabolism of BHT espclally at
age of 4 moth tmmedjallly after treatraent
(Stterum et al.,, 2008; Shibutani et al.,
2002). while some members of cytochrome
p450 was down regulated at 8.5 month which
enable starting appearance of precarcinogenic
evidance like mitotic 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
carcinogens had a threshold has been estab-
lished. Possible BHT accelerates
growth In the c-Myc transgenlc model at lat-
er uUme polnts and / or higher doses but
histopathology deflned for this group malnly
dysplastic nodules even at the last time polint
of sacrifice, e.g. 8.5 month. Cytachrome p450
suggested playing an important role {n lver
tumor promoting activity of BHT.

Lumor
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versus non-transgenic

Fig (1 a, b ) : show the gene construct for the production of AAT-c-Myc mice .
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BHT previously reported to increase fung tumor.

Comait

W

liver volume (m))
? _» » ¢ o

LIS

R " S

Fig (2) : show fused microCT and microPet scanning {(a) of both BHT and
corn oil. A transgenic treated by BHT show increase tumor loagd with

10 mm tumor lesions and show a very little glucose uplake detected
by micro pet imaging. Note there was no change in liver volume at

different time point of sacrifice (b) .
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Fig (3) : show liver to body weight ratio of BHT trealed transgenic mice significantly
increase when compared to non transgenic control at both 4(a) and 8.5 (b)
month bul when compared {0 transgenic mice only Increased at 4 months.
Also shawed gross picture of liver of fransgenic mice treated by BHT show
tumor while control trgansgenic one showed normal liver.
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N RS AT W .I 57
Fig (4) : liver of transgenic mice at age of 5.5 month treated by BHT showed
dysphasia, increass mitotic figures, dysplastic nogules and apoptosis
stained by (H&E) 250X .

2" i e PO SR A : 3 S

Fig (5) : liver of lransgenic mice treated by BHT show large dysplatsic nodules at
age of 8.5 month stained by (H&E) 250X.
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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 1% 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 {0 non-transgenic mice

Gene J
Direction_BHT_4_v:
Title BHT 4 vs Co 4 144 Co 4 144
Glycine, serine and threonine metabolism(KEGG) Aogxt(Agxt) Up
Glycine, serine and threonine metabolism{KEGG) Glge(Glde) Up
Glycine, serine and threoninag melabolism (KEGG) Maob(Maacb) Up
Glycine, serine and thragnine matabolism (KEGG) Pipox(Pipox) Up
Glycine, serine and threonine metabolism (KEGG) Shmt1(Shmt1) Up
Histidine metabolism(KEGG) Aldhib1{Aldh1b1) Up
| Histigine metabolism(KEGG) Hal(Hal) Up
Hislidine metabolism{(KEGG) Maob(Maob) Up
Histidine metabolism(KEGG) Uroci(Uroc1) Up
Biosynthesis of unsaturated fatty acids([KEGG) Elovi2(ElovI2) Up
Biosynthesls of unsaturaled fatty aclds{KEGG) ElovI6(Elovi6) Up
Biosynlhesis of unsaturated (atty acids(KEGG) Fads1(Fads1) Up
Biosynthesis of unsaturated fatty aclds(KEGG) Fads2(Fads2) Up
Tryptophan metabolism(KEGG) Afmid(Afmid) Up
Tryptophan metabolism(KEGG) Aldhib1{Aldh1b1) Up
Tryptophan melabolism(KEGG) Kynu(Kynu) Up
Tryplophan metabolism(KEGG) Maob{Maob) Up
One carbon pool by folate(KEGG) - Dhfr(Dhfr) Up
One carbon pool by folate(KEGG) Mthid1(M{hfd1) Up
One carbon pool by folate(KEGG) Shmt1(Shmt{] Up
Arginlne and proling metabolism(KEGG) Aldh1b1{Aldh1b1) Up
Arginine and proline metabolism(KEGG) Maob[Maob) Up
Arginine and proline metabolism(KEGG) Otc(Otc) Up
Arglnine and proline meladolism(KEGG) Son(Smn) Down
Sulfur meiabolism(KEGG) Papss2(Papss?) Up
Sulfur metabolism(KEGG) Sult1a1(Sultia1) Up
Folate biosynthasis(KEGG) Dh(r{Dbfr) Up
Folate biosynthesis(KEGG) Geh1(Geh1) Up
Lysine degradation(KEGG) Alghtb1(Aldh1D1) Up
Lysine degradation(KEGG) Bbox1(Bbox1) Up
Lysine degradalion(KEGG) Pipox(Pipox) Up
Glyoxylate and dicarboxylale metabolism (KEGG) ATmid(Afmid) Up
Glyoxylate and dicarboxylale metabolism(KEGG) Minhfd1(MlLhid1) Up
Steroid biosynthesis{KEGG) Fdf1[Fdft1) Up
Sleid blosynthesIs(KEGG) Sc5d(Sc5d) Up
beta-Alanine metabolism(KEGG) Aldh1bi(Aldh1b1) Up |
bets-Alanine metabolism(KEGG) Smm(Srm) Down
Alaning, aspanate and glutamate metabolism (KEGG) Agxi{Agxt) Up
Alanine, aspartale and glutamate metabolism (KEGG) Gpt1(Gopt) Up
Prapanoate métabolism(KEGG) Acss2(Acss2) Up
Propanoate metabolism(KEGG) Aldh1b1(Algh1b1) Up
| Butanoate metabolism(KEGG) Acsm3{Acsm3) Up
Butanoate metabolism(KEGG) Aldh1h1{Aldh1b1) _ Up l

