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Abstract

The purpose of this pilot study is to determine whether the deuterated retinol
dilution technique can detect changes in hepatic vitamin A reserves in
Peruvian infants in response to supplementation with vitamin A palmitate.
Approximately 40 infants, 9 months of age, will be recruited for the study
and randomly assigned to four treatment groups. Hepatic vitamin A reserves
will be estimated using the deuterated retinol dilution technique before and
after administration of a single supplement containing either 0, 7.5, 15, or 30
mg RE as retinyl palmitate in corn oil. Mean hepatic vitamin A reserves will
be calculated based on the plasma isotopic ratio of d4-retinol:retinol as per
Furr, et. al. fij. Hepatic vitamin A reserves will be compared within groups
before and after supplementation, and among the four groups. The mean
change in hepatic vitamin A reserves across the four treatment groups will
be examined in relation to the amount of vitamin A supplement administered,
using regression analysis. The results of the pilot study will provide
information on the size and variation of hepatic vitamin A reserves in 9-month
old Peruvian infants. This information will be useful for calculating samples
sizes to evaluate vitamin A intervention strategies by estimating changes in
hepatic vitamin A stores in this age group, using the DRD technique.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Measuring vitamin A status in human subjects is problematic because commonly
used assessment techniques do not provide a quantitative estimate of body stores of
vitamin A. Serum retinol concentrations are maintained within a narrow range, and only
change at the extremes of vitamin A depletion or toxicity [2]. The relative dose response
tests classify individuals as depleted or normal only, and do not provide a quantitative
estimate of body stores. In well-nourished individuals, it is estimated that greater than 90%
of total body vitamin A is stored in the liver as retinyl esters 13]. For this reason, the hepatic
concentration of vitamin A is considered to be the best indicator of vitamin A status.
Obviously, it is not feasible to obtain liver biopsy specimens from healthy individuals for
direct assessment of their vitamin A status. However, the deuterated retinol dilution (DRD)
technique was recently introduced as an indirect method for quantitatively estimating
hepatic reserves of vitamin A across the full continuum of vitamin A status. The isotope
dilution technique was validated in rats [4], and partially validated in generally healthy
human surgical patients in the U.S. [1]. Briefly, a known dose of retinyl-d4 acetate is
administered orally, and after a period of equilibration with the body pool of vitamin A, a
blood sample is drawn for measurement of the isotopic ratio of retinol-d4/retinol in plasma.
Hepatic reserves of vitamin A can be calculated based on the principles of isotope dilution,
and a set of assumptions, first described by Bausch and Reitz [4] and later modified by Furr
et al. [1]. The technique was partially validated in eleven well-nourished surgical patients
in the United States, by comparing hepatic retinol concentrations estimated by the isotope
dilution technique with direct measurement of the hepatic retinol concentration in liver
biopsy specimens obtained at the time of surgery [1]. When one subject was omitted from
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the analysis, a good correlation was found between the two techniques (r = 3D0.88).
However, only one of the eleven patients had a low (<70 nmol/g) hepatic retinol
concentration. Thus, it was not clear if the DRD technique, as described by Furr et. al. [1],
could provide a quantitative estimate of hepatic vitamin A reserves in a population with low
vitamin A body stores.

We have recently conducted a study in Bangladesh to examine the relationship
between DRD technique and hepatic retinol reserves in a population with low body stores
of vitamin A [5]. Briefly, hepatic vitamin A reserves were estimated by the DRD technique
and by direct measurement of the retinol concentration of a liver biopsy specimen that was
obtained at the time of surgery in 31 adult surgical patients in Bangladesh who had been
previously scheduled for surgery for peptic ulcer or gall bladder disease. Nearly half
(n = 3D14, 45%) of these patients had hepatic retinol concentrations <70 nmol/g, based
on direct measurement of the retinol concentration of the biopsy specimen. A significant
linear relationship was found between hepatic vitamin A reserves, as estimated by the DRD
technique or by direct measurement of retinol concentration of the biopsy specimen
(r = 3D0.69, p<0.0001). Agreement between the two techniques was poor in several
subjects, three of whom had clinical conditions consistent with poor absorption or retention
of the dose of retinyl-d4-acetate. When these three subjects are omitted from the analysis,
the relationship between the two techniques is improved (r = 3D0.83). Thus, the DRD
technique, as described by Furr et. al. [1], provided a reasonably good quantitative estimate
of hepatic retinol A reserves in this population of surgical patients with low to adequate
vitamin A body stores.

