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Editorial

Changes
It is a great pleasure to introduce
myself to the SIGHT AND LIFE
community as the new Secretary.
I succeed Martin Frigg who is
retiring after many years devoted
to making many lives more livable. Those interested in my
background will find some details
in the box on page 3, in the letter
from the President.
In my new function as Secretary
of SIGHT AND LIFE I shall be
accountable for the organization’s crediblity and ongoing
humanitarian character. This is
backed by DSM’s stakeholder
dialogue, in which sustainability
and social responsibility have a
long tradition. We are proud that
SIGHT AND LIFE has become
an important element of DSM’s
commitment to good corporate
citizenship. This has likely helped
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the company’s recognition as the
world leader in the Dow Jones
Sustainability Index.
Providing micronutrients to fight
malnutrition was ranked number
two among the factors having
the highest impact on solving
the world’s greatest challenges
by a panel of internationally
renowned economic experts in
the Copenhagen Consensus
2004. This encourages us to be
at the forefront when it comes
to improving the nutrition and
health of children and mothers in
developing countries. We cannot
accept that one billion children
are malnourished and live in
poverty, and that more than ten
million children under the age of
five years still die every year of
diarrhea, pneumonia, measles,
malaria and AIDS. Many of these
fatalities could be prevented by
an optimal supply of vitamins and
minerals.
As highlighted in the recent
UNICEF report The State of the
World’s Children 2005, the world
is falling behind on its Millennium Development Goals, and
this calls for the mobilization of
all stakeholders. Building upon
combined forces is the only feasible route to eradicating micronutrient deficiencies and poverty.
SIGHT AND LIFE can count on
strong partners, including many
of you, as well as DSM Nutritional Products with its profound
expertise in nutrition, food science, application technology and
analytics.
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Hidden hunger does not usually
result from the lack of a single micronutrient in the diet. Therefore
the SIGHT AND LIFE Task Force
has decided to broaden its scope
to include all forms of vitamin and
mineral malnutrition which impair
growth and development, cognition, vision and immune function,
as well as school and work performance. In light of this broader
scope of SIGHT AND LIFE,
you may be surprised to find a
preponderance of reports on
vitamin A and carotenoids in this
issue of the Newsletter. However,
in the course of time forthcoming
issues will also address other
important micronutrients. In this
Newsletter Michael and Joanne
Green provide insight into mathematical modeling of vitamin A
metabolism (page 4), Norman
Krinsky describes effects of
carotenoid metabolites other than
retinol (page 10), Noel Solomons
summarizes the presentations
given during the 2005 CARIG
Annual Conference (page 16),
and last but not least, two valuable new books on carotenoids
are reviewed (page 44).
I look forward to working with
you in the future to the benefit of
deprived children and mothers in
the developing world.
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From the President
On April 16, 2005, Klaus Kraemer was appointed Secretary of SIGHT AND LIFE. He succeeds
Martin Frigg, who retires after more than 10 years of dedicated service.
We wish to thank Martin for his outstanding commitment. He established SIGHT AND LIFE as a
well-respected humanitarian organization. The program is widely known to academia, international organizations and governments.
Klaus has over 12 years’ research experience in the field of vitamins, carotenoids and nutraceuticals. He joins us from the ingredient industry, where he has held a variety of positions, including
those of R&D scientist responsible for the evaluation of new health ingredients and later Head
of Global Scientific Affairs Human Nutrition.
Klaus holds a first-class honors degree and PhD in Nutritional Sciences from the University of
Giessen, Germany. He is member of several professional societies dedicated to nutrition, vitamins
and antioxidants. In addition to publishing many peer-reviewed scientific articles, Klaus co-edited
the books Nutraceuticals in Health and Disease Prevention, The Antioxidant Vitamins C and E,
as well as Carotenoids and Retinoids.
We would like to give Klaus a warm welcome in his new role as Secretary of SIGHT AND LIFE and
wish him every success to further evolve this important initiative of DSM Nutritional Products.
Feike Sijbesma
CEO of DSM Nutritional Products,
Member of the Managing Board of DSM and
President of SIGHT AND LIFE
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Contributions of mathematical modeling to
understanding whole-body vitamin A metabolism
and to the assessment of vitamin A status
Michael H Green and Joanne Balmer Green, Department of Nutritional Sciences,
The Pennsylvania State University, University Park, PA 16802 USA

Introduction
Many biologists do not like to
think about mathematics. However, mathematical modeling is
essential in the biological and
clinical sciences. For example,
researchers rely on statistics to
evaluate data, we all learned
Michaelis-Menten kinetics as students, and we generate standard
curves to estimate the concentrations of unknowns in our samples.
Additionally, in the vitamin A field,
two other types of mathematical
modeling are important. Mathematical modeling underlies the
isotope dilution methods that are
used to assess vitamin A status
and the impact of vitamin A interventions (1, 2). Subjects are
given a known amount of a nonradioactive “tracer” of vitamin A
(e.g., a stable isotope), and the
dilution of the dose in plasma is
mathematically related to the size
of the liver vitamin A store.
Another form of mathematical
modeling that has been fruitfully
applied in the vitamin A field is
model-based compartmental
analysis (3–5). While perhaps
less familiar than isotope dilution, model-based compartmental analysis uses a similar
experimental approach in order
to study whole-body vitamin A
metabolism. Data from an in vivo
isotope kinetic study are analyzed
mathematically to obtain descriptive, quantitative and predictive
information about the kinetic and
often dynamic behavior of the
vitamin A system and to generate
hypotheses that can be tested
experimentally. The approach is

unique in its potential to study aspects of a system that are difficult
to measure experimentally, and it
frequently provides unexpected
insights into metabolism. Here we
present an introduction to modelbased compartmental analysis
as it relates to vitamin A, and we
provide a rationale for including
this methodology in appropriate
human studies.

Overview of vitamin A
metabolism
To set the stage for discussing
model-based compartmental
analysis as it relates to wholebody vitamin A kinetics, a schematic overview of whole-body
vitamin A metabolism is presented
in Figure 1. This diagram illustrates the absorption of dietary
vitamin A, the processing and
storage of vitamin A in the liver,
and the delivery of retinol to extrahepatic tissues. Until the 1980s,
it was assumed that vitamin A
metabolism was a simple system.
Conventional wisdom taught that
retinol secreted by the liver was
destined for uptake and utilization by target tissues. Over the
years, this understanding has
been modified to accommodate
complexities revealed by studies
that have applied model-based
compartmental analysis, especially to data collected in rats,
as discussed below. In addition,
molecular biological and biochemical studies have provided
rich details about the mechanisms
of vitamin A action, interactions
with other nuclear effectors, and
the involvement of enzymes and
binding proteins in vitamin A

metabolism. None of these latter
advances are addressed here.

Overview of modelbased compartmental
analysis
Before designing an in vivo kinetic study that will be analyzed
by model-based compartmental
analysis, the researcher postulates a conceptual compartmental
model which formalizes current
understanding of the system
under study. This helps optimize
the experimental design because
it encourages deep thinking
about the system. For vitamin A,
experimental evidence accumulated from isotope studies carried
out since the early 1980s can be
translated into a simple 3 or 4
compartment model (Figure 2).
This model views whole-body
vitamin A kinetic behavior from
the plasma space after intravenous administration of a vitamin A
tracer dose, as has been done in
rats (for example, see reference
8). When isotopic vitamin A is
administered to an experimental
subject, it “equilibrates” slowly
with most if not all of the total
body vitamin A pool. That is, it
is freely exchangeable among
compartments. Retinol circulating in plasma constitutes one
kinetically distinguishable pool of
whole-body vitamin A (compartment 1 in Figure 2). Vitamin A
in tissues segregates into 2 (or
sometimes 3) other kinetically distinguishable pools, one of which
contains vitamin A that turns over
more rapidly than that in the other.
The more slowly turning-over
pool (compartment 3 in Figure 2)
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Figure 1. Overview of whole-body vitamin A metabolism. Ingested preformed vitamin A or provitamin A carotenoids are processed in the intestine and absorbed into plasma via the lymph as a component of chylomicrons
(chylo), the triglyceride-rich absorptive lipoproteins that carry dietary fat into the body. This vitamin A, primarily in
the form of retinyl esters (RE), is mainly cleared with chylomicron remnants into liver hepatocytes. There, retinyl
esters are hydrolyzed to retinol (ROH) and processed for secretion into plasma in complex with the vitamin A
transport protein, retinol-binding protein (RBP). Some of the retinol in hepatocytes may be directly transferred to
vitamin A-storing liver stellate cells. Secreted retinol:RBP complexes in plasma with transthyretin (TTR). It is likely
that retinol bound to RBP leaves the circulation and delivers retinol to target cells for storage as retinyl esters
or oxidation to active forms, including retinoic acid (RA) in non-ocular tissues and retinaldehyde in the retina of
the eye. In cells, retinoic acid regulates gene expression through its interaction with retinoic acid receptors. See
references 6 and 7 for more details.

includes stored vitamin A such as
that in the liver. As shown in the
figure, this model indicates that
vitamin A exchanges between
the three pools and is lost from
the system via the slower turning-over pool (compartment 3).
Not surprisingly, it is possible (and
useful) to develop more complicated compartmental models of
vitamin A metabolism, depending
on the extent of the available data
(including chemical forms, specific organ pools; for examples,
see references 9–11).
To carry out an in vivo kinetic
study, the researcher should
administer a non-perturbing,

physiological dose of isotopically
labeled vitamin A to the experimental subjects. In humans, the
stable (non-radioactive) isotope
dose might be orally administered
octadeuterated retinol; for rats,
[3H]retinol-labeled plasma (prepared in vivo in donor animals)
is given intravenously. After dose
administration, the isotope’s longterm response profile in plasma is
measured, and data are graphed
on a semi-log scale as fraction of
the administered dose remaining
in plasma versus time (Figure 3).
Kinetic data are then analyzed in
light of the proposed conceptual
model using an appropriate software package. We have used

the Simulation, Analysis and
Modeling computer program (5,
12), developed over 40 years
ago to describe and quantitate
the metabolism of compounds of
physiological interest. Observed
data are compared by the SAAM
program to the proposed compartmental model, and the results
of the comparison are returned
graphically and in tabular form.
The researcher adjusts the model
parameters and structure in
physiologically reasonable ways
until there is a good fit between
the observed data and the modelpredicted (simulated) values.
The program then uses weighted
nonlinear regression methods to
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calculate final parameter values
(fractional transfer coefficients;
see Figure 2) and their statistical uncertainty. Based on these
values and the estimated plasma
retinol pool size, other parameters
of interest can be calculated; see
Table 1. These include compartment masses and total traced
mass, transfer rates including
the disposal or utilization rate for
vitamin A, residence and transit
times, the fraction of the total
pool lost each day, the number of
times retinol recycles to plasma
before irreversible loss, and the
time it takes for retinol to recycle
to plasma.

Insights into vitamin A
metabolism from rat
studies
A number of studies have used
model-based compartmental
analysis to further increase our
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understanding of vitamin A metabolism in rats (for example, see
references 9, 11 and 14). Initial
experiments in Underwood’s lab
(15) revealed that the kinetic
behavior of the vitamin A system
was not as simple as had been
assumed. Subsequent modeling
studies (14) indicated that there
is extensive recycling of vitamin A
among plasma and tissues before
the vitamin is taken up by a tissue and irreversibly utilized. This
recycling may be related to the
well-known homeostatic control
over plasma retinol concentration
in both rats and humans: that is,
plasma retinol concentrations are
maintained within a narrow range
in spite of dramatic variations in
liver vitamin A stores and dietary
intake. In rats, the average retinol
molecule is recycled ~12 times
before irreversible utilization,
and the plasma retinol turnover
rate is 13 times the disposal rate.
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Modeling also indicated that, in
addition to the liver, extrahepatic
tissues such as the kidneys make
a large contribution to the total
input of retinol into plasma.
Other important information
gleaned from rat studies is the
effect of liver vitamin A stores on
plasma retinol kinetics. When
plasma tracer response curves
were compared among rats with
low, moderate or high liver stores,
significant differences were apparent (8), as is evident from the
model simulations in Figure 4.
When liver vitamin A stores are
low, the label equilibrates rapidly
with extravascular vitamin A, and
the later slope of the plasma
response curve (the system fractional catabolic rate) is steep. In
contrast, equilibration takes much
longer when body reserves are
high and the terminal slope is
very shallow.

Figure 2. Compartmental model for whole-body vitamin A metabolism as viewed from the plasma. Circles represent compartments (kinetically homogenous pools of vitamin A). Compartment 1 is plasma retinol (retinol/retinol-binding protein/transthyretin complex); compartment 2 includes rapidly turning-over pools of vitamin A (e.g.,
interstitial fluid vitamin A as well as vitamin A filtered by the kidneys and being reabsorbed back into the vascular
bed); compartment 3 represents more slowly turning-over pools of vitamin A such as vitamin A stored in liver as
retinyl esters. Movement of retinol between compartments is shown by the arrows and quantified by fractional
transfer coefficients [L(I,J)s or the fraction of compartment J’s retinol transferred to compartment I per unit time].
L(0,3) corresponds to irreversible loss from the system. U(1) represents input of newly absorbed dietary retinol, the
asterisk shows the site of introduction of the tracer, and the triangle shows that plasma is the site of sampling.
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Figure 3. Plasma retinol response profile after administration of a tracer dose of vitamin A. Data are fraction of
the injected dose remaining in plasma of a hypothetical rat versus time after administration of [3H]retinol-labeled
plasma. Much can be discerned about vitamin A kinetics by examining the geometry of the plasma response profile.
For example, the rapid early decline in tracer concentration during the first few hours after dosing indicates that
labeled retinol leaves the plasma for the extravascular space; there it mixes with unlabeled (endogenous) vitamin A.
The bend in the curve after 2 hours means that some of the label is coming back or recycling into plasma, slowing down the net loss. The terminal slope reflects the system fractional catabolic rate, or the fraction of the body
vitamin A pool that is irreversibly lost each day and replaced by newly absorbed unlabeled dietary vitamin A.

These differences in plasma
response as a function of liver
vitamin A store prompted further
studies aimed at establishing
the usefulness of early isotope
dilution to predict liver vitamin A
stores (16, 17). It was shown that
the isotope dilution at 3 days after
an oral dose of labeled vitamin A
is inversely related to liver vitamin
A stores. These results have been
extended to assessing vitamin A
status and the effectiveness of
vitamin A interventions in humans
(2, 18).
Model-based compartmental
analysis also lends itself to studying the interaction between nutrients. For example, it is known
that deficiencies of vitamin A
and iron often coexist in human
populations (19), and it had been

hypothesized that the nutritional
status of each of these nutrients
might influence the other’s metabolism. To investigate the effect
of iron deficiency on vitamin A
metabolism, we used modelbased compartmental analysis
to compare vitamin A kinetics in
iron-deficient versus control rats
(13). Plasma retinol concentration in the iron-deficient rats was
~40% that in controls. Kinetic
analysis indicated that iron deficiency decreases the mobilization
of vitamin A from liver stores, decreases vitamin A absorption, and
decreases vitamin A utilization.
Thus, in this situation, providing
vitamin A would not affect plasma
retinol concentration but improving iron status would. It would
be useful to determine whether
the same mechanisms operate

in iron-deficient humans, since a
better understanding of the underlying mechanisms of nutrient
interaction may assure successful
intervention.

Compartmental
modeling of vitamin A
metabolism in humans
To date, few vitamin A-related experiments in humans have actually been designed to be analyzed
by model-based compartmental
analysis. However, some interesting results have been obtained
by retrospective application of
this method. Green and Green
(20) described an analysis of
data collected in1965-66 by DS
Goodman on the long-term (up
to 240 days) kinetics of plasma
retinol in 3 human subjects who
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received an intravenous dose of
autologous plasma labeled in vitro
with 15-[14C]retinol. Data for each
subject were fit to a 3 compartment model like the one shown
in Figure 2 and then modeled
together to arrive at a working
hypothesis model of vitamin A
kinetics. This analysis confirmed
that there are many similarities
(qualitative as well as quantitative) in vitamin A metabolism between rats and humans, with extensive recycling of retinol among
plasma and tissues and similar
sources of plasma retinol input.
The model predicted a vitamin A
utilization rate that was compatible with the Recommended Dietary Allowance of 3.5 μmol/d. In
another study, von Reinersdorff,
Green and Green (21) applied
model-based compartmental
analysis to previously collected
data on plasma retinol kinetics
in a human subject followed for
7 days after administration of an
oral dose of 105 µmol of [8,9,1913 C]retinyl palmitate. Because
the dose was administered orally
(note that it was also too large to
be called “non-perturbing”), the
model developed to fit the data
included several compartments
related to absorption and initial
liver clearance of the dose; otherwise, it was similar to the 3 compartment model presented earlier.
Finally, in a more recent study
(2), model-based compartmental
analysis was applied to data from
a human subject studied by Tang
et al. (22) for 52 days after oral
administration of octadeuterated
retinyl acetate. A model similar
to the one developed for the von
Reinersdorff data was compatible
with the data, and its predictions
for vitamin A utilization rate and
other parameters were in agreement with the other analyses.
Thus, although each of these
studies has limitations compared
with an ideal experiment designed
with model-based compartmental
analysis in mind, they have provided useful information and they
confirm the suggestion that this
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Figure 4. Plasma retinol kinetics as a function of liver vitamin A store. Based
on the experimental data presented by Green and Green (8), this plot shows
model simulations of the kinetics of [3H]retinol in rats following administration of [3H]retinol-labeled plasma. The geometry of the plasma response
curves is dramatically affected by the size of the liver vitamin A reserve. The
magnitude of the store influences the timing and slope of the early bend in
the curve as well as the steepness of the terminal slope. Specifically, in rats
with low vitamin A status (green curve), the label equilibrates rapidly with
extravascular vitamin A, and the later slope of the plasma response curve
is steep. In contrast, equilibration takes much longer when body reserves
are high (red curve) and the terminal slope is very shallow.

approach should be considered
for future work.

