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Chemopreventive action of benzylisothiocyanate
on epithelial changes induced in hamster cheek

pouch with DMBA
Abdullah M. AlDosari, BDS, MSD, PhD
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OBJECTIVE: The aim of this study was to assess the effects of benzylisothiocyanate [BIT] on epithelial changes induced
by DMBA in the hamster cheek pouch. MATERIALS and METHODS: Eighty male Syrian golden hamsters were divided
into four equal groups. Group | received painting of the right buccal pouch with mineral oil three times per week. Group Il
received painting of the right buccal pouch with BIT three times per week. Group Il was treated as Group Il and the treated
site was painted with DMBA twice per week. Group IV received painting of the right buccal pouch with DMBA twice per
week. RESULTS: The findings of this study showed that the most common gross epithelial changes were the formation
of polyps. The average number of polyps among Group IV was 7 polyps per animal compared to 3.9 polyps in Group .
Forty-three percent of all the involved animals showed microscopic changes. Forty-two percent of the animals treated with
DMBA alone showed invasive carcinoma compared to 26% in the animals treated with DMBA and BIT. CONCLUSION:
Although the statistical analysis did not detect significant difference among the treated groups of animals, the numerical
values of this study are in support for the chemopreventive action of BIT against the carcinogenicity of DMBA in the
hamster cheek pouch.

INTRODUCTION BIT to a diet containing benzola]pyrene
inhibited carcinogenesis of the mouse’s
forestomach.!® Hecht er al'' concluded
from one of their studies that BIT was
a strong inhibitor of lung tumorigenesis
induced in mice by polycyclic aromatic
hydrocarbons.

The aim of this study was to assess
the effects of BIT on epithelial changes
induced by DMBA in the hamster cheek
pouch. BIT was selected due to the fact
that it is a naturally-occurring substance
reported to be present in abundant

Several compounds have been reported
to demonstrate an ability to interfere with,
delay, or retard neoplastic changes in
experimental animals with a phenomenon
that was referred to as a chemopreventive
action. Benzylisothiocyanate [BIT] is one
of the compounds that were reported
to have such an effect.'® Wattenberg®
reported that the systemic administration
of BIT to Sprague-Dawley rats which
had been exposed to the carcinogen

7,12-dimethylbenz[alanthracine [DMBA]
resulted in a lower incidence of induced
mammary neoplasm as well as a decrease
in the average number of tumors per
animal. In another study, the addition of
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amount in cruciferous vegetables, such
as cabbage, broccoli, brussel sprouts
and cauliflowers.!213 [t was reported to
be released in significant amounts from
cabbage, garden cress, Indian cress and
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mustard spinach.!* In 1981, BIT was
reported to be isolated from chewing
sticks obtained from the roots of Salvadora
persica L. which is widely used in Saudi
Arabia and some other Islamic countries
as a tool for oral hygiene care.!'®

MATERIALS AND METHODS

Eighty male Syrian  golden
hamsters, five weeks old, were used at the
Research Center, College of Pharmacy,
King Saud University. They were caged
individually, weighed weekly, and fed rat
chow and water ad libitum. They were
divided into four equal groups (Tablel).
Group I received painting of the right
buccal pouch with mineral oil three times
a week. Group II received painting of the
right buccal pouch with BIT three times
a week. Group III was treated as Group
II and the treated site was painted with
DMBA twice a week [the two treatments
were done at different days with 24 hours
interval]. Group IV received painting of
the right buccal pouch with DMBA twice a
week.

BIT* and DMBA** were dissolved in
a heavy mineral oil. BIT was used at a

Table 1. Study design

Group D izl Agent Treatment
in weeks
Mineral Painting of the right buccal
24 ) .

oil pouch three times/ week.
I 2 BIT Palntlr!g of the right pouch

three times/week.
Painting of the right
BIT & buccal pouch. BIT three
] 24 DMBA times/week and DMBA
twice/ week with 24 hours

interval.

v o DMBA Painting of the right buccal

pouch, twice/ week.

BIT: benzylisothiocyanate
DMBA: 7,12-dimethylbenz[a]anthracine

*Eastman Kodak Co., Rochester, NY, USA
**Eastman Organic Chemicals, Rochester, NY, USA

concentration of 50 mg of BIT per 1 ml
of mineral oil. DMBA was used as 0.5%
solution. Both chemical agents were
applied to the treated sites with a No. 4
Camel’s hair brush. Animals were slightly
sedated by ether inhalation before each
treatment.

The buccal cheek pouches were
observed throughout the experiment for
gross changes and selected examples
were photographed. After 12 weeks of
the application of the first test agent,
half of the animals in each group were
sacrificed by CO, inhalation. Each
animal was dissected, and cheek pouches
were removed and prepared for light
microscopic examination. The remaining
animals were sacrificed after 24 weeks of
treatments and the cheek pouches were
dissected and processed as mentioned
previously.

The histological sections were assessed
under light microscope for the presence of
disturbances in polarity, drop-shaped rete
ridges, polymorphism, hyperchromatism,
basal cell hyperplasia, alteration in the
nuclear/cytoplasmic ratio, increased
mitosis and intraepithelial keratinization.

The Chi-square and Mann-Whitney
tests were used for data analysis, since
the data were based on a nominal
measurement level. A 0.05 significance
level was chosen for hypothesis testing.

