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CHAPTER 28

DISCUSSION

Comp ar able groups of patients as regards the age,
sex and haemoglobin level were selected, anaemias of
pregnancy being excluded becauce intolerance of oral
iron is much more common in pregnancy than at any other
time.94 The selection of patients was strictly carried

out as per the special criteria laid down for the purpose.

The patients were asked to swallow the iron tab-
lets in my presence in order to confirm the ingestion of
the full given dose and that too at a particular time so
that 4 hours and 8 hours blood samples for serum iron

estimetion can then be punctually collected. They were
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also glven the opportunity of discussing the symptoms

at each visit, although leading questions were reserved

for the final visit. No petient having been treated once
with ferrous sulphate or ferrous fumerate has been excluded
from this series on the grounds of failure to respond or

toxic effects.

A comparative study like this must ideally be carried
out under stendard conditions. Accordingly, verious factors
in the two series (Series A and Series B) were kept .at
identical levels, for example, sge (adults), haemoglotin

level (3 to 6 gm.), dilet (identicel in protein supply and
elemental iron content), form of iron preparation (tablet
form for accuracy of dosage), same disintegration time(non-
coated tatlets), composition of the tablets of ferrous
sulphate and ferrous fumarate (only iron compound plus
excipient), dosage (equal in terms of elemental iron),time
of administration (immedlately after mesls), and the dura-

tion of treatment (3 weeks).

The urinary excretion of iron is increased by the
administration of an acid salt and markedly decreased by
the administrstion of an alkaline salt (Barer and Fowler;
1949) ., Moreover, administration of s}k salicylates produces
a f211 in serum iron (Izak et al., 19€2). It is tecause
of these considerztions that the patients were not given

any mixture (including mist acid pepsin), and also thet
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the nursing staff was specially instructed not to give

any medicament to any of the patients under present study.
However, mist glucose was routinely administered to

all the patients as a placibo and it may be emphasized

that such administration could produce a definite and
positive psychological feegling of improved digestion and/or

sense of well being,

This subject including the methods for stenderdis-
ation, serum iron estimation, estimation of elemental iron
per tablet of iron preparation ete. is extremely complica-
ted but all these methods have been gimplified as far as
possible and presented here in an easily understandable
and practicable manner., A few points, however, might have
been unavoldably repeated at different pleces becsause
mention of such points at thet particular place was nece-
ssary either for simpliffication or at least for the sske
of completion. Nevertheless, sequence and simplicity have

been possibly observed.

It is usual to obtain ar optical density of 0.03
to 0.04 on anslysing a sample containing 100 mcg. iron
(Fe) per 100 ml., (Trinder, 1955)., The optical density
zkz obtained here is 0,035 per 100 ml. ané 1s, therefore,

in close asgreement with thet found by other workers.
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The method adopted for serum iron estimation
(Marrack, 1956) is much modified during this study. All
the details of the modificetions have already been fully
described in chapter 19. The method by virtue of all
the modifications, hes been rendered very easy. Moreover,
it does not involve heating, extraction with orgenic sol-
vants; daily preparati:n of reggent or multiple centri-

fugations., It 1s appliceble %o either serum or plasma,

A few of the photographs included in the thesis
are of relative importance of mzinteining the continuity
of the photogrephic demonstration of various $teps rather,
than of absolute importance. This is particularly tnue
so far as the plotogrephic denonstretion of various
steps of detailed prodedure for serum iron estimation

is concerned,

The signs and symptoms of iron deficiency are
mostly due to the ansemia, which is microcytic and hypo-
chromic, and is characterised by low M.C.H.C. The sore
tongue, atrophic skin and nail changes found in iron
deficiency anaeria are possibly due to a reduction in
the amount of iron-containing enzymes which are nece-
ssary for the renewal of epithelial célls. Prematuie
graylng of hairs appears to te a frequent findihg ass o=

clated with iron deficiency anaemia,
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Fever is unusual exceps in severely anasemic
patients, in whom a low-grade elevation of temperzture
may be found., The spleen is palpable in about one~third
cases of lron deficiency anaemia in later life. Excessive
enlargement, however, is unusual. The spleen was palp-

able in only 2 patients of the present series.

Amenorrhea found in the patients of iron deficiency
anaemia was not physiological but was due to the dffect
of anzemia., It appears to be the nature's effort to

conserve whatever 1littlé amount of iron is present,

Besides the absolute flgures, the percentage values
of various findings hszve alsc been calculated and given
at different places. Nevertheless, it may be emphagized
thet the seriesis too small to find and express the

results in percentage.

MECHANISM OF HYPOFERREMIA

The serum iron concentration is decreased in iron
deficiency znaemias beéause taere is in-sufficient metal
for hsemoglobin synthesis and the bone marrow is drawing
on all available labile iron stores.(On the other heand,
‘the serum iron value is incressed in pernicious anaemliz

during reldpse because little of the metzl is being
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utilised for hsemoglobin symthesis). The serum iron
level dinimishes in snaemiz bf infection becouse g meta-
bolie defect results in transfer of sbsorbed iron tc the

storage depots.23

Salicylate adminlstration results in immediate
and constant fall in serum iron (Izak et al., 1962).In
searching for the mechanism responsible for this decrease
in serum iron, one has to consider first the possibility
that the salicylate or ite metabolites in the plasma
might interfere with the determination of serum iron. This
possibility was ruled out by the control experiments in
vitro in which serum iron was estimated in a normal saumple
to which varying concentrations of aspirin or sodium

salicylate was added.

Two other possiblilities may be considered in this
regnect, viz. blood lost through venipunctures to obtain
blcod samples and/or blood lost through gestro-intestinal
bleeding. Actual measurement revealed that the mamsa
average blood loss by venipunctures was 6 ml. per day
whilgt that by gestro-intestinal was 3 ml. per day. These
possibilities were ruled out by estimating the serum iron
in volunteers who were bled upto 9 ml. on an average per
day for 15 days, with no significant changes in serum iron
during this period, and a prompt drop in serum iron after

salicylate administration.
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There was neither impairment of iron absorption
as shown by the tracer studies, nor was there an increased
excretion of iron in the urine during salicylate admini-

stration.

Thus, the fall in serum iron could not be explain -
ed by chemical interference with the determination, by
blood loss, impaired absorpticn or increased excretion
of iron. The cause of the fzll in serum iron values in

patients receiving salicylates, therefore, remsins unclear,

Izak et al (1962) believ-d that the salicylates
alter the function of reticulcendotheliel system, as
a result of which circulating plasma iron is removed from
the ciroulation and deposited in the reticuloendothelial

cells.

Bach et al (1952) pointed out certain resemblances
in the biochemical effects produced by salicylates and
cortisone. Sayers (1950) has suggested that salicylates
exert their effects by promoting the utilisation of
adreno-cortical hormones parirherally in the tissues
and that this leads to inereaged production of ACTH, More-
over, injection of ACTH was followed by a significant fall
in plasma iron in dogs (CQartwright et al., 1951) and
in ratbits (Gupta et al., 1960). It appears reasonable,
therefore, to ccnelude thet adreno-cortical hyperactivity

induced by salicylate adminissration is responsible for
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the fall in serum iron.