Current limitations to
vitamin A modeling in
humans
There are several factors which
limit the feasibility of applying
model-based compartmental
analysis to human vitamin A kinetic studies. These include the need
to give the dose orally, the number
of blood samples required (20 or
more, depending on model complexity) and the necessary study
duration (50 days or longer, depending on liver stores). Because
it is important not to perturb the
vitamin A system by administration of the dose, successful modeling depends on ever improved
analytical methods. Regarding
the need for a large number of
samples, it is worth noting that it
is feasible to model a composite
data set in which samples are
collected at different times in dif-

ferent subjects. The aggregated
data can be used to develop
one model to describe vitamin A
kinetics in the group. Such an approach was recently applied (2)
to data collected by Haskell et al.
(23) in Peruvian children.
A major limitation to human studies on vitamin A metabolism is
our lack of knowledge about the
extent of and individual variation
in vitamin A absorption. If doses
must be administered orally, then
an adequate number of early
samples must be collected to accurately characterize vitamin A
absorption. Alternately, methods
might be developed that would
allow safe administration of an
intravenous dose to human subjects. For example, Redgrave
and colleagues (24) have used
artificial chylomicron emulsions
to study triglyceride and cholesterol metabolism in humans. It
should be possible to include a
stable isotope dose of vitamin A

SIGHT AND LIFE
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Table 1. Parameters obtained through model-based compartmental analysis.
Parameter

Symbol

Definition

Compartment mass

M(I)

Model-predicted amount of vitamin A (nmol) in compartment I

Total traced mass

Mtotal

Sum of the model-predicted masses in all compartments

Transfer rate

R(I,J)

Model-predicted rate of movement (nmol/day) of retinol from
compartment J to compartment I

Disposal rate

R(0,J)

Utilization rate of vitamin A (nmol/day)

Fractional catabolic rate FCR(I)

Fraction of the pool of vitamin A in compartment I that is
irreversibly utilized each day

Residence time

T(I,J)

Mean of the distribution of times that retinol molecules spend in
compartment I from the time of entering the system via
compartment J until leaving compartment I irreversibly

Transit time

t(I)

Mean of the distribution of times retinol molecules entering
compartment I spend there during a single transit before leaving
reversibly or irreversibly

Recycle number

υ(I)

Number of times a retinol molecule recycles through compartment I
before irreversibly exiting that compartment

Recycling time

tt(I)

Mean of the distribution of times retinol molecules leaving
compartment I spend in other compartments before recycling
to compartment I

See references 9 and 13 for more details and methods of calculation.

in such preparations. Clearly, intravenous administration requires
much more attention to sterility
and safety of the dose. However,
it is evidently possible to use this
approach experimentally.
Another consideration is whether
subjects are in a steady state with
respect to vitamin A. Although
model-based compartmental
analysis may be applied to systems that are not in a steady
state, the analysis is much more
complex. The need for steady
state limits but does not preclude
the feasibility of conducting studies if vitamin A status is rapidly
changing, during growth or in altered physiological states such as
pregnancy or lactation.

Conclusion
Because of current interest in
using the isotope dilution technique to determine and monitor vitamin A status in humans,

researchers should consider
expanding some of those studies
so that resultant data are suitable
for model-based compartmental
analysis. By using this method
in humans, we have the opportunity to define the parameters of
vitamin A metabolism and to learn
more about the biological intricacies of this intriguing nutrient.
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The biological activity of carotenoid metabolites*
Norman I Krinsky, Department of Biochemistry, School of Medicine and the Jean Mayer
USDA-Human Nutrition Research Center on Aging, Tufts University, Boston, MA 02111

Introduction
It seems only appropriate that this
year’s James Allen Olson Memorial Perspectives on Carotenoids
Lecture deals with carotenoid
metabolites and their biological
activity, since it is the 40th anniversary of the publication by Olson
and Hayashi on “The Enzymatic
Cleavage of β-carotene into Vitamin A by Soluble Enzymes of
Rat Liver and Intestine” [1]. In
conjunction with the publication
of Goodman and Huang in that
same year [2], a scheme was proposed for the central cleavage of
β-carotene into 2 moles of retinal
(Figure 1), as first proposed by
Karrer in 1930 [3]. The enzyme
was called 15,15’-β-carotene
dioxygenase, but as was shown
by the elegant work of Woggon
and associates, is actually a
* This paper is based on the IV
James Allen Olson Perspectives
on Carotenoids Memorial Lecture
held at the 2005 CARIG Conference (see page 16).

monooxygenase [4], and it is assumed that all of the enzymes
described for various types of
carotenoid cleavage reactions are
monooxygenases. However, the
central cleavage hypothesis was
not uniformly accepted. As early
as 1954, Glover had proposed an
excentric cleavage pathway that
would form only a single mole of
retinal per β-carotene molecule
[5]. This work received support
from Ganguly and coworkers [6]
and from our group, starting in
1991 [7, 8]. Other investigators, in
addition to Olson’s group [9] continued to offer evidence in support
of a central cleavage mechanism
[10, 11] and the two positions
were considered to be controversial [12]. We finally resolved this
controversy by indicating that the
presence of antioxidants such as
α-tocopherol results exclusively
in central cleavage, whereas in
the absence of antioxidants, the
excentric cleavage products were
formed (Figure 2) [13]. At that
point in time, the controversy, as
far as vitamin A formation was

concerned, was considered to be
finished [14].

Formation of carotenoid
metabolites
During this period of “controversy”, investigators working in
the area of plant physiology were
making very important discoveries about another form of excentric cleavage. The work began
with the publication by Schwartz
et al. on a maize mutant that
failed to produce abscisic acid
[15]. These workers cloned the
gene, Vp14, that was responsible
for this defect and demonstrated
that the recombinant VP14 protein
was able to catalyze the cleavage
of 9-cis-epoxy-carotenoids such
as 9-cis-violaxanthin and 9-cisneoxanthin at the 11,12-double
bond to form a C 25 aldehyde
and xanthoxin, the precursor of
abscisic acid (Figure 3). The specificity appears to be for a 9-cisxanthophyll, and not necessarily
an epoxy-carotenoid, as it also
cleaved 9-cis-zeaxanthin.
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9’,10’ double bond to form β-apo10’-carotenal and apo-10’-lycopenal, respectively [29].

Biological activity of
metabolites
The best-known metabolite of carotenoids is retinal, and particularly
its reduced product, retinol, or
vitamin A. It is beyond the scope
of this review to address these
activities, but there are several
excellent sources that deal with
the activity of vitamin A [30-32].

Figure 1. The state of β-carotene metabolism in 1965.

Several other plants, including
cow pea [16], Arabidopsis [17-19],
crocus [20], star fruit [21] and tomato [22] have also been shown
to contain excentric cleavage
enzymes. The specificity can be
quite broad, including cleavage at
the 7,8 (7’,8’), 9,10 (9’,10’), and
11,12 (11’,12’) bonds. In addition,
the substrates can be hydrocarbons such as β-carotene and
lycopene, or xanthophylls such
as zeaxanthin, as well as the 9cis-xanthophylls.
In addition to plants, a cleavage enzyme has been characterized in the cyanobacterium,
Synechocystis, that cleaves at
the central 15,15’ bond of both
hydrocarbon apo-carotenals as
well as 3-OH-apo-carotenals [23].
A similar central cleavage enzyme
specific for β-carotene had been
cloned from Drosophila [24]. The
first cloned animal cleavage enzyme was reported by Wyss et al.
from the chicken duodenum, and
cleaved β-carotene at the 15,15’
double bond to yield retinal [25].
This observation was followed
rapidly by the cloning of this same
enzyme from the mouse [26, 27]

and humans [28]. In addition, an
ortholog of the central cleavage
enzyme was cloned by Kiefer
et al. and found to cleave both
β-carotene and lycopene at the

Some of the other biologically
active metabolites of carotenoids
are abscisic acid, bixin, β-ionone,
crocetin, crocin, geranylacetone,
grasshopper ketone, safranal and
trisporic acid. Each of these products will be addressed below.
Abscisic acid. As shown in Figure 3, the 9-cis-carotenoids, 9-cisviolaxanthin and 9-cis-neoxanthin
are cleaved by an 11,12-monooxygenase to form xanthoxin. The
formation of abscisic acid involves

Figure 2. The effect of the presence (A) or absence (B) of 0.1 mM α-tocopherol on the pathway of β-carotene metabolism. Peak 1 is β-apo-3-carotenone; peak 2 is retinal; peak 3 is β-apo-14’-carotenal; peak 4 is retinyl
acetate (internal standard); peak 5 is β-apo-12’-carotenal; peak 6 is β-apo10’-carotenal; peak 7 is β-carotene (from [13]).
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cleavage enzyme that is very homologous to CsZCD (see below)
[33]. Bixin and its precursor, norbixin, have been used extensively
as a coloring agent for foods,
drugs and cosmetics. There have
been reports that bixin is a potent
inducer of CYP1A1 in rats, and
that norbixin possesses both
antigenotoxic and antimutagenic
activity in E. coli [34].
β-Ionone. This molecule is one
of the many volatile compounds
that contribute to both the aroma
and taste of fruits and flowers. It is
formed by cleavage of β-carotene
either at the 9,10 bond alone, or at
the 9,10 (9’,10’) bonds to form the
C13 β-ionone, and a C27 β-apo-10’carotenal or a C14 dialdehyde, respectively, as seen in Figure 4 [35].

Figure 3. Recombinant VP14 cleaves both 9-cis-violaxanthin and
9-cis-neoxanthin to form xanthoxin, the precursor of abscisic acid, and a
C25 epoxy apo-aldehyde (from [15]).

the reduction of the 5,6-epoxide
in xanthoxin and the oxidation of
the resulting aldehyde to abscisic
acid [15]. Abscisic acid acts as
a hormone in plants, promoting
senescence and abscission of

leaves and inducing dormancy in
buds and seeds.
Bixin. Bixin, the main pigment
found in annatto, is derived from
lycopene by means of a 5,6 (5’,6’)

Crocetin. Bouvier et al. [20] have
characterized two enzymes from
Crocus, referred to as CsCCD
and CsZCD, that cleave carotenoids at the 7,8 (7’,8’) bonds to
form 2 moles of a C10 aldehyde
and a C20 dialdehyde. When zeaxanthin is used as the substrate
for CsZCD, 2 moles of hydroxyβ-cyclocitral are formed as well as
the C20 crocetin dialdehyde that is
ultimately converted to crocetin.
(Figure 5).
Geranylacetone. This compound, a volatile aroma product
of a 9,10 cleavage of phytoene,
is formed not only in fruit such as
tomatoes, but also in cyanobacteria and algae [36].
Grasshopper ketone. Neoxanthin, an allenic carotenoid, serves
as the precursor for the allenic
grasshopper ketone, formed by
a 9,10 cleavage reaction [17]. It
is an unpleasant smelling volatile
compound excreted by grasshoppers as a deterrent to predators.

Figure 4. Cleavage of β-carotene by a 9,10 (9’,10’) cleavage enzyme (CCD1)
to yield 2 moles of β-ionone and a C14 dialdehyde (from [35]).

Safranal. The 7,8 (7’,8’) cleavage
of zeaxanthin in Crocus sativa
yields both crocetin and hydroxyβ-citral. The latter compound is
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then metabolized to safranal, the
major flavor component of saffron
[20]. It has been reported that
these compounds are derived
from β-carotene or 4-hydroxy-βcarotene and are then converted
by a 13,14 cleavage enzyme
into 4-OH-β-apo-13-carotenone,
which in turn is metabolized to
trisporic acid [37].

Experimental work with
apo-carotenals

Figure 5. Cleavage of zeaxanthin by CsZCD from Crocus to form hydroxyβ-cyclocitral and crocetin (from [20]).

Figure 6. Inhibition of the growth of MCF-7 human breast cancer cells treated
for nine days by various β-apo-carotenoic acids and all-trans-retinoic acid
at either 10, 100, or 1000 nM. * P < 0.05. (from [38]).

Figure 7. Lack of formation of retinoic acid from β-apo-14’-carotenoic acid
in MCF-7 cells. Five hours incubation with either A. 1 μM all-trans-retinoic
acid (2) or B. 1 μ M β-apo-14’-carotenoic acid (3). Both chromatograms
contained the internal standard, retinyl acetate (4). C. All-trans-retinoic acid
(2) and β-apo-14’-carotenoic acid (3) standards (from [38]).

We have looked at the biological
activity of β-apo-14’-carotenoids,
presumably the product of a 13,14
cleavage enzyme, or in the case
of β-apo-14’-carotenoic acid,
possibly a product of a β-oxidationlike process converting longerchained apo-carotenoic acids to
β-apo-14’carotenoic acid.
Elmi Tibaduiza, as part of her PhD
dissertation work, investigated the
effect of several β-apo-carotenoic
acids (8’, 10’, 12’, 14’, and 15’
(retinoic acid)) as potential inhibitors of breast tumor cells, and the
effect on transcriptional activation
of cell cycle control proteins [38].
β-Apo-14’-carotenoic acid was
most similar to all-trans-retinoic
acid in suppressing growth of
MCF-7 human breast cancer cells
(Figure 6). The β-apo-14’-carotenoic acid was as effective as
all-trans-retinoic acid in inhibiting
E2F1 transcription factor expression in Hs578T human breast
cancer cells, but she could not
find any evidence for the conversion of the β-apo-14’-carotenoic
acid to retinoic acid (Figure 7).
This study was followed up by
Pankaj Prakash in our group, who
used normal human bronchial
epithelial (NHBE) cells to see if
either β-carotene or β-apo-14’carotenoic acid could prevent the
reduction in retinoic acid receptor β (RARβ) brought about by
treatment with benzo[a]pyrene
[39]. β-Carotene, at 30 μ M and
β-apo-14’-carotenoic acid, at
1 μ M, inhibited the growth of the
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various β-apo-carotenoic acids
[40]. As shown in Figure 9, MPA
clearly inhibited the formation of
retinoic acid from β-apo-14’-carotenoic acid, but was less effective
in preventing the induction of
RARβ2 transactivation than would
be expected based on the amount
of retinoic acid formed. Thus, the
possibility still exists that some
of the β-apo-14’-carotenoic acid
is acting independently of being
converted to retinoic acid.

Summary
A large number of products of
enzymatic cleavage of carotenoids have been described, and
we are just beginning to understand something of their potential biological activity. As time
progresses, it is to be expected
that these cleavage reactions are
not just adventitious, but produce
products that impact on their respective organisms.
Figure 8. The stimulation of RARβ
expression in normal human bronchial epithelial cells treated for 96 h
with either 30 μ M β-carotene (BC)
or 10 μ M β-apo-14’-carotenoic acid
(14’CA) in both the absence and
presence of 10 μ M benzo[a]pyrene
(BP). Values with different letters differ, P<0.05 (adapted from [39]).

NHBE cells, and stimulated RARβ
production in the presence or absence of 10 μ M benzo[a]pyrene
(Figure 8). When the kinetics of
RARβ activation by β-apo-14’carotenoic acid was compared
to all-trans-retinoic acid, a three
hour lag period was seen with
β-apo-14’-carotenoic acid in rat
embryo fibroblast cells. We also
investigated the formation of
retinoic acid and transactivation
of the RARβ receptor both in the
absence and presence of 3-mercaptopropionic acid (MPA), an
inhibitor of fatty acid β-oxidation
that we had previously shown to
inhibit retinoic acid formation from
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Report from the 2005 annual CARIG conference
in San Diego
Noel W Solomons MD, Center for Studies of Sensory Impairment, Aging and Metabolism
(Cessiam) 17A Avenida 16-89, Zona 11, Guatemala City, Guatemala
The 2005 CARIG Annual Conference, if one were lyrical, could be
termed a concerto in central and
eccentric issues. The first two
talks of the session placed a major emphasis on the importance
to biological systems and human
health of enzymatic and nonenzymatic cleavage of carotenoid
molecules. The last two presentations addressed the health of the
very center of the visual axis of
the human eye, the retinal fovea
(macula). The presentation by
Penny Nestel in the middle of the
program centered on the problem
of micronutrient malnutrition, but
with elements of a strategy that
most of the world’s societies might
consider “eccentric” – agricultural
interventions involving transgenic
plants for biofortification. In addition, with its focus on visual
function on the one hand, and
human carcinogenesis and the
provision of foods in low-income
societies on the other, the CARIG
meeting was virtually dedicated
to the concept: sight and life. It
had a host of features relevant to
the worldwide readership of the
SIGHT AND LIFE Newsletter.

