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TO

CONTROL IRONDEFICIENCY ANAEMIA

Iron deficiency anaemia is one of the most common
nutritional disordersworld-wide, especialy inIndiaand other
developing countries. Young children and women in the
reproductive age group are the most vulnerable to iron
deficiency anaemia. Surveysindifferent partsof the country
reveal that 87% of pregnant women suffer from anaemia
and about 10% have severe anaemia(H <80g/l). Variations
inthe prevalenceratesof anaemiaare seen within the country
with the lowest prevalence of 33% being reported from
Andhra Pradesh to the highest of 98% in Rajasthan®. A
recent study on the prevalence and etiology of nutritional
anaemia in early childhood in an urban sum area of east
Delhi indicated a high prevalence (76%) of anaemia and
iron deficiency in 41% children®. Earlier studies from the
National Institute of Nutrition (NIN), Hyderabad and other
studies prior to 1985 showed an average anaemiaprevalence
rate of 68% in preschool children®*.

Consequences of Iron Deficiency Anaemia

Iron hasdiversebiological functions. Itisthisdiversity
that accountsfor the wide-ranging impact of itsdeficiency.
Iron deficiency commonly remainsunrecognised. Severe
anaemiais animportant risk factor in pregnancy. Reports
from India indicate that 16% of all maternal deaths are
attributableto anaemie®. Maternal anaemiaal so contributes
toanincreasein perinatal mortality, low birth weight, and

foetal wastage. Studieson low income pregnant women
in India showed a three-fold greater incidence (34.5%)
of premature deliveries in severely anaemic women
compared to the normals. Maternal immune depression
and increase in morbidity has also been reported among
anaemic pregnant women®.

In the past, several studies have shown that iron
deficiency anaemia often leadsto irreversibleimpairment
of the child’s learning ability and other behavioural
abnormalities’. The neurochemical roles of iron are not
fully understood but it is clear that low levels of iron can
have a significant adverse impact on brain function. In
adultsiron deficiency resultsinimpaired work performance
and productivity.

Etiology of Iron Deficiency

Dietary factors play an important role in the
development of iron deficiency. Although most habitually
consumed dietsin different regionsof Indiacontain adequate
amounts of iron (26 mg)®, absorption of iron from such
dietsisonly 1-5%°. Other factors that contributeto anaemia
are chronic blood |oss due to hookworm infestation and
malaria. In the vulnerable segments of the population the
increased demand dueto the physiol ogical statusaggravates
the deficiency of iron.



Iron Requirement

Absorption of iron isinfluenced by the amount of iron
in the body; it decreases if individuals are iron replete
and increases if they are deficient. Normally men lose
only 1 mg of iron every day (14 pg/kg/d), whichis easily
replenished through the diet. Such lossesare proportionally
lessinwomen (0.7 to 0.8 mg/d). Menstrual bleeding causes
an additional loss of 0.4 to 0.5 mg iron daily amounting
to atotal loss of 30 pug/kg/day. Women also lose iron to
the placenta and the foetus, amounting to about 1.3 g of
iron asthecost of normal delivery. Another critical period
of increased iron requirements is early childhood and
adolescence. During 6-24 months of age both physical
growth and brain development occur at a rapid rate. In
adoles cence there is a marked demand for iron to
increase blood volumeand muscle mass. For Indians,
the recommended dietary allowances foriron computed
are: adult men 28 mg/d, adult women 30 mg/d, pregnant
women 38 mg/d, lactating women 30 mg/d, boys aged
13-15yr 41 mg/d, girls 13-15 yr 28 mg/d, and children
7-9 yr 26 mg/d®.

Sources of Iron

All theiron needed for the biological functionscomes
from diet. Although cereal-pulse based dietsare regarded
as good sources of iron, the non-heme iron present is
relatively poorly absorbed. In contrast, iron from red
meat (hemeiron) ishighly bioavailable. Vitamin C enhances
the utilization of non-hemeiron but substanceslike tannin
from teaaswell as fibre and phytates from plantsinhibit
it

ApproachestotheControl of Iron Deficiency Anaemia

The National Nutritional Anaemia Prophylaxis
Programme (NNAPP) was initiated in 1970 to control
iron deficiency anaemiain the vulnerable groupsthrough
daily supplementsof iron-folic acid tablets. The suggested
prophylactic dosesof iron andfolic acid respectively were
60 mg and 500 pg for pregnant women and 20 mg and
100 ug for children per day for 100 days'. These tablets
were distributed to the high risk groups by the local health
workers.

