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This work was undertaken to examine the effects of
mitritional deficiencies on cancer induction. Two of the most common
and widely distributed nutrients, iron and folic acid, were examined
to evaluate the effects of their deficiency on animals. The Syrian
golden hamster was the animal model for all experimental work.

In the first part of the study an attempt was made to induce
iron deficiency in yvoung adult male hamsters by feeding iron deficient
diet coupled with repeated venesection of 1.5ml every two weeks.
Following twelve weeks on this regime a superficial biopsy was taken,
on week 13, from the medial wall of one pouch in each hamster in order
to evaluate the effect of iron depletion on the epithelial compartment
thicknesses. After allowing the biopsy sites to heal for two weeks, a
solution of 0.25% DMBA in acetone was painted, three times per week,
for eight weeks, on a defined one square centimetre area in each pouch
of each hamster of the experimental and control grwps.: The hamsters

were then maintained on the same dietary regimes for twelve weeks

before being killed at the beginning of week 37 for analysis,

Iron deficiency anaemia could not be induced in the

experimental animals of this study. The effect of the iron deficient
diet on epithelial compartment thicknesses at the stage of the biopsy
was not clear. However, restriction of iron intake did cause animals

21



to develop significantly fewer grossly seen tumours and histologically
identified carcinomas than control animals.

In the second part of this thesis an attempt was made to
investigate altermative hamster dietary components that have less iron
contamination than the diet given in the first part of this thesis.
Casein and calcium lactate were the main contributers to iron in the
hamster diet. Casein could not be substituted by another source of
protein for hamsters. However, other sources for calcium with less
iron contamination were available and therefore investigated in this
part of the study.

Three groups of young adult male and female hamsters were
given the fully nourishing powdered diet used in previous studies.
However, calcium lactate was substitute for by either calcium acetate,
calcium chloride or calcium sulphate in each group. None of the three
diets was accepted by the animals and many of them died of starvation.
When calcium salts were replaced by calcium lactate the surviving
animals accepted the diet and recovered quickly afterwards. This
study proved that calcium lactate could not be substituted by any
other calcium salt with less iron content and therefore iron

contamination in the hamster diet could not be further reduced by this
method,

In the third part of this thesis the effect of nutritional
folate deficiency on cancer induction was studied. A group of young
adult female hamsters was given folate deficient diet for four weeks.
On week 5, DMBA in acetone at a concentration of 0.25% was painted on

22




a defined one square centimetre area of the medial wall of each pouch
in each hamster in folate deficient and control groups. The

carcinogen was applied three times per week for eight weeks following
which animals were maintained on the same dietary regimes for a

further 13 weeks before being killed at the beginning of week 27 for
the final analysis of the study.

It was found that nutritional folate deficiency had
significantly reduced the number of animals developing grossly counted
tumours and histologically identified carcinomas. The folate
deficient animals also developed significantly less tumours and

carcinomas compared to control groups.

In the last part of this thesis, the effect of combined iron
and folate deficlency was examined for its role in carcinogenesis of
the hamster cheek pouch. Two groups of young adult male hamsters were
fed powdered diet lacking iron and folic acid and a third group was
fed diet lacking iron only. One of the combined deficiency groups and
the iron deficiency group were bled 1.0-1.3ml every week. On week 6 of
the study DMBA in acetone at a concentration of 0.25% was painted
three times per week for eight weeks on the same area of the pouch
used in the previous studies. The animals were then maintained on the
same experimental regimes for a further eleven weeks before being

sacrificed, on week 25, for the final analysis of the study.

In this study, iron deficiency anaemia was induced in

animals of the bleeding groups. Animals in the group with combined

23




iron and folate deficiency without bleeding showed low normal folate
levels and normal haemoglobin levels. The two groups that were bled
repeatedly showed iron deficiency anaemia. In all groups, the numbers
of tumours counted grossly and the numbers of carcinomas identified
histologically were significantly reduced compared to control animals

in the previous studies. The folate deficient diet did not appear to
influence the induction of iron deficiency.

The studies reported in this thesis proved that mutritional
folate deficiency not only reduces the incidence, but it also reduces
the numbers of tumours and carcinomas in the hamster cheek pouch.
Iron deficiency anaemia was also found to significantly reduce the
numbers of tumours and carcinomas of the hamster cheek pouch. It was
not possible to produce combined iron and folate deficiency under the
conditions of these studies. However, animals fed on a diet lacking

iron and folic acid had significantly reduced mumbers of grossly
seen tumours and histologically identified carcinomas in the cheek
pouch in response to DMBA applications.

In each of the reported studies, the nutritional deficiency
of iron and folic acid, whether individually or combined was found to

significantly reduce the growth rate of affected animals.
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INTRODUCTTON AND REVIEW OF THE LITERATURE

1.1 GENERAL INTRODUCTTION

It is often said that cancer is a multifactorial disease..
However, it is necessary to distinguish between cancer caused by
several factors, changes in any one of which may modify its incidence
or geographical distribution and those cancers where a single major
aetiological factor predominates and in its absence cancer would not

develop. The latter situation appears to be true for several cancers

identified in man while in others the role of secondary exogenous
factors is considered important but the extent to which such factors
can cause significant variations in incidence and geographical
variations of cancer patterns has not yet been determined. Heavy
clgarette smoking can increase the risk of developing lung cancer
probably by as much as tenfold. However, not all heavy cigarette
smokers develop lung cancer. Furthermore, the latent period in lung
cancer victims varies widely. Even in bladder cancer caused by
2-naphthylamine, where almost 100 per cent of exposed individuals
develop neoplasia (Higginson, 1973) the latent period is variable.
Animals exposed to strong carcinogens have been found to develop
tumours at varying rates. Therefore, even with obvious strong

carcinogens, secondary factors either external or internal may have
modifying effects.
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The variations in the latent period and the fact that not
all individuals exposed to carcinogenic stimuli develop cancer can be
interpreted as follows. Firstly, although only a small number of
uncommon cancers such as retinoblastoma are known to be genetically
determined, there could probably be a significant genetic element in
individual susceptibility to cancer. Secondly, there might be some
differences in carcinogen exposure which is a possibility that could
not be excluded in prolonged exposure to low doses of a carcinogen.
Thirdly, unidentified environmental factors whether carcinogenic or
non-carcinogenic may play a significant modifying role in cancer
development. These factors might be responsible for the individual
susceptibility and geographic vafiations of cancer incidence. The
increasing evidence that many major diseases are related to
environmental factors, particularly those involving lifestyle
variables is based largely on the marked differences in incidence

rates between populations for major diseases such as cancer and

cardiovascular disease.

Many of the molecules that come into contact with cells are

derived from food. The average human being eats 1-3 kg of food per

day. Food is an inseparable part of man's culture and constitutes an
important part of his social customs just as do dancing, drinking and
the use of herbs and spices. Such integration of food with other

aspects of living makes it difficult to isolate single factors in food
that could be related to cancer aetiology.
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As far as research on food and cancer is concerned, the

components of diet which have attracted most study are general

nutritional inadequacy, contamination with carcinogenic substances and
factors in the food that alter metabolic pathways and so alter

response to carcinogenesis. Other factors such as the interaction
between different dietary components and between the dietary

components and microorganisms in the host are also found to have some
significance.

1.2 AETTOILOGICAL FACTORS IN CANCER

1.2.1 Major Aetiological Factors in Cancer

Identification of mechanisms involved in the conversion of a
normal cell into a cancer cell has always been a major problem in
medical research. A major advance was made in 1775 when Percival Pott
observed a high incidence of cancer of the scrotal skin among chimney
sweeps in Britain (Pott, 1775). This was the first indication that
the development of cancer might not be a spontaneous process, but
rather the result of contact with chemical carcinogens. The
carcinogenic action of coal tar was demonstrated on laboratory animals
and proved to be effective in producing cancer (Selkirk, 1980).
Subsequently, a large number of chemicals, for example, in drugs and

foodstuffs were shown to have carcinogenic potential and were

routinely screened for this purpose.
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Exposure to ionising radiation is another factor in cancer
production. It became apparent when a high incidence of cancer of the
skin was noticed in early radiologists who used their hands to
calibrate their X-ray machine performance (Anderson, 1985). The
effects of ionising radiation were emphasized when a high incidence of
leukaemia was also observed in these radiologists. Cancer of the skin
in fair-skinned people exposed to sunlight for a long time has also
proved the association of ultraviolet light with cancer.

Genetic factors have for a long time been suspected as
having an influence on the risk of developing cancer. This theory was
studied in experimental animals and subsequently applied to man as for
example in retinoblastoma (Anderson, 1985). However, the mode of
inheritance was not clear and susceptibility to exogenous factors was
suspected as having an influence on the outcome -of cancer development
in people with an appropriate genetic background (Reif, 1981 )e
Epidemiological studies suggested that approximately 2 per cent of

cancers were directly related to hereditary factors alone (Higginson
and Muir, 1979). |

Recent advances in cancer research have involved the
discovery of cellular oncogenes. It provided an acceptable
explanation for the role of the environmental factors in cancer

induction. Cellular oncogenes can be activated by a variety of

mechanisms including environmental factors (Paul, 1984).
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122 Minor Environmental Factors and Cancer

The correlation of incidence and mortality rates with the
prevalence of environmental agents in various areas has provided
useful information on the role of such environmental factors in the
aetiology of cancer. How‘ever » there is uncertainty regarding the
exact meaning of the word "environment" which has led to

misinterpretation of the proportion of cancers that might be
environmentally determined (Editorial, 1977; Higginson, 1979).

MacLure and MacMahon (1980) thought that the word environment
generally referred to any factor other than that of genetic background
inherited from an individual's parents. Accordingly, when the
geographic distribution of cancer was used as an index of the

prevalence of environmental factors, it was found that almost all

cancers are caused by exogenous factors.

Comparison of cancer rates between regions indicated that as
much as 70-90 per cent of cancers were environmentally induced (Wynder
and Gori, 1977). However, no matter what percentage environmental
factors were given in cancer aetiology, the consistency of the

findings suggested that environmental rather than genetic factors were
playing a predominant role in cancer aetiology in man.