A second study was conducted in Bangladesh to assess the responsiveness of the
DRD technique to known differences in vitamin A intake in a group of adult volunteers [6].
Briefly, plasma isotopic ratios of d4-retinol:retinol were measured at the beginning and end
of 90-d periods of supervised consumption of different levels of vitamin A in 30 adult, male
volunteers. Each subject received a standardized diet, containing very low levels of vitamin
A throughout the 127-d observation period, as well as a daily capsule of either 0, 5.2, or
10.5 = E6 mol retinol as unlabelled retinyl palmitate in corn oil, in randomized, masked
fashion, for 75 d. Oral doses of d4-retinyl acetate (45.2 = E6 mol) were given on days 1
and 90. Preliminary results of plasma isotopic ratios are available from 15 subjects on days
2, 30, 60, 90, and 127. The mean plasma isotopic ratios were similar initially. By day 30
and thereafter the ratios were significantly greater in the groups that consumed less vitamin
A. Thus, plasma isotopic ratios respond within several weeks to differences in daily vitamin
A intake, indicating that the DRD technique can detect differences in vitamin A
consumption.

In countries where vitamin A deficiency is a significant public health problem, direct
supplementation of young children with high-dose vitamin A supplements is currently
recommended every 6 months, from 6 months to 6 years of age [7]. Administration of
vitamin A to infants less than 6 months of age in conjunction with the Expanded Program
of Immunization (EPI) has also been suggested as a strategy for reducing the incidence of
vitamin A deficiency during the first 12-18 months of life. The rationale of early
supplementation with vitamin A is to provide infants with adequate hepatic stores of vitamin
A during 6 - 1 8 months of age when they are at increased risk of vitamin A deficiency due
to common childhood diseases, and to a reduction in breast-milk intake and the introduction
of complementary foods that are often low in vitamin A. Given the high coverage of the
EPI program in many developing countries, administration of vitamin A at the EPI contacts
may be an effective strategy for maintaining adequate vitamin A status during the first
12-18 months of life. Early supplementation, theoretically, should be beneficial to young
infants, however, little information is available on the safety and efficacy of administration
of high-dose supplements to infants in this age group.
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The World Health Organization is currently conducting a multi-center trial to
determine the efficacy and safety of early supplementation with vitamin A in conjunction
with the EPI. The Instituto de Investigacion Nutricional in Lima, Peru has been chosen as
one of the centers to participate in the evaluation of the WHO/EPI-linked vitamin A
supplementation trial. Infants participating in the WHO/EPI trial will receive 25 000 IU of
vitamin A at their first 3 EPI visits (2, 3 and 4 months of age), and a final supplement at
their last EPI visit at 9 months of age. Infants in the control group will receive a placebo at
their first 3 EPI contacts, but will receive a dose of 100 000 IU of vitamin A at their final
EPI visit at 9 months of age. Commonly used assessment techniques, such as serum retinol
concentration, and the modified relative dose response test will be used to detect changes
in vitamin A status in the WHO/EPI trial. To evaluate the efficacy of this trial, the DRD
technique could be used to quantitatively measure changes in vitamin A body stores in
response to supplementation.

At 9 months of age, before they receive their final supplement, infants in the
treatment group will have received 3 doses of vitamin A (75 000 IU in total). Presumably,
supplemented children will have higher hepatic reserves of vitamin A than non-supplemented
children, thus the efficacy of the WHO/EPI supplementation trial could be evaluated using
the DRD technique to quantitatively compare hepatic reserves of vitamin A at 9 months of
age in infants in the treatment and control groups.

Since the DRD technique has not yet been used to assess hepatic stores in infants,
we are conducting a pilot study to assess the sensitivity of the DRD technique for detecting
the expected increase in hepatic reserves of vitamin A in response to supplementation. The
pilot study will provide information on i) the hepatic reserves of vitamin A in 9-month old
Peruvian infants, and ii) the retention, or expected change in hepatic vitamin A reserves, in
response to three different levels of high-dose vitamin A supplements. With this information,
it will be possible to calculate the sample size that will be required for an evaluation of the
EPI-linked supplementation trial, based on the variation in hepatic vitamin A reserves in this
age group, and the variation in retention of vitamin A in response to supplementation.

2. METHODS

2.1 . Objectives

a. To measure the hepatic reserves of vitamin A in infants 9 months of age, at baseline
and again one month after they receive a single high-dose vitamin A supplement
containing either 0 mg RE, 7.5 mg RE, 15 mg RE, or 30 mg RE, to estimate the
increase in hepatic reserves of vitamin A in response to supplementation with
vitamin A.

b. To describe the mean change in hepatic reserves across the four treatment groups
in relation to the amount of vitamin A administered.

2.2. Hypotheses

a. The DRD technique will detect a significant increase in hepatic vitamin A reserves
in children who receive a single high-dose supplement containing 7.5 mg RE, 15 mg
RE, or 30 mg RE of vitamin A.

b. The mean change in hepatic vitamin A reserves will be different across the three
groups that receive vitamin A supplements, and there will be a linear relationship
between the mean change in hepatic vitamin A reserves and the dose of vitamin A
administered.
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2.3. Study design

