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Abstract

Micronutrient deficiencies, particularly deficiency of vitamin A and iron, have
been recognized as a major public health problem in developing countries.
This is particularly true for mothers, infants and preschool children, since
these deficiencies may promote susceptibility to infectious agents and also
increase the risk of developing chronic diseases in adult life. Increasing the
availability of dietary provitamin A carotenoids from natural sources will
improve vitamin A status among deficient populations. In order to evaluate
such intervention programmes, it is essential to have biochemical and field
assessment techniques. This proposal aims at conducting a demonstration
project in Kerala, India using deuterated P-carotene as an intrinsic label to
determine the utilization of this nutrient as a source of vitamin A. The
programme design consists of i) method development phase during which
Spirulina fusiformis will be grown in microreactors in presence of deuterated
water for the production of labelled P-carotene and Hi an application phase
wherein experimental animals (primates) will be administered labelled
Spirulina to study the factors that influence the utilization of P-carotene for
the formation of vitamin A.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

1.1. Introduction

This proposal describes a research project with the objective to assess the
bioavailability and utilization of p-carotene as a source of vitamin A using biosynthetically
labelled (deuterated) P-carotene as an intrinsic label. Deuterated Spirulina fusiformis will
serve as the source of 3-carotene. This study, proposed as part of the IAEA Coordinated
Research Programme on Development and Application of Isotopic Techniques in studies on
Vitamin A Nutrition, will provide scientific ground work for developing techniques for
evaluation of dietary intervention programmes aimed at preventing micronutrient
deficiencies and malnutrition and for promoting child survival particularly in areas where
micronutrient deficiencies exist.

1.2. Rationale

Micronutrients have an important role in ensuring the health, development and
survival of infants and children. Studies carried out in several countries suggest that
deficiencies of vitamin A and iron have serious consequences [1-3]. Vitamin A is an
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important micronutrient for sight, growth and reproduction. Vitamin A also has a critical
role in cell differentiation and disease resistance. Vitamin A deficiency is a major problem
affecting over 90 million children worldwide. Results of surveys from several Asian
countries such as Indonesia, Philippines, India, Bangladesh, Nepal and Thailand [4-9] reveal
that vitamin A deficiency is a problem in all or part of these countries. Increasing the
availability of dietary provitamin A carotenoids will improve vitamin A status among
deficient populations and such intervention may be of benefit to those with frank
xerophthalmia as well as those children with subclinical state of vitamin A nutriture.
Reports on the effect of vitamin A supplementation on childhood mortality also suggested
that improving vitamin A nutrition should also be considered as one of the child survival
strategies.

The major factors influencing the status of these micronutrients in individuals are
availability of dietary sources, and adequacy of intake and absorption. Provitamin A
carotenoid rich fruits and vegetables are important sources of dietary vitamin A. Such foods
tend to be seasonal making it necessary to have intakes many times the normal daily
requirement so as to ensure adequate liver stores of vitamin A. However, iron is stored in
only limited amounts in the body, thus it must be ingested frequently, if deficiency is to be
prevented.

Various strategies adopted to eradicate vitamin A and iron deficiency worldwide
include tablet or capsule supplementation, food fortification and education to promote
consumption of micronutrient rich foods. Dietary intervention through promoting the
consumption of micronutrient rich food, though not very simple and quick, appears to be
a sustainable public health measure for making durable improvements in vitamin A and iron
status, for all members of the society. Dietary intervention to improve vitamin A status is
all the more important in the special target groups which include pregnant and lactating
women, infants and preschool children. A number of factors may affect the availability of
vitamin A. These include availability of provitamin A in the diet, their conversion to vitamin
A, rate of absorption, transport and the storage pool size. The dietary level of other
nutrients such as fat, intestinal parasitism, frequent diarrhoeal diseases, etc. are some of
the factors which also can affect the bioavailability of vitamin A.

In order to evaluate the dietary intervention programmes, it is essential to have
reliable biochemical and field assessment techniques. Determination of plasma retinol levels
may not give a true picture of the vitamin A status, because it is 'buffered'. More than
90% of the body vitamin A is stored in the liver and the hepatic vitamin A concentration is
the best indicator of vitamin A status [13]. The relative dose response (RDR) and modified
relative dose response (MRDR) are indirect tests used to identify subjects with low hepatic
stores of vitamin A. These indirect methods may provide only an estimate of the total body
stores of vitamin A which are needed to evaluate the extent of vitamin A deficiency.
Isotope dilution analysis, as developed in studies using both 1[H] and 2[H] labelled vitamin
A in a variety of species including human subjects, could be used for the calculation of
hepatic vitamin A stores from the measurement of specific activity of plasma vitamin A [14].
Correlation between values obtained in direct measurement of vitamin A in hepatic biopsies
and calculated values from isotope dilution analysis has been found [15]. The isotope
dilution technique relies on the fact that following administration of a deuterated tracer dose
and equilibration of the dose with the body vitamin A, the ratio of labelled to unlabelled
retinol can be used to calculate the pool size by tracer dilution principles.

Of the different carotenoid pigments in plants, only a few can be cleaved to yield
retinaldehyde. These include beta, alpha and gamma carotene and cryptoxanthin.
P-carotene has the highest provitamin A activity. In developing countries approximately
80% of the vitamin A is derived from these carotenoids. This research project aims at
developing intrinsically labelled (deuterated) carotenoids so that the absorption,
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bioavailability and bioconversion of the provitamin A carotenoids of dietary origin can be
studied.