The mechanisms by which environmental carcinogens could
cause 70-90 per cent of cancers have been explained by Weisburger and
Horn (1982). They stated that a change in genetic material could
happen through several mechanisms such as by radiation, chemicals or

viruses. The production of abnormal DNA by any of these factors is
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the first step on the way that could terminate in a malignant
neoplasm. The duplication process of altered cells, which is the next

step towards an obvious tumour formation, will depend on certain
endogenous and exogenous controlling elements which would either
promote the growth of cancer or retard or even inhibit its growth.
Therefore, in any specific human cancer consideration needs to be
given both to agents leading to an abnormal genome and those that are
involved in the growth and development of the resulting neoplastic

cells and their further progression to clinical malignancy (Weisburger
and Horn, 1982),

The two basic types of environmental agents distinquished
were the consumable agents and ocontaminant agents. Among consumable
agents there were tobacco, alcohol beverages, food and food additives
and drugs (Wynder et al., 1956 and 1957a,b; Wynder and Bross, 1961;
MacSween, 1982; Weisburger and Williams, 1982). Among contaminants
there were atmospheric pollutants, biologic contaminants and
radiation., Other aspects of life such as diet and dietary inadequacy
were investigated later and also found to be important in the
aetiology of many cancers (Reddy et al.,1980).

A widespread interest in the role of human diet as a
probable aetiological factor in cancer has developed only recently. A
striking correlation was found between death rates from certain

cancers and the total consumption of particular dietary items in

different countries (Graham et al., 1977; Rose and Boyar, 1986). The

study of migrant groups such as the Japanese in the United States
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showed changes in cancer risks following their adoption of a more

Western diet (Wynder and Hirayama, 1977). Estimations of the extent
to which cancer in a number of sites may be attributed to nutritional

factors have suggested values as high as 50 per cent in cancers of

breast, corpus uteri and colon (Wynder and Gori, 1977; Miller, 1980).

1.2.3 Diet, Nutrition and Cancer

Research on the role of diet in the aetiology of cancer in

man has been influenced by the great variety of mechanisms by which
diet may exert its carcinogenic effect (Vitale, 1975; Miller, 1980;

Shamberger, 1984). The simplest and most obvious mode of dietary

involvement in cancer aetiology would be the ingestion of small
amounts of carcinogenic substancesﬁ for example asbestos which is found

in many water supplies (Shamberger, 1984). Substances such as cycasin
in the cycad nut, safrole in sassafras and extracts of coltsfoot and

bracken fern were found to be carcinogenic in experimental animals
(Doll and Peto, 1981). However, only bracken fern has been related to
cancer in humans. Japanese who ingested bracken fern daily were found
to have a three times higher risk of developing cancer of the

oesophagus compared to Japanese who avoided it (Hirayama, 1979).

Another possible source of carcinogens is their production
during cocking (Shamberger, 1984). Humans are the only animals that

cook their food and it has been known for many years that
benzo- a-pyrene and other polycyclic hydrocarbons can be produced by
pyrolysis when meat or fish is broiled or smoked or when any food is
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fried in fat that has been used repeatedly (Hunt, 1980; Miller, 1980).
Sugimura et al. (1977) have demonstrated that pyrolysis of food as for
example in charcoal-broiled steaks produces powerful ﬁutagens in
addition to the production of benzo- a -pyrene. However, no
substantial epidemiological evidence has been fourd to confirm that
food cooked in this way causes, for example, gastric cancer which was
suggested in the United States as being so related (Dungal and
Siqurjonsson, 1967).

Another recognised mechanism 1s the production of
carcinogens in stored food by the action of microorganisms (Doll and
Peto, 1981)., Aflatoxin, a product of the fungus Aspergillus flavus
that commonly contaminates peanuts, beans, corn and other staple
carbohydrate food stored in hot and humid élimates was found to be a
major factor in the production of liver cancer in certain tropical
countries (ﬁunt, 1980; Armstrong, 1977). Experimentally, aflatoxin
was found to be among the most powerful liver carcinogens for some
animal species and possibly for humans (Armstrong, 1977). The
incidence of primary liver cancer which is the commonest type of
cancer in inhabitants of some parts of Africa was found to be
significantly higher in those parts where the amount of dietary
aflatoxin was high (Linsell and Peers, 1977). However, infection with
hepatitis B virus was found to be an important predisposing factor and
it is possible that both aflatoxin and hepatitis B virus contribute to

the risk of liver cancer by acting synergistically (Doll and Peto,
1981).
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The possible formation in the body of carcinogenic compounds
from precarcinogens has also been studied (Doll and Peto, 1981).
N.nitroso compounds are powerful chemical carcinogens. They were
found to be present in small amounts in the resting gastric juice and
could be formed in the digestive tract and possibly in the infected
bladder by the reaction between nitrites and various nitrosable

compounds such as amines or N.substituted amides (Fine et al., 1977).

Nitrosable compounds were found to be present naturally in
many foods particularly in fish and meat. They could also be ingested
as pesticide residues or drugs and they could be formed in the colon
from amino acids (Fraser et al., 1980). Nitrite could be derived
directly from food to which it has been added either as colour
preservative or flavour enhancer, or more probably as a result of its
production from nitrate ingested in vegetables and to lesser extent
in drinking water (Fine et al., 1977). However, there is no sound
epidemiological evidence to support this theory. Cancer of the
oesophagus and stomach which were suggested as being relevant to
nitrosamine carcinogenesis (Fraser et al., 1980) were not affected and
could perhaps be prevented by the high vegetable-containing diet which

was a major source for the suggested carcinogen (Maclennen et al.,

1977; Lu and Lin, 1982).

1.2.4 Macromtrients and Carcinogenesis -~ Dietary Fat

Many researchers believe that the main influence of ingested
food upon carcinogenesis might not be a direct one, but instead it
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could be a modifying effect by providing a more favourable environment

for cancer development. Experimental and epidemiological studies
showed that excessive fat intake was correlated with higher incidences
of colon, endometrial and prostate cancer (Hunt, 1980; Kerr, 1983;
Doll and Peto, 1981), cancer of the corpus uteri and ovary (Armstrong
and Doll, 1975) and also cancer of the breast (Hirayama, 1979; Rose
and Boylar, 1986). Miller (1980) found that high total fat intake in
Canada increased the risk for breast cancer by at least 27 per cent.

Dietary intake of fat typical of the Western diet,
accounting for about 40 per cent of calories, together with a
relatively low fibre consumption was found to increase the amounts of
bile acids and cholesterol metabolites in the qut. Animal experiments
showed that rats given several types of colon carcinogens had a higher
incidence of large bowel cancer when fed fat at 20 per cent in the
diet (equal to 40 per cent of calories) than animals receiving 5 per
cent fat (Weisburger et al., 1982).

It has been suggested that certain fats might contribute to

the production of carcinogens in the body by increasing the amounts of
bile acids and cholesterol metabolites that come into contact with the

gastrointestinal tract mucosa (Shamberger, 1984). Reddy et al. (1980)

reviewed the literature and found that these substances especially
deoxycholic and lithocholic acids, were present in higher amounts in

the faeces of people on Western type diets and in whom colorectal

cancer is more common than in people on Asian or African types of diet

and in whom colorectal cancer is uncommon. Deoxycholic and
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lithocholic aclds were also found at higher levels in the stools of

patients with adenomatous polyps of the colon than in patients with
other diseases or healthy controls. The amounts of these acids could

be increased experimentally in humans by a high-fat, high-meat diet
(Reddy, et al., 1980).

Wynder and Hirayama (1977) found that the faecal content of
cholesterol metabolites, bile acids and bacterial beta-glucuronides in

Americans eating high-fat diet was significantly higher than in
Japanese who are a low risk group. Experimental work on animals
showed that high-fat diets increase the faecal excretion of the same
group of bile acids and increase the incidence of colon cancer induced
by a variety of colon carcinogens (Shamberger, 1984). It was felt
that colesterol and bile acids were likely to be acted upon by
bacteria in the colon to produce carcinogens that either acted locally
on the colon or elsewhere in the body (Kerr, 1983; Armstrong, 1977).

Other experimental studies on animals suggested that dietary
fat influences the promotional stage of carcinogenesis rather than the
initiation stage (Carroll, 1975). It was observed that the yield of
mammary gland tumours induced in rats by 7,12-dimethylbenz-c -
anthracene (DMBA) could be enhanced by feeding a high-fat diet after,
but not before, the carcinogen application. The mechanism by which
dietary fat could stimulate mammary carcinogenesis is not clear but it

could be due to impared DNA repair systems, immunocompetence or

membrane structure and function (Carroll, 1981).
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125

Macronutrients and Carcinogenesis - Dietary Fibre

Dietary fibre is a non-starch polysaccharide substance. It
is the most recent of a number of dietary components to be
investigated in relation to cancer of the large bowel (Armstrong,
1977; Weisburger et al.,1977). Dietary fibre is seen as a protective
factor against bowel cancer and thought to act by neutralising any

promotional effects of fat and protein (Reddy, 1986).

It is possible that dietary fibre reduces cancer incidence
of the colon by reducing the duration or concentration of carcinogens
present in contact with the qut epithelium by increasing the bowel
motion and the bulk of stool. Dietary fibre could also alter the
total numbers of different bacterial species in the bowel which might
be responsible for the production of carcinogenic metabolites
(Shamberger, 1984; Graham, 1980). However, investigations regarding
the possible role of variocus types of dietary fibre in animal models
have not produced consistent results (Cummings, 1981; Reddy, 1986).

1.2.6 Micromutrients and Carcinogenesis

Research on nutrition and cancer has long regarded
malnutrition as the most important way diet could influence
carcinogenesis. Research has dealt with this 'relationship in two

distinct ways. The overall nutritional status of the individual and
specific nutriet deficiencies. Malnutrition exerts its effect by
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suppressing the host's cell mediated immune response to tumour cells
(Shamberger, 1984). It was observed that malnourished children were
more susceptible to infection than normal children, due to impaired
immunocompetence (Chandra, 1974) and that cell mediated immunity in
particular was consistently depressed. When T lymphocytes were tested
for their frequency of rosette-formation, delayed hypersensitivity
responses and for the rate of DNA synthesis under certain conditions
(Chandra, 1974) it was found that these functions had been
significantly depressed in malnourished children compared to healthy
children. These functions i:everted to normal following nutritional

correction.