Gupta et al (1959) observed that hypoferremisa,

in general, is associated with a febrile state. In pati-
ents with infection suffering from fever, there was marked
hypoferremia., In experimental animals, the fal; in plasma
iron was maximum at the height of fever, 24 hours after

the introduction of fnfection. In human volunteers each
injection of typhold vaccine wes followed by a paroxysm

of fever and profound fall in plasma iron. In rabbits in
whom sterile inflamation was produced by turpentine inject-
ion, rise in body temperature was followed by hypoferremia,
On the other hand, physical hyperthermia was unattended

by any reduction in plasma iron.

This would mean that the fall in plasma iron is not
due to a rise in body temperature per se, but may be due
to other associated factors which lack in physical hyper-
thermia, That hypoferremias is not secondary to rise in
body temperature is further suggested by the fact that
patients of infection without eny fever also showed a fall
in plasma iron; and in rabbits injected with turpentine,
when the temperature was at its height, plasma iron had

returned to normal.

Bendstrup (1953) demonstrated that fall in serum
iron in patients with chemically induced & fever was

greater‘than in those with physically induced fever.
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Accordingly, the hypoferremies occurred in various situa-
tions mentioned atove may be re_ated to the release of
xhw same chemical factor., Inflammation, both bacterisal
or gterile, are characterised by tissue damage which is
known to be ’associated vith rise in body temperature
(Roberts, 1954). For example, severe traumatic injury
and cardiac infarction are associated with fever. It is
significant in this respect that hypoferremia has been
described to accomrany both thetce conditions (Cartwright

end Wintrobe, 1952; Feldthusen and Lassen, 1954).

The mechanism responsible for fever in infection
is not understood. Recently, strong experimental evidence
has been put forward that endogenous pyrogen derived from
polymorphonuclear leucocytes in inflammatory exudates plays
a central role in the pathogenesis of many kinds of fever
(Wood, 1958). Presum:tly, some relationship might be exist -
ing between this pyrogen and hyroferremia seen in infec-

tions.

Another possibility is that both hyperthermiz and
hypoferremia may be the menifestation of systemic reaction
to infection and &s such, under the control of a common
regulastory mechanism, It has been shown that Axfx ACTH
can produce a2 fell in serum iron and that adrenels are
actively concerned in the production of hypoferremia

(Cartwright et al., 1951). Adreno-cortical hyperfunction
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induced by injeetion of ACTH was followed by hypofefremia
in retbits (Gupte and Kumar, 1930).

Patients with infection and experimentally infected
animals show hypoferremie and d=zcrease in the concentra-
tion of iron-binding protein. It hes teen observed that
hypoferremia develofps as early as 24 hours after the
experimentzl infection and in patients as early as 72 hours
after the onset of illness (Kumsr et al.,1958). Moreover,
it is known that intravenous adninistration of iron in
massive doses does not relieve the hypoferremies of infec-

tion (Kuhns et al., 1950).

It has been shown that in patients with infection
the rise in plasma iron following a standard dose orzlly
is very little as compared to normals (Brochner-Mortensen
ané¢ Stein, 1942; Buchmann, 1944; Cartwright et al,,1948;
Nilsson, 1948; Kumar et al., 1959). Feilure of plasma
iron to rise does not necessarily mean that its absorption
is impaired because 1t can as w21l happen when the rate
of removal of iron fror the plasma is accelerated., Lately,
however, it has been shown that in infections, the absorp-
tion of iron from the gastro-intestinal tract is consider-
ably diminished (Gubler et al., 1960). If it be edmitted
that iron absorption is impaired in infections, even then
it is unlikely that it ie¢ s major factor in the procduction

of hypoferremia of infection.
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It is known that the rate of removel of iron
from plasma is twice as rarid in patiente with infection
as in normal subjects (Cartwright et al., 1948; Kumar et
al., 1952). Thus, it éppears that the main fzetor respén-
sible for hypoferremia in infezxtion appears to he the

increzcs€d rate of iron removal from the plasma,

The mext question that arises is the site to which
iron ig traensferred from the plasma, There was no signi-
ficant increese In urinary iroa in petients with infection
(Kumar et 2l., 1959). Thus, urinary excretion is rulled
out. The work of Menkin (1930) and Menkin and Menkin(1931)
drew attention to an increased accumulstion of iron at the
gite of inflemmztion. But this pogsibility i¢ alsc ruled
out since it is not in agreement with many of the other
workers (Greenberg et al., 1947; Kuhns et al, 1950; Kumer
et al., 1959).

The iron content of liver, spleen and bone marrow is
considerably increased in infected animels (Kumer et 1.,
1959). Perhsps, the same takes place in human infection.
It sppears reasonabtle to suppose that increased amounts of
iron are deviated from the plessma to these tissues under
the influence of infection. It has teen suggested that the
functional activity as slso tke demand for iron of the
reticulo-endothelial cells is incre:csed in infection
(Vennotti and Delachaux, 1949; Cartwright et al., 1950),

and that in infections, iron may have some part to pley



426

in the defence of the organism (Vinnotti and Delachaux,
1949). It is, therefore, reasonable to speculate that
since the retlculo-endothelial system has a vital role to
play in the defence of the organism, increazsed amount of
iron may be required by this tissue under the influence of
infection,

In this context 1t has been shown that the blocking
of Reticulo-endothelial system results in hyperferremia(Cart-
wright et al.,1950). Kumar et al (1959) studied the role of
reticulo-endothelial system in the regulstion of plasma iron
and observed that the 'blockade' of H.E.System by injec-

tion of vital dye like Evans blue results in hyperferremia.

Since, it 1s generally recognised that vital dyes
'blockade' the R.E.system (Jungeblut and Berlot, 1926;Tuft,
1934; Gabrieli and Holmgren, 19£2), it appears reasonatble
to conclude that hyperferremia resulting from injections

of BEvans blue was due th the zecumulations of this dye
in macrophages. The rise in plesma iron may then be explein-
ed by agsuming that at least some portion of the non-haemo-
globin iron of blood,whether derived from ingested food or
normal hsemoglobin breakdown,is deviated to the R.E.cells
under normal physiological conditions.Loading of these cells
with Evans blue resulted in failure to accept iron and hypegse-
rremia followed as a sequence,S:milar finding has been repo-

rted to follow the injection of colloidal thorium dioxide

( Cartwtight et al.,1950).
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It has besn shown that ‘blockade' of R.E.system
by vitel dyes does depress its capaclity to phagocyto-
se the bacteriz and particulate metter (Gay, 1930-31),
abrogate the animal resistence to tumour implants and
metesteses (Foulds, 1932; Spphir and Appel, 1943; Ghosh,
1957) and impeir its antibody-forming function (Issacs,
1925; Roberts, 1929; Tuft, 1934). The role of these
cells in normeal iron metsbolism in the form of haemoglo-
bin breakdown and formetion of bile pigments and haemo-
siderin asppears well esteblishad (Florey and Gowans,1958).
It is, therefore, reazsonable t> assume that hyperferremia
observed to follow the 'blockade' of R.E. system may also

be due to the depression in its functional activity.