An evaluation in 11 states during 1985-86 indicated
very poor coverage and performance of the Programme?'?.
Therewasno impact of the Programme on the prevalence
of anaemiain pregnant women of more than 37 weeks
of gestation. Hence, the dosage of ironiniron-folic acid
tablets was increased from 60 to 100 mg in 1992,

Other sustainable approaches to control anaemiaare
food fortification and dietary diversification. Two different
technol ogies of fortification of common salt were developed
at the NIN, Hyderabad as along-term strategy to control
and prevent iron deficiency anaemia in the population.
These are (i) iron fortified salt — common salt fortified
withiron; and (ii) doublefortified salt —common sdlt fortified
with iron and iodine. In depth studies carried out with
thisstrategy have clearly shown that fortified saltsimprove
haemoglobin status'.

Dietary diversification to improve absorption of iron
by loweringinhibitor and increasing promoter concentrations
has been suggested. This may need nutrition education
and changes in dietary habits of the population.

Therapeutic Supplementation of Iron — Some
Concerns

Absorption of iron isahighly regulated process, due
towhich alarge fraction of the administered dose remains
unabsorbed in the small intestine. Thisis particularly
important in the context of daily supplementation of iron
in prophylactic doses. Recent clinical studieshave shown
that intermittent supplementation of iron is as beneficial
as daily supplementation®®*®. Thisis believed to be due
tothereduced iron absorption when theintestineis exposed
continuously to high doses of iron. To overcomethiseffect
itissuggested that large doses of iron may be supplemented
every 5th day which istheturnover cycle of theintestinal
absorptive cells. Added to this, somerecent studiesraise
doubts about the relationship between haemoglobin levels
and pregnancy outcome and even question the need for
routine iron supplementation during pregnancy*”8. This
has brought to focus the issue of exposing the intestine
tolargeamountsof supplementary ironwhich may generate
freeradicalsviathe Fenton reaction leading to peroxidative
damage of the tissue. It is suggested that excessiron in
the Gl tract increases free radical generation and alters
the structure and function of the absorptive microvill*°.

Recent Studies at the NIN, Hyderabad

For the past 5 years studies have been carried out at
the NIN, Hyderabad to answer some of the concerns
regarding iron absorption and the behaviour of intestine
to large supplements of iron.

Mechanism of intestinal absorption of iron in humans
and rats

The duodenum and jejunum are the sites of maximal
absorption of dietary iron. The means by which iron is



taken up by the intestine and transported to the blood
remainsincompletely understood. Theiron transport pro-
tein transferrin and its receptor have been shown to be
involved intheintracellular transport of ironin all tissues
except the intestine. The specific role of iron storage
protein ferritin has also not been established.

The NIN studies have demonstrated that the WKY
strain of rat is a good animal model closer to humansto
study iron absorption. Using thismodel the simultaneous
identification of iron and the proteinsinvolved during iron
absorption was done. Iron deficient intestine was found
to have ahigher concentration of the transferrin receptor.
Functionally thisis expected to increase iron absorption
through the following mechanism. During the intestinal
transit of iron, luminal transferrin gets saturated with iron.
Subseguently, binding of this transferrin to mucosal cell
surface transferrin receptor occurs. In the intestinal cells
iron was shown to get internalised as a complex of
transferrin-transferrin receptor. Intestinal ferritin regulates
the extent of such an uptake process. The possibility of
such a system existing in the human intestine was
demonstrated using endoscopic biopsy specimens. The
receptor mediated uptake was found to occur in theiron
deficient and control states but not in theiron excess state,
explaining the theory of mucosal block asthe mechanism
of regulation of iron uptake by the intestine®.

Iron induced oxidative damage

Inview of thelimited capacity of absorption, the possible
deleterious effects of excess iron was tested. This was
carriedout in iron deficient WK'Y femalerats supplemented
(D*) for 15 days with FeSO, equivalent to 8 mg of iron
(adose required to regenerate Hb from 80 to 140 g/l)
and compared with iron deficient (D) and iron adequate
(C) rats. Thefollowing were evaluated: levels of intestinal
mucosal cell thiobarbituric acid reactive substances
(TBARS), protein carbonyls and degraded DNA on
electrophoresis as markers of lipid peroxidation, protein
oxidation and DNA damage, respectively. Activities of
endogenous antiperoxidative enzymes status were also
measured. As markersof functional integrity, the activities
of alkaline phosphatase and lys-ala-dipeptidyl
aminopeptidase at the sites of iron absorption were
measured. The mucosal cell turnover number was
determined (®H-thymidine incorporation into DNA). In
addition, the concentrations of ferritin, transferrin in
intestinal mucosa and ceruloplasmin level in serum were
measured. The salient findings are summarised below.