The second type of research has dealt with the problem of
the relationship between specific nutrient deficiencies and cancer by
investigating separately the common nutrient deficiencies in certain
populations and their significance to carcinogenesis. Vitamins and
some minerals have always been regarded as good indicators of the
nutritional status of individual. Vitamins, in particular folic acid
and B12 and minerals such as iron have been routinely checked in
patients attending clinics for a variety of medical problems. This is
done mainly due to their frequent depletion in the body and the
serious clinical implications of their deficiencies. In cancer

research folic acid and iron were amongst the first nutrients tested

for their role in carcinogenesis. These are discussed separately in

sections 1.3 and 1.4. However, other vitamins have also been found to
be important in cancer research.
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Vitamin A and its retinoid derivatives were amongst the
widely investigated vitamins in terms of their possible role in the
process of carcinogenesis. Vitamin A was found to play an important
role in the control of growth, differentiation, maturation and
function of epithelial tissues (MclLaren, 1978). While excess of
vitamin A causes epithelial thinning (Ch.:l.sholm et al., 1978),
deficiency was observed to result in hyperkeratosis of the skin and
squamous metaplastic changes in the epithelia of the gastrointestinal,
respiratory and urogenital tracts (Clayson, 1975).

Epidemiological studies on nutrition and cancer in man
suggested that vitamin A plays a protective role against cancer in
general., Vitamin A deficiency was associated with higher risk of
cancer especially that of the stomach, nasopharynx and respiratory

tract (Shamberger and Willis 1977; Bjelke, 1975). 2Animal studies on
mice showed that animals inoculated with breast carcinoma cells had a

10-50 per cent reduction in incidence of developing tumours when
supplemented with vitamin A compared to deficient animals. Those
vitamin A supplemented mice that developed tumours showed a
considerably prolonged latent period, slower tumour growth rates and
infrequent metastases (Seifter et al., 1984). Vitamin A was also
found to inhibit the induction of cervical cancer and tumours of the
- respiratory tract in rats and hamsters induced by DMBA carcinogenesis
(Shamberger and Willis, 1977; Seifter et al., 1984). Squamous
metaplasia and bronchogenic carcinoma caused by benz pyrene were also

inhibited by oral supplementation of vitamin A (Shklar, 1984; Bjelke,
1975).
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Several mechanisms are thought to be involved in the
anticarcinogenic effect of vitamin A (Genta et al., 1974; Shamberger,
1986). Mechanisms such as the inhibition of microsomal mixed-function
oxidases that metabolise polycyclic aromatic hydrocarbons were found
to be important. Vitamin A could decrease binding of benz pyrene to
DNA of hamster cells of the trachea and thus prevent its potential
damage to DNA. It has also been suggested that vitamin A could
enhance growth and maturation of cells that requlate various immune
functions such as that of T lymphocytes and so decrease tumour growth.

Group B vitamins, in spite of the little available data,

were found to influence carcinogenesis in animals and probably man
(Boutwell et al., 1949; Tannenbaum and Silverstone, 1952).
Riboflavin, and to a lesser extent thiamine and pyridoxine, were the
best investigated examples of this group. The role of riboflavin

deficiency in the aetiology of cancer has been noted since the early
observation that Paterson-Brown Kelly syndrome, which is frequently

associated with oesophageal cancer, was often accompanied by
rit?oflavin deficiency (Wynder et al., 1957a). Riboflavin deficiency
was later found to cause atrophy of epithelial tissues of the
ocesophagus arnd forestomach in mice (Wynder, 1971). Epidemiological
studies in high and low risk areas for oesophageal cancer in China
showed a positive correlation between riboflavin deficiency and
increased cancer incidence (Yang et al., 1982). Ninety-seven per cent
of the high risk population were found to have biochemical evidence of
riboflavin deficiency although only one per cent of them showed

clinical signs such as chronic oesophagitis evident by endoscopic
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examination (Thurnhan et al., 1982). Zaridze et al. (1985) in a
similar epidemiological study on high and low risk populations for

cancer in the Central Asian Republic of the Soviet Union found a
similar correlation between riboflavin deficiency and cancer of the
oesophagus. They suggested that such deficiency may increase the
susceptibility of the oral and oesophageal epithelium to the action of

N-nitroso compounds derived from nass' smoking which is common among
the high risk populations studied.

The effect of riboflavin deficiency on ocesophageal and liver

carcinogenesis has been studied in rats. Riboflavin deficiency
induced by dietary means, in addition to retarding growth, facilitated

oesophageal carcinogenesis induced by nitrosamines and liver

carcinogenesis induced by azo dyes (Peizhong et al., 1985).

Vitamin C, which is important for the normal synthesis of
collagen is also able to inhibit hyaluronidase and strengthen the
ground substance of connective tissues (Vilter, 1978). Ascorbic acid
is required in significantly high levels in cancer patients (Cameron
et al., 1979). Experimental work on animals showed high ascorbic acid
content of diet reduced mouse skin papillomas induced by DMBA and
bladder carcinomas induced by 3 hydroxyanthranilic acid (Shamberger
and Willis, 1977). Dietary sodium ascorbate was also tested in rats

by Reddy et al. (1980) who found that higher levels of the vitamin
were assoclated with lower incidences of colon and kidney tumours.

* nass is a mixture of tobacco, ash, cotton oil and lime.
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Vitamin C deficiency could influence carcinogenesis through
interuption of the mechanical barrier of the connective tissue stroma
of tumours causing cancer cells to grow faster and invade the
surrounding tissues more easily (Cameron et al., 1979). Ascorbic acid
could also inhibit the promotion of certain precarcinogens to active

carcinogens (Clayson, 1975; Shamberger, 1986).

Vitamin D, which is an essential substance for the

absorption of calcium and phosphate from the intestine and their renal
tubular reabsorption (Keele et al., 1982), was noted to inhibit

chemical carcinogenesis of the hamster cheek pouch when applied
simuitaneously with the carcinogen (Rubin and Levij, 1973). The
suggested mechanism was the induction of alkaline phosphatase
synthesis by vitamin D and facilitation of the flow of different
metabolites through the cytoplasmic membrane.

Vitamin E deficiency in man was observed to be associated
with few clinical signs such as reduced red cell total lifespan

(Underwood, 1978). Vitamin E significantly delayed the development of

experimental hamster pouch carcinomas (Shklar, 1984) and reduced the
number of DMBA induced skin papillomas in mice (Shamberger and Willis,
1977). Shamberger (1986) suggested that vitamin E could prevent

tumour formation through its antioxidant action and that it is more
effective than vitamin C in this respect.
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1.3 FOLIC ACID AND FOLATE DEFICIENCY

1.3.1

Folic acid has also been called vitamin Be¢, vitamin M and

pteroylglutamic acid. The term folic acid was first used when the

active material was extracted from leafy vegetable "foliage" (Mitchell
et al., 1941). Subsequently the terms folic acid or folate were used

as general terms for any member of the folic acid family.

Folic acid was first discovered in 1930 as a factor present
in an autolysed yeast preparation able to cure nutritional
megaloblastic anaemia occurring among pregnant women in India (Davis,
1986). The active agent in that preparation was subsequently
identified as folic acid which is chemically known as pteroylglutamic
acid.

Folic acid is essential for normal growth and proliferation
of all animal cells. Deficiency of this vitamin produces

megaloblastic anaemia which is characterised by increased size and

slow DNA synthesis in proliferating cells (Herbert and Das, 1976) ard
macrocytosis of red blood cells.

42



132 Chemical Composition and Properties of Folates

Pteroylglutamic acid, the parent compound of all folates,
has a molecular weight of 441.4 Daltons and consists of the pteridifle
or pterin portion, para-aminocbenzoic acid and I—~glutamic acid. When
crystalised from an aqueous solution it appears as yellow spear-shaped
crystals. These crystals are poorly soluble in water (500mg/l at
100°C) and organic solvents but as the disodium salt they are freely
soluble. Solutions of pteroylglutamic acid are stable in the dark
while exposure to ultraviolet light or sunlight results in cleavage of
the molecule at certain positions to give pteridine and a free

aromatic amine (Chanarin, 1979).

Pteroylglutamic acid as such has not been found in food or
in the human body in significant concentrations. It is not
biochemically or metabolically active although it becomes so after
reduction (Herbert, 1968a; Herbert and Das, 1976). In contrast, other

compounds of pteroylglutamic acid are widely distributed in nature and

are in the active reduced form. These natural folates are readily

oxidised and become inactive in rates varying directly with oxygen

concentration, temperature, exposure to light and concentrations of
cupric and ferric ions (Chanarin, 1979).

Folate in the diet, in contrast to pteroylglutamic acid, is
composed mainly (80-90 per cent) of multiple glutamate residues or

polyglutamate called 5-methylpteroylpolyglutamate while the rest was
identified as monoglutamate analogues mainly in the form of
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5-methyltetrahydrofolate and pteroylglutamic acid (Weir, 1974; Herbert
and Das, 1976; Davis, 1986)

The transport form of folate which is present in serum and
tissue fluids is mainly the monoglutamate 5-methyltetrahydrofolate.
Intracellular folates occur as conjugates with 2-7 glutamic acid
residues and thus they are pteroylpolyglutamates. It has not been
confirmed whether these intracellular pteroylpolyglutamates are the
storage form of folic acid or in fact the active coenzymes of the
biochemical reactions required for cell metabolism (Herﬁert ard Das,
1976).

133

Availability and Human Requirements of Folate

Folates are widely available in nature (Herbert, 1968b).
They are found in large quantities in plants such as spinach, peas,
lettuce, orange juice and most fresh green vegetables. They are
present in animal tissues such as liver and meat and also in egg white
and milk. Large quantities are also present in yeasts (Chanarin,
1979). Although folate synthesizing microorganisms were confirmed to
be present in the human qut (Davis, 1986), the amount of folate they
produce was found to be substantially too low for human needs. As a

result humans are dependent on food as the major source of the

vitamin.

The suggested minimal daily adult requirement of folate is
SOPg (Herbert, 1968c; Davis, 1986). This amount should be increased
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with any rise in the daily metabolic rate or cell turnover rate as in

hyperthyroidism, pregnancy and haemolytic anaemia (Herbert, 1968a).
More recently the World Health Organisation expert group (WHO, 1972)
has recommended that the daily dietary intake of folate should be

40-50ug in infants up to six months of age, 120ug for children between
seven and twelve months, 200ug for children of one to twelve years and

400ug for over thirteen years. For pregnant women, the daily intake
should at least be 800ug which can be reduced to 600ug during -

lactation. The British Department of Health and Social Security
recommended in 1979 a daily folic acid intake of 200ug for adults,

500ug for pregnant women and 400ug during lactation. However, these

recommended amounts for British people were withdrawn on the basis

that the requirements for folic acid in healthy adults were not firmly
established (Davis, 1986).

