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Abstract

It was reported previously that butylated hydroxytoluene (BHT) had tumor promoting properties on
c-myc transgenic mouse model of liver and lung cancer. To better understand limitation of BHT
inducing liver tumor, the promoter activity of BHT in non-transgenic mouse C57BL6 model of liver
cancer of short term toxicity was investigated. 40 male mice C57BL6 were divided into 5 groups;
first group received corn oil, 2" group treated with single dose of 100 mg/kg of diethylInitrisamine,
3 4% and 5™ group treated with single dose of 100 mg/kg of diethylnitrisamine followed by BHT
at doses of 100, 200 and 300 mg/kg respectively twice per week for 32 weeks. Liver to body weight
ratio was increased non-significantly in all treated groups in particular at dose of 300 mg/kg of BHT
when compared with control group. Furthermore, butylated hydroxytoluene at the highest dose
increased significantly (<0.05) liver transaminase enzymes, alkaline phosphatase, BUN, cholesterol
and glucose level when compared with group 2 treated only with DEN or control group. At 32
weeks, Diethylnitrisamine at dose of 100 mg/kg induced liver dysplasia while BHT fail to promote
conversion of liver dysplasia to ultimate unicellular or focal liver tumor. Notably BHT enhanced
leukocytic infiltration and dysplasia of primary pulmonary cell at dose of 300 mg/kg in
histopathology examination. Moreover, on conclusion BHT had no promoting tumor activity in wild
mice but butylated hydroxytoluene consider a hazardous chemical for liver and lung tissue at high
dose.
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Introduction

common cause of cancer mortality all over the
world. One of the principal subtypes of liver
cancer is hepatocellular carcinoma, which
constitutes a major cancer incidence and mortality

The population of Egypt has a heavy incidence of
liver disease, mostly due to chronic infection with
hepatitis C and B virus. Since the liver offers a
very important site for detoxification of
xenobiotic, the use of preservatives agents offers
potential risk factors for tumor promotion

Primary liver cancer has been reported as the fifth
most common cause of cancer and the fourth most

(Ibrahim and Nassar, 2008)

Butylated hydroxytoluene (BHT) is one of the
most commonly used preservative in foods
containing fats and in food packaging and other
food contact applications, drugs, cosmetics, and
animal feeds to prevent oxygen-induced lipid
peroxidation.  Moreover, 2,6-Di-tert-butyl-4-
methylphenol (BHT), 2-Tert-butyl-4-
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methoxyphenol (BHA), and 2,4,6-Tri-tert-
butylphenol are used alone or in combination
frequently as anti-inflammatory or in molar ration
and pharmaceutical as antioxidant (Murakami et
al., 2015)

In a two-stage model using urethane as the
initiator, although up to five successful doses of
BHT were able to exert continued enhancing
effects in terms of adenoma yield and no
increment was evident with further treatments.
The data overall indicate that a rasH2/BHT model
with five weekly administrations of BHT at a dose
of 400 mg/kg is most efficacious Umemura et al.
(2002).

Moreover, Hueper et al., (2012) found that BHT
enhanced large dysplastic nodules on c-myc
transgenic mouse model of liver cancer at age of
8.5 month detected by pet/ct imaging techniques.
Additionally, Bauer et al., 2016 investigated role
of BHT promotion of lung cancer in epiregulin
transgenic mouse model.

Carcinogenic tests of BHT have been carried out
in various ranging from the ames test to cell
transformation procedures to in vivo assays. These
adverse effects are probably mediated by
metabolites of BHT, rather than by BHT itself
Malkinson, (1983). Additionally, BHTOOH is a
metabolized form of BHT in the skin to several
reactive species, including both free radical,
electrophilic quinone methide that has been a role
in skin tumor promotion. Tumor promotion
activity by BHTOOH was need formation of an
electrophilic quinone methide (Guyton et al.,
1994).

While there were a few studies on humans, with
most of these studies just identifying the metabolic
products of BHT. Because of the lack of reported
toxic effects to human since its wide use in 1954,
BHT was used by GRAS (Generally Recognized
as Safe) and by the FDA (food and drug
administration ) at a level not to exceed 0.5 mg/kg
B. wt./day or 0.02 ppm in foods. According to this
regulation, authorities in most countries still add
BHT to foods and drugs (Babich, 1982 and
FASEB, 1977).

