a

2]

Susan J. Fairweather-Tuait?
Hilary J. Powers®
Margaret J. Minskic

Joan Whiteheadd

R. Downese

AFRC Insritute of Food Research,
Norwich:

University of Shefficid. Department of
Pacdiatries, Clinicai Sciences Centre,
Northern General Hospital, Sheffield;

« Imperal College Reactor Centre, Ascol:

Dunn Nutritiona! Latoratory,
Cambrnidge, UK;

* MRC Laboratorics, Keneba, Gambia

R R T P P PN

Key Words

Iron absorption
Riboflavin deficiency
Stable 1sotopes

Introduction

L )

Original Paper

Ann Nutr Metab 1992:36-34-40

Riboflavin Deficiency and
Iron Absorptionin
Adult Gambian Men

D O R T T P TR T

Abstract

Iron absorption from 3.38 mg *¥Fe was measured in ribotla-
vin-deficient Gambian men with haemoglobin (Hb) less than
11.5 g/dl before and after oral ribotlavin therapy, and the
results compared with a group not receiving riboflavin. Ribo-
flavin status {as determincd by ervthrocyie glutathione reduc-
tase activation coefficient) and Hb increased in the riboflavin-
supplemented but not placebo group. Plasma ferritin levels
were low and did not change in either group. There was very
wide variation in percentage iron absorption between individ-
uals and also within single individuals on two separate occa-
sions but no measurable change with riboflavin supplementa-
tion. The results of the study indicate that the efficiency of
iron utilization is impaired in ribotlavin deficiency. but that
iron absorption is unaffected.
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ciency enhances the haematological response
to ron supplements in subjects with low hae-

Riboflavin defictency interferes with iron  moglobin values [1, 2], The mechanism of
utilisation. Studies in humans have demon- action of the riboflavin supplement is not

strated that correction of a riboflavin defi-  c¢lear but there is evidence that the effect may
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be related to an improvement in iron absorp-
tion. Animal studies have shown that ribo-
flavin deficiency reduces iron absorption.
probably via an increased rate of turnover of
the epithelial cells of the mucesa of the small
intestine [3, 4], Furthermore, the mobilisa-
tion of iron from ferritin has been shown to be
dependent, at least in vitro, upon a flavopro-
tein, NADH-FMN oxidoreductase [5-§]
which has implications for iron absorption
and haem synthesis.

Previous studies in West Kiang, a subsis-
tence farming region of The Gambia have
shown riboflavin deficiency o be widespread
all vear round {9, 10]. [ron deficiency has becn
identified as a major cause of anaemia in this
region {11].

The studyv described in this paper was con-
ducted to lest the hypothesis that riboflavin
deticiency results in reduced iron absorption
and that an improvement in riboflavin status
will theretore increase iron absorption. Stable
1sotopes were emploved rather than radioiso-
topes as in previous studies measuring iron
absorption [12] because of ethical constraints
relating 1o the possible hazards of ionising
radiation.

Methods

The subjects participating in the study were adult
males between 16 and 60 vears from 3 villages in West
Kiang, The Gambia. All men in the three villages were
screened for low hacmoglobin (Hb) levels and 37 men
with Hb +2 11,5 p/dl were recruited 1@ the study, Sub-
jects were allocated at randem, matched for age and
He 1o one of two groups. One group (treatment group)
received 10 mg riboflavin daily for 6 davs per week for
4 weeks the other group {control group) received no
riboflavin, Tablets were administered cach evening
and the men were scen 1o swallow them.

All the subjects mitended a chimic immediately prior
o the initiation of supplementation (clinic 1), after 2
weeks of supplementation (clinic 2) and after a further
2 weeks of supplementation {clinic 3).

Clinic 1: a finger prick bloed sample was collected
into lithium heparin tor the determination of plasma
fernitin and ervthrocvte giutathione reductase activa-
tion ceefficient (EGRAC). An oral dose of *Fe was
given o all subjects as part of the iron absorption test.