Brought to life and guided by a
conference-organizing commission chaired by Julie Mares,
Alexandrine During, Elizabeth
Johnson and Wendy White,
the 2005 CARIG Conference
began by hosting the IV James
Allen Olson Perspectives on
Carotenoids Memorial Lecture,
which was delivered by Norman
Krinsky of Tufts University. The
talk was entitled: “Carotenoid
Metabolites and their Biological
Activity”. It was, in fact, a 40 year
commemoration of the identification, in 1965, by the late James
Olson of an enzyme that produces
a symmetrical cleavage of β-carotene to yield two retinaldehyde
(retinal) molecules. This retinal
can then become retinol for systemic transport.
Norman Krinsky’s lecture is reproduced as a separate article in this
Newsletter (see page 10).
One of the important messages
to be taken away from Krinsky’s
lecture and relevant to nutritional
issues of vitamin A is that retinoic
acid (one of the forms of vitamin
A active in cellular function and
metabolism) can be formed as

Norman Krinsky

Norman Krinsky explaining stereochemistry.

the end result of either central or
eccentric cleavage of a provitamin
A carotene.
A brief tribute to the late Clive
Eric West of the Universities of
Wageningen and Nijmegen in
the Netherlands was delivered
by Noel W Solomons. He used
several of the pictures contained
in the “In memoriam” article in
the SIGHT AND LIFE Newsletter
3/2004, which also reflects on the
life and pioneering work of the late
scientist.
Xiang-Dong Wang of Tufts University and the USDA Human
Nutrition Research Center on
Aging spoke on the topic of
“Carotenoids, Gene Regulation
and Cancer Prevention”. The
laboratory of Wang has been examining the interface of nutrient
exposure and gene regulation in
relation to malignant processes.
The vitamin A community became
concerned when two prospective
randomized clinical trials involving
β-carotene supplementation at
dosages of 20 or 30 mg per day
to smokers reported adverse outcomes for lung cancer mortality.
Krinsky’s notes had made it clear
that ambient oxidation state is dif-
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Noel W Solomons

Xiang-Dong Wang

Penny Nestel

ferential in determining whether
central or asymmetric cleavage of
carotenoids takes place. Wang’s
lab has used the ferret as an
animal model to understand the
interaction between carotenoid
biology and enzyme regulation,
especially as it relates to the
origins of – or protection from
– cancer. Their studies showed
that high doses of β-carotene
(equivalent to 30 mg per day in
humans) actually mimicked the
metabolic derangement of retinoic
acid and its nuclear receptors in
the lung produced by cigarette
smoke exposure in the ferret,
whereas low-dose supplementation of β-carotene (equivalent in
the ferret to 5–9 daily servings of
fruits and vegetables or to 6 mg
β-carotene per day in humans)
ameliorated the abnormalities.
Characterizing the behavior of
cellular phosphorylation of several key enzymes involved in cell
proliferation in the lung tissue of
ferrets, environmental cigarette
smoke and high-dose β-carotene,
whether alone or in combination,
had an adverse influence on
regulation against metaplastic
cell changes. Low-dose carotene feeding was protective and
would thus lower the risk of
smoke-related lung injury. In cell
cultures of human bronchial cell
lines exposed to a potent carcinogen (benzo[a]pyrene), protection of retinoic acid metabolism

was achieved both by low-dose
β-carotene and by one of its apoforms, β-apo-14’-carotenoic acid.
By extension, eccentric cleavage
products may play a similar role
in vivo. The bottom-line message was that the beneficial vs.
detrimental effects of β-carotene
supplementation are related to
the dosage of β-carotene administered.

time in studies with low and high
dosages of lycopene. Both proved
to be protective. Furthermore,
smoke exposure increased cis
isomerization of lycopene (26%
for 13-cis and 22% for 9-cis) in the
lungs of ferrets, which was 33%
and 50% higher as compared with
that of ferrets supplemented with
lycopene alone. At the molecular
regulation level, lycopene may
exercise its protective role against
smoke-induced lung carcinogenesis by stimulating mechanisms
which promote programmed cell
death (apoptosis) and inhibiting
cell proliferation.

The isomerization and cleavage
of lycopene to its cleavage products may also have implications
for enzyme regulation and cancer.
Epidemiological studies suggest
that higher dietary lycopene protects against prostatic cancers.
Wang again used the smokeexposed ferret model and carotenoid supplementation model, this

Penny Nestel, Nutrition Coordinator for HarvestPlus (HP) spoke
on “Breeding Crops to Alleviate
Deficiencies of Vitamin A and
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other Micronutrients”. HarvestPlus, headquartered in Wageningen, the Netherlands, is a
project of the International Food
Policy Research Institute (IFPRI)
of Washington DC. IFPRI is part
of the Consultative Group on International Agricultural Research
(CGIAR). The HP project is a
visionary, 10-year project funded
by the Bill and Melinda Gates
Foundation with the expressed
purpose of increasing the micronutrient quality of staple food
crops consumed by populations
at risk of multiple micronutrient
malnutrition. The three target
nutrient deficiencies are those of
zinc, iron and vitamin A.
The basic formula for action is to
use plant breeding, and this could
include both conventional crossbreeding as well as transgenic
technology, to improve either the
concentration of micronutrients
in plants, their intrinsic bioavailability, or both. The innovative
term used is biofortification.
Reflecting the network of the fieldcenters across the CGIAR, the
staple crops of interest are beans,
potatoes, maize, wheat, cassava
and sweet potato.
Of interest to the CARIG audience
was the progress being made
in two root-tuber species: sweet
potato, which already has some
carotenes in most of its varieties,
producing the yellow-orange
pigmentation; and cassava (also
known variously as yucca, manioc, and tapioca), which is most
often a white or pale root. Work
has gone into making the latter
red and the former redder through
cross-breeding hybridization.
The carotene-enhanced varieties
have further been tested for their
retention of provitamin A activity
through the various agronomic or
processing activities. For instance,
it has been shown that just keeping sweet potatoes in the ground
– rather than harvesting them at
the usual time – will conserve
their provitamin A activity. Once
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harvested, the carotenes tend
to oxidize. In simple boiling, enhanced (Resisto) sweet potatoes
retain from 83–92% of the provitamin A activity, whereas the boiling
of β-carotene enhanced cassava
conserves from 45–75% of the
intrinsic provitamin A carotenes.
For preservation both sun-drying
and shade-drying dramatically
reduce the provitamin A activity,
and this is more serious in sweet
potatoes than for cassava.
Studies in South African children
given a school snack of either
conventional white sweet potato
or the high-carotene variety have
shown improvements in vitamin A
body stores using the modified
relative dose response technique.
Going forward, plans are underway
to use animal models, specifically
the gerbil, for bioavailability testing as the provitamin A-enriched
varieties of food crops come off
the genetic development lines.
One of the additional practical
tools that HP has developed is
a visual color chart for screening
plants for their carotene content.
In searching for promising, carotene-rich varieties of plants, one
can reduce the laboratory burden
of carotene assays by 80% simply by using this highly sensitive
ocular selection. Thereafter, of
course, HPLC or column methods
must be applied to quantify the
amount of provitamin A carotenoids in the samples. Another
product of HP investment has
been a technical handbook on the
use of stable isotope technology
for assessing the bioefficacy of
carotenoids and changes in vitamin A body stores.
A full session entitled “Non-Invasive Methods for Measurement
of Carotenoids in Tissues” was
chaired by Susan Mayne of Yale
University. It centred on the eye,
and where it focuses light for
daytime vision. This theme was

Paul Bernstein

explored with presentations on
two alternatives for quantifying
the carotenoid pigment content of
the retinal macula, by Paul Bernstein of the University of Utah and
Max Snodderly of the Medical
College of Georgia. Paul Bernstein’s topic was “Measurement
of Carotenoids in the Skin and
Retina using Raman Spectroscopy”; Max Snodderly’s theme was
“Measurement of Carotenoids in
the Retina using Heterochromatic
Flicker Photometry”. Both of the
presenters were ophthalmologic
investigators pursuing non-invasive function-response methods
to measure, in an indirect fashion,
the density of the carotene pigments in living tissue.
As explained by Bernstein, the
principal objective is the human
eye. The biological question
relates primarily to the content
of lutein and zeaxanthin in the
fovea of the eye. This is where
the energy of light in the environment is concentrated by the lens
of the eye to produce sharp, color
vision. Photic energy, however, is
damaging to tissue. Age-related
macular degeneration (AMD) has
a series of risk factors. Some of
them, such as age, sex, hereditary
susceptibility, integumentary pigmentation and the color of one’s
iris, are immutable and cannot
be influenced. Other AMD risk
factors, however, are modifi-
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able, and these include tobacco
smoking, cardiovascular disease,
alcohol consumption, unprotected
exposure to light, and nutrition.
Hence, at the interface of nutrition,
ophthalmology and public health
an interest has been developing
in the dietary intakes of lutein
and zeaxanthin, the carotenoid
pigments preferentially concentrated in the macula of the eye,
constituting the macular pigment.
Resonance Raman Spectroscopy
is a technique in which a low-energy laser emission is focused on
the retina and Raman scattering is
detected in the reflected energy.
The absorption of energy is directly proportional to density of the
carotenoid pigments. Hence, this
technique can provide an absolute
estimate of pigment content.
In studies in a convenience sample of ophthalmology patients in
Utah aged 20 to 85 years, the
expected reduction of macular
pigment with age has been demonstrated, as has a 30% lower
lutein-zeaxanthin density in the
macula of patients with AMD as
opposed to unaffected control
subjects. In primates, in which
both this functional test of Raman
spectroscopy and the analyzed
tissue content of pigment could
be measured sequentially, a
good correlation of the screening
method with the gold standard
histology was obtained.
Several factors will confound
readings with Raman spectroscopy, most notably any opacification
in the lens or the vitreous humor
of the patient. The test leaves
an orange “after-image” with the
subject, and one must be careful
with cumulative exposure to direct
laser energy to the eye, despite
the low intensity beam used. In
fact, its use in premature infants
has yet to be approved, since laser sensitivity of infant eyes has
yet to be determined in pediatric
ophthalmology standards. But for
adults, this Raman spectroscopy
technology portends access to
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epidemiological data on retinal
pigmentation, with the caveat that
the instrumentation is relatively
expensive to build and operate.
An additional line of investigation with this technique in Utah is
estimating carotenoid pigments
in the human skin. Quantitative
measures can also be obtained
in relatively unpigmented sites
which correspond to biopsy assays, and using dual wavelengths
of laser energy, the lycopene
content can be differentially distinguished from the total pigment
density of skin. This has potential
as another tool for general epidemiological inquiry into the area of
carotenoid nutriture, health and
human disease risk.
Snodderly’s laboratory in Georgia
has actually tested and crosscalibrated three non-invasive
techniques for assessing the
density of the macular pigment.
Two are based on detecting energy from reflected light energy
transmitted and re-emitted from
the retina of the dilated human eye
(reflectometry, macular pigment
density measured by autofluorescence spectrometry) and one is a
psychophysical method (heterochromatic flicker photometry). The
latter seems most promising for
epidemiological studies and was
the main focus of the presentation. This is an interactive psychophysical test in which subjects are
required to focus their gaze on an
objective, thus fixing the fovea in
one position. A low-energy light
source with two, alternating, wavelengths of light (blue spectrum,
green spectrum) is introduced
in a flickering pattern to various
areas on the foveal and nonfoveal surface of the retina. The
subject, him- or herself, operates
the flicker frequency and notes
when the perception of flickering
is extinguished. Physico-chemical
properties of red-orange pigment
absorption allow a relative estimate of the density of the macular
retinal pigments with reference to

Max Snodderly

those away from the visual axis.
Even in older subjects with a diagnosis of macular degeneration
associated with aging, high testretest reproducibility has been
demonstrated. Patients with AMD
have more attenuated pigment
density than younger, healthy
controls. It is the expressed desire
of the research team from Augusta
to propagate the use of this technique extensively in epidemiological research and clinical trials
related to the senescent process
of the human retina.
The idea of a “chemical analysis”
of the primary visual tissues of the
human eye in an innocuous and
non-invasive manner is, in itself,
novel and humanitarian. It guides
investigators in human biology to
pursue their inquiries in manners
that are humane for the subjects
and potentially invaluable for the
health and function of the society
at large.
The 2005 CARIG meeting was
rich in the celebration of lives
(those of James Allen Olson and
Clive Eric West) and of life (and
the scientific advances that lead
to its preservation and enhanced
quality). This is what we can bring
from these central and eccentric
themes, celebrated in San Diego,
California this year.
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Vitamin Angel Alliance: Fighting micronutrient
deficiencies around the world
Howard B Schiffer, Founder and Executive Director of Vitamin Angel Alliance,
Santa Barbara, California 93105, USA
In January 2005, SIGHT AND
LIFE joined forces with Vitamin
Angel Alliance to help supply the
nutritional component of the tsunami relief effort. Through their
efforts, over 10 million supplements were delivered to tsunami
survivors in Sri Lanka, India and
Indonesia. The risk of opportunistic infections and the spread of
disease was dramatically reduced
as a result of these efforts.
The mission of Vitamin Angel
Alliance (VAA, a not-for-profit
corporation) is to provide basic
nutrition to people in need. Vitamin Angel Alliance focuses on
supplementation. This can cure
or prevent malnutrition-based diseases and improve the health and
life experience of tens of millions
of individuals. A World Health Organization report issued in 2002
identified the ten leading health
risks responsible for most deaths
in the world. Lack of food ranked
above all others including AIDS,
cancer and heart disease. People
are starving to death. Nearly one
quarter of all humanity – 1.4 billion
people – live in absolute poverty
with incomes of less than a dollar
a day. UNICEF reports that one
in three, or two billion people, do
not receive adequate amounts of
vitamins and minerals. Millions
of children will never reach their
structural or intellectual potential.
Malnutrition threatens both the
development of affected individuals and the progress of many
developing countries.
VAA acquires nutritional products
that are contributed to the Alliance by a growing association of
Vitamin Angels – a consortium of
nutritional supplement manufac-

turers, distributors and retailers.
Since 1994, VAA has been able
to respond to various situations involving micronutrient deficiencies
in a quick and effective manner.
Supplements were donated to
charitable health care organizations, which have distributed them
in more than eighty countries
around the globe.

NGOs around the world to distribute nutrients to regional and
international medical and health
programs.

In 2004, Vitamin Angels distributed over 24 million supplements
to more than 40 countries! A 50%
increase above the 2003 volume.
VAA’s administrative budget was
below 5% of the value of the contributions we received.

In 2003, a relationship was established with the Johnson &
Johnson Corporation to create a
campaign to significantly reduce
childhood blindness in India. The
three year pilot program is targeted at India and is designed to
prevent blindness and bring better
health to approximately 3 million
people: 1 million children and 1
million lactating women and their
babies. The total cost per person
is 15 cents per year or less.

The Alliance was formed to channel vitamins and supplements
from the dietary supplementation industry to NGOs and other
relief organizations dedicated
to supplying medical supplies
and nutritional products to medically underserved communities throughout the world. Since
1994, VAA has partnered with

Vitamin Angels began a partnership with Terma Foundation in
2004 to deliver vitally needed
micronutrients to children in Tibet.
Initially in response to a national
survey that determined that 70%
of the children in Tibet were vulnerable to rickets, a vitamin D and
calcium campaign was launched.
In 2005 this program was expand-

Children benefitting from the tsunami relief effort, east coast of India.
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ed to a full micronutrient campaign that now delivers 650,000
chewable multiple vitamins per
month to the children in Tibet.
In Honduras, Vitamin Angels
has been supporting Hacienda
Cristo Salva, a health project
headquartered on a farm in the
town of Las Varas close to the
Guatemalan border. The project
focuses on providing basic medical services and combating malnutrition among the over 5,000
indigenous people who inhabit
this remote area. This health
project distributes nutritional supplements to children and pregnant
women, gives worm medication to
children, and provides education
regarding diet and nutrition to
mothers and families.
Recently Vitamin Angels began working on a program with
UNICEF in the Pacific Region to
improve the nutritional profile and
wellbeing of young children in
this region. The initial project will
reach 750,000 children and help
prevent parasitic worms while
providing high dose vitamin A
capsules twice a year.
Over the past five years Vitamin
Angels has come to realize the
incredible value in combining
anti-parasitics (e.g. albendazole or
mebendazole) with a micronutrient
campaign. In many of the countries we work in, parasitic worms
affect a majority of the children

Boy with vitamins, South Africa.

Tibet, young girl receiving multivitamins.

Multivitamin distribution, India.

living in extreme poverty. These
worms can consume one-third of
a child’s daily nutritional intake.
As recently reported by the World
Health Organization (WHO) and
UNICEF, deworming programs can
be added to a vitamin A program
easily and effectively. The overall
benefits are significant: reduction
in vitamin A deficiency (VAD) and
anemia, improved absorption of
vitamin A capsules, reduction in
parasitic worm load, and reduction
in child morbidity and mortality.

said: “After working thirteen years
in Tibet and being trained as a
western medical doctor, I am now
more convinced than ever that
micronutrient supplementation
may be the single most important
action we can take to save the
next generation of Tibetan children.” Her words were echoed by
Venkatesh Mannar (MI) and Carol
Bellamy (UNICEF) in their opening remarks in “Vitamin and mineral deficiency: a global progress
report” where they stated: “Probably no other technology [vitamin
and mineral supplementation] today offers as large an opportunity
to improve lives and accelerate
development at such low cost and
in such a short time.”