RESULTS

The gross epithelial changes are shown
in Table 2 and, Figures 1 and 2. Thirty-
eight percent of the animals involved in
this study showed such changes. The
most commonly observed gross epithelial
changes were the formation of polyps
(26.9%) followed by white patches (7.7%)
and ulcerations (3.8%). The average
number of polyps among the animals
treated with DMBA alone was 7 polyps per
animal compared to 3.9 polyps among the
animals treated with DMBA and BIT. Chi-
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Table 2. Gross epithelial changes

Normal White Polvos Ulcera-
Patches yp tions
Group No % No. % No. % No. %  Total*

| 18 100% 0 0% O 0% O 0% 18
I 20 100% 0 0% O 0% 0 0% 20

I 5 263% 2 10.5% 11 57.9% 1 53% 19
IV 5 238% 4 19% 10 47.6% 2 9.5% 21
Total” 48 62% 6 7.7% 21 26.9% 3 3.8% 78

*Four animals died during the treatment period and two
animals in Group IV showed both polyps formation and
ulcerations.

Fig. 1. White patches developed on the hamster cheek
pouch after 12 weeks of DMBA application.

- R <R ‘
Fig. 2. Different sizes of polyps developed on the hamster
cheek pouch after 24 weeks of DMBA application.

Table 3. Microscopic changes

39

square test did not detect any significant
difference.

The microscopic changes are shown
in Table 3, and Figures 3 and 4. None of
the animals in control group showed any
dysplastic microscopic changes. Forty-
three percent of the involved animals
showed microscopic changes. These
changes included invasive carcinoma
(17%), epithelial  dysplasia (13%),
carcinoma-in-situ (8%) and epithelial
hyperatrophy (5%). Forty-two percent of
the animals treated with DMBA (for both
periods) alone showed invasive carcinoma
compared to 26% in the animals treated
with DMBA and BIT. Equal number of
animals in these two groups showed
epithelial dysplasia (30% after 12 weeks,
and 22% after 24 weeks). Fifty-six percent
of the animals treated with DMBA alone
showed invasive carcinoma after 24 weeks
of application compared to 33% among
those treated with DMBA and BIT. Mann-
Whitney test did not show a significant
difference among these values.

DISCUSSION

The findings of this study showed
a reduction of the DMBA-induced
neoplastic changes in the hamster cheek
pouch at both the gross and microscopic
levels as a result of topical application of
BIT. Chi-square and Mann-Whitney tests
did not indicate a significant difference in

Group Duration Normal No. Epithelial Epihteligl Cgrcinpma Invgsive Total*
[Wks] Hyperatropy Dysplasia in-situ Carcinoma

| 12 10 100% 0 0% 0 0% 0 0% 0 0% 10
24 8 100% 0 0% 0 0% 0 0% 0 0% 8
" 12 9 90% 1 10% 0 0% 0 0% 0 0% 10
24 9 90% 1 10% 0 0% 0 0% 0 0% 10
m 12 2 20% 1 10% 3 30% 2 20% 2 20% 10
24 2 22% 0 0% 2 22% 2 22% 3 33% 9
v 12 2 20% 1 10% 3 30% 1 10% 3 30% 10
24 1 1% 0 0% 2 22% 1 1% 5 56% 9
Total* 43 57% 4 5% 10 13% 6 8% 13 17% 76

* Four animals died during the treatment period.
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Fig. 3. Histological section of hamster cheek pouch
showing invasive carcinoma after 24 weeks of DMBA
application (Original magnification x 20 Hematoxylin and
eosin stain).

Fig. 4. Higher magnification of Figure 3 (Original
magnification x 40 Hematoxylin and eosin stain).

the obtained values. This could be due to
the fact that we are dealing with relatively
few numbers of animals. This observation
is similar to a previously reported effect of
BIT in the hamster tongue.!% In that study
BIT was found to retard the development
of neoplastic changes induced by trauma
or trauma plus DMBA. These reports
agreed with the findings in a substantial
number of studies about the effectiveness
of BIT as a good chemopreventive agent
against neoplastic changes.!”1°

The mechanism of action of
chemopreventive agents, in general, is
not fully understood. The concept of
prevention of neoplastic changes goes
beyond the mere protection of normal
cellular structures to the broader
approach of disturbing the whole
process of different stages of neoplasm
development. Several research findings
support the concept that BIT and other

isothiocyanates [phenethyl isothiocyanate
and sulforaphane] exert their
chemoprotective action against neoplastic
changes in tissues by more than one
mean. They prevent the activation of
carcinogenic agents into their ultimate
active form through the inactivation of
phase I enzymes [cytochromes P450].20-%
They also help in detoxification of any
formed ultimate active carcinogens
through the inactivation of phase II
enzymes [glutathione-s-transferases,
UDP-glucuronosyl transferases and
sulfotransferases].?#2¢  Recent findings
suggested a third way of chemopreventive
action of BIT which is the activation of
cell apoptosis.?’%® The findings of the
present study support such observation
which was noticed through the reduction
of number of tumours among the animals
treated with both BIT and DMBA (3.9
polyps / animal) compared to animals
treated with DMBA alone (7 polyps /
animal).

The findings of this study beside the
obtained information from working with
BIT and other chemopreventive agents
at different worldwide centers give
a promising future to the war against
cancer through chemoprevention. This
is especially true for naturally occurring
compounds that we can eat in our daily
intake of food.
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