1.3. Spirulina as a source of carotenoids

Spirulina is a microscopic plant, a form of algae that grows naturally in fresh water.
It has a very high nutritive value owing to the presence of high content of proteins with all
the essential amino acids, a blend of vitamins including B,, B2, B6, B12, C, E and biotin and
trace elements like magnesium, zinc, potassium, etc. Apart from important pigments like
chlorophyll, xanthophyll and phycocyanin, Spirulina has a carotene content 20 times that
of carrot and iron content 12 times that of any other food and is the richest vegetarian
source of vitamin B12. The WHO has found Spirulina to be an excellent food for human
consumption and it is being sold as a natural food. Spirulina has been easily incorporated
in medical formulations owing to its excellent natural composition [16].

There are different varieties of Spirulina with varying contents of carotenoids.
Further, storage and processing conditions also can affect the carotene content. In Spirulina
platensis and Spirulina fusiformis total carotenoid content is about 4 mg/g of which
P-carotene is about 1.7-2 mg. It is proposed to use Spirulina to prepare biosynthetically
labelled deuterated provitamin A carotenoids. Spirulina containing intrinsically labelled
provitamin A carotenoids can be used to study the influence of various factors on their
absorption, bioavailability and bioconversion.

2. METHODS

2.1. Establishing spirulina cultures on agar

In order to prepare contaminant-free algal culture, Spirulina fusiformis available as
stock culture will be inoculated on 2% agar-agar nutrient medium in a test tube. One to
two drops of the stock liquid culture of Spirulina is added and spread uniformly, so that the
growth is fast and uniform. The slants are kept at room temperature (25 - 30°C) in diffuse
light (2-3K lux) subculturing is done in 20/30 days so that clean cultures are formed, and
growth kinetics of algal cultures in suspension is studied by measuring the absorbence at
550 nm and by quantitation of biomass.

2.2. Designing a bioreactor for the production of deuterated Spirulina fusiformis

The methodology phase of this project proposal involves the design of a reactor for
the production of deuterated Spirulina fusiformis. For this, suspension cultures will be
grown in liquid medium prepared in deuterated water. Scrapings from clear agar slants are
added to nutrient medium and kept under diffuse light (8-1 Ok lux ), at room temperature.
Logarithmic phase cultures ( as measured by absorbence at 550 nm) will be transferred to
liquid medium (D20) in cylindrical tubes fitted into a chamber with light and temperature
controls. Air mixed with C02 will be passed at regular intervals and are shaken
intermittently to avoid settling. Stationary phase cultures will be collected, filtered and the
biomass is collected. P-carotene is isolated and its content per gram of dry Spirulina will be
determined. The isotope content in the P-carotene will be determined by mass
spectrometric analysis.

3. RESULTS

Since the project has not started formally, only certain data relating to the
standardization of the culture and the data related to the CRP generated by cooperating
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institutions and scientists are presented. Since the commercially available cultures of
Spirulina are meant for mass production, they are quite often contaminated with microbes
and are not suitable for laboratory level production. Therefore attempts are being made to
develop clean cultures by maintaining them on agar-agar and repeated subcuituring.

As the algal cultures grow in suspension, the light absorbing particles increase.
Therefore, the measurement of absorbence at 550 nm is used as a useful index to monitor
the growth of the culture. The kinetics of growth of Spirulina fusiformis is followed to
establish optimum conditions for biomass production and carotenoid enrichment.

The dried Spirulina fusiformis appeared to contain 55 % protein, 15 %
carbohydrates, 9 % ash, 10% crude fiber and about 5% fat. It has been demonstrated to
be an effective dietary source of vitamin A. Studies carried out among preschool children
with vitamin A deficiency has demonstrated that the bioavailability of carotenes from
Spirulina fusiformis is comparable to that from other sources, such as carrots and green
leafy vegetables, suggesting the potential use of Spirulinafusiformis as a dietary source of
vitamin A [17]. Evaluation of the chemopreventive potential of Spirulina fusiformis in
reversing oral leukoplakia in pan tobacco chewers in Kerala by scientists at the Regional
Cancer Centre, Trivandrum and U S D A, Beltsville, showed a complete regression of lesions
in about 45% of valuable subjects receiving Spirulina fusiformis (1 g/day x 12 months) as
opposed to 7% in the placebo arm [18]. In an extension of these studies, we conducted
a double blind study of either vitamin A alone or P-carotene alone in subjects with oral
leukoplakia in Kerala. The results based on a 12-month study on 43 compliant subjects on
placebo, 42 on vitamin A, and 46 on P-carotene showed complete regression of 10 % in the
placebo arm, 52 % with vitamin A and 33% with P-carotene [19]. This also points to the
importance of bioavailability of vitamin A.

A major collaborative programme is underway in Trivandrum, India to determine the
influence of intestinal parasitism on vitamin A and iron status in preschool children. This
programme conducted in collaboration with the Johns Hopkins University, Department of
International Health and USDA, has developed appropriate instruments for the measurement
of nutrient intake.

4. PLANS FOR FUTURE WORK

During the first year of the programme, which is the methods development phase,
Spirulina fusiformis will be grown in micro reactors in the presence of deuterated water for
the production of intrinsically labelled P-carotene. In the second phase, which is the
application phase, experimental animals (primates) will be administered labelled Spirulina to
study the factors that influence the utilization of P-carotene. The labelled P-carotene
produced can be used for studies on absorption, bioavailability and conversion into vitamin
A by other centres involved in this CRP.
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