Iron supplementation resulted in increased oxidative

stress in the small intestine of iron deficient D* rats.
It was observed that iron repletion resulted in significant
increase in TBARS and formation of protein carbonyls
(Fig.1) and degraded DNA on electrophoresis. The mucosal
cell turnover number was lowered significantly (Fig.2).
Activities of enzymes of intestinal functions were
significantly lowered in D* compared to C. The higher
catalase and lower glutathione peroxidase activitieswere
found to bein the directions of enhanced oxidative stress
in D*. Iron deficiency and its correction had no effect on
other antiperoxidative systems measured. Higher mucosal
ferritin and lower serum ceruloplasmin ferroxidase activity
impaired the mobilization of intestinal iron. This contributed
to greater peroxidative stress in the intestine of iron
supplemented rats?. Transmission electron microscopic
studies of D* rat duodenum showed reduction in height
and complete erosion of microvillus. These effects
were shown to be mediated through iron induced hydroxyl
radicals produced within the micro-environment of the
Gl tract by electron paramagnetic resonance
spectroscopy?.

+ Effect of iron repletion on THARS and profein carbony
levels in the intestinal mucosa of iron deficient raty
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Fig.2. Infestinal mucosal cell turnover during iron repletion in
iron deficient rats.



In contrast to the above findings, the effect of excess
iron in the GI tract of rats fed with stock diet (natural
ingredients) suggested that the Gl tract is protected against
iron mediated lipid peroxidation. Thisisattributed partly to
the positive balance of antiperoxidative system operating
in the Gl tract and the antioxygenic principles of natural
ingredients used in the stock diets of rats®. In view of the
above findings, it was felt essentia to devise strategies
that could prevent oxidative damageto intestineduringiron
repletion.

Protective role of u-tocopherol and ascorbic acid

Ora administration of vehicle (D) or 8 mg of iron (D*)
or in the presence of 40 mg of i -tocopherol (D*+E) or 24
mg of ascorbic acid (D*+C) or a combination of both
(D*+C+E) per day for 15 days was carried out in iron
depleted rats, and the protective role studied. The results
are summarised below.

Theindicators of iron status were normalised on iron
supplementation either with or without antioxidants. However,
in D*+C group the haemoglobin regenerated was greater
than D*+E group. Theliver iron concentrationswere higher
inthe D*+C group than the other supplemented groups(Table
). Groupswhich received vitamin E (D*+E and D*+C+E)
had lower levels of TBARS and protein carbonyls in the
Gl tract (Table 11). Degraded mucosal cell DNA was
observed in D* and D*+C and to alesser extent in D*+E
groups. Normalisation of functional integrity was observed
inall the groupstreated with antioxidant(s). The alterations
in endogenous antiperoxidative system in antioxidant
supplemented groupswereminimal. Serum ascorbatelevels
weresignificantly lowered in D*+C group, possibly dueto
the oxidation of thisinthe presence of iron (Tablell). But
in the presence of W -tocopherol, serum ascorbate levels
weresignificantly elevated suggesting the protection offered
by u-tocopherol in maintaining serum ascorbate level
effectively. Thesefindingsindicatethat, wheniron deficient
ratsare repleted with high doses of iron along with vitamins
C and E, amost all key adverse effects are reversed®24,

These studies have shown that repletion of iron de-
ficient rats with iron promotes oxidative stress, damages
the absorptive cells and brings about functional and ultra-
structural derangementsin theintestine. The causativefactor
responsiblefor such effectswas hydroxy! radical produced
by the excessiron at the site of iron absorption. Combined
supplementation of | -tocopherol and ascorbic acid pro-
tected the Gl tract of iron deficient rats against iron me-
diated free radical damage during repletion.

Table |I. Effect of supplementation of iron and antioxidants on
haemoglobin, liver and serum iron levels*

Treatment Hb Liveriron Serumiron
(D) (Hg/g tissue) (Hg/100 ml)

Con 1522+1.5 179+15.3 387%35.7
©) (6) ®)

D 79°+2.4 81°+10.8 174°+13.8
©) (6) ®)

D* 147°°+1.1 364 7.9 449+16.1
©) ®) ®)

D*+C 1512¢9+1.7  474%25.9 402£25.1
©) (1 (6)

D*+E 146°+0.8 378+41.9 257°+25.6
(10) (6) (6)

D*+C+E 1482ce+1.4  369°+35.8 279°4+28.0
©) (6)

Superscript no. refers to the serial no. in the reference list

Values are Mean + SEM (n)

Values with different superscript letters within a given column differ
significantly by ANOVA (P<0.05)

Con: Control; D : Iron deficient; D* : Iron deficient supplemented
with iron; D* + C : Same as D* plus vitamin C; D*+E : Same as D* plus
vitamin E; D*+C+E : Same as D* plus vitamins C and E; Hb: haemoglobin.