Clinic 2; 15 ml bicod were collected into lithium
heparin from the antecubital vern for the measurement
of Hb. packed cell volume (PCV), fermitin, EGRAC,
glucose-6-phosphate dehvdrogenase activity {GGPD),
and the *¥Fe enrichmuent of red blood cells, The second
“Fe dose was given, as part of the post-supplement
iron absorption test,

Clinic 3. A further 15-ml blood sample was col-
lected for the measurement of Hb, PCV. ferritin.
EGRAC, and *¥Fe enrichment of the red blood cells,

Biochemical and Haematological Measuremuenis

The following measurements were made on fresh
samples of whole blocd: {a) Hb by the cvanmethaemo-
globin method [13] () PCV using a microhaematocrit
method (¢} G6PD using a spectrophotometne method
[14].

Tite remaining whoie blood was ceninfuged for
separation into plasma and red bleod cells, Aliquots
were stored at = 20°C for up to 3 months for the fol-
lowing assavs: (a) EGRAC was measured on the Cobas
Bio Autcanalyser using a mcthod described previously
[15]; (b) plasma ferritin was measured by radioinmu-
noassay using an Aniersham kit (IM 1051).

Fethsorpiion Test

In order to standardisc the iron intake tor 3 davs
priorto taking the test dose, all subicets attended a din-
ing centre in the morning, al nudday and 1n the eve-
ning to receive meals preparcd from local foods. The
meals were wvpical of micals caten at this time of vear
and did not include any nich sources ot iron. On the 4th
day. after an overnight fast, each subject was given
100 m! cola drink conlaining 3.38 mg **[e. The sclu-
tion of 1sotope was prepared (Tom a mixture of iron as
supplied in several batches from AERE, Harwedl, UK,
of elemenial ivon (192 mg. 71.5 atom®% “Fe. and
93.7 mg, 66.98 atom® “*Fe, 744 mg. 61.08 atom
$Fe and 131.7mg, 71.88 atom™ “FFey and Fe-O:
(24,9 mg iron 701.5 atom% “"Fe) dissobved in aristar
HCY and made up 10 an appropnate volume with dis-
tilled water. The **Fe concentration was determined
by neutron actvation analvsis (NAA) Absorption of
the **Fe was estimated Irom the #F¢ enrichment of the
red blood cells coilected 14 days after **Fe dose [16].

Since the red cells have a relatively slow urnover,
we miade the assumption that the **Fe enrichiment 14
days following the tirst test dosc remained constant for




Table 1. Details of subjects at the beginning of the
study: age (v). body weight (kg). Hb (2/1), PCV (“a),
plusma ferritin (ue/D and EGRAC

Group 1 (18) Group 2 {19)

Age 44,7+ 10.7 369=14.8
Body mass index! 18.5+ 1.3 192~1.8
Bodv weight - 541239 4461
rcv 38.0+3.7 391 +£37
Hb 107140 106+ 14.0
Ferritin? 144+13.2 20.1 =200
EGRAC? 2,174 +0.388 20730362

Mean values = SD, number of observations arc
shown 11 parentheses.
I Weightheight?
* Rosults for 1 subject unacceptably high (pessibly
due to infection), excluded (rom statistical analysis,
¥ Subjects with G6PD deficiency excluded from sta-
ustical analvsis.

the duration of the study, This amount was deducted
from the final enrichment figure 14 davs atter the sec-
ond test 1o give the percent absorption from the second
1est dosc. For the **Fe determination the red bloed
cells were thawed and weighed into large silica cruci-
bles. Thev were dried slowly on a hot plate, care being
taken not to let the viscous matenal foam over the top
of the crucible. The dried matenal was covered and
gradually heated o 480°C in a mulile furnace, every
precaution being taken to nunimise the risk of further
foaming. Aflter 48 h. the crucibles were cooled and
weighed, and the ash:red bloed cell ratio caleulated.