Liver tumor promoting activity of butylated
hydroxytoluene (BHT) sill controversial. Witschi,
(1981, 1986) also suggested that butylated
hydroxytoluene (BHT) had dual promoting and
protective roles in occurrence of tumour formation
but strain differences, the effect upon various
carcinogens, paradoxical dose responses and
mechanisms of action remain major questions in
the toxicology of BHT.

Inconsistent, butylated hydroxytoluene (BHT)
failed to induce biologically significant increases
in cellular proliferation in the liver, thyroid gland
and urinary bladder on feeding to young adult
Wistar rats (Lok et al., 1995). Nevertheless, it had
been reported to enhance the volume of liver
tumor when fed to rats or mice that developed an
appreciable background incidence of these tumors
without treatment (Hueper et al., 2012).

Notably, Iverson (1995) found that the neoplastic
effects of BHA and BHT was observed at very
high dietary levels only at defective immune
system. The single intraperitoneal injection of
butylated hydroxytoluene at dose of 60 mg/kg
body weight resulted within a few hours in a
strong increase in nuclear DNA activity in the
liver, and lungs of male rats Vanyushin et al.
(1998).

The aim of this study to investigate the tumor
promoting activity of butylated hydroxytoluene in
wild mouse model for short term of toxicity of
initiation-promotion type of carcinogenesis.

Materials and methods

1. Laboratory animals, transgenicity and
treatment

40 male mice C57BL6 were divided into 5 groups;
first group received corn oil, 2" group treated
with single dose of 100 mg/kg of
diethylnitrisamine, 3 .4" and 5" group treated
with single dose of 100 mg/kg of
diethylnitrisamine followed by BHT at doses of
100, 200 and 300 mg/kg respectively twice per
week for 32 weeks

2. Sample collection and preparation

40 Mice were anaesthetized by intraperitoneal
injection of over dose of farcopental and sacrificed
at the age of 32 weeks. Blood sample was
collected from all groups for separation of serum.
All organs weight was recorded. Upon anatomical
preparation liver and lung tissue was preserved in
buffered formalin 10 %. Paraffin blocks were
prepared and sectioned into 5 mm thick slices and
stained with hematoxylin and eosin (H and E).
Frozen liver tissue was kept at liquid nitrogen
(Carson and Freida, 1990).
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3. Blood

Blood was collected from each mice in a
centrifuge tube and placed at room temperature for
20 min. Serum was then separated by
centrifugation at 3,000 rpm for 20 min. Serum
sample was divided into aliquots, one for
determination of serum alanine transaminase
(ALT) and serum aspartate transaminase (AST)
(Reitman and Frankel (1957), serum alkaline
phosphatase (ALP) (Kind and King, (1954), serum
glucose (Kaplan, 1984), serum urea concentration
(Patton and Crouch (1977) and serum cholesterol
(Naito, H. K. and Kaplan, A. ,1984).

4. Statistical analysis
Data obtained in this study were statistically
analyzed for variance (ANOVA), and least
significant difference (LSD) as described by
Snedecor et al. (1989).

Results

There was little increase in body weight especially
after treatment but at 32 weeks. Liver weight and

liver weight to body weight ratio was increased in
mice treated by BHT when compared to control

group. (Fig.1)
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Fig 1. Showed liver weight and liver weight to body
weight ratio was increased in mice treated by BHT
especially on group 5 treated with single dose DEN
followed by 300 mg/kg of BHT when compared to
control group.

It was noticed that group 2 treated only with single
dose of DEN increased significantly liver enzymes
such as AST, ALT and ALP, cholesterol and
BUN. But group 2 treated only with single dose
of DEN was reduced glucose level significantly
when compared with control group. Moreover,
only BHT at dose of 300 mg/kg increased
significantly (<0.05) liver enzymes such as AST,
ALT and ALP and BUN (Table 1).

