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Kaentawan Protects Genome Integrity of Drosophila melanogaster from
Nitrosomethylurea

Pisamai Ting, Piya Temviriyanukul*, Kaew Kangsadalampai, Kunchit Judprasong
Institute of Nutrition, Mahidol University

Abstract

Kaentawan (Helianthus tuberosus L.) tuber has been a valuable crop as human
food, traditional medicine and animal feed. In Thailand, it is also being developed as
functional food, whereas studies on its genotoxic effect are still scarce. To this concern, the
standard genotoxicity test; the somatic mutation and recombination test (SMART), was
employed for the sake of safety confirmation. Lyophilized raw Kaentawan, lyophilized boiled
Kaentawan and inulin were evaluated for their mutagenicity. Moreover, Kaentawan and
inulin were also evaluated whether they could modulate the formation of nitrosomethylurea,
which is the mutagen derived from the mixture of sodium nitrite and methylurea. The results
indicated that all tested samples were safe in terms of genotoxicity. The strong inhibitory
effect towards nitrosomethylurea formation (> 80 percentage of inhibition) was detected in all
tested samples. Intriguingly, inulin gave the highest inhibition on mutagen formation (> 94
percentage of inhibition), thus inulin might be the main factor in reducing the formation of
mutagen derived from sodium nitrite and methylurea. Thus, the consumption of Kaentawan
tuber seems to be a good choice for health concerning consumer since our study

demonstrated that Kaentawan was non-genotoxic and could reduce nitrite toxicity.
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Introduction

Kaentawan (Helianthus tuberosus L.)
is grown around a temperate zone with a
high production of its tuber. Unlike most
crops that store carbon as starch, the tuber
of Kaentawan stores inulin which is a
fructose polymer (soluble fiber). This has a
pronounced influence on the value and
utility of Kaentawan as soluble dietary
fiber'?. Inulin provides various health
benefits, e.g. maintaining the normal blood
sugar and lipid concentration in blood
circulation, and improving gastrointestinal
and immune system'”. Since Kaentawan is
being promoted as functional food in
Thailand.  Various recipes of the
Kaentawan can be developed as raw and
cooked food components, such as raw
Kaentawan with Namphrik, Miang kham
Kaentawan, Kaentawan soup, and Spicy
Kaentawan. Recently, Kaentawan sausage
has been developed using Kaentawan as a
fat substitute for pork fat in order to reduce
nitrite and increase nutrition value’. In
addition, Kaentawan has been reported as a
medicinal plant in China. It has been
applied to treat many symptoms, such as
aperient, cholagogue, diuretic,
spermatogenic, stomachic, diabetes and
rheumatism'°. However, the information
regarding the safeness of Kaentawan is still
scarce. Thus, it is of great interest to

investigate the genotocixity of Kaentawan.

Previous studies suggested that direct
mutagens formed from nitrite and mutagen
precursors in the acid condition similar to
the stomach digestion could be one of the
etiologies of the human gastric cancer®®.
Kaentawan is a source of dietary fibers’,
which are extensively studied for their
properties as antimutagens and
chemopreventive agent. The hypothesis
regarding the chemopreventive properties
of dietary fibers in cancer prevention could
be due to that dietary fibers are effective in
binding of carcinogens'’. In support, rats,
which were fed with inulin, exhibited low
pre-neoplastic  lesion induced by a
mutagen, 1,2 dimethylhydrazine dihydro-
chloride''. Thus, the present study was also
designed to investigate the modulating
effect of Kaentawan on the formation of
nitrosomethylurea.

The somatic mutation and
recombination test (SMART) or wing spot
formation test is an in vivo standard
genotoxicity test. The principle of the test
is based on induced loss of the
heterozygosity, which may occur through
various mechanisms, such as chromosomal
rearrangement, chromosome breakage, or
chromosome loss as well as mitotic
recombination and gene conversion'>. On
the treatment of larvae during the
embryogenesis, the imaginal disc cells

proliferate mitotically and many genetic
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events, such as point mutation, deletion,
somatic recombination and non-disjunction
can be determined on the wing of adult
flies'. If a genetic alteration occurs in one
cell of the imaginal disc during mitotic
proliferation, it will form a clone of mutant
cells expressing the phenotype regulated by
the specific genetic markers of wing
surface i.e. the recessive markers multiple
(mwh) (r')

wing hair and flare

phenotype'*'*.