In summarizing the challenges
facing a global micronutrient campaign, the Micronutrient Initiative
(MI) and UNICEF noted: “All such
advances in knowledge of VM
(vitamin and mineral) deficiency
strengthen the case for integrated
and comprehensive approaches,
not only because populations
are commonly victims of multiple
deficiencies but also because
interactions between micronutrients mean that a lack of one may
inhibit the body’s ability to absorb
another.” VAA’s experience in the
field bears this out; where one
nutrient deficiency is noted, others almost always coexist. VAA
is committed to a comprehensive
approach to fighting micronutrient
deficiencies.
Dr Nancy Harris, our colleague
from Terma Foundation, has

Vitamin Angel Alliance’s vision
is far reaching: we believe that
every person has a right to basic
nutrition, that malnutrition-linked
diseases are preventable and that
education in addition to supplementation is the key to long-term
health.

Resources:
World Health Organization and UNICEF,
“How to add deworming to vitamin A
distribution”
Terma Foundation (www.terma.org)
UNICEF and the Micronutrient Initiative,
“Vitamin & Mineral Deficiency – A Global
Progress Report”
Vitamin Angel Alliance (www.vitaminangel.org)
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Distributing fortified and high-energy density
gruel to reduce the failure rate and improve
nutritional status of Antananarivo schoolchildren
Arnaud Laillou(1), Agnès de Sesmaisons(1), Charlotte Ralison(2), Chantal Monvois(1) and
Serge Trèche(3)
(1)

Research and Technological Exchange Group (GRET), Antananarivo and Paris;

(2) Laboratoire de biochimie appliquée aux sciences de l’alimentation et à la nutrition, Antananarivo, Madagascar;

“Nutrition, Alimentation, Sociétés” Research Unit, Institut de Recherche pour le Développement (IRD),
Montpellier, France.

(3)

Introduction
Poverty and inadequate food
habits increase the risk of micronutrient and protein-energy
deficiencies. In the highly precarious contexts encountered in
developing countries, school-age
children are particularly vulnerable. At a crucial stage of their
development, they are hit hard by
the effects of undernutrition. This
both quantitative and qualitative
insufficiency of food adds to the
difficult school conditions and is
an obstacle to successful schooling. Schools are a strategic location to reach these children and
School Food Programs (SFPs)
have been developed to provide
them with food that complements
their usual diet and can even
re-establish their micronutrient
status.
In Madagascar, two out of three
people live below the poverty
line (Instat, 2003) and malnutrition indicators reach high levels
among young children (one out of
every two children under the age

of five presents with growth delay,
one out of every three is underweight, and one out of every nine
is grossly underweight – UNICEF,
2005). There is little data available on deficiency levels among
school-age children, but the daily
intake of energy, protein and micronutrients is obviously insufficient for most children. Immediate
hunger, fragile nutritional status
and health, and reduced cognitive
abilities are all consequences of
this undernutrition.
The Nutrimad Program, in which
GRET (the Research and Technological Exchange Group), IRD
(the Institut de Recherche pour
le Développement), and Labasan (the Laboratoire de biochimie appliquée aux sciences
de l’alimentation et à la nutrition
de l’Université d’Antananarivo)
collaborate, aims to contribute
to the sustainable reduction of
malnutrition in Madagascar. The
Nutrimad team felt that setting
up an SFP in the public primary
schools (PPSs) frequented by the
poor would be a pertinent strat-

egy to fight malnutrition among
school-age children. A key factor
is the fact that the intervention
is fully anchored within the local
institutional framework and the
Malagasy government’s priority
of “school for all”.
The Nutrimad SFP aims to set up
a sustainable system to distribute
school snacks, supported by nutrition education campaigns. The
Nutrimad SFP is co-financed by
SIGHT AND LIFE and the Ile-deFrance Regional Council within
the framework of its cooperation
with the Commune of Antananarivo.
More generally, Nutrimad is part
of GRET’s and IRD’s Nutridev
Program, initiated in 1994 to
reduce malnutrition among the
most vulnerable groups of popu-
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lations in developing countries.
Nutridev also receives the support
of SIGHT AND LIFE in Vietnam
for producing fortified biscuits for
school-age children.

The “Koba Tsinjo”, a
snack adapted to local
constraints
The powder, called “Koba Tsinjo”,
is a mixture of corn meal, peanut,
sugar, salt, a mineral and vitamin
premix (MV premix), and BAN
(Table 1). Soybean oil is added
while it is cooked in water. Only
the MV premix and BAN are imported. The manufacturing procedures were transferred to the
Taf company, a Nutrimad partner
since 2002.
Table 1. Composition of Nutrimad
Koba Tsinjo
Ingredients
Corn
Sugar
Peanut (roasted)
Soybean Oil*
Iodized Salt
Ca3(PO4)2
MV premix**
BAN 800

%
72.60
14.00
8.50
2.00
0.65
1.95
0.30
0.007

* added when preparing the gruel

**Composition of 100 g premix
(incorporation rate 0.30 g/100g)
Iron
4,000
Copper
150
Iodine
9,333
Zinc
4,200
Manganese
103
Selenium
1,667
Vitamin A
333,333
Vitamin C
5,500
Vitamin D
26,000
Thiamin
73
Riboflavin
127
Vitamin B6
73
Niacinamide
1,500
Vitamin B12
333
Folic Acid
48
Pantothenic acid
333
Vitamin E
833
L-Lysine
31,667

mg
mg
μg
mg
mg
μg
IU
mg
IU
mg
mg
mg
mg
μg
mg
mg
IU
mg

The Nutrimad SFP aimed to set
up a snack that was:
• accessible for everyone, i.e.
inexpensive and made from
local raw materials;
• acceptable, i.e. liked by children;
• able to be appropriated and reproduced, i.e. easy to prepare
within schools; and
• nutritionally effective, i.e. designed so that the consumption
of one portion covers a sufficient share of a child’s daily
energy and nutrient requirements.
Nutrimad has acknowledged
know-how in elaborating highenergy density gruel that has
been developed in the framework
of its “complementary foods” component. After having verified its
acceptability for Malagasy school
children, the program chose to
develop this kind of gruel.
In Antananarivo, the age range for
children in PPSs is 6 to 14 years
old. Nutritional requirements and
ingestion capacity vary considerably within such a wide age
range. Levels of fortification and
the size of the portion of gruel
were selected in order to meet
the requirements of the majority of
children as far as possible, while
limiting waste and cost.

SIGHT AND LIFE

The nutritional goals were defined
based on the recommended daily
allowances for 10-year-old boys
(two thirds of the school children
targeted by the program are under 10). By combining the nutritional deficiency estimates from
a preliminary food consumption
survey (Ratsito, 2004), national
data, and the strategies adopted
in other SFPs, the decision was
made to cover:
• 75% of the RDA for micronutrients for which there is a major
deficiency risk: iron, zinc and
vitamin A;
• 60% of the RDA for calcium,
and 40% of the RDAs for other
minerals and vitamins;
• 25% of the RDA for proteins,
amino acids and essential fatty
acids;

SIGHT AND LIFE
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the gruel. The staff in charge of
gruel preparation is recruited from
among the disadvantaged families in the neighborhood whose
children attend the PPS, giving
the project a complete approach
to poverty alleviation.

Figure 1. Distribution of children according to frequency of gruel consumption (expressed in cumulated frequency)

• and to provide a minimum of
21% of the energy in the serving in the form of lipids.
In order to determine the size of
the portions to distribute, a study
was conducted on a sample of
400 children between the ages
of 6 and 14. The quantity of gruel
that a child can ingest during a
recess period is on average 384
± 135 g, with a difference of more
than 100 g between the average
amounts ingested by 6-year-olds
and 14-year-olds. Based on this,
the decision was made to ensure
that one portion of gruel (approximately 100 g of flour) would
provide 18% of a 10-year-old’s
energy requirements.
The portions needed to be easy
to ingest, and it was therefore
imperative to give the gruel a fluid
consistency, although its preparation called for a large quantity of

flour (100 g) to be incorporated in
a small volume (350 ml) of water.
To do so, an industrial microgranulate amylase (BAN: Bacterial
Amylase Novo) was added.

2004–2005 School Year:
The Nutrimad SFP’s first
“exam”
To ensure the sustainability of the
program, Nutrimad is working to
identify a municipal system that
can be reproduced on the national
scale. From March to June 2004,
the Nutrimad SFP was present
in five PPSs in Antananarivo; it
was extended to fifteen PPSs
(12,863 children) at the start of
the 2004–2005 school year.
Preparation and distribution
Too numerous to attend all at
once, the PPS schoolchildren
are divided into two groups and
attend school in the morning or
afternoon. The principle adopted
was to sell a serving of gruel during each half-day’s recess. A staff
composed of several persons in
charge of gruel preparation and
one manager was set up in each
PPS. In the morning, the teachers
establish a list of children who
wish to eat a snack and send it
to the staff manager. The manager calculates the corresponding quantity of gruel, which is
then prepared by the staff. The
staff distributes the gruel to the
children and then cleans and
puts away the dishes and utensils used to cook and distribute

Partnership framework and involvement of the partners
In order to anchor the Nutrimad
SFP’s approach in the local institutional landscape and sustainably involve local stakeholders
and decision-makers, a Steering
Committee and a Management
Committee were created from
the start.
The Steering Committee’s vocation is to supervise the proper
implementation of the scheduled
activities and, if needed, decide
to re-orient activities. The Committee members, on whom the
sustainability of the project relies, can express their expectations. The Committee members
come from seven entities: the
Urban Community of Antananarivo, the CISCO (the Ministry
of Education authority in charge
of a given school district), the
Nutrimad team, the NGO Aide et
Action, schools concerned (representatives of commune authority,
school directors, management
committee), and the Ministries of
Health and of Family Planning.
To manage the staff in charge of
gruel preparation, and notably to
designate their manager, a Management Committee involves the
bodies active in school life:
• the Director, who chairs the
Management Committee;
• two representatives of the Parents’ Federation;
• a representative of the School
Management Committee; and
• a district, or fokontany, representative nominated by the
fokontany head, who is also a
registered auditor.
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Nutrition education, a crucial
link in the Nutrimad strategy
Nutrimad’s nutrition education
program for PPS students consists of encouraging food consumption that matches nutritional
requirements, stimulating public
demand for appropriate foods,
and promoting healthy living. The
teachers were chosen to be privileged relays with the children as
they are up-to-date on local education practices and the cultural,
social and food environment. In
addition, they have time, pedagogical training, and an influence
over the children.
With an aim to sustainability, the
Nutrimad SFP messages, information posters, and films are
currently included in the classes
given in the fifteen PPSs.

First results
Subsidized sales
The price of the snack is a key
element in the strategy’s appropriation by the beneficiaries.
Preliminary surveys showed that
the families’ participation in the
purchase of a serving could not
exceed 40 ariarys (0.021 USD).
However, despite work optimizing
production, the production cost of
one portion of gruel is 0.096 USD.
The sale of gruel is therefore currently subsidized at 75% of cost.
An 86% penetration rate
Last year, during the four months
that the project was active, the

average daily consumption rate
(= number of children eating a
serving of gruel divided by the total number of children enrolled in
the PPSs concerned) for the five
schools was 53% of the children
enrolled. The FSP sold 105,236
meals.
The current phase (2004–2005
school year) is benefiting from
the lessons learnt in the previous
phase. Thus, the nutrition education component was strengthened
with the production of an educational film and posters targeting
the students and their families.
The first results show an average
consumption rate of 85.7% in the
PPSs, with 405,893 meals sold
in three months (from November
2004 to February 2005).
The frequency of consumption
by students in the fifteen schools
(September to February 2005) is
illustrated in Figure 1. More than
75% of the children buy at least
three servings of gruel per week
and more than 99% have bought
gruel at least once.
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performance and nutritional status of the children in the fifteen
schools. In addition, the influence
of gruel consumption on children’s
cognitive performances, the daily
structure of their meals, and their
levels of energy and nutrient intake will be studied on representative sub-samples of children.
These results will notably help
define improvements that could
be made when expanding the
program.
A “toolkit” at the service of the
National Nutrition Plan
The goal of the Malagasy government’s National Nutrition Plan
(NNP) is to set up strategies
aiming to improve the nutritional
status of schoolchildren, in synergy with the heavy investments
that will be made in the education
sector.

Prospects

With the support it provides for the
local production of fortified snacks
accessible to all and its elaboration of nutrition education tools
for children, the Nutrimad project
fits into the NNP. This “toolkit” is
currently being validated.

Assessment to validate and
extend the strategy
The assessment set up to confirm
the pertinence of the Nutrimad
SFP strategy will calculate the
children’s SFP participation rate,
identify the determining factors
in participation, and measure the
effects of the SFP on the school

If the Nutrimad SFP strategy is
proven effective to counter immediate hunger and micronutrient deficiencies among schoolchildren, it will be validated and
tested on larger scale. The institutional aspects of the program
remain to be organized: ‘What
subsidy?’, ‘Attributed to which

SIGHT AND LIFE

households?’, ‘How?’ and ‘What
community management mode
should be adopted?’ These questions – which go well beyond the
scientific framework – are crucial
for the success of the Nutrimad
SFP. They set the conditions
for its institutional anchorage.
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They will be answered during the
2005–2006 school year.
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Building a multisectoral vitamin A program
in Uganda: Establishing sustainable roles for
effective implementation
Louise Sserunjogi, MOST/USAID, Kampala, Uganda; Philip WJ Harvey, MOST/USAID and
Johns Hopkins Bloomberg School of Public Health, Baltimore MD, USA.

Introduction
An analysis of the nutrition situation in Uganda was carried
out in 1999 in order to identify
priority nutrition actions for the
health sector. At that time there
was no nationally representative
biochemical data on vitamin A
deficiency (VAD), but indirect data
suggested strongly that VAD was
a problem of public health significance – under-five mortality rate
was high, VAD was identified as
a significant clinical problem in a
“typical” district, and the usual diet
was low in vitamin A.
The primary constraints to effective micronutrient nutrition programs identified by the analysis
were:
• Little appreciation of the significance and magnitude of
micronutrient malnutrition;
• Lack of integration of nutrition
within district health services;
• No comprehensive national
micronutrient strategy;
• Limited involvement of the private sector; and
• Data gaps on key policy and
program issues.

The timing of the assessment was
opportune in that it coincided with
finalization of a new Health Policy.
The new policy focused attention
on a set of priority health services
known as the Uganda National
Minimum Health Care Package.
This package included nutrition
improvement. The policy also
specified that responsibility and
budget for implementation of the
services was to be decentralized
to district and sub-district levels.
The Government Health Sector
Strategic Plan called for improving vitamin A status through
increasing coverage of supplementation for preschool children,
enhancing breast-feeding, and
increasing consumption of vitamin
A-rich foods through agriculture
and fortification. This paper outlines a few of the key processes
undertaken in the effort to achieve
sustainable implementation of a
comprehensive vitamin A program
in Uganda.

Supplementation
In 1999 vitamin A was being
delivered to children through
routine EPI measles vaccination
at 9 months of age and through

National Immunisation Days
(NIDS) for polio. The Ministry
of Health instituted a stakeholders’ taskforce. This consisted of
technical officers, donor agencies
such as UNICEF, World Bank,
WHO, USAID, community-based
organizations, and academic
institutions. This partnershipbuilding approach strengthened
collaboration and coordination
among stakeholders for a national
program. The national protocols
for vitamin A supplementation
were made consistent with WHO
recommendations.
The first step taken in strengthening the on-going supplementation
interventions was to understand
the knowledge and practices of
health workers and caregivers
in relation to vitamin A deficiency
and supplementation. Several
research and policy documents
were reviewed, operational research was carried out, and
exit interviews at NIDs were conducted. This process facilitated
the development of a series of
communication and advocacy
materials and fed directly into
the development of training programs. The Ministry of Health
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Immediately after that, the rest of
the country was covered. These
different delivery mechanisms
have made it difficult to monitor
coverage. The Ministry of Health
estimated national annual coverage of 50% in 2002 and 60% in
2003.

Vitamin A poster used throughout
the country to promote vitamin A
supplementation.

launched the supplementation
program by supporting one district to pilot test all the processes
needed to implement a successful
program at district and community
levels. This trial addressed community mobilization efforts and
tracked the cost of activities and
community response, as well as
testing methods for monitoring
and evaluation. This approach
helped the district to assess
resource mobilization efforts as
well as community involvement
in such an exercise.
The months of May and November were selected for the
biannual distribution of vitamin A
to all eligible children and the national program was launched in
May 2002. Stakeholders such
as UNICEF and the World Bank
Early Childhood Development
Project assumed responsibility
for supporting distributions in the
areas in which they were working. Since 2002 different delivery
mechanisms for getting the vitamin A to children have been used
as opportunities present themselves. For example, in August
and September 2002, a measles
campaign was undertaken in 16
border districts and the vitamin A
distribution was added to that.

In April 2004 the Ministry of Health
launched a new strategy to promote twice-annual CHILD DAYS.
During the CHILD DAYS an integrated package of child health
interventions is delivered. This
includes vitamin A to all children
aged 6 months to 5 years, deworming, immunization, growth
monitoring, insecticide treatment
of mosquito nets, and health
education. Coverage in the May
round in 2004 was estimated at
76%.