Forty-seven infants, 9 months of age, have been recruited for the study and randomly
assigned to 4 treatment groups. Prior to selection, they were examined by physician, and
were considered eligible for the study if they were free from fever and infectious disease.
At baseline, the infants were weighed and measured, a questionnaire on feeding practices
was administered to the mother, and a maternal breast-milk sample was collected for
determination of the retinol concentration. Upon completion of these assessments, an oral
dose of 1.5 mg RE of d4-retinyl acetate was administered to the infants. At this point, all
of the infants have received their first dose of isotope, however, blood samples have not
yet been collected. A blood sample (3 mL) will be drawn 21 days post-dose (study day 21)
for measurement of the isotopic ratio of retinol-d4/retinol in plasma to estimate hepatic
vitamin A reserves at baseline. After the blood is drawn, an oral dose of either 0 mg RE (corn
oil), 7.5 mg RE, 15 mg RE, or 30 mg RE of vitamin A will be administered to the infants as
retinyl palmitate in corn oil. A second blood sample (3 ml) will be drawn 30 days later
(study day 51) for measurement of the isotopic ratio of retinol-d4/retinol in plasma.
Immediately thereafter, a second dose of d4-retinyl acetate will be administered orally to the
infants. A third blood sample will be obtained 21 days later (study day 72), for
measurement of the isotopic ratio of retinol-d4/retinol in plasma to estimate hepatic reserves
after supplementation with a high-dose vitamin A supplement. A field worker has been
visiting the infants in their homes weekly to monitor morbidity, and will continue to do so
throughout the study period. Mothers have been instructed not to administer any vitamin
A supplements to the infants while they are participating in the study.

2.4. Dose of d4-retinyl acetate and sampling time

The dose of d4-retinyl acetate to be administered to the infants was calculated based
on the assumption that hepatic reserves of vitamin A in 9-month old infants is likely to range
from 10 ug/g - 100 ug/g. The average weight of Peruvian children 6-11 months of age is
8.3 kg [8], thus liver weight can be estimated as "200 g (2.4% of body weight). If the
hepatic vitamin A concentration ranges from 10 - 100 ug/g, hepatic stores of vitamin A can
be estimated to range from 2 - 2 0 mg. Assuming hepatic reserves represent "90% of body
stores of vitamin A, total body stores of vitamin A can be estimated to range from 2.2 -
22.2 mg. Assuming 50% of an oral dose of vitamin A is retained [3], a dose of 1.5 mg of
vitamin A would achieve "3.4 - 34% labelling of the body pool.

To estimate hepatic reserves of vitamin A in adults using the DRD technique, blood
samples are drawn after the isotope has "equilibrated" with the body pool of vitamin A. In
our preliminary studies of the kinetics of equilibration in two adults and one 6 year old child,
we have estimated that equilibration occurs between 1 2 - 2 7 days after the isotope is
administered (Figures 1-3) [9]. For this pilot study in young infants, we have chosen to draw
blood 21 days after administering the isotope. It is necessary to draw blood prior to
administering the second dose of d4-retinyl acetate to determine the slope of the
post-equilibration plasma decay curve in order to estimate the contribution of retinol-d4 from
the first dose, to the isotopic ratio of retinol-d4/retinol in plasma (study day 72) after the
second dose of isotope is administered.

2.5. Data analysis

Descriptive statistics will be calculated for all variables. The difference in mean
hepatic reserves pre- and post-supplementation within treatment groups will be compared
using the paired test.The difference in the mean change in hepatic reserves across treatment
groups will be compared by analysis of variance. The mean change in hepatic reserves of
vitamin A in the four treatment groups will be evaluated in relation to the level of vitamin
A supplementation using regression analysis.
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Figures 1-3. Plasma isotope equilibration curves for 3 subjects.

2.6. Laboratory analyses

Plasma retinol: For determination of the plasma retinol concentration, an aliquot of
plasma will be treated with ethanol to denature protein, and vitamin A will be extracted into
hexane using retinyl acetate as an internal standard. The hexane layer will be separated by
centrifugation, transferred to a clean vial and evaporated under N2. The residue will be
dissolved in methanol, and the retinol concentration will be determined by isocratic
reversed-phased HPLC [10]. To assess the accuracy and precision of the retinol
measurements, control serum from the National Institute of Standards will be run
periodically.

Isotopic ratio of retinol-d4/retinol: The plasma isotopic ratios of retinol-d4/retinol will
be estimated by GC/MS according to the method reported by Clifford et al. [11], as modified
by Handelman et al. [12].
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3. RESULTS

At this point in time, the recruiting phase has been completed and 47 infants have
received their initial doses of retinyl-d4 acetate in corn oil. Additional information will be
reported as it becomes available.

4. PLANS FOR FUTURE WORK

We are planning to use the DRD technique to evaluate the WHO/EPI-linked vitamin
A supplementation trial which is taking place in Lima, Peru. The results of the pilot study
will provide us with information on the size and variation of hepatic vitamin A reserves of
9-month old infants in the neighborhoods where the WHO/EPI trial is taking place. This
information will enable us to calculate the sample size required to detect a difference in the
vitamin A stores of infants who do and do not participate in the WHO/EPI-linked trial. In
addition to the work in Peru, we have recently conducted a pilot study in Ghana to estimate
changes in hepatic reserves of vitamin A using the DRD technique in "3-4-month old infants
who received a single high-dose vitamin A supplement.
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