It was further observed that previous injection
of Evens blue abolished the hypoferremic effect of tur-
pentine injecction which acts ty producing sterile inflemm-
ation., This would imply that zhe drop in plasma iron under
the influence of turpentine is brought atout by an increase
in the transfer of iron from p_asma to R.E. cells. Possibly,
a2 similar mechanism operates in infections. 4n increese
in the iron content of tissues =rich in H.E. cells e.g.
Spleen liver and bone-marrow o animals subjected to

experimental infection has already been referred to.

It is true thst R.E, ce_ls utilise iron far their

function, and their need for iron would grow in conditions
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associated with increased R.E.Cell activity., It has been

suggested that R.E. system is of vital importesnce in the
promotion and maintenance of body well-being in pathologic
states (Bogomoletz, 1943)., Since R.E. cells are concerned
in the defence mechanism of an crganism and since iron is
an important constituent of cellulaxr enzymes, these cells
ere likely to require more ironm for an inrrease in their
function consequent to infection. As such, large amount of
iron may be deviated to these cells resulting in low plasma
iron levels in infectioys diseases. The failure to induce
hypoferremia by experimental inflammation in rabbits with
'blocked' R.E. system (vide supre) lends support to this

hypothesis.

It has been shown that hypoferremia is not a gpecific
systemic reaction of an individual to infection but widely
divergent stimuli such as, electric shock and operzative
trauma also produce hypoferremia (Gupte et al., 1960). Hypo-
ferremie has also been reported to occur after injections
of turpentine and typhoid vaccine (Gupta et al., 1960), and
in patients with coronary occdlusion and traumatic injuries
(Feldthusen and La:sen, 1954). Adreno-cortical hyperfunc-
tion induced by injection of ACTH was followed by a signifi-
cant fall in plasma iron in ddgs (Cartwright et al.,1951)
and in rebbits (Gupta et al., 1980). Furthermore, accompani-
ment of eosinopoenia with hypoferremiz in patients sukbjected
to operative stress is suggestive of an associated adreno-

cortical hyperactivity (Gupta et al., 1960).
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From these observations, Zt is clear that certain
conditions, although clinically quite unrelated, show
hypoferremia as a common blochemical change. Whether
there is a single or multiple factors responsible for
this alteration common to a variety of divergent stimuli
ie not known. All the conditions mentioned above produce
a state of dilstress in the organism. It appears likely that
"stress" caused by these stimuli is in some way concerned
" in the production of hypoferremia, It is note-worthy in
this context that hypoferremies has been reported to occur
in associatgion with general adaptation syndrome (Selye,
19680). Whether this change 1is brought about by an increzs-
ed activity of the reticulo-endothelial system, or adrensal
cortex, or through an entirely different mecheniesm cannot

be definltely stated.

Whe ther hypoferremia in infections and other condi-
tions is Influenced by adreno-cor tical hyperactivity cannet
e inferred from thkese observations. Nevertheless, the
accompaniment of ecsinopoenia with hypoferremia in patients
subjected to operative stress lends some support to the view
that there 1s possibly an increase in the adreno-cortical

activity.

HOOKWORM ANAEMIA

The blood picture and clinical state in hookworm

ansemia possess all the charzscteristics of iron deficiency
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anaemia and the anaemia can be ~elieved by the administra-
139

tion of iron. The findings and results of the present

study are in agreement with this in toto,

Erulkar et al opined that, in some casesx of anky-
lostomiasis, the znaemla was megzloblastiec and resembled
pernicious anzemis. It may be emphasiséd that this opinion
was not based upon the marrow biopsy, but on high values
(more than 1) for colour index and the presence of 'megalo-
blast' in the peripheral blood smear. Daftary and Bhende
(1956) suggested that ankylostomiasis, per se, does not.
produce a megaloblastic ansemia, but megaloHastic marrow
may be found in complicated cases i.e. in cases of megalo-

blastic anaemia compliceated by superadded hookworm infection.

It is generally believed that specific anthelmintic
treatment should not be started if the haemoglobin 1s below
30%. In such a case, ansemia shkould be treated first with
iron and after the haemoglobin rises above 50 per cent,

specific anthelmintic should be given.

In our past experience, kowever, the use of tetra-
chlorethylene for treating the uncomplicated cases of anky-
lostomiasis associated with even severe anaemia did not
give rise to any significant toxicity. Moreover, patients
with haemoglobin as low as 1.5 gm. per 100 ml. of blood,
massive edema and cardiac failure have been given the full

dose of the drug without untoward happenings.33 Parekh and
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Rane (1958) observed that some cases of hookworm infec-
tion do not give haematological response to iron therapy
unless prior deworming is carried out.95 This might
presumably be due to the amount of blood loss and iron
loss associated with hoogkworm infection (Chapter 8).
Lane (1937) suggested that continued infestation does not

allow the haemoglobin figure to be maintained at a normal

level.133

Thus, "prior deworming" Zs not only safe and advan-
tageous but also is a 'must' to prevent iron loss which
is a very important consideration in a comparative clini-
cal therapeutic trial of two different iron pfeparations
liks this, because then and then only, it is possible to
give full justice to the«comparison of the haematological
responses obtained after the administration of respective

iron compounds.

It was, therefore, decided to carry out deworming
as well as to confirm complete irradication of parasites
BEFCORE sterting the iron therapy i.e. before commencing the
actual comparative clinical kkx trial of Ferrous Sulphate

and Ferrous Fumarate,

Tetr achglorethylene (Clg:C = C : Clg) is now the
drug of choice for the treatment of hockworm as it 1is
safe, effective and cheap, It is not absorted to any

sppreciable extent except in the presence of fats or alcohel.
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It is non-toxic in anthelmintic doses.

Millions of patients, many of them anaemic and
cachectic, have been treated with thig drug. The several
reports of untoward effects of tetrachlorethylene relate
to neusea, drowsiness, giddiness and headache. The only
repor.ted death was in an extremely debilitated and emaci-
ated beggar in Indias. Carr and his associates reported
the administration of 591,000 hookworm treatments with
tetrachlorethylene without untowvard effects other than
occaggonal giddinesgs end drowsiness.33 No untoward effects
have been observed in the present series too, inspite of
the fact that the drug was administered to patients with

low haemoglobin level (3-6 gm. per cent).

It aﬁ Ascaris infection —s present with the hook-
WOIms, Ascaris should be removed by piperazine before the
hockworm treatment is given, bedause tetrachlorethylene
may stimulate Ascaris to mlgrate or produce intestinal

obstruction.42 This point is o great practical importznce,

LETIOLOGY OF IRON DEFICIENCY
ANAEMZ A

As regards the aetiology of iron deficiency anaemia,
it can be seen that the incidence of ankylostomiasis in
the present series 1s cent per cent, besides the associated

factors like deficiencies of diet and multiple pregnancies.



433

Rightly says Manson-Bahr,86 "I am one of those who are
in mild disagreement with some moéern high-powered haema-
tologists who would ascribe most forms of anaemia in the
tropies to dietetic ceuses, thereby trying to debunk

the role of ankylostome (and the subtertian malarial

- L]
parasites) as the main causes.

There is no doubt that there is a racial factor.
The Fijians, who are heavily infected with hooRworms
(27.8 per cent) seldom if ever, suffer from anasemia, and
this hes been wzmai verified by Wills and Bell. On the
other hand, the Indians who are domiciled in Fiji frequen-

tly suffer from anaemia.