Portions ol homogenised ash were analysed for
iron by atomic absorption spectroscopy (AAS) and
“fFe by as deseribed previously [ 1 7], Enrichment of the
ashed red blood cells with *¥Fe was determined by
deducting naturally occurring ¥Fe, 0.28 wia of total
iron {AAS). from total ““Fe (NAAL

Calcnfurion of Iron Ahsorption

The total volume of circulating blood was est-
mated from the subject’s age and body weight by
means of a nomograni. This was multiplied by the
PCV (as a (raction} to abtain the volume of red blood
ceils and then multplied by 1.0941 1o obtain the total
weight of red blood cells [18], The **Fe enrichment of
the ashed blood was multiplied by the asiired blood
cell ratio and total weight of red Blood cells to obtain

the weight of *%Fe absorbed from the 1est dose. This
was then expressed as a fraction of the administered
dose (3.38 mg).

Sraiistical Analysis

Differences between the riboflavin-supplemented
and placebo groups for age, bodyweight, Hb, PCV, [er-
ritin and EGRAC values were tested by means of Stu-
dent's 1 tests. Subjects with demonstrable GPD defi-
crency were excluded (rom anyv analvses involving
EGRAC values [19). The relationships between Hb
and PCV, and Hb and ferntin were examined by
rearession analvsis. Ferritin and EGRAC values in the
wo groups were subjected 1o tweo-wav Anova with
vartables time and supplementation, Tron absorption
from the first test dose ditfered between the two
groups, therefore the effect of riboflavin supplementa-
100 was tested using paired totests (dose | vs, dose 2)
separately for each group. The correlations between
iron absorption, CGRAC and ferritin at the time of the
first test dose were tested by multiple regression analy-
sis, The regression analvses and Anova were carried
out using GENSTAT programs [20].

Lthical Considerations

The study was approved by the MRC Gambian
Cthucal Committee and the AFRC IFR Ethics Com-
mitlee.

Results

The mean age. body mass index (BMI),
Hb, PCV. ferritin and EGRAC values of the
two groups of subjects at the start of the study
are given in table 1. There were no differences
in the means and SDs of the two groups.
When data from all subjects were examined
together, there were significant correlations
between Hb and PCY (R - 0.40. p < 0.05),
and Hb and ferritin {r = 0.36. p < 0.03). The
mean BMI was just below the “ideal’ range of
20-25 as cluassified by the Heaith and Welfare
Canada [21]. The Hb levels were indicative ot
iron deficiency anaemia since the lower limit
of normality 1s taken to be 130 2/1 . but the
ferritin levels, although low, were not 1n the
deficiency range of << 12 ug/l.,
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Fig. 1. EGRAC values in riboflavin-supplemented
(o n |7 and control {o: n = 18) groups of subjects
after @, 14 and 28 days. Values ure means with ST bars.
RiboNavin-supplemented group significantly difterent
from placcho; **= p < 0.001.

Imitial Aller 14 days

Altar 28 days

Scresaing supplemantaion Supmlemeniation

Fig. 2. Hb concentranon {g/) in riboflavin supple-
mented (@ 0 19) and controi (c; n 18) groups of
subjects at imitial screening and 14 and 28 davs. Values
are means with SC bars, Riboflavin-supplemented
eroup significantly different from placebor *=p =
0.01, “~*p < 0.001.

Table 2. Bleod PCV (") and plasma fercitin (ug/l) in control subjects given riboflavin supplements Tor

28 days
Placebo Riboflavin-supplemented Residual mean squars!
itial l4 days 23 davs initiad 14 days 28 days lme supp time - supp
PCyY IR6(18) 40.0415) 3I88(18) 390019 403019 40.4(19) 15.7 | 7.8 4.4
Ferritin 144 (172 21,7¢18) 12.7¢18) 21019 21.0(19) 22.35(18 1574 7468  2RE3

Values are means, number of observations in parentheses,

1

Resulis for 1 subject unacceptably high (infection?) so excluded from statistical analysis.