Diet Diversification
The nutrition group worked with
the agriculture sector through
NARO, the National Agricultural
Research Organization; CIP/VITAA, the International Potato
Center; and VEDCO, a community-based organization working
with women farmers to promote
the production and consumption
of orange-fleshed sweet potato
(OFSP) in Luwero. This was a
pilot project based on building
women’s capacity to produce new
varieties of orange-fleshed sweet
potato for their households. The
women were instructed in new
techniques of field preparation,
planting, pest-control, harvesting,
processing and food preparation.
Careful qualitative research was
done to understand the local context into which this new product
was being introduced. This work
was used to develop advocacy
and communications used subsequently in promoting the benefits
of the potato in new areas.
The new varieties had good yields
and increased household food security. The new crop was popular
with children because of its taste,

Vitamin A logo used to increase
awareness of supplementation
program.

texture, and color. But this was
not so for adults. The women
enjoyed and valued this project
– they appreciated the learning
process and gained confidence
in their new skills. The Queen of
one of the kingdoms launched
the OFSP and this proved a substantial endorsement for it as a
valuable commodity for improving
children’s health. Collaboration
between the health and agricultural sectors played a big role in
the promotion of the vitamin A rich
OFSP as a health food; a factor
that greatly motivated women
to have it available to feed their
children.
Other stakeholders became involved and scaled it up to new
districts. To date, more that 40 out
of the 56 districts in the country
have introduced production of
the OFSP. The potato served as
a household food commodity as
well as an income generation
initiative as it was being disseminated throughout the country. The
success of the initiative was attributed to the strategy used to build
hands-on-skills of the women in
a community where sweet potato
was already the main staple for
household consumption. Two
particular women from this community became role models and
trainers for programs promoting
OFSP in Uganda and also outside
Uganda.
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Luwero women learning new planting techniques.

Food fortification
The initiative to promote food
fortification invested heavily in
building a public/private partnership to generate and maintain
an interest in improving the nutritional quality of manufactured
foods. With donor support and
technical assistance, a multisectoral working group was set up
to guide and monitor the implementation of this initiative. Food
industries were sensitized on the
magnitude and consequences of
micronutrient deficiencies and on
the role the private sector could
play to contribute to the reduction of malnutrition in the country.
The private sector identified a
marketing opportunity and at the
same time saw an opportunity to
contribute to improving nutrition
in the country. The government
played its role by setting up a multisectoral-working group to guide
and monitor implementation, develop implementation protocols
and guidelines, standards and
regulations, promote good manufacturing practices and develop
advocacy and communication
strategies.
A food fortification trial program
was initiated with the participation
of three factories (one for vegetable oils and two for maize flour).
The intentionally limited scope
and purpose of this pilot was
to assess the feasibility of food
fortification in terms of industries’
capacity to adhere to regulations,
standards, and good manufac-
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Luwero children tasting new varieties of sweet potato.

turing practices. The National
Bureau of Standards developed
food fortification standards and
regulations, while the industries
contributed their infrastructure for
the trials. Other partners in this
initiative were a university group
that undertook food consumption
studies and consumer protection
groups that supported advocacy
efforts for fortified foods.
The pilot study was successful
and led to the launch of the food
fortification program – comprising at the outset the vegetable oil
manufacturer (for vitamin A) and
two maize flour milling industries
(for multiple vitamins and minerals) that participated in the trial.
A commercial advertising company was engaged to develop
an aggressive communications
strategy targeting selected audiences and using several channels
including a 6-month campaign of
radio spots, talk shows and print
media of posters, fact sheets and
brochures.

•
•

•
•

standards and regulations, and
promoting good manufacturing
practices for fortification;
Stakeholder participation and
partnership to accelerate actions;
Research to test program feasibility, to identify the new varieties of sweet potato most likely
to be adopted, to understand
local culture and economic
context for developing effective
communication and training
materials. This research was
always undertaken in ways that
contributed to the capacity and
skills of local institutions necessary for sustainability;
Advocacy and communication
for community mobilization;
Critical donor support and
technical assistance to build
national capacity for implementation.

Conclusion
In Uganda, we found six key factors to creating sustainable roles
for improved nutrition across
several sectors:
• Government support and ownership of public programs;
• Policy and program review
by the government ministries
– strengthening policies by
developing implementation
protocols and guidelines for
supplementation, operational

The national food fortification logo is
intended to create demand for products, and at the same time, ensure
quality control and thus protect both
producers and the consumers
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The multiple strategies used
to ensure adequate intake of
vitamin A in Uganda have had
complementary effects in reaching different groups of the population. The national vitamin A
program has increased demand
for vitamin A by motivating consumers through the several communication and advocacy efforts
used by different sectors. The
Ministry of Health’s twice-annual
CHILD DAYS strategy bears the
symbol of vitamin A capsule supplementation; partnership with the
food industries for the promotion
of food fortification requires the
national food fortification logo.
The promotion of the vitamin A
rich orange-fleshed sweet potato
promotes growing of the potato
to be fed to those that require it
most, the children. This remains
a work in progress and coverage
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of all interventions needs to be
improved upon. We need to use
the most appropriate and most
cost-effective means through
partnership building to reach the
vulnerable populations.

Poster used to promote new varieties of orange-fleshed sweet potato
in districts where they are being
introduced.

Orange-fleshed sweet potato dissemination
process in the Gourma Province (Burkina Faso)
Mohamed Ag Bendech1, Olivier Vebamba2, Ann Tarini2 and Shawn K. Baker1
1
2

Helen Keller International, Regional Office for Africa, Senegal
Helen Keller International, Burkina Faso Office

Sweet potato (Ipomoea batatas)
is a plant with a high ecological
adjustment capacity. Its water
requirements are around 600 mm/
120 to 210 days cycle at a temperature ranging between 25 and
35 °C. There are a large number
of sweet potato cultivars worldwide. The white-fleshed cultivar is
the most widely grown in Burkina
Faso, as in most West African
countries (1). Only orange-fleshed
varieties have a high content of
pro-vitamin A carotenoids.
Vitamin A deficiency is quite common in Burkina Faso. A survey
conducted in the rural Sanmatenga Province has revealed low
serum retinol levels (below 0.70
µmol/l) among 85% of children
aged 12–36 months and 64% of

their mothers (2). Similarly, the
2003 Health and Demography
Survey showed a 7% national
prevalence of night-blindness during their latest pregnancy among
mothers of under-fives (3). It is
in such a context that HKI and
UNICEF have jointly implemented
a school and community based
gardening project in 20 villages
in the Gourma Province (Eastern Region), one of the poorest
provinces in the country. This
project includes the introduction
and dissemination of sweet potato
cultivation as a component in the
fight against vitamin A deficiency.
This document gives an account
of the various stages in the implementation of the project.

Identification of varieties
to be extended
Primary varieties selected for
experimentation
The pilot site of HKI Niamey has
provided seed for seven varieties
of orange-fleshed sweet potato
from Kenya (locally called Narumintang, Caromex, Jewel, Taining 64, Karma, CN 1442-59 and
Ming Shu) for testing at the Fada
experimental site. Two other cultivars from Burkina Faso (locally
called Lantaogo BF and Lantaogo
2) were also tested. The experimentation aimed at identifying
high yield cultivars with a high
carotenoid content that can adjust to environmental conditions
so as to make them available to
populations.
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Table 1. Mean content of β-carotene (BC) and
other carotenoids (CAR) in various cultivars
(in μg/100g of edible parts). Yield in tons/ha,
Fada, 2002
Varieties
Narumintang (O)
Caromex (O)
Jewel (O)
Taining 64 (Oy)
Karma (Oy)
Lantaogo Bf
Cn 1442-59 (Oy)
Lantaogo 2
Ming Shu (Ly)

BC

CAR

Yield

2348
2045
1911
774
429
170
95
38
7

208
286
199
31
130
83
27
3
33

2
18
22
27
25
27
25

Color of the flesh: O=orange, Oy=orange yellow,
Ly=light yellow.

Vitamin A activity of primary
varieties
Following the first crop, samples
of tubers of the various cultivars
were taken and analyzed at the
analytical chemistry laboratory of
the University of Ouagadougou
(4). The carotenoid content of
the various cultivars recorded in
Table 1 was determined by high
performance liquid chromatography (HPLC). Analyses revealed
that in some varieties, such as
Caromex and Karma, there are
major variations among tubers
and even among the various parts
in the same tuber. Regarding
uniformity of carotenoid content,
Narumintang and Jewel have the
best performances.
Yield study
Following seed production for all
the varieties in the pilot garden,
each of the 16 project schools
was given two varieties to conduct adaptability tests and yield
assessment prior to school closure for vacation. Depending
on circumstances, the potato
fields were established within the
school garden or on other more
appropriate locations selected in
collaboration with schools’ parents’ associations. Cropping time
was announced ahead of time
by project coordination to ensure
yield assessment (Table 1).

No yield assessment was conducted on the two local varieties
because of a severe pest attack.
Varieties selected for promotion
The varieties Jewel, Taining 64
and Caromex were selected for
promotion based on an indicator
combining yield and the content
and heterogeneity of carotenoids.
After three years of promotion, the
Taining 64, Jewel and Caromex varieties represented 53%, 36% and
11% respectively of orange-fleshed
sweet potato production at the
2004/2005 cropping season (5).

Variety dissemination
strategy
The Fada experimental site is
one of the several channels used
in the dissemination strategy for
orange-fleshed sweet potato.
The experimental site was established on a plot offered by the
Fada N’Gourma local authority and located by the side of a
permanent lake. It was the first
seed production site for the three
selected varieties. Cuttings were
made available to schools, women’s associations, farmers and
secondary sites.
Schools and women’s associations were involved to test variety

adaptability in real conditions in
various locations, to assess yield
and taste acceptance by beneficiaries (schoolchildren, teachers
and the population at large). Later
on, schools and experimental
farms on secondary sites became
sweet potato cutting / seed multiplication and dissemination points
targeting the rest of the village
community.
In order to carry out extensive
promotion of orange-fleshed
sweet potatoes, strategic sites
for the usual mass production
of white-fleshed sweet potato
were identified by agriculture
extension workers. Producers
from these sites, called innova-
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tion farmers, were supervised to
produce seeds in nurseries and to
popularize plant material among
producers.
Agriculture extension agents and
the project coordinator were in
charge of close monitoring. This
integrated monitoring aims at
ensuring a more extensive integration of orange-fleshed sweet
potato into the market gardening
system of Eastern Burkina village
communities.

Production and
consumption
Taining 64 and Jewel are the most
frequently grown varieties. Totally
unknown in the project area in
2000/2001, their production has
been constantly increasing since
2002 (Figure 1).
All the varieties grown are boiled,
fried or broiled before eating.
Broiled sweet potato seems to
be the main form of consumption
among schoolchildren. A survey
conducted in six project villages
during the harvesting period and
involving 342 adult respondents
showed that women eat sweet
potato more frequently than men,
for whom it tends to be complementary to family food. Sweet
potato is available on the market
between October and December
at a relatively low cost.

Conclusion
Orange-fleshed sweet potato is
a crop that deserves special attention in market gardening development strategies in Burkina
Faso. Indeed, its promotion would
contribute towards improving
food security by bridging the gap
between two cropping seasons
or when cereal harvests are poor,
and by bringing more diversity into
the diet. Orange-fleshed sweet
potato offers the advantage of
a high level of vitamin A activity
compared to the white-fleshed
variety. Besides its rich nutritional

value, sweet potato is easy to
grow and can adjust itself to soil
with poor fertility (6). Its good level
of drought tolerance and fairly
good yields are strong arguments
to support its extension in arid
ecosystems like the one prevailing in the Gourma Province. The
experimental approach adopted
in this project enabled village
communities to have a set of
three selected varieties of orangefleshed sweet potato (Jewel, Taining 64 and Caromex). These three
varieties are increasingly becoming an important seasonal source
of provitamin A in Eastern Burkina
Faso. Their promotion in other
regions affected by food insecurity
is strongly recommended.
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Figure 1. Orange-fleshed sweet potato production (in tons) in the Gourma
Province
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Xerophthalmia – a big challenge in Igunga
District, Tabora, Tanzania
Nyanda L W Mhenga, Executive Director COBAD, Tabora, Tanzania; Sotta A Lukabula,
District Eye Health Coordinator and Ophthalmic Assistant, Igunga District Hospital;
Dunstan H Msingwa, Ophthalmic Assistant/Optometrist, Nkinga Mission Hospital
Igunga District is one of the six districts in the Tabora region in western Tanzania. It is situated in the
northern part of the region. The inhabitants are Sukuma, Nyamwezi,
and Nyiramba. It is a dry area, with
an average rainfall of 500–700 mm
per annum and a mean temperature of 24 °C.The rainy season is
between November and April. It is
an agricultural area with cultivation
of millet, maize, potatoes and cotton, and rearing of cattle, goats,
sheep and donkeys.
Xerophthalmia seems to be a
problem due to scarcity of rainfall.
Communities have no chance to
practice gardening, especially
during the dry season. The water
supply is from seasonal ponds
and springs, which dry out during
the dry season, leaving people
with no water supply for their consumption and for their animals.
The survey on the prevalence of
xerophthalmia among school pupils was conducted in 20 primary
schools in Igunga District for a
period of 40 days. The number
of pupils examined was 7,541
(83.3%).

The main objective was to determine the prevalence and associate factors of xerophthalmia, and
to diagnose and treat common
eye diseases in schoolage children. Vitamin A capsules received
from SIGHT AND LIFE were also
distributed among children aged 6
months to 6 years in their respective villages.
Data were collected by means
of observation, interviewing and
ocular examination. Tools used
were torch magnifying loop, fluorescing strips, ophthalmoscope.
Data were analyzed according to
age, sex, xerophthalmia classification and the classes (standard)
to which pupils belonged.
The prevalence of xerophthalmia
was found to be 16.5%. Male
and female were almost equally
affected (16.8% and 16.2% respectively). The 9–14 year age
group was most affected. Of the
1,246 cases with symptoms, 559
showed night blindness, 354 X1A,
330 X1B and 2 X2.
Xerophthalmia normally affects
children aged 6 months to 6
years. However, the results of
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this study contrast with the literature. This may be because the
national programs have placed
more emphasis on preventive
interventions like provision of
vitamin A capsules to children
aged 6 months to 6 years and to
mothers immediately after delivery. Children of 7 years and older
have been left with no intervention
to assist them for vitamin A status
improvement.
Other factors that may be contributing to xerophthalmia in schoolage children are: children go to
school early in the morning, due
to the long distances to reach the
schools (about 3–7 km); they do
not come back for breakfast and
lunch; the schools have no routine
for supplying them breakfast and
lunch, so they only have meals
once a day. This leads to an inadequate intake of vitamin A.
During the long dry season there
is a lack of vegetables and fruits,
and as animal products (milk) also
decrease communities substitute
other foods, which lack vitamin A
content, leading to xerophthalmia.
The factors associated with
xerophthalmia in this age group
may include:
• The rainy season – during this
period there are outbreaks of
communicable diseases such
as malaria, diarrhea, pneumonia and worm infestations,
which can lead to xerophthalmia

Mrs Saada A Lyogello, Assistant District Education Officer; Dr N M Mwandu,
Assistant District Medical Officer; Nyanda Mhenga, COBAD Executive Director; Mr Sotta Lukabula, District Eye Health Coordinator and Ophthalmologist
Assistant (from left).

• Ignorance about how to prepare vegetables – normally
communities prepare them by
boiling with water and salt only,
instead of frying
• Poor environmental hygiene –
during the survey we observed
that many homesteads had no
latrines, which can lead to outbreaks of diarrheal disease.

Awareness seminar
A seminar was organized in October 2004, with the support of
SIGHT AND LIFE, for 20 primary
school head teachers and 20 village health workers as well as
district level education and health
officers, with two facilitators:
Dunstan H Msingwa, Ophthal-
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sumption of fruits and dark-green
vegetables.
The schedule of work was elaborated, showing dates and school/
village to be visited so that the
schools and parents/community
would well informed and adequately prepared for the exercise.
Each school/village was scheduled with two days for services.