Materials and methods
Chemicals and Reagents

N-methylurea was ordered from
Fluka AG (Buch, Switzerland).
purchased from BDH
Chemicals Ltd. (Poole, England). Inulin

(98%) was

Sodium

nitrite  was

purchased from Beneo
(Mannheim, Germany). Other experimental

ingredients were of food grade.

Sample preparation

The tuber of Kaentawan (6 kg) was
obtained from the largest producer of
Thailand namely, Mae Klong Yai
Irrigation Water Management Research
Station, Nakhon Pathom Province. Then,
Kaentawan was cleaned twice with tap
water. Subsequently, it was dried with an
electric fan. Its outer skin was peeled off

before it was divided into two portions.

The former was used raw and the latter was

boiled for 8 minutes until the texture
became soft. Each portion of the sample
was blended in a homogenizer and

lyophilized.

The somatic mutation and recombination
test (SMART)

Briefly, virgin ORR; fIr° females and
mwh males were mated on the standard
medium (corn flour [0.25 g], sugar [0.20
gl, agar [0.03 g], yeast [0.10 g] and
distilled water [2 ml]). Six days after
mating, 100 of 3-day old larvae were
collected, washed with water and
transferred to the experimental medium.

To determine the mutagenicity of
Kaentawan, the standard medium was
substituted for corn flour by lyophilized
raw  Kaentawan, lyophilized boiled
Kaentawan or inulin for 50% and 100%,
respectively [0.125 or 0.250 g] and mix
well with other ingredients, such as sugar
[0.2 g], agar [0.03 g], yeast [0.10 g] and
distilled water [2 ml] to make experimental
medium. The standard medium was used as
a negative control, while standard medium
containing nitrosomethylurea was used as a
positive control. All experiments were
performed at 25+1°C. The surviving adult
flies were collected, at least 40 wings, were
analyzed under a compound microscope
for exhibiting the multiple wing hairs

(mwh) or the flare (ﬂr3) phenotypelz’ B,
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To determine the antimutagenicity of
Kaentawan, the experimental medium was
added with the combination of sodium
nitrite (36 mM, 1 ml) and methylurea
solution (10 mM, 1 ml). The combination
of sodium nitrite (36 mM, 1 ml) and

methylurea (10 mM, 1 ml) was used as

W,
/)

mwh ope. Hir Standard
(male)  (fernale) medium
\\ ~— ng

preparation

medium. In each

the

positive  control

experimental medium, final
concentration of nitrite is 18 mM'®. All
experiments were performed as mentioned
above. Overall steps are also shown in

Figure 1.

25+1°C

3-day old trans-
heterozygous larvae

]

Experimental medium + Nitrite + Methylurea
or Standard medium + Nitrite + Methylurea
or Negative control medium

\ 25+1 °C
. for 7 days

Figure 1 Antimutagenicity study of samples on mutagenicity of in vivo formation of

nitrosomethylurea induced wing spots of Drosophila melanogaster (courtesy of

Assoc. Prof. Kaew Kangsadalampai)

The wing spots data were scored as
frequency of spot per wing and evaluated
statistical

for mutagenicity using the

procedure as described by Frei and
Wiirgler'’. Test responses were classified
into three categories; (I) positive (+), a

(D)

inconclusive (i), no acceptance at the same

strong  response was  found;
time of two mutually exclusive hypotheses;
and (III) negative (-), no effects under the

conditions of the test. Furthermore, the

modulating activity of each sample was
evaluated and the result was expressed as

follows:

Percentage of inhibition = (a-b)/a x 100

Where “a” is the number of total
spots/wing induced by nitrosomethylurea,
“b” 1s the number of total spots/wing
induced by nitrosomethylurea

simultaneously administered with each
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sample. It is proposed that percent of
inhibition between 0-20%, 20-40%, 40-
60% and higher than 60% indicate
negligible, weak, moderate and strong
inhibition of sample on in vivo formed

nitrosomethylurea, respectively'”.