It has been suggested that each worm is capable
of drawing about 0.€7 ml. of blood and in heavy infec-
tions such daily wlthdrawal of bBlood by a large number
of parasites over a prolonged period would be sufficient
to cause anaemia, Darling estimated that 1 per cent haemo-

globin can be lost per one dogzer. of worms.35

Roche et al (1957) estimzted that the average loss
of blood by the host, per hookwcrm per day is 0,2 m1. 35
It is true that Ankylostoma censumes more kizmik blood than

5
51 .ng Fe

33
ax Necator. Layrisse et al. (1961) using Cr
marked red cells found that the blood loss per day in the
stools varied from 2 to 250 ml. in rough proportion to

133
the severity of infestation, Roche et al (1959)estimated
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the intestinal iron loss and reabsorption and found
that considerable amount of iron was‘reabsorbed from the
blood lost in intestinal tract, but the net losswas sub-

stantial nevertheless.llz

At one time the view was widely held that hookworm
anaemia is due to the elaboration of a toxin. No such
mysterious concept is necessary becauge there is no evidence
that the parasite produces a haemolysin or that intravascu-

33
lar heemolysis plays any part in the production of anaem%a.

As regards malaria, the present anti-larval and
hygienic measures have been So widely applied, aided by
the much improved methods of drugs prophylaxis and treat-
ment, that a state of affalrs has been created where the
malarigl anaemia, which was so common previously, exists no

more.,

The role of the skin as an additional and important
channel for iron loss in relation to iron deficiency anae-
mia has not received as much attenticn as the problem
deserves, Hussain et al. (1960) suggested that this could
Be one of the etiological factcrs in the widespread preva-

lence of iron deficiency anaemies in the tropics.

The dermal loss of iron can occur through insensi-
ble perspiration as well as thrcugh active sweating. A pro-

per appreciation of the excretary role of the skin 1is
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importent in balance studies ia which intake and output
of iron are determined particulerly in tropical climates

in which sweating occurs normally.

Active sweating is accompanied by desquamation of
the superficlial Zayers of epid=rmal cells and hence sweat
always contains epithelial debris. Thus, the major por-
tion of the loss of iron is primarily associated with

desquamztiocn probably of cell lining the sweat glands.

Different investigators have found different figures
for iron excretion in sweat, tae discrepancy between the
results being due to the different techniques employed
for iron estimation. Mitchell and Hamilton (1949) and
Adams, Leslie and Levin (1950), found that the loss of
iron in 'cell rich' sweat was 2igh amounting to over 6
mg. per dey although according to latter esuthors ‘cell

free' sweat contained negligible amounts of iron.

Johnson, Mx@x Mc Millan and Evans (1950) found the
iron losses amounting to 0.04 to 0,12 mg. per hour in
conditions of profuse sweating. Foy and Kandi (1957)
feund the iron losses amountinz to 0.3 to 6.0 mg. iron
per litre in 'cell rich' sveat and 0.1 to 0.2 mg. iron

per litre in ‘cell free' sweat.

Hussain et al (1960) found the iron losses amount-
ing to 0,63 to 1.88 mg. wita a mean of 1.15 mg. iron

per litre of 'ce’l rich' sweat and 0.15 to 0.53
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mg. with a mean of 0.34 mg, iron per litre of 'cell free'
sweat., Even assuming that these values were representative
for Indians, as much as 15 mg. of iron can be lost per day
under conditions of maximal sweating.e4 Although the

amount of iron in ‘'cell free' sweat is coﬁsiderably less then
that in 'cell rich' sweat, it also might assume great
significance in the tropical hos humid climate where people
may sweat profusely to the extent of 2 to 11 litres per day
(Kuno, 1934).

India lies partly in the tropics and partly in the
subtropics with extreme variations in climates. In the’
plains of India sweating is a common occurrence during
sumrer and more so in times of high humidity. There are
regions where hot and humid clinate prevails throughout the
best part of the year. It is in these regions that losses

of iron through sweat are expeczed to be appreciable.

Thus, it 1s clear that the dermal loss of iron can
be one of the possible contribuiory fectors in the genesis

of 1ron deficlency anaemis in the tropics.

Another important etiologicel factor for iron defi-
ciency ansgemia seems to be the consumption of salicylate
compounds.Cases of "Sallcylate fnaemia' have been studied
end recorded by Summerskill and Alvarez (1958). Habitually

heavy consumption of salicylatez for headaches had wasx
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cofiincided with the onset enc¢ the subsequent course of
the anasemia in such petients., Occult bleeding from
gaestro~intestinal tract wes deronstrated during contro-
periods
lled/of salicylate medication., After salicylate consum-
ption had been greétly reduced, anaemia did not recur

during the follow up periods.

The possible causes of tleeding after salicylates
include erosive or haemorrhagic gastritis (Douthwhite and
Lintott, 1938; Muir and Cossar, 1955), but acute lesions
can also occur lower in the gactro-intestinel tract,
Patients with chronic peptic ulcer or previous dyspepsis
are particulerly prone to massive hezemorrhage (Muir ang
Cossar, 1955; Alverez and Summerskill, 1958), perhaps
because more severe lesionsg, result from increased scid-
pepsin production by the stomach or impaired mucosal
resistence, but cccult bleeding apparently occurs equally
in all groups of patients (Alvarez and Summerskill,1958).
Moreover, the use of soluble aspirin faile to eliminate
the risk of massive or occult gastro-intestinal bleeding

(Alvarez and Summer skill, 1958;.

The incidence of ansemia due tc occult bleeding
can occur from galicylates 1s unpredictably, but both
salicylate consumption and iron deficiency anaemia are
comron, Two factors are probatbtly importent,and btoth
might contritute to the developument of ansemia. The risk
is likely to be related to the amount of salicylates
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consumed, and it woulé therefore be greatest in patients
with long-stending painful disabilities such &s, headache
or musculoskeletal disorders. In addition, anaemia may
develop more readily under these circumstences in patients
with pre-existing impeirment of iron absorption or utili-

sation,

Izak et al (1962) suggested the possibility that
salicylates, in addition to their effect on the mucous
membranes cf gastro-intestinal tract, might otherwise inter-
fere with the metebolism of iron, They, therefore, studied
the iron metatolism ty estimating serum iron during sali-
cylate administretibn and found that the most immediate
and constant result of the saliecylate administrestion (3-4
gm., of Aspirin per day) was a drop in serum iron. However,
a considerable verietion appeared to exist both in the
time of onget and the magnitude of this drop. The decrease
in the average values before and during zdministration
ranged from 11 - 61 per centi The maximum drop ranged
from 35 to 78 per cent of the original serum iron concen=-
tration. The drop started to occur on 2nd to 7th day and
became maximal on #M® 9th to 3€th day after the aéministra-
tion of aspirin was instituted. After the salicylate
administretion was discontinmed, the serum iron rose
again in almost all the cases. Besides the feall in

serum iron, most of the patients in whom these studies
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were carried out showed & decrease in hsemoglobin,
haemztocrit and red cell survival time., These change566

are shown in the following table:

TALBLE NO, 47

AVERAGE VALU=S FOR SERUM IRON, HAEMOGLOEBIN AND
HAEMATOCRIT BEF(RE, DURING AND AFTER
SALICYLATE ADMINISTRATION

Case Sex Serum iron  Haemoglotin Heematocrit

No. r% gm
1 Male 110-€2-85  15.1-14.9-14.8 47-4€-45
2 Male 1£3-82 14.8-15.2 47-48
3 Male 126-82-109 14.1-13.8-14.2 47-43-47
4 Male 89-79-84 15.2-14,7-14.7 48-46-44

5 Female 183-72-79  13.€-12,7-12.4 44-41-41
6 Male 90-60-66 14.7-14,3-14.0 47-45-42
7 Male 138-98-88 14,0-13.1-12.5 43-42-41
8 Female 140-55-86 15-12.2-11.9 4€-40-41]
9 Female 119-89 14.2-13.2 4442

10 Male 71-38 12.4~12.0 41,40

11 Female €3-45-4€ 12.2-11.2-11.0 42-38-37

The disgnosis in these cases was as follows:

Cese No. - Diagnosis

1,2 Normal

3 Diverticulosis Golon
4,5,6 Zggsential hypertension

7 Atherosclerosis

8 Rheumetic heart disease

9 Neurofibroma of Cauda equina
10 Pheumatoid arthritis

11 . Usteocarthrosis of spine
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Since the amount of blood lost through the gastro-
intestinal tract (sbout 3 ml. pzr day) was not sufficient
to explain the hypoferremiz and anaemia observed, the
possibility must be considered that the bleeding may have
contributed to the decrease in circulating heemoglobin in
these patients during salicylatz administration. The
combination of blood loss and iacreased red cell destruct-
ion may account for the ansemia which developed following

salicylate administrstion.

These observations form an additional indicetion
that the prescripfion of even & common and apparently
innocuous compound may have mor2 profound effects on the
body economy than km is generally realised. Moreover,
the multiplicity of salicylate 2ompounds reeadily avsll-
atle to the putlic under different nemes, and the diffi.
culty of finding equelly effective non-salicylate analg-
esies, often results in self-medicetion with sallcylates.
These condiderations stress the impoartance of elici%ing
a detailed history regarding prescribed therapy and self-
medication, particularly in patients with iron deficieney
anesemia and in subjects to be selected for serum iron

estimation studies, as has been done in the present study.

Among the several factors which interfere with the
digestion and absorption of food iron, the phytic acid and
phytate content of the diet are importent. The normal

Indian diet is based upon cereals and pulses which form
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the principal sources of phytate. Foy and Kondi (1957)
stated that the normal Indiah diets contain approximately
1000 mg. P in the form of inorganic phosphate and 1000
mg. as phytin phosphate and ws=mfizk concluded that with all
probebility the iron would be precivitated either as

insoluble phytate or phosphate.

Hussain and Patwardhen (1959) found thet when the
diletary iron intake was kept constant at 22 mg. per Jay,
the average iron absorption at 8 per cent level of phytate
was much greater than that at 40 per cent level of

phytate. This has been showfn -n the following tatle :

TABLE NO, 48
IRON ABSORPTION ON LOW AND HIGHE PHYTATE DIETS

Dietary Phytate Iron Intake 1Iron in Faeces Iron absor-

per cent mg. mg. ption mg.
8 22 18,€2 + 2.48
40 22 21,10 + 0.173

Apte and Venkatachalam (1962) kept the usual
phytate content of the cereal diet constant at 40 per cent
levelyand observed th:st ac intake of 11.7 mg. of 1lron per
day is insufficient to meet the daily requirements; that

an intake of 1€.43 mg. of iron per day is Jjust sufficient
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because the subjects remein in a delicate balance with
regard to their iron need; and that an inteke of 21.55
mg. of iron is sufficient because about 30 per cent of the
intake is absorbed producing a distinct positive iron

balance. This has been shown in the following table :

TABLE NO, 49

IRCN ABSCORPTIUN AT THREE DIFFERENT LEVELS
OF IRON INTAKE

Dietary Iron Intake Iron in Iron Absorption
phytate mg. Feeces mg.
per cent mg.

40 11.72 12.52 - 0.80

40 16.43 16.04 + 0.39

40 21.585 14.55 + 7.10

Thus, ingpite of normal diet and dietary intake
of iron, the poor absorption cf iron from the intestime
fremxkha due to high phytate content, and especially
so in the vegetarian diet, can play an important role in

the genesls of iron deficiency ansemia,

The importance of the rLydrochloric acid of the
gastric juice has been the sutject of debéte since long

and there are many conflicting observations:?
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(2) An acidity has little or no effect on the
absorption of iron in Sherapeutic doses £®x
(Fowler and Barer, 1937), and the addition of
HCl in therapeutic doses does not affect absorp-

94
tion.

(b) Achlorhydria does not usually influence the
response to theragpeutic doses of iron. Neverthe-
less, it may well have a significant and adverse

effect on absorption of dietary iron.26

(e) Modre and Dubach (1951, have shown that the amount
of radio-active iron absorbed was not influenced
by the presence or absence of acid. Other workers
have reported findings contrary to this.105
These and many other conflicting observetions can

be resolved if one assumes that the fzecilitation of iron
absorption attributed to the normal acid secretion of
gtomach is real but, neverthelegs, relatively unimpor tent
under normel clrcumstences. However, when the requirement
of iron becomesg relafively high, the presence of free
hydrochloric acid may be impoartant in making addifional
dietary iron available for absorption. Thus, hydrochlo-
ric acid 1s only of minor importance except perhaps where
iron requirements are high and therefore even minor
fectors may be significeant. Although it is true that many

normal individuzls can be found who have achlorhydria
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and yet show no anzemia and inspite of the fact that

iron deficiency is uncommon in pernicious angemia where
achlorhydria is cheracteristic, it ig¢ noteworthy that
chronic hypochromic asnsemis is not ususual in men follow-
ing gastrectomy even though this type of anaemia is rare
in the male sex otherwise. Hypochromic microeytic anse-
miais more common following this operation than macro-
cytic anaemia both in man and in experimental animals.
Such animals were found to be particularly prone to

develop ansemia during pregnancy.

It appears that achlorfydria alone will rarely
cause iron deficiency but, when other factors are contri-
tuting to the development of iron deficiency and, in
consequence, ircn recuirements are increased, the handi-

cap of achlorhydria may be of some importence,

The effect of a single hasemorrhage, even if
severe, is transitary in 2 normal individuel with zdequate
iron stores. Compensatory blood dilution occurs, the '
marrow 1s stimulated to a higler level of erythropoiesis,
and the iron stores are mobilised. In a few days, enhanc=~
ed erythropoiegis and haemoglcbin formation reach a peak
and many young c2lls appear in the blood. In a few weeks
the haemoglobin level is agein normal and erythropoietic
activity déclines. R Recovery is complete, although the

slow replacement of iron stores may require months and years.
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Repeated blood losses soon lead to exhaustion
of the iron stores. In the absence of treatment, a
precarious balance may then be established. Intestinal
iron absorption is increased, iron transport is acceler-
ated and total haemoglobin formation may rise. Neverthe-
less, the amount of heemoglobin formed ig insufficient to
meet the increased¢ demand. As the condition progresses,
the marrow eventually becomes hypoplastic. Without treat-
ment, such patients can go on for a long time with an
extreme degree of anaemia. Gradually, iron-protein
conjugates (iron enzgymes and myoglobin: are affected.
Undoubtedly, all cells suffer and particularly those which

divide freguently.