134 Absorption and Transport of Folate

Both active and passive mechanisms have been suggested to be
operating in the absorption of folate from the alimentary tract
(Herbert, 1968a). The active mechanism takes place primarily in the
upper third of the small intestine in the presence of small amounts of
folic acid in food. Passive absorption was found to operate, probably

by diffusion, along the entire length of the small intestine when
large amounts of the vitamin were present in the diet.
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Before absorption, folates in the diet mainly in the form of
polyglutamates have to be degraded to the folate monoglutamate form
through the removal of the extra glutamic acid residues by an
intestinal conjugase (Weir, 1974). The conjugase is thought to be
present in the intestinal juice and mucosal cells (Herbert, 1968b;
Davis, 1986). During absorption all available folate undergoes
reduction and methylation before entering the portal circulation.
This alteration in the folate molecule was thought by some
investigators (Perry and Chanarin, 1970 arnd 1973) to be necessary for
absorption. However, other workers found that these alterations were
not necessary or rate limiting steps for folate absorption (Weir,
1974) and that reduction of folate may occur entirely in the
enterocytes, in a process catalysed by di- and tetrahydrofolate
reductase, before being transported to the portal circulation

(Herbert, 1973a).

133 Utilisation of Folate

Folate in the serum, mainly in the form of
S5-methyltetrahydrofolate, is transported to sites of utilisation by
the help of certain folate-binding proteins (Chanarin, 1979). Part of
this circulating folate is delivered across the cell membrane in a
process thought to be vitamin B12 dependant (Herbert 1973a; Herbert

arnd Das, 1976) while the other part of the serum folate remains in the
circulation and is eventually excreted unchanged in the urine.
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Intracellularly, folate is a coenzyme concerned in the
transport of one carbon units in different metabolic reactions. These
reactions are mainly purine, pyrimidine and methionine synthesis,
serine-glycine conversion, histidine degradation and initiation of
protein synthesis (Herbert and Das, 1976). The carbon unit may be
required in a fully reduced state as methyltetrahydrofolate in

methionine synthesis. It may also be required at the oxidation level
of formaldehyde in thymidylate synthesis or at the oxidation level of
formate in purine synthesis (Chanarin, 1979).

1.3.6 Storage and Excretion of Folate

The exact amount of folate in the human body has not yet
been determined, but it was thought that it could be 5-10mg (Herbert,
1968b). A man . whose body stores are normally saturated but whose diet
is deficient in folate could last 3-6 months before megaloblastic
changes would occur in the bone marrow (Herbert, 1962: Herbert,
1973b). On the other hand if the storage was reduced or the liver,
which is the main site of storage folates, was metabolically inhibited
from creating the storage form of folate then a folate deficient diet

would induce the onset of megaloblastic changes much sooner (Weir,

1974).

As mentioned before (1.3.4), dietary folate is present in
the form of folate polyglutamate. However, before absorption the

glutamic acid residues are removed and folate monoglutamate is

absorbed and transported in the blood, probably after methylation and
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reduction, to the liver. In the liver folate is resynthesised into
the polyglutamate form by the action of a ligase enzyme and stored in

the liver cells. When the body stores are saturated excess dietary

folate is excreted largely unchanged. Thus the storage capacity will
determine the amount of folate retained in the body (Weir, 1974).

It has been suggested that in a normal subject the amount of

folate excreted unchanged from the body following ingestion of dietary
folate is 50 per cent (WHO, 1972). Estimations of the excretion
pathways showed that the major part of excreted folate was through
urine (30-50%). Biliary excretion was a very minor pathway. The

folate retained in the body is partly degraded in tissues and partly
exchanged with the body stores (Chanarin, 1979).

13.7 Folate Binding Proteins

Studies on folate metabolism suggested that folate-binding

proteins are important mediators for absorption and transport of

folate to sites of utilisation. One type of such proteins is thought
to be present in the brush border of rat enterocytes and could be

present in the same site in humans (Leslie and Rowe, 1972). This
folate binder has more affinity for monoglutamates than longer chain

folate analogues. The purpose of such protein is not certain but it
could be important in the transport of folate from the intestine to
the enterocyte (Davis, 1986).
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The second group of folate-binding proteins is present in
the blood and tissue fluids and it is concerned in the transport of
folate to sites of utilisation. This group consists of two types of
binders. The first 1s a nonspecific binder with low affinity for
folate binding while the second is specific with high affinity but a

low capacity for folate binding due to the presence of few binding
sites (Chanarin, 1979).

The nonspecific folate binding protein is mainly albumin
(Elsborg, 1972; Hall and Rappazzo, 1974; Soliman and Olesen, 1976)
although transferrin and an «a 2-macroglobulin may also bind folate
urder certain conditions (Markkanen and Peltola, 1971:; Markkanen et
al., 1972a,b; and 1973). Folate molecules are negatively charged at
physiological pH. They can attach themselves to these positively
charged nonspecific binders. This binding does not follow saturation
kinetics and approximately two-thirds of added folate is bound to
these nonspecific folate binders. Decrease in the level of these

binders has been demonstrated in folate deficiency, pregnancy, in

women taking contraceptive pills and in epileptics receiving
diphenylhydantoin (Dilantin).

The specific folate binding protein is a glycoprotein with a
molecular weight of 40 kilodaltons (Fernandes-Costa and Metz, 1979:

Colman and Herbert, 1976). It has more affinity for oxidised folate
than for the normally reduced physiological form of folate. High

levels of this high affinity binder were detected in folate deficient
sera, in cirrhotic patients, in uraemic sera and in pregnancy (Davis,
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1986) and in patients with metastatic carcinomas (Eichner et al.,
1978).

Other binding proteins have been described in different
tissues under different conditions. They were found in leukaemic

leucocytes, hepatic cells, hog kidney and other tissues such as lymph

nodes, lung, thymus, breast, ovary, pancreas and thyroid (Chanarin,
1979). Folate binding proteins have also been detected in milk where
their function was thought to enhance absorption of folate in
breast-fed infants and probably to protect folate against utilization
by intestinal bacteria (Colman et al., 1981).

1.3.8

Folate Deficiency in Man

Folic acid deficiency is one of the most common and widely
spread vitamin deficiencies in the world particularly in
underdeveloped countries (WHO, 1972). Southern India is thought to be
the most severely affected area in the world with up to 40 per cent of
its population being folate deficient (Herbert, 1968b; Weir, 1974).
Folate deficiency is a common finding in Africa and Asia especially in

pregnant women and people suffering from tropical sprue which is
endemic in these countries.,

In the developed countries, the incidence of dietary folate
deficiency has decreased greatly during recent years. There are still

certain groups of people such as the elderly (WHO, 1972; Grinblat,
1985) and heavy alcohol drinkers (Wu et al., 1975) who suffer from
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folate deficiency, although only a small percentage of these
individuals have clinical signs and symptoms.

Human beings usually have stores of folate that can be
mobilised when dietary intake is insufficient to meet tissue
requirements., However, under such circumstances storage folate will
provide less folate to the serum than under normal conditions.
Continued negative balance between availibility and demand for folate

may gradually result in clinical and/or biochemical signs and symptoms
which terminate in megaloblastic anaemia (WHO, 1972).

Folate deficiency can be the result of inadequate intake,
malabsorption, defective metabolism and utilization, or increased

demand. A combination of two or more of these factors is a common

feature in folate deficiency.

139 Actiology: Inadequate Ingestion of Dietary Folate

Although folates are widely distributed in nature, dietary
regimen and socloeconomic factors may reduce availability of useful
analogues of folate as well as other nutrients. It was estimated that
up to 40 per cent of the population of Southern India are folate

deficient mainly due to consumption of a diet containing little folate
where rice is the staple food (Weir, 1974). Although this type of

food has adequate amounts of folate when in a raw state, folate is
rapidly destroyed by cooking (Herbert, 1973b). When food is finely
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cut and cocked, especially by boiling in large quantities of water, it

may lose as much as 95 per cent or more of its folate content. Diet

lacking fresh uncocked fruits or vegetables has little folate content
(Herbert, 1968b and 1973b).

In Western countries, as in the underdeveloped countries,
disability, chronic disease and poverty are the main reasons for

folate deficiency in elderly people. These people either lack the
basic dietary knowledge or are unable to obtain and prepare a

well-balanced diet. They often tend to overcook their food because of
dental problems thus destroying much of the folate in their food. It
has been estimated that as much as 10-15 per cent of the healthy
elderly persons in Britain suffer from some degree of folate
deficiency (WHO, 1972). However, clear evidence of megaloblastic
anaemia was only evident in one per cent of these people (Mollin,
1960). Dietary folate deficiency per se can also produce
" malabsorption syndrome by causing morphologic and enzyme changes in
intestinal cells and thus reduce the ability of these cells to absorb
folic acid. A vicious circle is then set up.

Research as well as epidemiological studies have shown that
chronic excessive alcohol consumption is often accompanied by folate
deficiency. 23-44 per cent of chronic alcoholics have low serum, red
cell and liver folate levels (Herbert et al., 1963: Eichner and

Hillman, 1971; Lundy et al., 1975; Wu et al., 1975). Many factors are
implicated in this deficiency state, but of these socioeconomic

factors are the most important causes of deficiency (Eichner and
Hillman, 1971). The factors implicated in folate deficiency in
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alooholics are mutritional deficiency of food folate (Wu et al., 1975;

Eichner et al., 1972); malabsorption secondary to the effect of
mutritional deficiency (Grinblat, 1985); the direct effect of ethanol
on the gastrointestinal mucosa (Herbert and Tisman, 1975); reduced
folate stores secondary to liver damage (Weir, 1974); direct
interferance of ethanol with folate metabolism (Davis, 1986); and
defects in the storage mechanism and release of storage folate from
the liver (Cherrick et al., 1965; Eichner and Hillman, 1973; Lane et
al., 1976). Although these factors may cause folate deficiency, the
resulting megaloblastic anaemia is thought to be largely due to a
direct inhibitory effect of alcohol on the bone marrow haemopoetic
cells and reduced folate utilisation (Wu et al., 1975).

Other nutritional deficiencies such as thiamine, magnesium
and iron deficiency as well as pyridoxine, pantothenic acid,
riboflavin and zinc deficiency have also been encountered in chronic
alcoholics due to the effect of ethanol on their absorption,
metabolism, storage and excretion (Lieber et al., 1979; Morgan, 1982).
Deficiency of some of these nutrients may have direct or indirect
effects on the levels and availibility of folate (El Banna et al.,
1983).

