CHAPTER I

REVIEW OF LITERATURE

Gastric Cancer

Gastric cancer is declining in incidence but still remains an important
cause of mortality. The causes of gastric cancer are unknown, but genetics,
environmental, infective, and premalignant factors have been implicated. There are
two distinct phases to gastric carcinogenesis. Firstly, gastric atrophy develops and
results in decreased gastric acidity, bacterial colonisation of the stomach and the
reduction by bacteria of dietary nitrate (present in water, vegetables, and cured
meats) to nitrite. second phase the nitrite reacts in vivo with certain protein
substrates (amines, amides, and ureas) to form carcinogenic N-nitroso compounds
(Correa et al.,, 1985; Souhami and Tobias, 1995). These are carcinogens in animals
(causing intestinal metaplasia of the gastric mucosa in rats), and may be so in man.
A hypothesis for the stepwise causation of gastric carcinoma is shown in Figure 2.1

(Souhami and Tobias, 1995).

A case-control study of diet and stomach cancer was conducted in two
hundred forty-six histologically verified cancer cases, which individually matched by

age, sex, and area of residence to 246 randomly selected population controls. Daily



nutrient consumption values questionnaire data through the use of the US
Department of Agriculture Food Composition Data Bank were extended and modified
for Canadian items. It was found that increasing nitrate/nitrite intake was associated

with increases risk of gastric cancer (Risch et al., 1985).
Genetic factors Malnutrition

Gastric atrophy
Carcinogens
(e.9. N-nitroso compounds)

Atophic gastritis
1 - .
Intestinal metaplagia and dysplasia
Carcinoma
Figure 2.1 A hypothesis for the causation of gastric cancer.
An epidemiological study has revealed that areas with high nitrate in
drinking water have an increased death rate from gastric cancer, compaied with low

nitrate control areas (Hill, Hawksworth, and Tattersall, 1973). It is certain that

reduction in the amount of nitrite to cured meat or food additive would lead to a



reduction in amount of N-nitroso compounds in food when sold and consumed. The
additional advantage that less nitrite would be present to the stomach with nitrosable
is further reason to recommend reduction in the amount of nitrite used in meat
processing; however, many manufacturers continue to use the large amounts of

nitrite.

Nitrite

Nitrite is used as a preservative in cured meat product and cheese
including hot dog, bacon, ham, lunch meat, and smoked fish. Adding nitrite to
foodstuffs, it performs the following functions: (a) it produces the characteristic cured
meat color and affects flavor; (b) it has antioxidant activities which prevent the
warmed-over flavor; and (c) it retards Clostridium botulinum growth and toxin
production, which can occur if the product is mishandled and temperature-abused
(Swann, 1977; Sofos, Busta, and Allen, 1979; Fiala et al., 1985). Botulism is a rare
but very often fatal neuroparalytic disease affecting man and animals (Sofos et al.,

1979).

Exposure to Nitrite Nitrate and nitrite are common constituents of the
normal diet. The nitrate ion is essential for plant growth and occurs in soil either
naturally or added in the form of fertilizer. Soil-derived nitrate may be consumed by

man in the form of plant material, especially in those concentrating nitrate such as



celery, spinach and beet, and from drinking water. man nitrate is absorbed from
the small intestine, it is secreted in the saliva and gastric juice and excreted in urine.
It is readily reduced to nitrite by bacterial action both during storage of nitrate-
containing food, especially when the food is not refrigerated, and within oral cavity,

or the intestine in human body (Fairweather, 1981).

The acidic conditions of the stomach are suitable for nitrosation by nitrite
from fooc and swallowed saliva. About 25% of ingested nitrate is recirculated into the
saliva of which about 20% (5% of the ingested nitrate) is then reduced to nitrite by
oral bacteria. Of the nitrite entering the stomach, about 20% arises directly from food
and about 80% from the reduction of salivary nitrate (Chains, 1985). The maximum
normal dietary intake of nitrite is in the order of 12 mg per day consisting of about 3
mg per day of nitrite in food and 9 mg per day salivary nitrite (Gatehouse and

Tweats, 1982).

Toxicity of Nitrite Nitrate is not potentially harmful unless it is converted
to nitrite. Nitrite is considerably more toxic. It has two pricipal effects : relaxation of
vascular and other smooth muscles and formation of methemoglobin. lower doses
the symptoms are flushing of the face and extremities, gastrointestinal discomfort,
and headache; in larger toxic doses cyanosis, nausea, vomiting, abdominal pain, and
collapse occur. The lower stomach acidity of infants under four months of age may

permit growth of bacteria capable of reducing nitrate to nitrite. When water with high



nitrate content was given to young infants, deaths have resulted (Fassett, 1973).
Poisoning of adults by nitrite has not been a problem, except when large amounts of
nitrite were mistakenly added to foods sensitive individuals may develope severe
headaches (“hot dog headaches”) after eating such cured meats as frankfurter,

bacon, salami, and ham (Henderson and Raskin, 1972).

Nitrite presents a toxic hazard to man due to (1) direct toxicity of nitrite
(methemoglobinaemia in children), (2) formation of N-nitroso compounds
(nitrosamines and nitrosamides) following reaction between nitrite and secondary
tertiary amines and amides (Fairweather, 1981). The exact lethal dose in humans is
not known but is estimated to be about 1 g in adults. The acceptable daily intake for
nitrite suggested by the World Health Organization (WHO) is 5 mg per kg of food in

addition to naturally occurring nitrate, and that for nitrite 0.4 mg per kg of food

(Fassett. 1973).