Future plans and
suggestions
mologist Assisstant/Optometrist,
from Nkinga Mission Hospital,
and Sotta Lukabula, District Eye
Health Coordinator and Ophthalmologist Assistant, from Igunga
District Hospital. The objectives
were to educate participants on
issues regarding eye diseases
in general, with an emphasis on
childhood blindness (vitamin A
deficiency), its nature, identification, causes, prevention and
management, as well as on other
associated diseases.
Guests of honor to the seminar
were Dr N M Mwandu, Assistant
District Medical Officer, and Mrs
Saada A Lyogello, the Assistant
District Education Officer. The
attendance of these both officers
helped very much to underline
the importance of the seminar. Dr
Mwandu was very impressed with
the team, which has been formed
for this vitamin A program; this
cooperation between Nkinga Mission Hospital, Igunga District Hospital, the District Education Office
and COBAD to work together to

reach the vulnerable children in
the rural community was triggered
by SIGHT AND LIFE, he said.
The need for the vitamin A program in Igunga, especially for
children, was elaborated. Elimination of vitamin A deficiency as
a public health problem in Igunga
is the target set.
The participants were motivated
to adopt primary health care
principles to prevent blindness in
their schools and various settings
within their community. The main
barriers to practicing eye care
were discovered to be:
• Lack of awareness
• Long distances from home to
eye clinics, of which there are
only two in the entire district
• Shortage of eye specialists,
equipment and eye drugs.
Much time was spent discussing the issues identified. At all
places where water is plentiful,
horticultural programs should
be initiated and supported to
increase the availability and con-

Different approaches need to
be applied to address the VAD/
xerophthalmia problem. These include vitamin A supplementation,
nutritional education, economic
improvement and food fortification, as well as control of infectious diseases.
After all doses of vitamin A have
been given, it will be imperative
to revisit all the schools and villages to find out about recovery
from night blindness and other
diseases related to vitamin A deficiency. More staff is needed for
training and to reach schools not
yet examined.
At the end of the days at each
school/village, village leaders,
head teachers and other staff
were very grateful for the work
and asked us to convey their
gratitude to SIGHT AND LIFE for
their support so far in providing
vitamin A capsules, posters and
funds, which made the above activities possible. We all hope that
this support will continue.
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Report on Eye Care Mission Trip to the
Dominican Republic, February 2005
Sade Kosoko-Lasaki, MD, MSPH, Creighton University, Omaha NE, USA

Introduction
Vitamin A deficiency (VAD) is
the leading cause of preventable blindness in children and
raises the risk of disease and
death from severe infections. In
pregnant women VAD causes
night blindness and may increase
the risk of maternal mortality.
VAD is a public health problem
in many developing countries.
Supplying adequate vitamin A in
high-risk areas can significantly
reduce mortality. Conversely, its
absence causes a needlessly
high risk of disease and death
from such common childhood
infections as diarrheal disease
and measles.

The Mission Trip
Because of anecdotal reports
from Creighton medical students
(on externship rotation) of an
increase in night blindness in
children in the Dominican Republic (DR), the Office of Health
Sciences, Multicultural and Community Affairs (HSMACA), in collaboration with the Institute for
Latin American Concern (ILAC)
at Creighton University and volunteer efforts of the President and
CEO of Fountainhead Enterprise

in Denver, prepared the trip to
address this problem.
The team was made up of Dr
Kosoko-Lasaki (Ophthalmologist/
Public Health Specialist), Terri
Lynch, RN, MA (ILAC Director)
and Dr Gbolahan Lasaki (Volunteer). Other team members were
Dr Leopoldo Careterra and Dr Ramon Antonio De Leon (Dominican
ILAC MDs), from the ILAC team
in the Dominican Republic.
ILAC trained Primary Health
Care Workers (Cooperadores)
received a whole day’s training on
the clinical signs and symptoms of
vitamin A deficiency, its effects on
childhood morbidity and mortality
and preventative strategies. The
teams emphasized the benefits
of breastfeeding and encouraged
the consumption of foods rich in
vitamin A, such as green leafy
vegetables, carrots, mangoes,
papaya etc.
On 23–24 February, the children
were screened for the eye signs
of vitamin A deficiency, and the
vitamin A capsules (200,000 IU)
received from SIGHT AND LIFE
were distributed.

Dr Sade Kosoko-Lasaki examining children. Right: giving a talk using the Spanisch SIGHT AND LIFE slides.
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Other activities included ocular
examination and treatment of
twenty-eight adults and a lecture to the family health care
physicians at the local Catholic
university, PUCMM or “Pontifical
University of Mother Mary and
Teacher” by Dr Kosoko-Lasaki.
A dinner was hosted by Radalme
Peha, Executive Director of the
ILAC Center, Mercedes Carmen
Capellan and Marcel Morel, Dominican MDs and ILAC Board
of Director members, to discuss
the magnitude of the vitamin A
deficiency in the DR.

Results
Two hundred and ninety-six
children, ages zero to 10 years
old, were screened for the ocular
signs of vitamin A deficiency. Vitamin A capsules were distributed
to all the children. Additional vitamin A capsules were left for the
trained healthcare workers and
the family practitioners for future
distributions.
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The team examined children in
the ILAC/CESI clinic and in two
rural communities about 50 miles
from Santiago, the second largest
city in the Dominican Republic.
In addition, 40 adults received
slit lamp, tonometry and fundus
exams. All referrals were sent
for follow-up to the ILAC clinic in
Santiago. Twenty-seven children
showed symptoms of VAD.

Conclusion
The children and health care
personnel in the DR benefited
from the efforts of the eye care
team. The education and general awareness for prevention of
vitamin A deficiency was improved
in 50 rural communities through
the Cooperadores training and
field experience provided in these
three days. Finally, a number of
clinical cases, some severe, indicated a significant challenge in
preventing vitamin A deficiency in
children in the DR.
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A digest of recent literature
Donald S McLaren

Introduction
This contribution has been compiled
under rather unusual circumstances. It has been proceeding at the
same time as preparations for publishing a third edition of the SIGHT
AND LIFE Manual on Vitamin A
Deficiency Disorders. The previous
edition came out in 2001 and was
written more than five years ago.
An enormous volume of papers has
appeared in this time and after preliminary selection there have been
over five hundred to give careful
consideration to for their relevance
and significance for inclusion. Three
meetings of IVACG in this time
have contributed significantly to the
advancement of many areas in this
field. In particular, great strides have
been made in our understanding
of such areas as 1) the functions
of vitamin A, in the form of retinoic
acid, in many organs of the body;
2) the bioefficacy and bioavailability of provitamin A carotenoids; 3)
the interactions of vitamin A and
other micronutrients; 4) the role of
vitamin A in a wide variety of infectious diseases and different aspects
of the immune process; and 5) an
ever increasing understanding of
the many different interventions by
which VADD may be brought under
control. All of these topics and many
others need to be given appropriate
place in any up-to-date treatment of
the overall subject.
There is little doubt that the present
time is witness to the emergence of
several major new developments
that are having a fundamental effect
on the whole of human nutrition, of
which vitamin A nutrition is a part.
Firstly, deficiency of vitamin A, or
of any micronutrient, can no longer
be considered in isolation. Many
of the world’s peoples, not only in
impoverished countries, habitu* Address for correspondence:
Prof. Donald S. McLaren
12 Offington Avenue, Worthing,
West Sussex BN14 9PE, UK

ally consume a diet that is far from
optimal in various ways, including
a lack of balanced intake of many
micronutrients. How to address this
problem in practical, long-term ways
is still to be worked out. Secondly,
we are only just beginning to appreciate that food contains large
numbers of compounds that are not
nutrients, but which still have either
beneficial or adverse effects on the
body. Thirdly, it is probably true to
say that in the past we have greatly
oversimplified the functions of micronutrients in the body. Vitamin A
was for good vision, vitamin D for
healthy bones, iron for normal red
blood cells and vitamin K for blood
coagulation, and so on. Increased
knowledge of micronutrient function
at the molecular level is opening up
vast new horizons of their significance for human health. Not so long
ago it may have appeared that there
was little more of real importance to
be learned about nutrition and that
fields like genetics and immunology
were at the cutting edge of biological
science. These old compartmentalized ways of looking at science are
gone and fundamental advance and
human application have never been
so close together. The contributions
that follow reflect to some extent
these thoughts.

Infections
“Effect of periodic vitamin A supplementation on mortality and
morbidity of human immunodeficiency virus-infected children
in Uganda: a controlled clinical
trial” by Semba RD, Ndugwa C,
Perry RT et al. Nutrition 2005; 21:
25–31 (Johns Hopkins University,
School of Medicine, Dept Ophthalmology, Baltimore, MD 21205, USA.
E-mail: rdsemba@jhmi.edu)
181 HIV-infected children were
enrolled at 6 months. They received 60 mg RE or placebo every
3 months until age 15–36 months.
Vitamin A supplementation had no
significant effect on modified point
prevalence of fever, ear discharge,
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bloody stools, or hospitalizations,
but it did decrease mortality rate in
HIV-infected children.
“Vitamin A for acute respiratory
infection in developing countries: a meta-analysis” by Brown
N, Roberts C. Acta Paediatr 2004;
93: 1437–1442 (MRC Environmental Epidemiology Unit, Southampton
General Hospital, Southampton,
UK)
A survey of the literature produced
five satisfactory studies including
2177 children (1067 intervention;
1110 control), aged 1 mo–6 yr.
There was no evidence that intervention with high-dose vitamin A
improved recovery or survival from
pneumonia.
“Breast milk retinol concentrations are not associated with
systemic inflammation among
breast-feeding women in Malawi”
by Dancheck B, Nussenblatt V,
Ricks MO et al. J Nutr 2005; 135:
223–226 (B Dancheck, Dept of Ophthalmology, Johns Hopkins School
of Medicine, Baltimore, MD 21205,
USA. E-mail: bdanche@jhmi.edu)
The effect of the acute phase response in inflammation was studied
on breast milk retinol concentrations, in 237 breast-feeding women
at 2 weeks postpartum. Breast milk
retinol, unlike serum retinol, was not
affected.
“Effects of zinc supplementation
as adjunct therapy on the systemic immune responses in shigellosis” by Rahman MJ, Sarker P,
Roy SK et al. Amer J Clin Nutr 2005;
81: 495–502 (Int Center Health &
Population Resources, Div Science
Lab, Immunology Lab, ICDDR, B,
Dhaka 1212 Bangladesh. E-mail:
rubhana@icddrb.org).
Two groups of 28 children each,
aged 12–59 months, were treated.
The group given zinc also received
multivitamins, including vitamin A;
the group without zinc received
multivitamins and calcium. Zinc
therapy significantly improved seroconversion to shigellacidal antibody
response and increased the proportions of circulating B lymphocytes
and plasma cells.
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“Vitamin A deficiency and inflammatory markers among preschool children in the Republic of
the Marshall Islands” by Maqsood
M, Dancheck B, Gamble MV et al.
Nutrition 2004; 20: 1474–1481 (R
D Semba, Wilmer Eye Institute,
Johns Hopkins University, School
of Medicine, Baltimore, MD, USA.
E-mail: rdsemba@jhmi.edu).
This study was undertaken to determine whether the suggestion
that subjects with elevated acute
phase proteins be excluded in order
to improve prevalence estimates
of vitamin A deficiency in surveys
would introduce unacceptable
sampling bias. Investigation of 281
children aged 1–5 years showed
that such a procedure did not
improve prevalence estimates for
vitamin A deficiency and instead
led to sampling bias for variables
such as age, gender, anemia, and
hospitalization history.
“Micronutrients and adverse
pregnancy outcomes in the context of HIV infection” by Fawzi
W, Msamanga G. Nutr Revs 2004;
62: 269–275 (Harvard University,
School of Public Health, Dept Nutr,
665 Huntington Ave, Boston, MA
02115, USA)
This review, by very experienced
researchers in this field, found that
supplements containing B complex
and vitamins C and E reduced adverse pregnancy outcomes, including fetal loss, low birth weight and
prematurity, among HIV-infected
women. There is little encouragement to provide prenatal vitamin A
supplements in HIV infection, particularly in the light of significantly
higher risk of mother-child transmission observed in one trial.
“Micronutrient supplementation
increases genital tract shedding
of HIV-1 in women: results of a
randomized trial” by McClelland
RS, Baeten JM, Overbaugh J et
al. JAIDS 2004; 37: 1657–1663
(University of Washington, Int AIDS
Research & Training Program, Box
359909, 325 9th Ave, WA 98104, USA.
E-mail: mcclell@washington.edu)
A 6-week trial of multivitamins plus
selenium versus placebo was carried out on 400 HIV-1 seropositive
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women in Kenya. Vaginal shedding
of HIV-1 infected cells was significantly increased in the multivitamin
plus selenium group. The potential
benefit of supplementation should
be weighed against increased risk
of infectivity.

Community studies
“Vitamin A deficiency and child
mortality in Mozambique” by
Aguayo VM, Kahn S, Ismael C
et al. Public Health Nutr 2005; 8:
29–31 (VM Aguayo, UNICEF Regional Office for W/Ctrl Africa, BP
29720, Dakar-Yoff, Senegal. E-mail:
vaguayo@unicef.org)
In Mozambique an estimated 2.3
million < 5–year-olds are vitamin
A-deficient. It is estimated that
VADD will be the attributable cause
of death of 30,000 children in this
age group annually. VAS coverage
survey showed that only 46% of
children received a vitamin A supplement in the 6 months preceding
the survey.
“Effect of postpartum maternal
or neonatal vitamin A supplementation on infant mortality
among infants born to HIV-negative mothers in Zimbabwe” by
Malaba LC, Iliff PJ, Nathoo KJ et al.
Am J Clin Nutr 2005; 81: 454–460
(ZVITAMBO Project, 1 Borrowdale
Road, Harare, Zimbabwe. E-mail:
jhumphrey@vitambo.co.zw)
Over 14,000 mothers and their infants were studied. Over 9,000 were
HIV-negative throughout. Mothers
received 400,000 IU vitamin A and
infants 50,000 IU in one group.
Three other groups were double
placebo, mother placebo, and infant
placebo. There was no overall effect
of vitamin A supplementation.
“Recovery from impaired dark adaptation in night-blind pregnant
Nepali women who receive small
daily doses of vitamin A as amaranth leaves, carrots, goat liver,
vitamin A-fortified rice, or retinyl
palmitate” by Haskell MJ, Pandey
P, Graham JM et al. Am J Clin Nutr
2005; 81: 461–471 (University of
California Davis, Program Int Nutr,
Dept Nutr, Davis, CA 95616, USA.
E-mail: mjhaskell@ucdavis.edu)
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Dark adaptation was assessed
weekly by using the pupillary
threshold (PT) test and plasma retinol concentrations were measured
before and after the intervention.
The plasma retinol response was
greater in the higher-dose capsule
and the liver groups than in the
vegetable groups and significantly
greater in the liver group than the
vitamin A-fortified rice group. Improvement in dark adaptation did
not differ significantly between
women who received vitamin A as
liver, amaranth leaves, carrots, or
retinyl palmitate.
“The impact of vitamin A supplementation on mortality inequalities among children in Nepal” by
Bishai D, Kumar KCS, Waters H et
al. Health Policy Planning 2005; 20:
60–66 (D Bishai, Dept Pop Family Health Science, Johns Hopkins
University, Bloomberg School of
Public Health, 615 N Wolfe St, Baltimore, MD, 21205, USA. E-mail:
dbishai@jhu.edu)
The paper examines gender, caste,
and economic differentials in child
mortality in the context of a VAS trial. Over 30,000 children, aged 6–60
months, were studied in rural Nepal
in 1989–1991. It was concluded
that universal supplementation with
vitamin A narrowed differentials
in child death across gender and
caste. Assuring high-coverage VAS
throughout Nepal could help reduce
inequalities in child survival in this
population.
“Association between gestational night blindness and serum retinol in mother/newborn pairs in
the city of Rio de Janeiro, Brazil”
by Saunders C, Andrea RR, Thiapo
de Lima APP et al. Nutrition 2005;
21: 456–461 (C Saunders, Nat
School of Public Health, Oswaldo
Cruz Found, Rio de Janeiro, Brazil.
E-mail: cfcoelho@osite.com.br)
Night blindness was evaluated
retrospectively by interview in 220
women postpartum. By this method
XN occurred in 18%. Low serum
retinol in maternal and cord blood
was significantly associated with
maternal XN.
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“Vitamin A intake and osteoporosis: a clinical review” by
Crandall C. J Women’s Health
2004; 13: 939–953 (Dept of Med,
David Geffen School of Medicine at
University of California, Los Angeles, CA 90095-7023, USA. E-mail:
ccrandall@mednet.ucla.edu)
A Medline search provided 20
clinical studies for meta-analysis.
Retinol intake from diet or supplements was negatively associated
with lumbar, femoral neck, and trochanter bone mineral density. There
was a graded increase in elative
risk of hip fracture with increasing
retinol intake. Higher serum retinol
levels were associated with higher
risk of any fracture. Adverse effects
may occur at a level of retinol intake
only about twice that of current
recommendation. No relation with
β-carotene intake was found. The
author urges further research and
advises that vitamin A supplements
should not be used with the express
goal of improving bone health.
“In vitro accessibility and intake
of β-carotene from cooked green
leafy vegetables and their estimated contribution to vitamin A
requirements” by Mulokozi G, Hedren E, Svanberg U. Plants Foods
Hum Nutr 2004; 59: 1–9 (Tanzania
Food Nutr Ctr, PO Box 977, Dar es
Salaam, Tanzania)
The bio-accessibility of all-transβ-carotene was estimated by an in
vitro digestion method that simulates human digestion. 34 children,
aged 2–12 years, participated and
comparison was made between
traditional cooking and a modified
method using oil. The modified
method with oil had 2–5 times the
bio-accessibility of β-carotene.
“Vitamin A status and hemoglobin concentrations are improved in Indonesian children
with vitamin A and deworming
interventions” by Tanumihardjo
SA, Permaesih D, Muhilal. Eur J
Clin Nutr 2004; 58: 1223–1230
(Dept Nutr Science, UW-Madison,
Madison, WI 53706, USA. E-mail:
sherry@nutrisci,wisc.edu)
(Don McLaren: The title tells it all.
The work is a good example of
the importance for public health
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interventions of all kinds to tackle
together interacting factors wherever possible. Not only will this save
money but otherwise efforts may be
only partially effective).
“The National Vitamin A Supplementation Program and subclinical vitamin A deficiency among
preschool children in the Philippines” by Pedro MRA, Madriaga
JR, Barba CVC. Food Nutr Bull
2004; 25: 319–329 (Food Nutr Research Institute, Dept Science Tech,
Gen Santos Ave, Bicutan, Taguig,
Metro Manila 1631, Philippines. Email: mrap@fnri.dost.gov.ph)
The prevalence of VAD (serum
retinol <20μg/Dl) in children 1–5
yrs of age in the Philippines rose
from 35.8% to 38% between 1993
and 1998, despite a twice yearly
universal vitamin A capsule program. This survey in 1998 examined
serum retinol from 11,620 children
in the program. Two aspects of
the results gave rise to concern.
First, the magnitude of the impact
of high-dose vitamin A on serum
retinol was limited. Second, the
effect did not persist for 6 months,
which is the interval between doses.
The authors recommend a shift in
resources, such that in areas of low
prevalence, supplementation be
targeted to stunted children, and
in high prevalence areas capsules
be distributed at least three times
a year.
“Children aged 6 to 60 months
in Nepal may require a vitamin A
supplement regardless of dietary
intake from plant and animal
food sources” by Grubesic RB.
Food Nutr Bull 2004; 25: 248–255
(Texas Woman’s University College of Nursing, Houston Center,
Houston, Texas, USA. E-mail:
rgrubesic@twu.edu)
This study found that regardless of
the amount of vitamin A-rich foods
consumed, children who were regularly supplemented with high doses
of vitamin A were protected against
malnutrition, diarrhea, and acute
respiratory infection at a higher
rate than children who were supplemented only once or not at all.
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“Consumption of vitamin A by
breastfeeding children in rural
Kenya” by Ettyang G, Oloo A, Lichtenbelt W v M et al. Food Nutr Bull
2004; 25: 256–263 (GA Ettyang,
Dept Human Nutr, Faculty of Health
Sciences, Moi University, PO Box
4606, Eldoret, Kenya. E-mail:
gaettyang@yahoo.com)
Of 62 mother-child pairs, 45.2%
and 77.4% of the mothers had marginal serum retinol (<0.7 μmol/l) and
breast milk retinol (<1.05 μmol/l),
respectively. In addition, 89.5% of
children did not consume foods rich
in vitamin A three times weekly (HKI
food-frequency survey), underlining
the precarious situation such children are in with regard to VADD.