Mansoura, Vet. Med. J. Val. XXX, No. 1, 2011



Elalty, M.; et al...

REFERENCES

BABICH H. (1882) ; Butylated Hydroxyto-
luene (BHT): A Review environmental research
29, 1-29.

Clapp N. K., Tyndall R, L. and Gumming
R. B. (18673) : Hyperplasia of Hepatic Bile
Ducts tn Mice Following Long-term Adminjs-
tration of Butylated Hydroxytoluene* Fd Cosr-
net. Toxdcof. Vol. ) 1, pp. 847-849.

Dalemans, W.; Perrand, F.; Le Meur, M.;
QGerlinger, P.; Courtmey, M. and Pavirani, A
(1880) : Heterologous protein expression by
transtmmortalized differentiated liver cell
lines dertved from transgenic mice (hepato-
mas/alpha 1 antitcypsin/ONC mouse). Blo-
logicals. 18. 191-198.

FABEB (1873) ! Evaluatlon of the health
aspects of butylated hydroxytoluene as a food
Ingredient. NatlTechnical Info Service #PB-
259917. 19 pp.

FASEB Report (1977): Butylated hydroxy-
toluene, Use restrictions. Federal Register
42:27603-27608.

Food and Drug Administration (1978) :
“Evaluation of the Health Aspects of Butylated
Hydroxytoluene as a Food Ingredient.” Wash-
ington, D.C.

Henning, T.; Weher, A. W.; Bauer, J. 8;;
Meier, R.; Carlaen, J. M.; Sutton, E. J.;
Prevrhal, 8.; Ziegler, S. 1.; Fcussner, H.;
Daldrup-Link, H. E. and Rummeny, E, J.
(2008) : Imaging characteristics of DHOG, a
hepatobilary contrast agent for preclinical mi-
croCT in mice. Acad. Radiol. 15, 342-349.

Hogen, B.; Beddingtin, R.; Costantini F,
and Lacy E. (1884) : Manipulating the mouse
embryo: A Laboratory cold spring harbor la-
boratory: Springer Harbor, NY

Imaida Katsnmf, Fukushima Shofi, Shi-
ral Tomoyuld, Ohtant Mikinobu, Nakaniah{

Mansoura, Vet. Med. J.

Keisuke and Ito Nobuyuld (1983): Promat-
ing activities of butylated hydroxyanlsole and
butylated hydroxytoluene on 2-stage urlnary
bladder careinogenesis and inhibition of y-
glutamyl transpeptidase-positive focl develop-
ment (n the liver of rats Carcinogenesis Vol.4
No.7 pp.895-899,

Iveraon F, (1886) : phenolic antioxidant:
health protection studtes on Butylated Hy-
droxyanisole. Cancer Jetters. 83; 49-54

Lok, E.; Mebta, R.; Laver Jeg, G.; Nera
E. A; McMullen, E. and Clayson, D. B.
(1996) : The effect of butylated hydraxyto-
luene on the growth of enzymealtered focl in
male Fischer 344 rat liver tissue Carcinogene-
sis vol.16 na.5 pp. 1071-1078,

Malkinson A. M. (1988) : putative mutag-
ens and carcinogens in foods. IIl. Butylated
hydroxytoluene (BHT). Environ Mutagen.
1983;5(3):353-62.

Martiniova, L.; Schimel, D.; Lai, E. W_;
Limpuangthip, A.; Kvetnansky, R. and Pa-
cak, K. (2010) : In vivo micro-CT imaglng of
liver leslons in small animal models. Methads.
50. 20-25.

National Inatitutea of Health (1879) : Bl-
oassay of Butylated Hydroxytoluene (BHT)} for
Possible Carcinogenicity USDHEW Washing-
ton, D.C.

Shibutani, M.; Takahashi, N.; Kobaya-
shi, T.; Uneyama, C.; Masutomi, N.; Nishi-
kawa, A. and Hirose, M. (2002) : Molecular
proflling of genes up-regulated during promo-
tion by phenobarhbltal treatment (n a medfum-
tern rat liver bioassay. Carcinogenests. 23
(6):1047-55.

Shirai T., Hagtwara A., Kurata Y., Shiba-
ta M. and Fukuashima 8. (1682) : [to N Lack

Vaol. XIIl, No. 1, 2011



Elalfy, M.; et al...

of carcinogenicity of butylated hydroxytoluene
on iong-term administration to B6C3F1 milce.,
Food Chem Toxlcol. Dec;20(6):861-5.