GO6PD  deficieney  interferes  with  the
EGRAC test for ribollavin status [19]. Two
were identified as deficient in GOPD and
were  excluded  from  analvses  involving

EGRAC,
Riboflavin supplementation caused a de-
crease in EGRAC values (p <2 0.001) and an

increase in Hb concentrations {(p << 0.001), as
Hlustrated in figures | and 2, In bhoth cases,
the effect was seen 14 davs after starung the
supplemientation and no further change was
observed over the next 4 davs. There were no
changes in mean values for PCV or ferritin, as
shown in table 2.
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Fig. 3. Fe absorption (Ys ol administered dose) in
riboflavin supplemented (8o n 17y und contrel (01 n
L 5) aroups of subjects intiallv and after 14 davs sup-
plementation. Values are individual results with group
means (---1.

Individual resulits for jron absorption are
shown in figure 3. Two subjects werc ex-
cluded from the analysis because they did not
appear to absorb any of the test dose on one
accasion. and a further 3 were rejected as out-
liers because Anova showed large residuals
[23]. There was a very wide inter-individual
variation in % absorption from the test dose.
Ferritin and EGRAC values were not corre-
lated with iron absorption from the first tes
dose when tested by multiple regression anal-
vsis, There was no eflcct of niboflavin supple-
mentation on  percentage iron  absorption
from the test dose.

Discussion

Previous studies tn rats have shown that
riboflavin deficiency is associated with a re-
duction in 1ron absorption and an increase in
rate of loss of iron after absorption [3]. The
orgin of the iron loss is under investigation,
but recent evidence suggests an increased rate
of turnover of epithelial cells of the mucosa of
the small intestine [4]. Correction of ribo-
flavin deficiency should concomitantly result
in an increase in iron absorption and a reduc-
tion in the rate of loss of Fe, thereby leading to
an improvement in iron status,

The increase in blood Hb concentrations
seen in the present study after only 14 davs
riboflavin supplementation agrees with re-
sults from previous studies [1. 2], and reflects
a grcater supply of iron to the erythroid mar-
row. The iron may come directly from the diet
or from mobiiisation of ron stores, mainiy
deposited in the hver. We were. however,
unable to demonstrate a difference in iron
absorption between the riboflavin-supple-
mented and placebo groups at the end of the
study, or that an improvement in riboflavin
status was associaled with altered iron ab-
sorption. Nor was there anv correlation be-
tween percentage iron absorption from the
first test dose and plasma ferritin or blood Hb
levels,

In the previous animal work, the mbotla-
vin-deficient rats absorbed approximately
1 5% less iron than the controls. The variances
in the present human study were much greater
than in the rat studies, and may have con-
founded our attemmt 1o detect an etfect of
ribotlavin status on iron absorption. A major
methodological problem in iron absorption
studies 1s the enormous variabiiity in the per-
centage absorption. This variation is com-
prised of day-to-dav differences within the
same subject and of biological differences be-
tween subjects [24]. The size of the vamation
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depends to some extent upon dose, the
smaller the test dose the greater the variability
[23]. Experimental data are not availabie 1o
indicate the variation in studies using stable
isotopes, but it has been shown with radioiso-
topes that the variation in absorption on dif-
ferent davs within a single individual given
5 medoses is + 353% {coefficient of variation)
[25). In order to minimisc the problem of
variation of absorption. test doses should be
admunistered on several occasions and the
mean figure for percentage tron absorplion
taken as representative of the individual's ca-
pacity to absorb iron under the given experi-
mental conditions. However, it was not possi-
ble to follow this ype of protecol in the
present studv,

The haematological profile of the subjects
was interesting. The initial mean Hb concen-
tration of 106 g/ indicated wron deficiency
anaemia, vet the ferritin values were not low
enough to support this conclusion. It would
appear that the riboflavin-deticient state had
altered the efficiency of iron utilization and
that the anacmia was not primartly due to
iron lack but 1o an 1mpairment in Hb svnthe-
sis. Once the riboflavin deficiency had been
corrected. Hb levels returned to normal. Ri-
boflavin has been implicated in the mecha-
nism for iren utilisaiion by the ervihroid mar-
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