Multimicronutrients
“Exploiting micronutrient interaction to optimize biofortification
programs: the case for inclusion
of selenium and iodine in the HarvestPlus program” by Lyons, GH,
Stangoulis JCR, Graham RD. Nutr
Revs 2004; 62: 247–252 (School
of Agriculture and Wine, University
Adelaide, Waite Campus, Urrbrae,
South Australia 5064, Australia)
The case is made for inclusion of
these two essential trace elements,
together with vitamin A, iron and
zinc, in both human and animal
biofortification programs.
“Daily multivitamins with iron
to prevent anemia in high-risk
infants: a randomized clinical
trial” by Geltman PL, Meyers AF,
Mehta SD et al. Pediatrics 2004;
114: 86–93 (P Geltman, Whittier
Street Health Center, 1125 Tremont St, Roxbury, MA 02120,USA
pgeltman@bu.edu)
This study found that multivitamins
with iron was not effective in preventing iron deficiency or anemia
in 9-month-old infants in Boston.
The authors suggest that prevention and treatment of maternal iron
deficiency and anemia in pregnancy
may prevent these states in highrisk infants.
“Reduced production of immunoregulatory cytokines in vitamin
A- and zinc- deficient Indonesian
infants” by Wieringa FT, Dijkhuizen
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MA, West CE et al. Eur J Clin Nutr
2004; 58: 1498–1504 (Dept Int Med,
University Hosp Nijmegen, Netherlands. E-mail: Wieringa@tiscali.nl)
Of 59 infants in the study, 48% were
reported to be vitamin A deficient,
44% anemic, and 17% zinc deficient. Laboratory results showed
that in VAD there was Th1 dominance in a steady state, combined
with impairment of Th1 response
after stimulation. In zinc deficiency
there was decreased Th2 response.
Both effects were marked and both
cell-mediated and humoral components of the immune system were
affected.
“Efficacy of a foodlet-based multiple micronutrient supplement
for preventing growth failure,
anemia, and micronutrient deficiency in infants: the four country
IRIS trial pooled data analysis” by
Smuts CM, Lombard CJ, Benade
AJS et al. J Nutr 2005; 135: 631S638S (marius.smuts@mrc.ac.za)
Four very similar studies were conducted, following the same protocol,
in Viet Nam, South Africa, Indonesia, and Peru. The results of each
study were published separately in
the same symposium report as this
summary report. The results were
very similar. This is the largest multicountry multimicronutrient study
undertaken; others are planned.
A total of 1,134 infants were randomized to 4 treatment groups: daily
placebo, weekly multiple micronutrient supplement (WMM), with 13
micronutrients, daily multimicronutrient supplement (DMM), and daily
iron supplements. The DMM group
had the greatest weight gain; there
were no differences in height gain.
DMM was also the most effective
treatment to control anemia and iron
deficiency. It also improved zinc,
retinol, and riboflavin status.
Foodlets are water-miscible food
mixtures with characteristics between food and medicine. Other
trials are being considered, with
larger doses.
“The β-carotene and retinol efficacy trial: incidence of lung cancer and cardiovascular disease
mortality during 6-year follow-up
after stopping β-carotene and
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retinol supplements” by Goodman GE, Thornquist MD, Balmes
J et al. J Nat Cancer Inst 2004;
96: 1743–1750 (Fred Hutchinson
Cancer Research Center, 1100
Fairview Ave N, Bldg M, M1-B514,
Seattle, WA 98109, USA. E-mail:
gary.goodman@swedish.org)
The β-Carotene and Retinol Efficacy Trial (CARET) was stopped
in 1996 because recipients of active
intervention were found to have significantly higher rates of lung cancer
and lung cancer death and cardiovascular disease death. Those
followed for 6 years were shown to
continue to show the same trends
as before the trial was stopped, but
the levels were no longer statistically significant.

Vision
“Vitamin A upregulates the expression of thrombospondin-1
and pigment epithelium-derived
factor in retinal pigment epithelial cells” by Uchida H, Hayashi
H, Kuroki M et al. Exp Eye Res
2005; 80: 23–30 (H Uchida, Dept
Ophthalmology, School of Medicine,
Fukuoka University, 7 45 1 Nankuma, Jonan-ku, Fukuoka 814–0180,
Japan. E-mail: kuchida@aurora.
ocn.ne.jp)
Retinal pigment epithelial cells
(RPE) produce a variety of extracellular matrix (ECM) proteins and
angiogenic factors. The effect of alltrans retinoic acid on the production
of an ECM protein, thrombospondin-1 (TSP-1), and two angiogenic
factors, pigment epithelium-derived
growth factor (PEDF) and vascular
endothelial growth factor by RPE
cells was studied. The findings
suggested vitamin A modulates the
RPE layer partly by upregulating the
expression of TSP-1 and PEDF.
“All-trans retinal is a closed-state
inhibitor of rod cyclic nucleotidegated ion channels” by McCabe
SL, Pelosi DM, Tetreault M et al. J
Gen Physiol 2004; 123: 521–531
(Dept Molecular Pharmacology,
Physiology and Biotechnology,
Brown University, Providence, RI
02912, USA)
Rod vision begins when 11-cis retinal absorbs a photon and isomer-
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izes to all-trans retinal (ATR) within
the photopigment rhodopsin. Photoactivated rhodopsin triggers an
enzyme cascade that lowers the
concentration of cGMP, thereby
closing cyclic nucleotide-gated ion
channels. This work suggests that
ATR acts by interfering with the
allosteric opening transition of the
channel.
“Delayed dark adaptation in
11-cis retinol dehydrogenasedeficient mice: a role for RDH11
in visual processes in vivo” by
Kim TS, Maeda A, Maeda T et al.
J Biol Chem 2005; 280: 8694–
8704 (University of Washington,
Dept Ophthalmology, Box 356485,
Seattle, WA 98195, USA. E-mail:
palczews@washington.edu)
The oxidation of 11-cis retinol to
11-cis retinal in the retinal pigment
epithelium represents the final step
in a metabolic cycle that culminates
in visual pigment regeneration. This
work suggests that retinol dehydrogenase 11 has a measurable role
in regenerating the visual pigment
by complementing RDH5 as an
11-cis-RDH. It also indicates that an
additional unidentified enzyme(s)
oxidizes 11-cis retinol, or that an
alternative pathway contributes to
the retinoid cycle.

Experimental studies
“Cellular retinol-binding protein
1, a regulator of breast epithelial
retinoic acid receptor activity,
cell differentiation, and tumorigenicity” by Farias EF, Ong DE,
Ghyselinck NB et al. J Natl Cancer
Inst 2005; 97: 21–29 (Mt Sinai
School of Medicine, Dept Medicine,
Annenberg Bldg, Room 24 -74, 1
Gustave L Levy Pl, New York NY
10029, USA. E-mail: Eduardo.
farias@mssm.edu)
Retinoic acid receptor (RAR) activation induces cell differentiation and
may antagonize cancer progression. CRBP-1 functions in retinol
storage and its expression is lower
in human cancers than in normal
cells. It is concluded that physiologic RAR activation is dependent on
CRBP-1 mediated retinol storage.
CRBP-1 downregulation chronically
compromises RAR activity, leading
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to loss of cell differentiation and
tumor progression.
“The history of β-carotene and
cancers: from observation to
intervention studies. What lessons can be learned for future
research on polyphenols?” by
Hercberg S. Am J Clin Nutr 2005;
81: 218S–222S (CNAM, U557 INSERM, INRA, UMR, 5 Rue Vertbois,
F-75003, Paris, France. E-mail:
hercberg@cnam.fr)
The author examines the 30-year
history of carotenoids and prevention of chronic disease and draws
some lessons for the present investigation of dietary polyphenols in a
similar context, and hopefully avoiding mistakes made in the past.
“Retinoic acid reverses the PTUrelated decrease in neurogranin
level in mice brain” by Enderlin V,
Vallortigara J, Alfos S et al. J Physiol
Biochem 2004; 60: 191–198 (University Bordeaux 1, ISTAB, Unité
Nutr & Signalisat Cellulaire, USC
INRA, EA MENRT, Ave des Facultés
F-33405 Talence, France. E-mail:
v.enderlin@istab.u.bordeaux1.fr)
These results suggest that neurobiological alterations observed in
aged mice are probably related to
RA and T3 signaling pathway modifications associated, in part, with
mild changes in thyroid function.
“Identification of all-trans retinol:
all-trans 13,14-dihydroretinol
saturase” by Moise AR, Kuksa V,
Imanishi Y et al. J Biol Chem 2004:
279: 50230–42 (Dept Ophthalmology, University of Washington,
Seattle, Washington 98195, USA )
This group studied enzymes involved in plant metabolism of carotenoids, a group of compounds related to vertebrate retinoids. It was
shown that saturation of all-trans
retinol to all-trans 13,14-dihydroretinol by retinol saturase produces a
new metabolite of as yet unknown
biological function.
“Vitamin A deficiency alters the
structure and collagen IV composition of rat renal basement membranes” by Marin MP, Esteban PG,
Alonso R et al. J Nutr 2005; 135/4:
695–701 (J Timoneda, Depto de Bio-
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quim Y Biol Molec, Fac de Farmacia,
Uniove de Valencia, Valencia, Spain.
E-mail: Joaquin.timoneda@uv.es)
It is known that retinoids can modulate the expression of extracellular
matrix (ECM) proteins in many tissues. This work shows that VAD
in growing rats leads to alterations
in the structure of renal basement
membranes and to quantitative and
qualitative variations in its collagen
IV composition. These results may
have implications for human renal
disease.
“Topical pre-treatment of diabetic
rats with all-trans retinoic acid
improves healing of subsequently induced abrasion wounds” by
Lateef H, Abatan OI, Aslam MN et
al. Diabetes 2005; 54: 855–861
(University Michigan, Dept Pathology, 1301 Catherine Rd, Box 0602,
Ann Arbor, MI 48109, USA. E-mail:
varani@umich.edu)
Recently healed skin of control rats
was thin, with provisional matrix in
which many of the embedded cells
were rounded and some were pycnotic. Those treated with retinoic
acid had normal-appearing skin.
“Dietary retinoic acid induces
hindlimb and eye deformities
in Xenopus laevis” by Alsop DH,
Brown SB, Van Der Kraak GJ Environ Sci Tech 2004; 38: 6290–6299
(University Guelph, Dept Zoology,
Guelph, ON N1G 2W1, Canada.
E-mail: dalsop@uoguelph.ca)
The exposure to varying dietary
levels of retinoic acid cause deformities that differ from those that
occur in the wild. These deformities
were caused by the highest dose of
retinoic acid, comparable with the
human experience of retinoids in
pregnancy.
“Retinoids in lung development
and regeneration” by Maden
M. Curr Top Devel Biol 2004; 61:
153–189 (University London Kings
College, MRC Center for Developmental Neurobiology, London SE 1
1UL, UK)
Recent data from animal studies
suggest that retinoids can induce
regeneration of alveoli in young
adults. If this applied to humans it
might be the first potential treatment
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for diseases such as emphysema
and bronchopulmonary dysplasia.
“All-trans retinoic acid enhances
differentiation and influences
permeability of intestinal Caco-2
cells under serum-free conditions” by Baltes S, Nau H, Lampen A. Dev Growth & Diff 2004;
46: 503–514 (University Vet Med
Hanover, Inst for Food Toxicology,
Bischofsholer Damm 15, D-30173
Hannover, Germany. E-mail: alfonso.lampen@tiho-hannover. de)
The role of retinoids as potent inducers of epithelial differentiation
was confirmed for the Caco-2 cells
under serum-free conditions.
“The role of extrahepatic retinol-binding protein in the mobilization of retinoid stores” by
Loredana Q, Blaner WS, Hamberger L et al. J Lipid Res 2004; 45:
1975–1982 (Inst Cancer Res, Coll
Phys Surg, Columbia University,
New York, NY 10032, USA)
It was shown that extrahepatically
synthesized RBP, unlike RBP expressed in the liver, cannot mobilize
liver retinoid stores. The distribution of retinoids in the liver did not
require RBP.
“New aspects in vitamin A metabolism. The role of retinyl esters as
systemic and local sources for
retinol in mucous epithelia” by
Biesalski HK, Nohr D. J Nutr 2004;
134: 3453S–34357S (University
Hohenheim, Dept Biol Chem and
Nutr, D-70593 Stuttgart, Germany.
E-mail: biesal@uni-hohenheim.de)
It was shown that retinyl palmitate
can be taken up when it is applied
topically in rat or man and that metaplastically mutated or dysplastic
epithelia can be normalized.
“Identification of 14-hydroxyl-retro-retinol and 4-hydroxyl-retinol
as endogenous retinoids in rats
throughout neonatal development” by Rühl R, Hamscher G,
Garcia L et al. Life Sciences 2005;
76: 1613–1622 (Debrecen University Med, Dept Biochem Mol Biol, Med
& Health Science Center, Nagyerdei
Krt 98, H-4012, Debrecen, Hungary.
E-mail: ralphrueh@web.de)
Both these retinoids were shown to
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be present in normal non-vitaminA-supplemented rats. They were
detected at 3 and 11 days after birth
in serum and liver. Neither retinoid
could be detected in adult serum
and liver.
“Retinoic acid signaling links
left-right asymmetric patterning and bilaterally symmetric
somitogenesis in the zebrafish
embryo” by Kawakami Y, Raya A,
Raya RM et al. Nature 2005; 435:
165–168 (Gene Expression Laboratory, Salk Institute for Biological
Studies, 10010 North Torrey Pines
Road, La Jolla, California 92037,
USA)
This work uncovers a mechanism
mediated by retinoic acid signaling that is crucial in buffering the
influence of the flow of laterality
information on the left-right progression of somite formation, and
thus ensuring bilaterally symmetric
somitogenesis.