In men, iron deficiency anaemia has been regarded
by many authorities ag as invar_ably the result of patho-
logical blood loss. The practical worth of this point is
undisputed and a search should always be made for the
lesion. Nevertheless, experimnce indicates that in males,
even 'Idiopathic' hypochromic anaemia not due to blood
loss does occur., This view has been suppor ted by the find-
ingsof Bhatt (195¢). The cause nay be difficult to iden-
tify. A considerable proportion of cases show achlorhy-
dria, ihadequate infake or defective absorption of iron
(even when the patient is taking a normal diet), chronic
infection, excessive ddrmal loss of iron or salicylate

administration, singly or in multiplicity, may be responsible.
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INVESTIGATI ONS

Greater justificection for iron therapy is provided
by clinicel evidence of iron dzficiency and more exten-
sive laboratory investigstion, Kollonychia is by far the
most reliable clinicsl indicstion of iron deficienecy. It
is not a feature of other types of aneemia such as perni-
cious ansemia. A combination of dysphagiz aznd glossitis
is a prohable indication of iron lack but is nog2§§%§g£
tc be useful as a general guidz., Glossitis and merginal

anaemia
stomatitis may occur in associztion with hypoechromic /tut
are not reliable evidences of the cause of anaemia as

they often occur in anaemias such as, pernicious ansemie

when there is no iron deficienzy whatsoever.

The simpliest laborctory evidence on which iron
deficiency anzemia can be postilated is the estimetion of
hsemoglokin and the examinztion of the blood smear. Red
cell counts are _ieble to considersble error and perticu-
larly so in the hands of those without experience, where-
as the smear has the adventage of allowing scrutiny of
the red cells (slize, shape end filling of haemoglobin),
and the morphology of the gk walte cells.

It is now generally acczpted that because of the
gross inherent errors, erythrozyte counts do not serve

a useful purpose. Statistical analyses indicate that the
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probable minimum error of red cell counts is + 7.8 per
cent, even in the hands of treined technicians.137
According to Todd et al., this is true for only 6€ per

cent observetions.125

The colour index is only a crude indication as this
index depends upon the cell count and haemoglobin ccntent.
This limitation in the value of colour index is not yet well
recogniséd in general practice end the index may be entirely

misleading.68

These considerastions lead to question the useful-
ness of indices like M.C.V. and M.C.H. which are based
upon the erythrocyte count. Since the red cell count is
so often in error, gross inaccuracies may occur in the de-
termination of M,C.V. Briggs and Macmillan24 concluded
that the probatle minimum error is 7 to © per cent. One
can go even further and say thst in some hands the calcula-

137
tion of M.C.V. is worthless, ani can be misleading.

As compared to M.C.V. ani M.C.H., M.C.H.C, is muck
more reliable as it dées not desend upon the erythrocyte
count but is calculated from the haemoglotin and P.C.V.,
both of which have low 32 statistical errors. The absoluﬁe
value of M.C.H.C. is very vzlueble in deciding the deficit
of iron, and this it a helpful guide for iron therapy?slt

may be segid that, inspite of all these drawbacks, the
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indices are definitely useful as a guide for the further
investigations and should, therefore, be calculated in

all cases of anaemisa.

Verghese et al. (1959) observed that there is a
close correlation between the lraemoglobin level and and
corresponding M.C,H.C. in an urcomplicated case of iron
deficlency anasemia. The results of the present study are
also in agreement with this observation. To a certain
extent,the rise in M.C.H,C. 18 directly proportional to
the increase in hsemoglobin on iron therapy. A digpro-
portionate rise of MCH.C. to normal in rel:tion to the
heemoglobin velue 1s an 1ndicétion to search for any
complicating fector. There are, however, certezin falla-
cies, If the initial haemoglotin is below 4 gm., the
error of the calculated M.C.H.C. is high,and hence the
need for repetation of bBlood examination, Also, there is
a change in the M.C.H.C. when & severe cese of anaemis is
under bed rest, possibly due to ke changes in the blood
volume. So it is advisable to repeat the blood examina-
tion three to four days after the admission and before

commencing the iron therapy.

Undoubtedly, in 2ll instances, whether the technique
is beyond critism or where it is only mediocre, the exa-
mination of the blood smear by the physician himself is

extremely important.137 In this way gross errors are not
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likely to pass unnoticed and a visual picture of the tlood

morphology can be obtained. In addition, sometimes import-
informetion

ant/may have been overlooked by persons less directly int-

erested in the patient.

An incresse in the percentage of reticulocytes is
the earliest noteworthy effect on the blood. Their enume-
ration affords a simple and valunable method of determining
the effectiveness of therapy. Ihe total number of reticu-
locytes which are relezsed from the bone marrow followlng
the treatment appeers to be related dire¢tly to the degree
of bone marrow involvement. Th2 gpeed with which they are
relezsed depends on the amount of effective anti-anaemic
substance adminiszcred,and the repidity with which it rea-
ches the merrow. Thus, when an average therapeutic dose
is given daily, the reticulocyt2s will usually begin to
increase in number atout 3 to 5 days after the commencement
of treatment and a maximum percentage will be reached on

the Sth to 12th day.13®

If a massive dose 1s administered, the reticulocyte
response. may commence in 48 hours and reach a maximum in
104 to 140 hours. The height of the reticulocyte curve
depends on the degree of anaemiz, varying inversely with
the number of red corpusZcles and the speed of the

138
response.

There are two methods of comparing the reticulocyte

response abtained after the administration of two different
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iron preperetions :

(2) To find out the actual =ise of reticulocytes
(i.e. Peak - initial) and then to compare the

two figures as is done in this study.

(b) Direct comparison of peak (irrespective of the
initiel reticulocyte count). This comparison may
not be accurzte since iz depends upon the initial

reticulocyte count.

Leucocyte count was carried out in each case, pri-
marily to rule out the presence of infection by excluding
leutocytosis, and to find out the presence and extent of
cosinophilia In ceses of ankylostomiasis. It was also done
in each case to wee whether a reduction in R.B.C. count
affected the W.B.C. count. The results showed that every
case of severe anaemia is not necessarily associated with

leucopenia.

The platelet count has Seen found to be at the lower
limit of the normzl range in most of the patients of iron
deficiency anaemiz, or even slghtly reduced in some of the

patients.

The range of serum proteins obtained in the present
series is 3.3 to 5.5 gm. per cent as against the normal

range of € to 8 gm. per cent, Thus, the serum protein
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estimations revealed the preserce of v:rying degree
of hypoproteinemia in all thez cases. In accordance with
this, a history of poor diet wes also present in all the

cages,

In recent years, the view that concentration of
protein in the blood is a satisfactoary evidence of the
nutritional status of an individual is challenged by
Pollack, Halpern and Keys. Equelly significant is the
experimental data of Whipple, thet albumin is formed main-
ly from aminoacids of animal origin whereas globulin is
formed mainly from amino-zcids of vegetable origin.leThese
findings, along with the consideration that, even the non-
vegetarian hospital class mx of patients, as observed in
this series, are in reality taking vegetable products in
greater amounts than the non-vegetarian products, probably
explains Woodruff's (1950) observation that in cases of ‘
anaemia associated with Hypoprcteinemia, the albumin frac-
tion is reduced and globulin frection is increased as

- cempared with the normal velues, 140

Though there 1s sufficient evidence to show that the
concentration of proteins in tre blood cannot be taken as
a satisfactory index of nutritional status, the fact that
the protein pattern of the blood is affected by the nature

of the diet, gives significance evidence to show that the
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nutritional status influences the blood protein pattern,
and indirectlythe total protein concentration., Analysis
of the results obtained by various workers also lends proof

to this latter fact (Best and 7aidya, 1959).