1.3.10 Actiology: Inadequate Absorption of Folate

Tropical sprue which is endemic in the West Indies, India
and Southeast Asia produces variable and often severe atrophy of the
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jejurmum, the primary site for folate absorption. This tropical sprue
together with inadequate dietary intake and increased demand for

folate as in pregnancy may be the primary cause of folate deficiency
in these countries (Herbert, 1968b; Herbert, 1973b).

Tropical sprue is almost unknown in the developed countries
and instead coeliac disease, jejunal resection, Crohn's disease and
the extremely rare cases of specific congenital folate malabsorption
syndromes are the usual causes of folate malabsorption (Chanarin,
1979; Davis, 1986). In Ireland coeliac disease, which occurs in one
per 300-400 live births, is the commonest cause of folate
malabsorption (Mylotte et al., 1973). Coeliac disease may reduce
absorption of folate due to disruption of the jejunal mucosa,
destruction of the carrier system of folate derivatives, increased
catabolism of folate due to increased jejunal mucosal cell turnover
and a defect in the intestinal conjugase enzyme system (Weir, 1974).

Many drugs have been suggested as interfering with folate
absorption (Herbert, 1973b). Diphenylhydantoin (Dilantin),
barbiturates, contraceptive agents and ethanol are among the common
drugs that may cause such malabsorption.

1.3.11 Aetiology: Inadequate Utilisation of Folic Acid

Among the many different factors that could affect
utilisation of folic acid by cells and tissues of the body, Herbert

(1973b) suggested that folic acid antagonists such as methotrexate and
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trimethoprin are important. The so called folic acid antagonists are
in fact substances acting not on folic acid itself but on the enzymes
which play a vital role in folate metabolism (Chanarin, 1979).
Tetrahydrofolic acid is the active enzyme form of folic acid in
humans, animals, protozoa, and some bacteria. The reduction of
dihydrofolate to tetrahydrofolate is catalised by the enzyme
dihydrofolate reductase which acts by binding to the pyrimidine
protein of the pteridine ring. The basic action of folic acid
antagonists is to tightly bind the enzyme dihydrofolate reductase and

prevent it from participating in folate metabolism for DNA synthesis,
Methotrexate was one of the first researched folic acid antagonists to

be used clinically (Trier, 1962) and in cancer treatment (Hooton and
Hoffbrand, 1977; Allegra et al., 1986).

Vitamin B12 has for a long time been regarded as an |
important factor for adequate folic acid utilisation (Herbert, 1971).
Folic acid in the form of tetrahydrofolate, which is the principle
compound concerned in the transfer of one carbon-unit reactions, is
generated from S-methyltetrahydrofolate. This conversion occurs by
the vitamin B12-dependent homocysteine-5-methyltetrahydrofolate
transferase reaction (Hexrbert and Das, 1976). Therefore, in wvitamin
B12 deficiency, cells cannot utilise available folate for their
metabolism. Tisman and Herbert (1973) demonstrated that bone marrow
cells from patients with vitamin B12 deficiency had defective
5-methyltetrahydrofolate uptake compared to cells from normal

subjects. This process was corrected by adding vitamin B12 to the
incubation medium of deficient cells in culture.
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A direct correlation was also thought to exist between iron
and folate levels (Toskes et al., 1974; Hershko et al., 1975). In a
study on patients with multiple mutrient deficiencies, Saraya et al.
(1971) found that low serum folic acid levels were associated with
severe iron deficiency. They concluded that severe iron deficiency
(0-10 per cent saturated transferrin) may lead to depletion of
circulatory folate which is most likely to be due to poor release of
hepatic folate into the circulation.

Experimental studies on rats Vitale et al., 1965; Vitale et
al., 1966) suggested that a secondary folate deficiency, as estimated
by urinary folate, urinary formiminoglutamic acid and serum folate
levels, can be induced by dietary deficiency of iron. The defect in
folate metabolism was related to the decreased activity of the enzyme
formimino-transferase the optimal activity of which 1is dependent on
iron.

Other suggested factors that could affect folate at the
utilization stage are enzyme deficiencies whether congenital or
aquired, anticonvulsant drugs such as Dilantin, diuretics such as

Triamterene, certain antibacterial agents such as Trimethoprim, and
probably ascorbic acid deficiency (Herbert, 1973b).
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Te3e12 Aetiology: Increased Requirement for Folate

Needs for folic acid fluctuate according to age, sex,
medical condition ard other factors. Pregnancy and lactation are the
most important conditions where folate is needed in large quantities
(WHO, 1972). Pregnancy is associated with a negative folate balance
and folate deficiency including low serum and red cell folate levels,
raplid clearance of intravenous folate from plasma, and evidence of
megaloblastic marrow changes (Chanarin, 1979). These changes are
reversible with regular folate supplementation. The deficiency is
thought to arise when the increased folate requirement during
pregnancy exceeds the amount available from the body stores and from
dietary sources. Folate deficiency is more pronounced in pregnant
women from lower socioeconomic groups. The increased requirement
during pregnancy is due to many factors such as increased blood
volume, growth of uterus and placenta and grov;rth of the foetus and

subsequently for maintaining lactation (Davis, 1986).

In a study on the nutrient levels in pregnant women in
Sweden, Qvist et al. (1986) found that during gestation almost half
the women had sulnormal plasma folate levels which persisted during

the post-partum follow-up. The value of red cell folate was 10 per

cent below normal during pregnancy and 30 per cent below normal two
months after delivary.

Patients with malignant diseases have been found to have

abnormal folate levels. This may be due to increased demand by a
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rapidly growing tumour (Saleh et al., 1981) or interference with the
production of enzymes required in the processing of folate

(Ratanasthien et al., 1977; Pheasant et al., 1983). The requirement
for folate is correlated with the approximate mass of the tumour
(Saleh et al., 1982). However, most folate abnormalities reported
have been found to be assoclated with the active stage of the disease.
Patients in remission usually have normal serum folate levels provided
that their dietary intake of the vitamin is adequate. A combination
of increased requirement and low intake is the usual cause of folate
depletion in this group of people (Davis, 1986). Magnus (1967) on the
other hand reported that while up to 85 per cent of patients with
malignant disease have low serum folate, most of them had normal

erythrocyte concentrations of the vitamin,

Other situations that require more dietary folate intake are
infancy, blood diseases such as haemolytic anaemia, leukaemia and
multiple myeloma, inflammatory diseases such as rheumatoid arthritis,
tuberculosis and psoriasis and also metabolic disorders such as
thyrotoxicosis (Herbert, 1973b; Weir, 1974).

1.3.13 Clinical Manifestations of Folate Deficiency

The sequence of progressive, experimentally induced dietary
folate deprivation in a healthy young adult male was described by

Herbert (1962, 1967 and 1968b) and Jeejeebhoy et al. (1968). It was

shown that following three weeks of dietary folate deprivation, serum
folate levels fell below normal. This was followed two weeks later by
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hypersegmentation of the nuclei of polymorphonuclear leukocytes in the
bone marrow and then in the peripheral blood after another two weeks

(7th week). On week 14 of the experiment, the urinary output of
folate analogques had increased above normal limits. However, red
cell folate fell below normal levels only on week 17 of the
experiment. This was followed by macrocytosis (week 18),
megaloblastic marrow (week 19) and frank anaemia (week 20). The
biochemical abnormality underlying megaloblastic anaemia due to folate
deficiency and vitamin B12 deficiency was thought due to interference
with precursors needed to form new DNA during the S phase of the cell
cycle (Hoffbrand, 1983).

The features of folic acid deficiency anaemia seen in the
peripheral blood are pancytop enia, macrocytosis of red blood cells
and hypersegmentation of polymorphonuclear leukocyte nuclei (Herbert,
1968b; Doscherholmen et al., 1974). This picture is identical to that
of vitamin B12 deficiency in man (Chanarin, 1979). However, when
folate deficiency 1s accompanied by iron deficiency, the mean
corpuscular volume (MCV) of red cells may not be elevated.
Hypersegmentation of nuclei of polymorphonucliar leukocytes is
recognised as a good indicator on the presence of folate deficiency
because it cannot be masked by the iron deficiency (Herbert, 1968b).

Megaloblastic anaemia is the main marker for folate or

vitamin B12 deficiency, but it is not unique to these conditions,
Failure of pyrimidine synthesis may produce a potentially fatal

megaloblastic anaemia (Huguley et al., 1959). Failure to reutilise
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purine bases which cannot be converted into the corresponding

nucleotides produces a moderately severe megaloblastic anaemia (Van

Der Zee et al., 1970). There are a few other conditions such as
erythroleukaemia which can cause megaloblastic anaemia, but these are
rare in comparison to folate and vitamin B12 deficiencies. The common
feature to most of these conditions is that there is interference with
deoxyribonucleic acid (DNA) synthesis.

Mental retardation has been described in inborn errors of
folate absorption or metabolism (Arakawa et al., 1963, 1966 and 1967).
However, less severe symptomes such as sleeplessness, forgetfulness
and irritability have been described in adult-onset folate deficiency
(Hoogstraten et al., 1964; Herbert, 1968b).

1.3.14 Oral Manifestations of Folate Deficiency

The major oral changes of the nutritional def iciency
anaemias are essentially the same in all kinds of anaemia. However,

individual variations exist even amongst patients with identical
deficiencies. Clinically, generalised pallor of the oral mucosa is
regarded as the most common sign of anaemia (Dreizen, 1962). In folic
acid deficiency, stomatitis, glossitis, ulceration and angqular
chellitis are the common findings (Chisholm et al., 1978). Stomatitis
is characterised by painful hyperaemic and occasionally ulcerated
areas throughout the oral mucosa in addition to hypersensitive
gingivae and glossitis. Glossitis is manifested by an early
disappearance of the filiform papillae and prominent, red fungiform
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papillae giving the tongue a strawberry-like appearance. In more
advanced conditions the fungiform papillae are lost to leave a smooth,
red and burning dorsum of tongue. Nonspecific ulceration is an early
sign of folate deficiency and probably the earliest indication of the
toxic effect of folic acid antagonists (Dreizen 1962). Recurrent oral
ulceration is also a common finding in patients suffering from folate
deficiency (Wray et al.,1975; Challacombe et al., 1977; Tyldesley,
1983). Angular cheilitis which is a frequant finding in human folate
deficiency was also induced experimentally in 53 per cent of the white
cotton marmosets fed a folic acid free diet (Dreizen and Levy 1969;

Dreizen et al., 1970).

Morphological changes in the epithelial cells of the oral
mucosa ln folate deficiency have been studied in human and animal
buccal smears. These studies showed large variations in the response
of tissues to the deficiency which varied between a slight increase in
nuclear sizes to increased nuclear and cytoplasmic components of cells
and the presence of multinucleate cells (Staats et al., 1969).