Table 1 showed level of liver enzymes and biochemicals alteration in various groups treated with

diethylnitrisamine or both diethylnitrosamine and BHT

AST ALT ALP BUN Cholesterol Glucose
u/100ml u/l u/l mg/dl mg/dl mg/dl
Group 1 35.75+1.2 51.2+1.4 175.4+3.4 2.03+0.03 93.11+2.1 172.943.
Group 2 136.6+2.2° 178+2.2% 211+3,5% 2.89+0.012 98.8+2.3 115°+4.2
Group 3 141+3.2¢ 179+3.42 213+3.9° 3.240.1° 103.4+3.2 173.32+3.6
Group 4 155.6+3.3° 179.8+2,82 213.8+42 3.3+0.2¢ 103.7+4.2 176,32 +3.4
Group 5 178+4.2° 200.8+3,5° 226.4+3.4° 3.8+0.04° 117.22 3.1 186.3245.1

Ab.c significant at P<0.05

Notably, Liver of group 2 received only DEN
showed apoptotic body and dysplasia of
hepatocytes indicated by enlarged nuclei with
eosinophilic inclusions and dysplasia of
hepatocytes with atypic nucleus. BHT at doses of
100 and 200 mg /kg showed no difference than
group 2 which received DEN. Additionally, BHT
at doses of 300 mg /kg showed severe dysplasia of
hepatocytes with atypic nucleus and Lung shown
dysplasia of macrophages and neutrophils
infiltrating alveoli with the presence of periv-
ascular lymphocytes infiltrating alveoli (Fig. 2).

- a I NN, L
Fig 2: Histopathological examination revealed that
BHT fail to induce liver tumor
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a Liver showed normal parenchyma

b Liver showed apoptotic body and dysplasia of
hepatocytes indicated by enlarged nuclei with
eosinophilic inclusions

c: Liver showed dysplasia of hepatocytes with atypic
nucleus

d: Lung showed dysplasia of macrophages and
neutrophils infiltrating alveoli with the presence of
perivascular lymphocytes infiltration

e: Lung showed leukocytic infiltration in bronchial
lumen with dysplasia of bronchial epithelium and
peribronchial lymphoid hyperplasia

f: High power of e to show dysplasia of bronchial
epithelium

Discussion

BHT is used extensively in food and drug
preservation and as anti-inflammatory agent
(Murakami et al., 2015).

There is no detectable liver tumor promoting agent
induce alone liver tumor in human. While there
were a few studies on the toxicity of BHT to
humans with most of these studies just identifying
the adverse effect of metabolic products of BHT
(Babich, 1982). Moreover, according previous
safety studies on BHT, the GRAS (Generally
Recognized as Safe) and FDA still approved BHT
at a level not to exceed 0.5 mg/kg body wt/day or
0.02 ppm in foods (FASEB, 1977).

It was mentioned previously, that BHT could
increase liver tumor volume in transgenic mouse
model of liver cancer (Hueper et al., 2012). but in
the present study, we investigated the tumor
promoter activity of BHT in non-transgenic mice
was clarified by biochemical and histopathology
analysis.

In the present study, liver weight and liver weight
to body weight ratio was only significantly
increased due to effect of BHT toxicity
immediately after treatment when compared to
control mice while there was no difference at
successful doses at end of treatment.

In the current study, DEN increased significantly
liver enzymes such as AST, ALT and ALP and
BUN when compared with control group. This
result agree with lbrahim and Nassar (2008)
who found that NDEA significantly disturbed
liver functions and most of the aforementioned
indices. Moreover, only BHT at dose of 300
mg/kg increased significantly liver enzymes such
as AST, ALT and ALP and BUN when compared
with group 2 received only DEN or control group.
These result agree with Mizutani et al., 1982)
who found that BHT hepatotoxicity was evidence

by increase GPT activity and centrilobular
necrosis of hepatocytes.

Histopathological examination revealed that BHT
at doses of 300 mg /kg showed severe dysplasia of
hepatocytes with atypic nucleus. This result
confirm that there is no incidence of liver tumor in
all mice given both DEN and BHT for 32 weeks.
This result agree with Inai et al., (1988) who
reported that there was no incidence of liver tumor
due BHT treatment in mice of both sexes.
Additionally, this result agree with Shirai et al.
(1982) who found that there was no
carcinogenicity of butylated hydroxytoluene on
long-term administration to B6C3F1 mice.

In our study, BHT at doses of 300 mg /kg showed
dysplasia of macrophages and neutrophils
infiltrating alveoli with the presence of periv-
ascular lymphocytes infiltrating alveoli. This
result agree with Witschi (1983) who found that
there was no evidence to show that BHT would
enhance tumor development in lung tissue except
in animals treated with sub-carcinogenic doses of
an initiating compound as urethane.

On conclusion, BHT had no tumor promoting
properties as higher doses fail to promote
hepatocyte dysplasia ultimate liver tumour but
considered as a hepatotoxic substance at high
doses for chronic exposures.
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