Clinical studies
“Concentrations of retinoids in
early pregnancy and in newborns
and their mothers” by Soderlund MB, Fex GA, Nilsson-Ehle P.
Am J Clin Nutr 2005; 81: 633–636
(University Lund Hosp, Dept Clin
Chem, Inst Lab Med, S-22185 Lund,
Sweden. E-mail: maria.berggren_
soderlund@klinkem.lu.se)
10 newborns from normal deliveries and their mothers were studied,
together with 16 healthy women in
their first trimester. Newborns had significantly lower retinol concentrations
(1.0 nmol/l) than their mothers (1.7
nmol/l). Serum all-trans retinoic acid
was also lower in infants (3.4 nmol/l)
than their mothers (5.8 nmol/l). 13-cis
retinoic acid was also lower in infants
than mothers (2.0 nmol/l v 2.6 nmol/l).
It is concluded that retinol concentrations do not accurately reflect the
concentrations of the biologically
active derivative retinoic acid.
“Low plasma retinol concentrations increase the risk of developing bronchopulmonary dysplasia
and long-term respiratory disability
in very-low-birth-weight infants” by
Spears K, Cheney C, Zerzan J. Am J
Clin Nutr 2004; 80: 1589–1594 (Belts-
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ville Agricultural Research Center E,
10300 Baltimore Blvd, Bldg 307B,
Room 138, Beltsville, MD 20705,USA
spearsk@ba.ars.usda.gov)
Of the 360 study infants, 192 were
considered to have low vitamin A
status. BPD occurred in 52% of
survivors at day 28 and at 36 weeks.
14% required oxygen support at
6 months corrected age. Adjusted
odds ratios of BPD with low vitamin
A were 3.5 at day 28 and 1.7 at 36
weeks PMA. At 6 months corrected
age the adjusted odds ratio was 2.6.
Poor vitamin A status during the first
month of life significantly increased
the risk of developing BPD and longterm respiratory disability.
“Survey of vitamin A supplementation for extremely low birth
weight infants: Is clinical practice
consistent with the evidence?” by
Ambalavanan N, Kennedy K, Tyson J
et al. J Pediatr 2004; 145: 304–7 (525
New Hillman Bldg, 619 South 20th St,
University Alabama at Birmingham,
Birmingham AL 35249, USA. E-mail:
ambal@uab.edu)
A survey was conducted throughout
the United States to assess attitudes
and practices among staff of level III
neonatal intensive care units on this
topic. It revealed inconsistency in
practicing evidence-based medicine
in neonatal practice. Therapies were
often administered on the basis of
weaker evidence of safety and benefit
than supports vitamin A supplementation.
“Vitamin A supplementation for
extremely low birth weight infants:
outcome at 18 to 22 months” By
Ambalavanan N, Tyson JE, Kennedy
KA et al. Pediatrics 2005; 115: e249–
e254 (NICH and Hum Devel Neonatal Res Network)
Of 807 enrolled infants, 133 died before and 16 died after discharge. 88%
of the remaining 658 infants were
followed up. Vitamin A supplementation reduced bronchopulmonary
dysplasia without increasing mortality
or neurodevelopmental impairment at
18 to 22 months.
“Trends in severe bronchopulmonary dysplasia rates between 1994
and 2002” by Smith VC, Zupancic
JA, McCormick MC et al. J Pediatr

NEWSLETTER 2/2005

2005; 146: 469–473 ( VC Smith, 330
Brookline Ave, BIDMC Neonatology
Rose 318, Boston, MA 02215, USA.
E-mail: vsmith@bidmc.harvard.edu)
All infants with a gestational age <
33 weeks in a “large managed care
organization” were studied. It was
concluded the odds of having BPD
remained constant after controlling
for GA. The odds of having severe
BPD declined on average 11% per
year between 1994 and 2002. (Don
McLaren: the extraordinary thing is
that vitamin A supplementation is not
mentioned once throughout!).
“Gene mutations in retinitis pigmentosa and their clinical implications” by Wang DY, Chan WM, Tam
POS et al. Clin Chim Acta 2005; 351:
5–16 (Hong Kong Eye Hospital, Dept
Ophthalmology & Visual Sciences,
147K Argyle St, Kowloon, Hong
Kong, People’s Rep of China. E-mail:
cppang@cuhk.edu.hk)
Thirty-two genes are known to be associated with RP, sporadic, autosomal dominant, autosomal recessive
or X-linked. Some RP cases have
a digenic cause. There is no single
mutation that alone accounts for more
than 10% of unrelated patients. Information on gene mutations is essential
for research on gene therapy.
“A naturally occurring mutation of
the opsin gene (T4R) in dogs affects glycosylation and stability of
the G protein-coupled receptor” by
Zhu L, Lang GF, Jastrzebska B et al. J
Biol Chem 2004; 279: 53828–53839
(University of Washington, Dept Ophthalmology, 1957 NE Pacific St, POB
356485, Seattle, WA 98195, USA)
A large number of mutations in the
opsin gene of rhodopsin associated
with autosomal dominant retinitis
pigmentosa have been identified. The
naturally occurring T4R opsin mutation in the English mastiff dog leads
to a progressive retinal degeneration
that closely resembles human retinitis
pigmentosa. This work suggests that
the T4R mutation may represent
a novel molecular mechanism of
degeneration where the unliganded
form of the mutant opsin exerts a detrimental effect by losing its structural
integrity.
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Letter to the Editor
Dear Dr Frigg,
The Island Food Community of
Pohnpei would like to thank you
for the SIGHT AND LIFE bags and
share with you our use of them
in Pohnpei, Federated States of
Micronesia. We used them as
prizes for the children who named
the greatest number of different
Pohnpei banana varieties! The
children were delighted!
This was part of our collaborative
project with the Conservation
Society of Pohnpei in the Youth
to Youth Program with 6th Grade
primary school children. This year
we worked with Seinwar School,
which is in a rural area around 40
minutes drive out of the main town
of the island of Pohnpei.
Our topic is promoting and conserving rare varieties of Pohnpei
bananas. This relates to vitamin
A work, as we have discovered
that here in Pohnpei 15 of the
42 banana varieties contain high
levels of provitamin A carotenoids, all these having yellow- and
orange-colored flesh. Banana is
a major staple food in Pohnpei.
Thus, on this island where over
half the children have vitamin A
deficiency, there is great potential for alleviating that health
problem by increasing consumption of carotenoid-rich banana
varieties.

During the announcement of the
winners (classroom, top); Lois
Englberger (right) giving a SIGHT
AND LIFE bag as a prize; students
cooking with Taiwang and Karat,
making Taiwang pancakes (below).

Our first session with Seinwar
School was held in December.
As a part of our first talk, we
explained that Pohnpei banana
varieties were analyzed in several laboratories, including one in
Switzerland, which is supported
by SIGHT AND LIFE. We showed

SIGHT AND LIFE
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the children on the classroom
world map where Switzerland is.
We also showed them the bag
and the SIGHT AND LIFE logo,
and explained that it represents
the eyeball and the letter “A” to
show the relationship of vitamin
A to good eyesight.

Students also learned how to
plant a Karat banana, carrying
out this exercise right at the
school premises. Students later
made the recipes in their homes,
bringing the teacher samples to
show, and reported that they had
planted various rare bananas with
their families on their own land.
At the island-wide annual Youth
to Youth Fair, the students gave
a moving presentation about the
importance of the carotenoid-rich
banana varieties of Pohnpei and
what they had learned. Mr Ben
Namakin, Conservation Society
of Pohnpei, and Ms Amy Levendusky, Pohnpei Agriculture/Peace
Corps Micronesia and Ms. Yumiko
Paul, Pohnpei Department of
Health, facilitated the classes.
Thank you again for the SIGHT
AND LIFE bags, which made our
visits popular, and contributed to
an increased awareness of the
carotenoid-rich banana varieties
of Pohnpei!

Then we explained the importance of knowing about the different Pohnpei bananas and asked
them to write down all the different varieties that they could. We
explained that the student listing
the most varieties would receive
a SIGHT AND LIFE bag.
The children were from 11 to 13
years old and were very interested in the topic. Three students
listed 13 different Pohnpei banana varieties, and became the
winners.
At one session a cooking class
was held, with students learning how to make carotenoid-rich
banana recipes (Karat Banana
Bread and Taiwang Pancakes).
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Students learn how to plant bananas.

Dr Lois Englberger, Island Food
Community of Pohnpei

UNICEF, UN Plaza, New York
pubdoc@unicef.org
www.unicef.org

Assembly in 1989 and ratified
by all but two countries, in effect
represents a global consensus on
the terms of childhood. Although
there is not absolute agreement
on the interpretation of each and
every provision of the Convention, there is substantial common
ground on what the standards of
childhood should be.

Publications

In some instances, childhood
is an empty word and a broken
promise. In others, childhood
is the foundation of the world’s
hope for a better future. The gap
between the reality and the ideal
of childhood is the focus of this
year’s report on “The state of the
world’s children: what childhood
means for children, what childhood means for countries, and
what must be done if the rights of
all children are to be protected”.

The State of the World’s
Children 2005
Childhood under Threat

As the most widely endorsed human rights treaty in history, the
Convention on the Rights of the
Child, adopted by the UN General

In several regions and countries,
the advances made appear in
danger of reversal. Key threats are
poverty, armed conflict and HIV/
AIDS. The rights of over one billion
children are violated because they
are severely underprovided with
at least one or more of the basic
goods and services required to
survive, grow and develop.
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high-dose carotenoids in both
smokers and drinkers ... analyzes
the impact of carotenoids on the
protection of the immune system
... and explores the molecular
biology of new oxygenases that
carry out both central and excentric cleavage of carotenoids and
introduces enzyme mimics for
such oxygenases.

Carotenoids in Health and
Disease
Marcel Decker, New York, USA,
2004
This stimulating reference studies
the role of carotenoids in the prevention of chronic disease and reviews breakthrough studies from
more than 40 field authorities on
the latest biochemical research,
as well as carotenoid absorption,
transport, metabolism, and bioconversion to vitamin A –revealing
the most recent findings regarding
the use of carotenoids in the prevention of cancers and sunburn,
as well as eye, heart, vascular,
and photosensitivity diseases.
Focuses on pioneering observations and results from observational epidemiological and clinical
studies, as well as intervention
trials on carotenoids.
Affecting the work of carotenoid researchers worldwide this
guide describes the relationship
of carotenoids to cancer including emerging data compiled from
current lycopene investigations
... examines the role of lutein
and zeaxanthin in eye diseases
from both epidemiological and
mechanistic viewpoints ... evaluates the potential toxic effects of

Vitamin E and Health
Annals of the New York Academy
of Sciences, Volume 1031, 2004
This volume is the result of the
conference held by the New York
Academy of Sciences in May
2004 in Boston, USA. The last
major conference devoted entirely
to vitamin E was held in 1988.
New information emerged regarding the role of vitamin E in
the regulation of cellular signaling and gene activity. Proteins
were identified that specifically
bind and guide α-tocopherol
to (sub)cellular destinations.
In addition, the metabolism of
individual tocopherols was elucidated. Tissue-specific functions of
vitamin E, which could not have
been predicted from the known
functions of α-tocopherol, were
identified. Furthermore, information continues to emerge on the

SIGHT AND LIFE

role of vitamin E in the prevention and treatment of diseases
associated with oxidative stress
and aging.
The present understanding was
re-examined in relation to the
bioavailability, metabolism, and
mechanisms of action of vitamin E.
The topics addressed were: (1) the
biological importance of vitamin E
in reproduction and its essentiality
as a micronutrient; (2) the unique
role of vitamin E as a lipophilic
antioxidant in lipoproteins and cell
membranes; (3) its antioxidant
and non-antioxidant effects on cell
signaling and gene expression;
and (4) the identification of vitamin
E-deficiency diseases and the
recognition of the beneficial effects of vitamin E in human health
and disease prevention.
The volume is in seven parts:
Part I: Bioavailability and Biokinetics of Vitamin E reviews
advances in understanding the
uptake and availability of vitamin
E. Part II: Antioxidant Functions
of Vitamin E deals with the concept that vitamin E is no longer
thought to act alone, but rather
as an important component of
the antioxidant network. Supporting data are reviewed. Part
III: Cell Regulatory Functions of
Vitamin E relays recently obtained
information on the effects on cell
signaling and gene expression.
Part IV: Protection from Oxidative
Stress and Injury, Part V: Vitamin
E and Vascular Networks, and
Part VI: Prevention, Protection,
and Treatment of Diseases review
the action of vitamin E across a
range of clinical conditions. Part
VII: Epidemiological and Intervention Studies covers one of the
most uncertain areas of vitamin E
research.

www.sightandlife.org
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lycopene, lutein, cryptoxanthin,
α-carotene, and zeaxanthin.
Carotenoids are potent antioxidants known to affect different
cellular pathways. For example,
lutein and zeaxanthin accumulate
in the fovea (macular region) of
the human eye and are thought
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to prevent blue light damage to
the eye. A low dietary supply of
these carotenoids (xanthophylls) is
thought to be associated with agerelated macular degeneration, one
of the most common causes of irreversible blindness in the Western
world. Numerous epidemiological,
interventional, and prospective hu-

Carotenoids and Retinoids
Proceedings of a workshop held
in Santa Barbara,USA, 2004.
AOCS Press, Champaign, Illinois,
2005, USA
Carotenoids synthesized in plants
are essential for light-harvesting
and allow blue and green sunlight
to be used for energy conservation. Carotenoids also protect
against oxidative and photooxidative damage by quenching free
radicals that are produced during
photosynthesis; this function gains
further significance when considering that free radicals or reactive
oxygen species are byproducts of
metabolism in humans.
Indeed, the presence of carotenoids in the diet and their role
in human health has become a
subject of unprecedented interest. Some carotenoids are called
provitamin A compounds because
they are precursors of retinol and
retinoic acid.
The type of carotenoids found in
human plasma depends on the
extent to which people consume
diets rich in green, yellow/red, or
yellow/orange vegetables. Fifty
to sixty different carotenoid compounds are typically present in the
human diet. The most abundant
forms in plasma are β-carotene,

This is a poster used by the Hongmei Flour Mill in Lanzhou (Gansu
Province, China) in a campaign to advertise flour fortified with iron,
zinc, vitamins B1 and B2, niacin, folic acid as well as with vitamin A.
The slogan translates to “6+1 equals healthy”. The flour mill is involved
in a trial demonstrating feasibility and efficacy of flour fortification. The
trial is a joint project of UNICEF, Public Nutrition and Development
Center of China, Center for Disease Control in China and USA, and
SIGHT AND LIFE.
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man studies, as well as an incredible array of fundamental research,
are currently underway to elucidate
the role of carotenoids, vitamin A
(retinol), retinoids, and their stereoisomers and metabolites in
biological processes and health
and disease prevention.

The Antioxidant Vitamins C
and E
Proceedings of a symposium held
in Santa Barbara, USA, 2002
AOCS Press, Champaign,
Illinois,USA
Early in the last century, vitamins
C and E were identified as essential micronutrients for humans.
Subsequent studies established
the important roles of these vitamins as the body’s major dietary
antioxidants. Vitamin C (ascorbic
acid) and the various forms of vitamin E react with many different
free radicals and reactive oxygen
and nitrogen species. Vitamin E,

which is usually present only in
relatively low concentrations in
the body, may be spared by the
vitamin C action. Both vitamins
appear to interact in a network of
redox-active antioxidants including thiols, NADH- and NADPHdependent enzymes, and bioflavonoids.

DSM is active worldwide in the fields of life
science and nutritional products, performance
materials and industrial chemicals. The company
creates innovative products and services that
help improve the quality of life. DSM’s products
are found in a wide range of end markets and
applications such as human and animal nutrition and health, cosmetics, pharmaceuticals,
automotive and transport, coatings, housing
and electrics & electronics (E&E). The group

In addition to their antioxidant
functions these vitamins exhibit
many other activities in biological systems. Ascorbic acid is a
coenzyme (or more accurately, a
cosubstrate) in hydroxylation reactions during collagen biosynthesis and also functions in various
metabolic reactions. Most studies
with the various members of the
vitamin E family of molecules have
focused on α-tocopherol, which is
maintained in the circulation and
tissues by the α-tocopherol transfer protein(s). Interestingly, other
vitamin E forms, such as γ-tocopherol and α-tocotrienol, exhibit
unique properties in various cell
and in vitro systems and are the
subject of emerging interest.
Of greatest interest are the roles
of vitamins C and E in disease
prevention, in retarding the progression of age-related chronic
and degenerative disorders, and
in promoting healthy aging.

has annual sales (pro forma including the recent
acquisition - renamed DSM Nutritional Products)
of approximately EUR 8 billion and employs in
the region of 25,000 people around the world.
DSM ranks among the global leaders in many
of its fields. DSM is headquartered in the Netherlands, with locations in Europe, Asia and the
Americas. More information about DSM can be
found at www.dsm.com

DSM Nutritional Products
DSM Nutritional Products, the successor to
Roche’s Vitamins and Fine Chemicals Division,
is the world’s leading supplier of vitamins, carotenoids and other fine chemicals to the feed, food,
pharmaceutical and cosmetic industries. The
company will maintain its tradition as a pioneer
in the discovery of new products, new formulations and attractive applications for all sectors of

industry. For further company information please
visit www.dsmnutritionalproducts.com
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These three happy students, Ramcy Predrick, Sweetlynn Barnabas, and Elias Ioanis, won SIGHT AND LIFE bags.
The prize was given to the children who named the greatest number of different Pohnpei, Federated States of
Micronesia, banana varieties (see letter to the editor on page 43).

The Task Force SIGHT AND
LIFE is a humanitarian initiative
of DSM (for more information see
the SIGHT AND LIFE website:
www.sightandlife.org). Its aim is to
combat all forms of vitamin A deficiency and to work for a healthy
nutrition for all. Apart from vitamin
A, SIGHT AND LIFE focuses on
micronutrients in general, a field in
which DSM has profound expertise and scientific knowledge.

countries. Increased health risk
with susceptibility to infections
and increased child mortality are
the consequences.
SIGHT AND LIFE has already
supported many locally and internationally active organizations.
It has sponsored research and
application projects, as well as
communication efforts in many
countries in Africa, Asia and Latin
America.

Low vitamin A intake, other micronutrient deficiencies and insufficient and imbalanced nutrition are impairing the health of
children in numerous developing

Support takes the form of contributions of vitamin A (mostly in the
form of capsules), grants, information and educational materials
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