Quantitative histological compartment studies in hamster
tongue epithelium (MacDonald et al., 1982) showed that in the dorsum
of tongue, the cellular compartment was slightly thinner and the
keratinized compartment was significantly thicker than in normal

controls. Similar changes in the hamster dorsal tonque epithelium in
folate deficiency were seen by Al-Damouk (1984). Furthermore, in the

lateral margin of the tongue posteriorly, progressive atrophy
corresponding with the degree of folate deficiecy was noticed. The
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cellular compartment was affected first and then followed by the

keratinized compartment. The progenitor cells showed significantly

increased nucleocytoplasmic ratio in folate deficiency (MacDonald et
al., 1982).

1.3.15 Folic Acid Deficiency and Cancer

Folic acid plays an important role in cell development
through its action on DNA synthesis. An increased requirement for
this vitamin and a reduction of its level in the serum of cancer
patients were observed by many investigators (Shamberger and Willis,
1977; Saleh et al.,, 1982; Allegra et al., 1986). This change in
folate levels could be due to increased demand by a rapidly growing
tumour (Allegra et al., 1986) or to interference with the production
of enzymes required in the processing of folate (Davis, 1986).
Urinary excretion of folate following an oral dose of radiocactive
folate was reduced in patients with malignant disease (Saleh et al.,
1982). The remaining radiocactive folate was thought to be taken up by
the tumour tissue. This reduction in excreted folate was more
pronounced in patients with more advanced malignant disease (Saleh et
al., 1981).

Folic acid antagonists have been successfully employed in
the treatment of many cancers especially the rapidly growing types
such as leukaemia and squamous cell carcinomas that have been

disseminated throughout the body (Shklar et al., 1966).
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Although these factors have been known for a long time, the
role of folic acid in carcinogenesis has not yet been determined.
Experimental work on hamsters treated with folic acid antagonists
(Shklar et al., 1966) showed that in those animals given injections of
methotrexate, dimethylbenzanthracene (DMBA) induced carcinomas of the
buccal pouch appeared more rapidly than in controls. The tumours were
also more anaplastic and of greater size in methotrexate treated

animals.

The suggested role of folic acid in cancer development was
that it could aid in the expression of steroid hormone effects on
target tissues (Butterworth, 1981). This hypothesis was found
possible in some types of cervical cancers. Dai et al. (1986) have
also suggested that many fragile sites on human chromosomes could be
demonstrated by growing in tissue culture medium that is relatively
deficient in folic acid. Although there is no clear evidence that
fragile sites are inwvolved in cancer formation, their existance offers

a mechanism whereby specific mutations could occur in target tissues
(Butterworth, 1981).
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1.4 JRON

1461 General Introduction

The nutritional need for iron in man and all living
organisms is derived from the central role this metal performs in the
energy metabolism of every living cell. The immediate energy
requirements in most living cells are met by the oxidation of organic
substances with molecular oxygen. Highly developed organisms such as
man rely in addition to diffusion on a specific carrying protein in
the blood and cells for oxygen distribution which itself requires iron
for its biological activity (Eichhorm, 1964).

Iron is element number 26 in the periodic table and has an
atomic weight of 55.85 Daltons. Iron is the fourth most abundant
element and the second most abundant metal in the earth's crust
(Bothwell et al., 1979). In nature, iron exists in two oxidation
states, ferrous (Fe++) and ferric (Fe+++) and rarely if ever, under
physiological conditions, exists as a free ion. Ferrous ion is
readily oxidised to ferric ion which is the most common state of iron
under all but acidic and anaerobic conditions and in some haem
complexes (Christopher et al., 1974). Ferric iron at neutral pH is
much less soluble than ferrous iron and is almost completely useless
for biological consumption (Bothwell et al., 1979).
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Many biological systems evolved mechanisms for secreting

chelates to solubilise this metal from insoluble minerals and mobilise
iron to their cell surfaces. Microorganisms such as Escherichia coli

are capable of secreting low molecular weight organic chelating agents
into the environment to bird ferric iron and move it into their cells.

Higher plants that grow in alkaline soils secrete, from their roots,

organic acids such as malonic and citric acids into the soil to
depolymerise and solubilise ferric hydroxide so that iron can be
utilised by the plant (Christopher et al., 1974).

A large proportion of iron in the food that man consumes is
in the insoluble ferric state. In addition adverse interaction
between the dietary components further reduces its availability for
human utilization (Skikne et al., 1983; Stekel et al., 1983).
However, these factors have been compensated for by man's unique
ability to conserve body iron. In addition, the amount of iron
absorbed each day in order to meet physiological requirements is
usually far less than that present in the diet. |

Iron also exists in the organic form which is largely
incorporated in haem molecules of haemoglobin, myoglobin and in the
haem enzymes. This form of iron although rapidly and almost
completely absorbable when ingested, is not as widely and easily

available as the non-haem iron.

The fact that a high percentage of iron salt present in
vegetable staple foods such as rice and beans is a non-haem iron which
is not readily absorbed while the well absorbed haem iron present in
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meat is not available to many people particularly in the developing
countries, is the principal factor behind the high prevalance of iron
deficiency in the world.

1.4.2 Biochemical Considerations of Iron

Iron is one of the most versatile metals in that its atomic
st'ru_cture enables it to perform a wide range of biochemical activities
(Eichhorn, 1964). It has two oxidation states, the more stable ferric
form and the soluble ferrous form. Such structure enables iron to
catalise the oxidation-reduction reactions involved in electron
transport. Both haem and non-haem iron are involved in these
processes which are fundamental to the utilization of oxygen by
living cells (Green and Maclennan, 1967; Giorgio, 1970).
Additionally, iron can form six covalent bonds four of which serve to
bind the metal to the porphyrin ring to form haem. One of the two
remaining coordinating positions of iron helps bind the haem to a
histidine residue of globin in haemoglobin and the other serves, in
the ferrous state, to reversibly bind molecular oxygen. Non-haem iron
is required in certain enzymes such as aconitase and succinic
dehydrogenase of the Krebs tricarboxylic acid cycle as well as a

number of flavin and pyridine-linked oxido-reductases (Green and
Maclennan, 1967).
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1.4.3 Availability of Iron in the Diet

It is generally believed that iron is so well distributed
among foods that there is little need to increase the iron intake by
food selection (Wretlind, 1970). Hunt et al. (1976), reported that
nutritional education had no effect on iron intake of low-income
pregnant women. The Interdepartmental Committee on Nutritional
Defense (1963) in their surveys of over 20 countries reported that the
actual iron content of diets might be as much as double those expected
on the basis of calculations from the constituent foods. The extra
iron came from food containers or from dirt contaminating the diet.
These reports indicate that iron is present and ingested in good
quantities in the daily diet but it was almost completely in the
non-haem form which is biologically of little use (Hofvander, 1968;
Layrisse et al., 1969).

Studies on the bicavailability of dietary iron showed that
the haem iron is readily and almost totally absorbed regardless of the
composition of diet (Stekel et al., 1983). The non-haem iron is of
low biocavailability. Only 1-7 per cent of the iron in vegetables and
staples such as rice, maize, black beans, soya beans and wheat was
absorbed if they were consumed as single items (Martinez-Torres and
Layrisse, 1973). The poor biocavailability of non-haem iron can
further be complicated by other ingredients of the meal such as
carbonate, oxalate, phytate, bran, tea and egg yolk (Layrisse et al.,
1968; Waddell, 1974; Stekel et al.,, 1983).
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1.4.4 Intestinal Iron Absorbtion in Man

The amount of iron absorbed from food depends on many
factors. The most important of these are the saturation of body iron
stores, availability of iron in the ingested diet, and the type of iron
avialable. A male with iron stores saturated at about 1000mg would
absorb about 6 per cent of the iron present in the average United
States diet while a female with her body iron stores of 300mg would
absorb about 15 per cent (Finch et al., 1950 and 1977; Roche and
Layrisse, 1966). It was estimated that only 0.5mg/day is needed to
replace obligatory iron losses and 3.0mg/day would be used for red
cell production.

Iron exists in foods mainly as ferric hydroxide complexes in
which the trivalent iron is directly bound to proteins, amino acids

and organic acids. It is also present as haem-iron complexes bound to
protein (globin). Although the mechanism whereby haem iron is taken
into the intestinal enterocytes differs from that of inorganic and

non-haem iron, iron from both sources is thought to be handled in the
same way once it is in the ent%:ocyte (Bothwell et al., 1979).

Part of the ingested non-haem iron 1is solubilised and

ionised largely by acid gastric juice, reduced to the ferrous state
and chelated before it is taken up by the intestinal enterocytes.
Previous studies with iron salts showed that ionic iron is absorbed
entirely in the ferrous form. Therefore, for iron to be absorbed it

must be split from its complex compounds and chemically reduced.
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Additionally, normal gastric secretion contain a chemically

unidentified stabilizing substance, probably an endogenous chelate,

which together with gastric acid could solubilise and chelate some
ferric iron and make it absorbable (Beutler, 1980).

Iron in haem-protein complexes such as haemoglobin and
myoglobin is thought by some to be absorbed largely intact into the
intestinal epithelial cells and only then the haem portion is released
from globin. Alternatively, haem is taken up by the chrocytes only
after it has been released from its globin combination under the
effect of the duodenal proteolytic enzymes (Bothwell et al., 1979).

Absorption of both forms of iron occurs at any level of the
small intestine but it is more efficient in the upper part of the

small intestine and decreases progressively in the more distal

segments of the ileum (Beutler, 1980).

Normal iron balance is largely maintained by the regulation
of its absorption rather than by its availability (McCance and
widdowsen, 1938). The concepts of enterocyte requlation of iron
absorption and balance have changed over the last few years. It was
thought that the concept of a "mucosal block" of iron absorption was

the main regulating mechanism. In that concept intracellular ferritin

was regaxrded as the mediator of absorption and that uptake continued
until the intracellular concentration of ferritin blocked furthér

absorption. However, that concept was replaced by more recent work
(Moore, 1960) which suggested that the columnar mucosal cells in the
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crypts of the intestinal villi contain variable amounts of

transferrin-derived iron. The size of this intracellular deposit
could requlate the quantity of iron absorbed. The cellular iron may
enter the body according to need or remain within the cells and be
lost when the cells are sloughed from the tips of villi at the end of
their 2-3 day lifespan (Beutler, 1980). According to this concept, if
little iron is incorporated from transferrin into mucosal cells as in

iron deficient people, absorption is enhanced while larger amounts of
that iron would reduce absorption from the intestinal lumen.