Nitrosable Precursors of mutagens Exposure to nitrate and nitrite,
precursors of carcinogenic N-nitroso compounds, have also been correlated with
stomach cancer mortality (Mirvish, 1983). Dialkylamines and trialkylamines are well-
known precursors for the N-nitrosamines in foods. These amines are generally found
in fish meats and they can undergo nitrosation by reaction with nitrite under gastric

conditions to form carcinogenic dialkylnitrosamines (Mirvish, 1975).



Several nitrosable mutagen precursors have been isolated and their
structures have been determined. Some nitrosatable precursors found are aromatic
or heterocyclic compounds rather than alkylnitrosamides. Therefore, this can

classified nitrosable mutagen precursors following:

N-nitroso Compounds N-nitroso compounds are the most broadly acting
group of carcinogens and they include some of the most potent carcinogens.
Because they are most effective when administered in small frequent dose over a
long period, human exposure to even small amounts of nitrosamines, if frequent,

could contribute to development of cancer (Lijinsky, 1977).

N-nitroso compounds are usually formed by the interaction of a nitrosating
agents, i.e. nitrous anhydride (N203), nitrous acidium ion (ON-OH2+), and
nitrosonium ion (NO+), derived from either nitrite salts or nitrous acid with an amino
substance under acidic conditions as shown in Figure 2.2 (Kikugawa and Kato,

1991).

The amino substance can be one of several types of compound such as
secondary and tertiary amines, secondary and tertiary amides, peptides, substituted
ureas, guanidines and urethanes. the case of amines, amides and ureas, the
products are the N-nitrosamines, N-nitrosamides and N-nitrosoureas shown in Figure

2.3. The mechanism and extent of formation of the N-nitroso derivative is dependent
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on both the structure of the amino substance and the source of the nitrosating agent,

as well as the reaction condition (Challis, 1985).

2hno?2 * n203+ h2o hno2+ h*~ * hZno2+

R R R R

\ \ \ \

NH + N20 3-> N-NO + HNO2 NH + H2NO2+-> N-NO +H20 + H+

| / [ /

R: R’ R'CO R'CO

Figure 2.2 Formation of nitrosamines and nitrosamides under acidic conditions.

(@) (b) (c)

0
R R-C RNH-C»
" N-NO N-NO AN-NO
r' R’ R'X
N-nitrosamine N-nitrosamide N-nitrosourea

Figure 2.3 N-nitroso compounds formed from (a) amines, (b) amides and

(c) ureas. R, R’ = alkyl, aryl or part of a cyclic structure.
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N-nitroso compounds can be divided into two classes according to their

action as carcinogens.

1) Nitrosamines act indirectly, requiring metabolic activation.
2) Nitrosamides act directly, are considered not to need metabolic

activation

Carcinogenic N-nitroso compounds are not commonly found in the
environment, and then only in trace amounts (levels of a few parts per billion).
However, they are readily formed by reaction of secondary or tertiary amines with
nitrites in a wide range of conditions, but the optimal pH is near 3, and especially in
the acidic medium of the mammalian stomach (Lijinsky, 1977). The major part of
man’s exposure to nitroso compounds comes from compounds synthesized in his
own stomach by the reaction between dietary amines and the nitrite in his saliva

(Swann, 1977).

Indeed, dimethylnitrosamine has been found in several meats and fish, as
has nitrosoproline, formed by reaction of proline with nitrite. Even through
nitrosoproline is itself not carcinogenic, it is converted by heating into
nitrosopyrrolidine, which is carcinogenic (Lijinsky, 1977). The nitrosation of

thioproline is very rapid, and N-nitrosothioproline is nonmutagenic. It may act by
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Table 2.1 Mitagridty of anirgoyare trested vidh ritrite (83D NV) ingestric like

aodtiananSalmonella typhimurium TASBard TA 0D (Moo dd,1939).
Garnd At TASB TAIXD
o \vitlot wvith wilat wvith

anmpjae (@) i 2244 188 23240
Qa6 o5 o3 S 2 = % ND
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atEarrg anpourd as apada o inaddaion e anirmpae (kdirekaae d.,
1986).
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Table 2.2 Qasdificstion o najar delary filker conporats

Component Main chemical structure Main variation

A. Structural polysaccharides and derivatives
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deirg e d ction
c Qs isdaedfrordatadl vals
Crrageaen A3 lirked s ifated e dlinags dageedf
cHedars alfstio ction
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Table 22 @rtine dassifiction of najar delary filter conporats
Component Main chemical structure Main variation

B. Structural nonpolysaccharide components
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Table 2.3 Genotypes of the TA strains used for mutagenesis testing

hisD6610
his01242
=TA 88

TAD

[AA

TAIIO

TASD

Histidine mutation

hisD3052

TAISS

TAISSB
TASNA

TAISH

TAISx

TAZBNL

hisG46

TAIES

TAIOSS
TAR
TAITO
TAZ2H0
TAISD

TAZSL

hisG428
(pAQ1)

A

LPS

rfa
rfa

rfa

Agal
Agal

rfa

Repair

AuvrB

AUVIB

AuvrB
AuvrB
AuvrB

AuvrB

+
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R-factor

R
-R
+R
-R
+R
-R
R

+R

Tester strains in brackets are recommended for general mutagenesis testing. All strains were originally

derived from . typhimunum LT2 Wild-type genes are indicated by a +. The deletion (A) through uvrg

also includes the nitrate reductase (chi) and biotin (bio) genes. The Agal strains and the rfa/uvr Strains

have a single deletion through gal chi bio uvr8. The rfa repair* strains have a mutation in galE. R =

pKM101L. The tester strain TA 1536, included in the original tester set (Ames et al., 1973a), and all other

strains containing the histidine mutation hisc 207 have been discontinued as they are reverted by only a

few mutagens and these can be detected well by other tester strains. TA 97 replaces TA 1537 and TA

2637.



	CHAPTER II REVIEW OF LITERATURE