Results and discussion

To  determine the  mutagenic
properties of Kaentawan, the standard
medium was substituted for corn flour by
lyophilized raw Kaentawan, lyophilized
boiled Kaentawan or inulin for 50% and
100%, respectively. The data is shown in
Table 1. The results showed that
Kaentawan induced the spot/wing between
0.30-0.65 spot/wing, while the negative
control was 0.08 spot/wing. The statistical
analysis according to Frei and Wiirgler'’
revealed that Kaentawan at any tested
concentration was not mutagenic. In
consistent with the literature, nitrosome-
thylurea is  potent mutagen'® as
shown in Table 1. Inulin, a soluble fiber
mainly found in Kaentawan, was also
investigated for its mutagenic properties.
As expected, inulin did not statistically
induce wing/spot in tested Drosophila
compared to control (Table 1). This is in
agreement with a study that inulin
extracted from chicory was not mutagenic
when inulin was tested using several

strains of bacteria including Salmonella

typhimurium strains TA1535, TAI1537,
TA98, TA100, and Escherichia coli strain
WP2uvrA?'. Thus, the daily intake of
inulin has been accepted at up to 10 g in
U.S. and Europe. The NOEL (no
observed effect level) of inulin for the
laxative effect is at 30 g per day™.

Beside the mutagenic properties of
Kaentawan, we also investigated the
antimutagenic properties of Kaentawan in
order to promote its healthy value. To this
aim, the solution of sodium nitrite and
methylurea solution were added to
experimental medium. The number of total
spot per wing of adult files obtained from
each experimental medium containing
nitrosated methylurea was compared with
that of adult files obtained from positive
control group in order to derive the
percentage of inhibition on the formation
of nitrosomethylurea; the result is shown in
Table 2. As compared to the positive
control, lyophilized raw Kaentawan,
lyophilized boiled Kaentawan and inulin
exhibited potential inhibitory effect to
reduce wing spots induced by in vivo
(88-94

percentage of inhibition) (Table 2). The

formed  N-nitrosomethylurea
result that inulin inhibited the formation of
mutagen derived from the mixture of
sodium nitrite and methylurea implied that
soluble fibers, especially inulin might be

the major components of Kaentawan in
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inhibiting the mutagen formation. Since
the concentration of inulin used here was
higher than that of inulin found in tested
lyophilized Kaentawan (both 50% and
100%), hence we conclude that inulin
from 50% lyophilized Kaentawan or even
lower was effectively enough to prevent
the formation of nitrosomethylurea.
Guzmén-Rincon and his co-workers™
suggested that the in vivo nitrosation
between nitrite ion and its nitrosable
compound occurred in the digestive tract
of Drosophila melanogaster larvae in a
similar manner to that of mammalian
stomach. Therefore, it is tempting to
speculate that Kaentawan might act as
carcinopreventive agent in order to
prevent the formation of potent mutagen
from nitrosated methylurea.

Sausage is a well-known source of
nitrite  compound that is subsequently
interacted with suitable amine precursors
in an acid condition similar to stomach

digestion resulting in a potent mutagen,

N-nitroso compounds formation, such as

nitrosomethylurea'®2*.

Thus, a special
sausage was formerly developed using
Kaentawan as a fat substitute for pork fat,
which could reduce the amount of nitrite
added and increase its nutritive value
while the texture was acceptable’. In

I. ** also substituted

addition, Beriain ef a
inulin and olive oil for fat in the sausage
and achieved good acceptability rating.
Our data revealed that raw and boiled
Kaentawan possessed the same inhibitory
effect against the formation of N-nitroso
compounds (Table 2), so replacement of
Kaentawan in food, for example sausage
or bologna, might be worth developing as
healthy food.

However, the safety evaluation of
such modified meat products in terms of
the occurrence of botulinum toxin has to
be seriously considered since the
presence of nitrite residue in fermented

meat product generally guarantees the

absence of such toxin.
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