In an attempt to establish the corelation between
edema, anaemia ard hypoproteinemiz, it is found thsat
edema is neither related direczly to the severity of
anzemia nor it ic related directly to the severity of
hypoproteinemia. All cases of anaemia with associated

hypoproteinemia do not necessarily show edema.

It is well-known that the edema often complicates
malnutrition, but its patﬁogenesis is not clearly under-
stood. Starling's classical concept whereby physico-
chemical alterations resulting from the changes in the
plasma proteins were held responsible for the production
of edema is now recognised as _nedequate. Gopalan(1250)
observed increcsed excretion of an antidiuretic substance
in the urine of such patients with nutritional edema and
oliguria. The response of such patients to a water-lozd
was impaired, and so was that of leboratory animals on low
protein diets (Gopalan and Ramnathan, 1957; Dicker et al.,
1946)., Normal ke liver was shown to be capable of inacti-
vating the posterior-pituitary anti-diuretic hormone
(Eversole et al., 1949), and this capacity was found to be

impaired by low-protein diets .Birnie, 1950; Gopalan et al.,
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1953). Profound structuresl and functional changes are
known to take place in the liver as a result of malnutri-
tion and edema is often an asso:xiated factor. On the
basis of these observations a tentative hypothesis to
explain the pathogenesis of edema was put forward by

Gopzlan and Venkatachalam (1952} and Gopalan (1955).

Baez et al., (1950) showed that the iron-protein
complex ferritin can,under certain circumstances, stimulate
posterior pituitary and'thereby exert a considerable anti-
diuretic effect, Ferritin is s-ored mainly in the liver
and spleen. These organs, under certeiny conditions,
release measurable amounts of ferritin into the circulation.
It is interesting to note in th's context that the presence
of ferritin in the blood has been reported in some e¢lini-
cal conditions, such as, congestime cerdiac failure, toxae-
mia of pregnancy, cirrhosis of Ziver, nephrotic syndrome
(Shorr et al., 1950), and in nutritional edema (Srikantia,
1958) , which are all characterised by periods of oliguria
and altered water metabolism. In the last-mentioned con-
dition, the ferritin disappears from the blood after nutri-

tional therapy.l20

The presence of ferritin in tlood at a stage when
oliguria and edemZa are conspicuous in patients with edema
associzted with hypoproteinemia, and its disappearance after

nutritional therapy, appear cignificant. Thus, it appears
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that there exists a causal relationghip between ferriti-
ngemia and antidiuresis. It is, therefore, reasonable

to postulate that hypoproteinemia releases ferritin from
the damaged liver into the circuvlation which in turn sti-
mulates posterior pituitary to releasé anti-diuretic
hormone, thus resulting in flui¢ retention and subsecuent

edema.

As regards the urine examination, no atnormezlity
was detected inspite of the fact that a special care was

exerciced not to miss the microscopic haematuria,

Stool examinztionof all the patients revealed the
presence of hooxworm ova, thus presenting a high incidence,
as almost all the patients came from the poor class of
populetion., Most of these pztients were labourers in farm

with a definite history of barefootedness.

In 40 cases of this series under study, all had
hookworm infestation. Out of these 40 cases, 12 cases(30
per cent) gave the occult blood test positive and € casés
(15 per cent) showed the presence of Gharcot-Leyden crys-
tals. . Verghese et al. (1960) studied 32 cases, out of
which 23 cased(atout 70 per cent) had hookworm infestation
and out of these 23 rases, 12 cases (aktout 50 per cent)
gave the occult blood test positive.128 In order to prevent

false positive Benzidine test all the precautlonary measures
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were taken (Page 198). That the test was not false posi-
tive was further confirmed by the presence of plenty of

R,B.Cs.in all the cases which gave positive benzidine test.

As described earlier, the stool in each case was
examined by simple method and 17 necessary by concentration
method (Brine Flotation Technique). This technique was
first introduced by Bass in 190€ and was modified by Kofoid-

Barber Brine in 1918.36

In most of the cases, direct wet prepsration could
reveal the presence of hookworm ova but whenever it used
to fail to do soy Brine flotation technique geve the posi-
tive results., Hence the direct wet preparation along with
the Brime flotaticn technique may be used for obtaining
best results for the detection of the helminthie ova. 1In
this connection, it may be added that these results compare
well with those of Shrivastav (1954), Vaishnav and 3hende
(1955), and Achérya, Amin and Sayed (1959). Acharya et al
(loc.cit.) have concluded that she Brine flotztion techni-
gue 1s the best method for concentrating the helminthiec

ova.l

~

The microscopic examination of stool for hookworm
is a time-consuming affair for -he repid surveys. This
can be easily overcome by the specific intradermal test

which consists of intradermal injection of specific
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antigen. Thedefect of the microscopic examinstion of
feeces for the diagnosis was realised by Hall (1911) ,who
stated that it consumed time, caused strain on the eyes
and needed much mental concentration.lol No §ne with
experience in this type of work will deny that the exzamin-
ation of a number of negative slides causes more strain to
the mind and eyes than the examinastion of a similar number

of positive ones.

The intradermal test, begides being quick and easy,
has another advantage that field hoockworm surveys in rursl
areas in India, for which special organisation for collec-
tion and miscropic examinstion of stools is needed, can
be carried out by a trained technician in the villazge it-
self. The assessment of the prevalence of hockworm infec-
tion in the xmei rural populezstion is a good index of soil
pollution and should be frequer.tly used to evaluafe the
environment sanitation programme for the proper disposal
of human excreta which is an Important measure for the

prevention of ankylostomiasis, which is so widely prevelent.

When relisble lsboratory support is avellatle,
there is little difficulty in meking a “iagnosis of iron
deficiency anaemia. A microecytic hypochromic pilcture seen
in the st¥esined smesr is supported by a2 colour index below
normel, a meen corpuscular volume below 80 cu and a mean

corpuscular haemoglobin concentration under 30 per cent.
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True iron deficiency anaemia is confirmed by estimeting
the serum iron and iron-tinding capacity of the serum and
elso by cerrying out the oral iron absorption test.
Besides this, iron therapy is also & diagnostic and

therepeutic test.

In the great majority of cases, however, hsemoglo-
bin deficiency is a menifestation of true iron deficiency

and it is customary and justifiatle to prescribe ironm.