Stierum, R.; Coneaa, A.; Hetjne, W.; Om-
men, B.; Junker, K.; Scott, M. P.; Price, R.
J.; Meredith, C.; Lake, B, Q. and Groten J.
(2008) : Transcriptome analysis provides new
Insights Into liver changes induced in the rat
upon dletary administration of -the food adai-
tives butylated bhydroxytoluene, curcumin,
propyi gallate and thiabendazole. Food Chem
Toxico). 46(8):2616-28.

Sun, B.; Fukuhara, M.; Kinaabita, T; Ki-
mura, M. and Ushio, F. (1988) : Diflerential
induction of jsozymes of drug-metabolizing
enzymes by butylated hydroxytoluene in mice
and Chinese hamsters. Food Chem Taoxdcol.
(7):595-601.

Umemura, T.; Kodama, Y.; HioK, K ; No-
mura, T.; Nishtkawa, A.; Hirose, M. and
Kurokawa Y. (2002) : The mouse rasH2 /BHT
model as an in vivo rapld assay for lung carci-
nogens. Jpn J Cancer Res. 2002 Aug;93
{8):861-6.

United States International Trade Com-
misaion (1977) : Synthetic organic chemt-
cals-Unfted States production and sales,
1976. USITC Publication 833. U.S. Govern-
ment Printing Offlce, Washington, D.C., p.
299.

Vanyushin, B. F.; Lopatina, N. G.; Wise,
C. K; Fullerton, F. R. and Poirier, L. A

Mangoura, Vet. Med, J.

245

(1898) : Butylated hydroxytoluene modulates
DNA methylation in rats. Eur J Blochem.
15:256(3):518-27.

Von Falck, C.; Rodt, T.; Halter, R.; Span-
cl, R.; Galansld, M. and Borlak, J. (2009):
Combined microPET/CT for imaging of hepat-
ocellular carcinoma in mice, Froot. Blosci. 14,
2193-2202.

Weber, 8. M.; Peterson, K. A.; Durkee,
B.; Ql, C.; Longina, M.; Warner, T.; Lee, F.
T,, Jr. and Weichert, J. P. (2004) : [maging
of murine liver tumor using microCT with a
hepatocyte-selective contrast agent: accuracy
s dependent on adequate contrast enhance-
ment. J. Surg. Res. 119, 41-45.

Williams Gary, M.; Tanaka Takuji; Ma-
ruyama Hiroshi; Maeura Yoahtichi; Weds-
burger John, H. and Zang, (1891) : Edith
Modulation by Butylated Hydroxytoluene of
Liver and Bladder Carcinogenesis Induced by
Chronlc Low-Level Exposure to 2 Acetylamin-
ofluorene)l. CANCER RESEARCH 51, 6224-
6230

Witschi, H. P.; Hakkinen, P. J. and Kch-
rer, J. P. (1981) : Modification of lung tumor
development In A/J mice. Toxcology. 21, 37-
45.

Witscht, H. P. (1986) Enhanced tu-
mour development by butylated hydroxyto-
luene (BHT) in the llver, lung and gastro-
Intestinal tract. Food Chem. Toxico]l. 24,
1127-1130.

Val. Xill, No. 1, 2011



Elalfy, M.; et al .. 246

o)l el

ikl o A 3 wSI gl w Bliol (3 gl 57 a8 5 0en otz sl LU 3L
cbos Jod) ey LS ),

R LLIPRC) SN ST RPCR LIEPOC 2
padl Loly - ) bl LIS - e - 2, B S

Al = GBI LIS = Ll ey 20,50,

SLlyy ddlls 505 i o 2 )1 e Juodl s ta o 35 a0t pzdhaals e @l oSl ol e 3y )

& A ) LS 5 e iy b )iy Gasedlie o ol bt e Jrn a3 o Sl Wl Sy i
ot 2 55y it Loy gl 2SOV LG 3 0l ) 330 e el yd s ) sl 33, ool 2 plasie
o 2oy ol fLall 5 Tl ST 5y o 2055 sl 7 St Ayl sl o gl s 5y il s
bl L 2 L 33505 s e 3 0ey ahlall e paand i Ui sy o mtlie T4 G| a4 opl e
o os (o Sared el ol BLL ey e b, 800 e Ny eyl gl 2 5L e ) T by
LS PPN PR JPRUNIY VA PV | Lach jan ol [ 1% P W S FUY U G ¥ S P IV < [ Ot T
A5 85 s i Lpaa jaisil oo 35 Cyp4a28, CYPIAZ Cypdald  Jte il i sis w0y slllnis
St sl Aol G iy o G Slpdlly Ol Sl i e 35)e, Cyp2e40 .Cyp7b1.CYPIA2 o

P

Mangsoura, Vet. Med, J. Val XIII, No. 1, 2011