Tablell. Effect of antioxidants on lipid peroxidation, protein
oxidation, serum ascorbate and pu-tocopherol levels
during iron supplementation in iron depleted rats*

Treatment TBARS Protein Serum Serum
carbonyls  ascorbate p-tocopherol

(nmol MDA/ (nmol/mg  (umol/l)  (umoal/l)
mg protein)  protein)

Con 0.822+0.09 0.96%¢+0.11 34°°+6.4  2.42°+0.41
® (©) ) 4

D 0.56°£0.07  0.95°°+0.09 26*’+3.5 2.9-+0.40
8 (©) ) 4

D* 1.63°+0.09 2.06°t0.21 17°+2.1  4.9°+0.37
@) @) ) 4

D*+C 1.72°4¢0.12 2.12¢40.31 26°°+2.2 0.72°+0.14
(7 (7 ®) 4

D*+E 1.219+0.06 1.029+0.15 47°%+6.3 6.1°+0.82
@) @) () (6)

D*+C+E  1.379+0.09 1.169°+0.08 53“+9.0  5.6°+0.74
@) @) ) 4

Superscript no. refers to the serial no. in the reference list

Values are Mean = SEM (n)

Values with different superscript letters within a given column differ
significantly by ANOVA (P<0.05).

Con: Control; D : Iron deficient; D* : Iron deficient supplemented
with iron; D* + C : Same as D* plus vitamin C; D*+E : Same as D* plus
vitamin C; D*+C+E : Same as D* plus vitamins C and E; TBARS:
thiobarbituric acid reactive substances.



Conclusions

A critical element of the health care system is the
health of women in the child bearing age and children
under five. Asper thel991 census, 56% of the population
in India fall under this category. Anaemia, chronic
undernutrition and complications during pregnancy and
child birth arethe orders of priority for tackling maternal
health. Inthe case of children, the prioritiesarediarrhoeal
diseases, anaemia, perinatal disorders and vitamin A
deficiency. Effective antenatal care, prophylacticironand
folic acid supplements, food security, etc are some of the
measures that would reduce these problems. NIN's
research efforts have been directed towards reducing the
iron deficiency in these high risk segmentsof the population.

As intestinal mucosa remains tuned to the body
requirements of iron, the findings reported here have
important implications with respect to the treatment of
iron deficiency anaemia. The increased expression of
transferrin receptor at the siteof iron absorptionin deficient
conditions can functionally increaseiron absorption. This
is achievable only when saturating amounts of iron are
presentintheintestinal lumen. However, when therapeutic
dosesof iron are given the concentration of mucosa ferritin
increases and blocks the further entry of iron into the
mucosa. |nthiscontext, administration of iron intermittently
rather than daily is a useful strategy.

The studies show that when iron deficient rats are
repleted with ahigh dose of iron along with the antioxidant
vitamins C and E, ailmost all theintestinal oxidative stress
isreduced. But vitamin C alonewithironisnot effective
to reducethe oxidative stress. On the other hand, it enhances
the adverse effects of large doses of iron. Thisisavery
significant observation. Therefore, to reducethe oxidative
stressin humans, it issuggested that daily administration
of therapeutic doses of iron must be accompanied by
supplementation with combination of ascorbic acid and
U -tocopheral.

A diet containing high amounts of these vitamins
is recommended. A dietary intake of 3.5-5.0 mg of
U -tocopherol and 25-30 mg of ascorbic acid per 1000
Kcal appearsto be ahealthy goal for all family members.
Vegetable ails, like soyabean, safflower and corn seed
oils, nuts, wheat germ and whole grain are rich sources
of vitamin E. Fresh fruitslike amla (Indian gooseberry),
guava, citrus fruits, banana and certain vegetables such
astomatoes are the main sources of ascorbic acid. Another
approach could be fortification of suitable food vehicles
like common salt and wheat flour with iron. Strategies
involving biotechnol ogical approaches of introducing genes

that could accumulate iron (ferritin gene) or reduce the
inhibitory effects of phytate (phytase gene) need to be
explored to overcomeiron deficiency anaemia. Thiswould
go alongway inimproving theiron nutrition of vulnerable
groups of our population.
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