1.4.5 Factors Affecting Intestinal Iron Absorption

Factors that possibly affect iron absorption in humans were
found to mainly affect the non-haem iron (Stekel et al., 1983). There
are three major groups of factors; endogenous, intestinal and food
factors. Endogenous factors are the status of iron nutrition of the
body and its iron stores, erythropoietic activity and haemoglobin
concentration (Bothwell et al., 1979). The intestinal or intraluminal
factors are influenced by gastric secretory factors and hydrochloric
acid (Esko, 1985) and to a lesser extent by pancreatic secretions
(Giorgio, 1970). They also include qut transit time, mobility and
digestive capacity (Skikne et al., 1983). The third major group of
factors that affect iron absorption are the food factors of the iron
content of food, the different molecular forms of iron found and the

chemical properties of the different components of the daily meal
(Stekel et al., 1983).
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Some substances are more frequently discussed in relation to
iron absorption. Gastric acid has an important role in reducing iron

to the divalent state and maintaining optimal pepsin digestion (Heath
and Patek, 1937). Therefore, patients with achlorhydria absorb iron

less efficiently than those with normal gastric secretion even under
the demand of iron deficiency.

Ascorbic acid when given orally in large amounts enhances
absorption (Cook et al., 1984; Hallberg et al., 1986). Ascorbic acid
was found to help in the reduction of trivalent iron to the divalent
state. It also combines with the trivalent iron in low pH media, such
as that of the stomach, to form a soluble ascorbate chelate. This
chelate will then remain soluble even in the high pH media such as
that of the duodenum (Schade, 1974). Ascorbic acid is present in some
foods and in gastric and ducdenal secretions in amounts sufficient to

chelate several milligrams of ferric food iron per day (Malcone et al.,
1986).

Alcohol has been shown to increase iron absorption from
trivalent salts probably through increasing gastric acid flow
(Charlton and Bothwell, 1970). Alcohol has no effect on divalent
salts or in subjects with achlorhydria. Pancreatic exocrine
secretions have been suggested as playing an important role in
reducing iron absorption due to their alkaline nature and high
phosphate content. However, the effects of alcohol and pancreatic

exocrine secretions were later found to be insignificant (Beutler,

1980).
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1.4.6

Transport of Iron in the Body

The principal substance involved in iron transport is
transferrin. Transferrin is a beta globulin carrier protein with a
molecular weight of 80 kilodaltons and a biologic halflife of 8-10.5
days (Harris and Aisen, 1975). There are at least 19 genetic variants
of transferrin in the human blood which are all thought to function in
the same way. Transferrin has two binding sites each of which accept
one atom of ferric iron. At normal physiological pH, iron is tightly
bound to transferrin and exchange with body cells occurs at specific
receptor sites such as those of developing red blood cells (Bothwell
et al., 1979).

Transferrin is present in the intravascular and
extravascular spaces and serves a dual function in the transport of
iron. It accepts iron from the intestinal cells or from sites of
storage or haemoglobin destruction and delivers it mainly (70-90 per
cent) to the bone marrow for haemoglobin synthesis, and also to
reticuloendothelial cells for storage and to all cells for
iron-containing enzyme synthesis (Beutler, 1980). Transferrin under
normal physiological conditions is only 30 per cent saturated with

iron. Although only 3-4mg of iron is present in the plasma at any

particular time, some 30-40 mg of iron is transported in the plasma
every day (Fletcher, 1970).
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A trace amount of iron (2-20 ug/100ml) in the form of
ferritin is present in the plasma. It was suggested that it does not
represent a form of transport iron but it is rather the result of
leakage from various body cells (Jacobs et al., 1972). However, the
measurement of serum ferritin levels serves as a useful means for the
estimation of total body iron stores (Walters et al., 1973; Siimes and
Dallman, 1974; Jacobs and Worwood, 1975; Krause and Stolc, 1979).

1.4.7 Distribution of Body Iron

The total quantity of iron present in the human body varies
with body weight, haemoglobin concent;ation, sex and size of storage
compartments (Beutler, 1980). A wide r:ange of individual values
exists with an average of 50mg/kg of body weight in adult men (total
of 4-5g) and 35mg/kg in adult females (total of 2-5g) (Moore, 1960).

Two functional compartments of body iron are recognised. An
active compartment constituting about 70 per cent of the total body

iron. This amount is distributed as haemoglobin (85 per cent),
myoglobin (5 per cent) and haem enzymes such as cytochromes,
cytochrome oxidase, peroxidase and catalase enzymes and in cofactors

which together constitute about 10 per cent of this compartment. A

small amount (about 4mg) also exists as transport iron bound to
transferrin in the plasma.,
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The non-functional or storage compartment of iron,
predominantly fourd in the liver, spleen and bone marrow, constitute
about 30 per cent of total body iron and exist in almost equal amounts
as ferritin and haemosiderin. The absolute value of this compartment

urder normal physiological conditions ranges between 300-1000mg in the
adult female to about 500-1500mg in the adult male. It has been

established that both forms of storage iron are capable of being
mobilised for haemoglobin synthesis when iron is needed (Beutler,
1980).

1.4.8 Physiological Iron Losses and Requirements

Iron obtained from the diet serves under normal
circumstances to replace obligatory losses from the body, to provide
for body growth and to establish reserve stores. The obligatory
losses take place from the skin, gastrointestinal and genito-urinary
tracts. They have been estimated in the adult male to amount to 12-14
p;/kg/day in an individual with normal iron balance (Bothwell and
Finch, 1968). The amount of iron normally lost through these routes
is largely determined by the amount of iron lost in urine which is
dependent on plasma iron concentration. The other major part of iron
loss was found to be due to exfoliation of epithelial cells from the
skin and gastrointestinal tract and to a lesser extent in the bile
(Moore, 1955; Roche et al., 1957). The minor part of iron loss is due
to a normal extravasation of red cells into the intestinal lumen

(Bothwell et al., 1979). Iron losses could fluctuate between
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8ug/kg/day in iron deficiency and 20ug/kg/day in iron overload (Dubach
et al., 1955; Green et al., 1968).

The second factor that determines the amount of iron needed
by the human body is the iron stores. There is effectively no reserve
store of iron between the ages of six months and twc years (Rios et
al., 1975; Smith et al., 1955). The stores are gradually built up to
about 5mg/kg during childhood and maintained at this level in females
until menarche while in males the stores are further developed between
the age of 15 and 30 years to about 12-15mg/kg.

The third factor that determines the amount of iron needed
is the amount required to support growth. This amount was estimated
in the infant to be about 80mg/kg of body weight per day (Josephs,
1956; Widdowson and Spray, 1951; Giorgio, 1970) and later in life such
as in the child, adult female and adult male is approximately 30, 33

and 37mg/kg/day respectively.

In adult life, physiological losses in the male are about
1mg/day with an additional 0.2mg/day needed between the ages of 18 and
30 years to allow for the accumulation of the normal iron stores. In
adult females with an average menstrual blood loss of about 30ml, the
daily requirement will increase to 1.6mg/day. However, in women with

more blood loss during menstruation daily iron requirement could reach
2.0mg.(Beaton, 1974; Rybo, 1973)

During pregnancy, the requirement for iron usually increases
especially during the second half of pregnancy. This is because iron
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is needed for the growing foetus and placenta in addition to the
expansion of the maternal red cell mass (Delbarre, 1960). Studies
have shown a 45 per cent increase of total blood volume (Lowenstein et
al., 1962; Lund and Donovan, 1967) which is probably related to the
increased oxygen consumption during pregnancy (Flanagan et al., 1966).
The total amount of iron required to maintain needs during pregnancy
without affecting iron stores was found to be 1190mg which is
equivelant to 4mg/day. However, this extra 4 mg/day needed is not
evenly distributed between the three trimesters. The pregnant woman

the second trimester and 6mg/day during the third trimester
(Pritchard, 1965; Rovinsky and Jaffin, 1965).

1.4.9 Iron Deficiency

Iron.deficiency is the state of diminished total body iron
content. It may range in severety from a mild reduction in iron
stores due to a temporary inbalance between intake and demand for iron
to severe iron deficiency manifested by anaemia or even by deficiency

in tissue iron enzymes as happens in cases of severe and persistant

bleeding.
Iron deficiency is probably the most common nﬁtritional

deficiency both in developing and developed countries (Chérlton and
Bothwell, 1970). Its exact incidence is difficult to definé since
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different criteria have been used for diagnosis. Traditionally,
haemoglobin values have been applied but these only indicate the
severe stages of deficiency (Charlton and Bothwell, 1970). When
haemoglobin concentration is taken as the dividing line in studies of
the prevelence of iron deficiency, the wide range of normal
haemoglobin values even between normal subjects causes difficulty of
interpretation. Levels which might be taken as deficient in one
person would be normal for another (WHO, 1968; WHO, 1972).

There are three biochemically recognizable stages of iron
deficiency that can reflect certain clinical as well as haematological
signs (Bothwell et al., 1979). These stages are iron depletion, iron
deficient erythropoiesis and iron deficiency anaemia,

Iron depletion refers to a simple decrease in iron stores
without any effect on essential body iron. The most practical
laboratory method of identifying such depletion is by measuring the
plasma ferritin concentration which closely parallels body iron
reserves. This linear relationship suggested that each ug/l plasma
ferritin corresponds to about 8 mg storage iron. Normal men with
apparently normal marrow haemosiderin stores have a mean ferritin
concentration of 159ug/1 (100160ug/l). Men with reduced stores have
51ug/1 (20-100ug/ 1), fhose with no visible marrow haemosiderin have
6ug/l (10-20pg/1), = Values lower than 10-12ug/1 indicate complete
exhaustion of body iron stores (Bothwell et al., 1979)1.. Other methods
of assessing body iron stores such as the estima‘thzlv.on of the
haemosiderin content 6f aspirated marrow are tlmgilt* Ito be unsuitable
for the detection of mild iron deficiency.
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Iron deficient erythropoiesis occurs when the iron supply to
the bone marrow 1s inadequate to meet normal haemopoiesis. It

represents anaemia which is too mild to be detected by some arbitrary
value for haemoglobin which is used to separate normal from anaemic
states. It can be identified by detection of a plasma ferritin
concentration, as described above, which is less than 12ug/l. The
reduced concentration of plasma ferritin will be reflected in the
amount of iron bound to transferrin and the percentage saturation of
transferrin will be reduced. In normal subjects the percentage
saturation of transferrin is 35+5 which 1is not affected in iron
depletion, but is reduced to lesé than 15 per cent in iron deficient

erythropoiesis and less than 10 per cent in iron deficiency anaemia.

Although the measurement of transferrin saturation is a sensitive
indicator for diagnosis, it is thought that it could be too sensitive
to be taken as a routine method of diagnosis as it could be decreased
by acute inflammatory states such as upper respiratory infection and
repeated measuremeﬁt is recommended. Other methods of recognising
iron deficient erythropolesis are available but are less commonly
used. The measurement of the rate of disappearance of plasma
radio-iron can be valuable. The number of marrow sideroblasts also
decrease from a normal value of about 35 per cent to below 10 per cent
when transferrin saturation decreases to a level below 16 per cent.
Increased red cell protoporphyrin concentratic;n from a normalb of
30ug/dl RBC to 100ug/dl RBC was also found to be of diégnostic value
in estimating iron uptake by red blood cell prefcursors.’* | |
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Iron deficiency anaemia is the stage of severe reduction in
iron supply to the bone marrow resulting in a fall of haemoglobin

It is recognised
on a blood film as microcytic hypochromic anaemia and identified by a

rise in the percentage of microcytes, decreased mean cell volume (MCV)

concentration below some arbitrarily selected value.

from normal 90+5f1 to below 85fl, reduced mean cell haemoglobin (MCH)
below 27pg and reduced mean cell haemoglobin concentration (MCHC)
below 32g/dl. Plasma ferritin is less than 10ug/l, transferrin
saturation less than 10 per cent and total iron binding capacity
increased from normal 330+30ug/dl to over 410ug/dl.

Studies on the prevalance of iron deficiency (Garby, 1973)
have shown that 30 to 50 per cent of the population in certain
developing countries suffer from some degree of iron deficiency. In
developed countries 40 per cent of women in the fertile age period in
Sweden were iron deficient and 25 per cent had iron deficiency anaemia
(Hallberg, 1970). In Canada, the analysis of ferritin values showed
that iron deficliency was present in 25 per cent of children, 30 per
cent of menstruating women, 60 per cent of pregnant women and only 3
per cent in men., However, iron deficiency anaemia was noted only in 2
per cent of the studied population. In Australia, 4.5 per cent of
women between the ages of 16 and 61 years were anaemic, 98 per cent of
these anaemias were due to iron deficiency (McEwin et al., 1974). In
the United Kingdom, 14 per cent of women and 3 per cent of men were
found to be anaemic, almost entirely of the iron deficiéncy type
(Rilpatrick and Hardisty, 1961; Kilpatrick, 1970). Similar fesult;
were obtained from other developed countries such ’as N:)rway (Drescﬁ ’
1970; France (Seibold, 1970) and Germany (Vellar, 1970).
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1.4.10 Aetiology of Iron Deficiency

Prolonged negative iron balance can terminate in iron
deficiency. This negative balance can be the result of either
decreased iron intake or increased body demands. Decreased intake of
iron could be further divided into inadequéte iron nutrition in the
diet or due to inadequate absorption from the intestine. Increased
demard for iron can also be subdivided into increased utilization of
iron, as in certain physiological or pathological conditions such as
pregnancy and rapidly growing cancer or could be due to increased
losses of body iron as a result of bleeding. Combinations of two or

more of these factors are a common feature of iron deficiency and iron
deficiency anaemia.

Tede11 Clinical Manifestations of Iron Deficiency

Manifestations of iron deficiency are generally mild. Iron
deficiency may be discovered as an incidental finding where the
presenting signs and symptoms are related to the disease which led to

.the deficiency (for example, peptic ulcer). In other cases,
manifestations of both the underlying disease and of iron defiéiency
itself are found. However, some patients seek medical attentim for

symptoms related to iron deficiency alone. It was found that 63 per
cent of people seeking medical help were complaining from the symptoms
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of anaemia alone. Such symptoms could take up to eight years before
patients would seek medical help. In addition, 16 per cent were
complaining from the disease causing the anaemia while in the

remaining 21 per cent the anaemia was discovered incidentally

(Wintrobe et al., 1974).

The most important manifestation of iron deficiency is the
depressed haemoglobin synthesis which eventually results in anaemia.
Anaemia is not a disease but it is a sign of disease and manifests
itself by the rﬁuced oxygen carrying capacity of the blood to tissues
and organs of the body. Such reduced oxygen carrying capacity is
partially compensated for by increased cardiac ocutput and can result
in cardiac symptoms. More commonly, patients complain of fatigue,
irritability, palpitations, dizziness, breathlessness and headache.
However, these symptomes are thought to appear only when haemoglobin
reaches significantly low levels (7-8g/dl). Other manifestations of
iron deficiency are defects in cell mediated immunity (Joynson et al.,
1972), defective polymorph function (Ward et al., 1986) and other
haemopoietic tissue cell defects (Hershko et al., 1970).

Wintrobe et al. (1974) reported the incidence of changes in

other tissues in iron deficiency. These were changes in the nails
such as flattening and koilonychia in 28 per cent of cases, soreness
and papillary atrophy of tongue in 39 per cent, other oral Jepithelial
changes such as angular stomatitis in 14 per éent. Acﬁlorhydria and
éas&iﬁs were present in 74 per cent of cases ard dysphégig in s;veﬁ

per cent.
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1.4.12 Oral Manifestations of Iron Deficiency

Structural and functional abnormalities of oral epithelial
tissues in iron deficiency are well documented (Jacobs, 1982; Rennie
and MacDonald, 1984). These abnormalities are thought to be the
result of basic metabolic changes in the epithelial cells which are

particularly susceptible to minor variations in blood concentrations
of mitrients and minerals (Tyldesley, 1975).

Clinically, atrophy of oral epithelium is the underlying

abnormality (Boddington and Spriggs, 1959). The lingual epithelium is
mainly affected and may show atrophy or loss of the filiform papillae
(Iewis, 1930). Generalised soreness and ulceration of the_oral mucosa
which may sometimes be in the form of recurrent oral aphthae have also
been described (Wray et al., 1975; Challacombe et al., 1977).
Patients with iron deficiency anaemia may also be more susceptible to
fungal and bacterial infections. Angular cheilitis and candidal
infections are more frequent among iron deficient patients even before

the appearance of anaemia (Jacobs and Cavill, 1968; Higgs and Wells,
1972; Fletcher et al., 1975).

Histologically, Jacobs (1959 and 1960) has examined the

buccal mucosa in iron deficient patients and found significantiy
increased epithelial keratinisation, higher levels of mitotic 1activity

in the basal layer, decreased melanin productibn and inéreased

subepithelial inflammatory cell infiltration. No significant
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epithelial atrophy was recorded in the subjective observations by
Jacobs (1960). However, reliable quantitative data using
stereological techniques have provided more accurate information on
the epithelial changes in iron deficiency (Rennie et al., 1984).
Rennie et al. (1982a) showed a highly significant reduction in the
total epithelial thickness of human buccal epithelium from -patients
with iron deficiency anaemia. The decrease in thickness was due to
reduction in the thickness of the maturation compartment of the
epithelium (essentially the prickle cell layer). Ranasinghe et al.
(1985) found in addition to significantly reduced mean epithelial
thickness of hamster cheek pouch, the respiration of epithelial cells
cultured from the cheek pouch was significantly reduced compared to
control animals,

Cytological studies of exfoliated buccal cells obtained from
the saliva (Boddington, 1959; Boddington and Spriggs, 1959) showed
that the diameters of cells obtained from iron deficient subjects were
significantly smaller than in normal controls. The nuclear diameter

was within normal limits except for a few cases where the nuclei were

significantly enlarged.

Changes in epithelial cell sizes have also been studied by
Rennie and MacDonald (1985) who reported a reduction in the size of

the maturation compartment in subjects with iron deficiency anaemia
due to a reduction in the sizes of individual cells. As in the

Boddington (1959) study, no changes were found in nuclear sizes which
resulted in increased nucleocytoplasmic ratio of cellé in iron

deficiency anaemia.
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Experimental studies on animals have shown similar result to

human studies. Work on sex-linked anaemic (SLA) mice using
quantitative techniques, (Steele et al., 1981) noted thinning of the
epithelium in the anterior dorsum of the tongue. Stereological
studies of hamster ventral tongue epithelium (Rennie and MacDonald,
1982) showed decrease in the thickness of the maturation compartment
and increase in the thickness of the keratinized layers in iron
deficiency anaemia. These changes in the ventral tongue epithelium
were also present in hamsters having iron deficiency without anaemia.
However, in hamsters with less pronounced iron deficiency (iron
depletion), the maturation compartment was significantly thinner while
the progenitor cell compartment was significantly thicker.

Cell kinetic studies in iron deficiency in hamsters (Rennie
and MacDonald, 1984) reported a reduction in the time of the DNA
synthesis phase of the cell cycle. This reduction was present in both
iron deficiency with and without anaemia which resulted in increased
cell production rates. The authors concluded that as the iron
deficiency develops, there is an accompanying increase in the rate of
new cell production and decrease in size of the epithelial cells.

1.4.13 Iron Deficiency and Cancer

Paterson (1919) and Brown Kelly (1919) at a meeting of the
Royal Society of Medicine (1919) gave the firsf cémprehensive
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description of a syndrome consisting of postcricoid web, dysphagia,
anaemia and other occasional conditions such as glossitis, dyspepsia,

diarrhoea, cheilosis and koilonychia. Their names have been given to
the syndrome in Britain but in the United States of America it is
usually referred to as the Plummer-Vinson syndrome while in
Scandinavia the term siderop enic dysphagia is used (McNab, 1961).
Three causative factores have received most attention from writers on
this syndrome, namely, primary dysphagia, riboflavin def iciency and
iron deficiency (McNab, 1961; Chisholm and Wright, 1967). However,
the majority of authors agree that iron deficiency is the basic cause
and that iron deficiehcy may not be accompanied by frank anaemia
(Witts, 1931; Watts, 1961; Jacobs and Kilpatrick, 1964).

Ahlbom (1936 and 1937) was the first to publish an
investigation of 250 cases of carcinoma of the upper alimentary tract
in women which showed that 70 per cent had preceding Paterson-Brown

Kelly syrdrome or achlorhydric anaemia. Among women with cancer of

the mouth, Ahlbom (1936) reported that signs of this syndrome were
present in about 50 per cent. The incidence o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>