IRON THIRAPY

Until recent yeers, the only practicable route for
iron administration was by mouth, and it is still the xoute
of choice in the great majority of ceses. The most
commonly used iron preperations are ferrous sulphate and
ferric ammonium citrate, and the respective daily doses
commonly employed zre 9 greins (0.55 gm.) and 90 greins
(€.0 gw.). The choice of prepzration is a matter of con-
venience and tolerance. Ferroias sulphate is more conveni-
ent, does not gstain the teeth, and is cheaper than the
ferric salts. Therapeutic doszs of either of these pre-
parations may induce epigastric pain, vomiting end
diarrhesa.

The practicstility of iatravenous injections of

saccharated iron oxide was first demonstrated in 1949,
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The initiel populerity achieved ty this form of treat-
ment might be regarded as indiccting its velue and safety,
but subsequent experience has shown that 1t was somewhat
over-rated. The efficiency of the treatment is  undis-
puted, but indicetions for its use are rare. Furthermore,
intravenous iron preperations are expensive, troubleéome
to administer, and may causge pain at the site of injection
and generalised toxic symptoms, such as, pyrexia, palpita-
tion, vomiting, taechycardia, severe lumber pain and even

a stete of collapce.

There 1s every posgsibility that the treatment by
the intramusculer route will supersede the intravenous
administration. The introduction of an iron-dextren com-
pound for intramusculer injection has removed many of the
objections to the parentersl therespy. Of course, the need
for such treatment is unsaltercd, but the low incidence of
unfavour eble reactions has allowed its administration as a
metter of convenience when the Intravenous prepereation
would not be used. Asg a rule, the intramusculsr injection
cauges only eglight discomfort. Local steining of the skin -
may result, especizally 1f the injection is given too
superficial, The staining may teke several days to arpear
and it may do so at some distence from the injection site,

its passage teing elong the fascial plenes.

There 1¢ no doutt that the iron given by the paren-

teresl routeis efficiently utilised for haemoglotin synthesis,
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In uncomplicated cases of iron deficiency anzemisz, the
rise in hzemoglotin which follows treatgment often exceeds
1 per cent per day. It is algo establiched that very
little of the administered iron is excreted, even if there
is no iron deficiency in the tody. Protracted parenterel
administretion of Zron in excess of requirements will,
therefore, lead to siderosis as a storage depots become
satureted with iron and deposit haemosiderin. Although it
is not yet clear what risk there is of fibrosis and paren-
chyral demzge as a result of these iron deposits, it is
otviously desireble to avoid any possitle chance of indYuc-
ing a stcte resembling haemochromatosis., Whenever iron is
to be administered parentereally, én attempt should, there-

fore, be made to access the needs of the case,

On the tasis of calculation for the amount of iron
~ recuired,adequate iron can be administered, and at the

ssme time excessive treatment can be avoided.,

The average effective dose of iron has been defined
as a dose which produces en average increase of at least
1 per cent of haemoglobin per day.4l To produce a rise of
1 per cent of haemoglobin, about 25 mg. of elementszl iron
should be atsorbed. Knowing the haemoglobin deficit
in a given patient, the amount o iron required to make up

the particular deficit can be calculated.
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The dosage can also be calculated from the M.C.H.C.
deficit, The totel dose of iron required to raise M.C.H.C

by 1 per cent in cases of iron ceficiency ansemia was

29
found to be 172 mg.l

It has been shown that ferrous gluconate, ferrous
succinate and ferrous fumarate &re all efficient prepera-
tions, but not significantly more efficient than ferrous
sulphate (0'Sullivan et el. 1955; Swan and Jowett, 1959).
They are 5 to 7 times more expensive but they are on the
whole better tolerated than ferrous sulphate although much

of this is probably due to psychological factors.132

The cost of one course of any of these iron prepar-

ations, taking ferrous sulphate as standard, is as followe:

TABLE NO, 50

COMPARATIVE COST OF DIFFERENT IRON COMPDUNDSHQ’123
g;.No. Iron compound Cost

1 Ferrous Sulphate 1.0

2 Ferrous Gluconate 2.2

3 Ferrous Chelate 2,9

4 Ferrous Succinate 3.9

5 Ferrous Fumarsate 5.0

6 Iron Dextran 8.8
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Thus, it is clear that ferrous sulphate is the
cheapest, ferrous gluconate and succinate are atout two
to four times more costly than ferrous sulphate, whrereas,
ferrous fumerate is about five times more costly than
ferrous sulphate. Parenteral treatment is still consider-
ably more expensive than oral treatment. It would be clear-
1y uneconomic to substitute an expensive iron compound just
to eliminate the side effects that involve some of the
petients. In our country cost of treatment is naturally

a deciding factor.

Only two patients treated with ferrous fumerate
complained of mild constipation, whereas,ferrous sulphate
was surprisingly well tolerated by all the patients. Iron
has got many incompebilities, which might be responsitble
for side effects. I have prescritbed only iron and found

minimum or no side effects.

Thus, the absence of substantial side effects in
almost all the cases of the present series deserves spe-
cizl mention. Interestingly, -his importent finding is
in accordance with only a few of the workers (Perekh et
al., 1958; Rajsuriya et al., 1961). The esrlier reports
of a very high incidence of gastro-intestinal intolerence
to oral iron in zbout one-third of all casds(Benstead and

Theobald, 1952) were due to the fact that trials were
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carried out on pregnant women. Intolerance is commoner
in pregnency than at any other time (0'Sullivan et al.,

1955) who, like the present series, excluded pregnant

women.

Although the lower incidence of intolersnce in
patients receiving the orgenic iron preparations is an
advantage, nevertheless,the variations in cost and the
greater expense of mahy of thece preparations make their

routine prescription at present a matter for thought.

Kerr and Desvidson (1958) found no differente in
thm the incidence of side-effects between various iron
compounds and control tabtlets. They gavé ferrous sulpha-
te, ferrous gluconate, ferrous succinate and ferrous cal-
cium citreate in daily doses cortaining 105 mg. of elemental
iron and "known" and "unknown" control pills conteining
lactose, to 93 healthy young women in a "double blind"
triel, thet ie neither doctor nor patient knew whieh of
the preparetions had bteen given'to which patient, except
in the éase of the "known " control pills. None of the
four iron preparetions was found to induce toxic effects
more frequently then did the "unknown" control lactose
pills. All the preparations (including "unknown" control
pills) gave an incidence of gastro-intestinal symptoms
between 15 to 20 per cent, whercas, the "known" control

pills produced symptom in less than 2 per cent of the
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patients.77

They, therefore, concluded that the gide-
effdcts were psychological in origin., Agein, Edgar and
Rice (1956) found that the usua_ high rate of intolerance
to ferrous sulphate reported in pregnant patients was
reduced to less than § per cent when the product was given
in the form of white tablet instead of the well-known green
form. Thus, the decreased incicence of such side-effects

~when the colour of the tablets is changed, lends support to
the above hypothesis.

The remarkable absence of gastro-intestinal side
effects in the patients of the present serieg is probably
due to the fact that these patients came from poor economic
levels and had never hesrd of oral iron and its side effects.
Gatenby's (1959) claim  that intolerance is more common
in the severe degree of anaemia has certainly not been subs-

tantiated by the present findings.

Failure to respond to haematinic agents may indicate
that anaemia isg not due to iron deficiency,that complicating
factor is interfering with the atility of bone marrow to
respond, that there is continuous active blood loss, or
that there 1s impaired absorption of iron. Thus, it is
importent in all cases to search for the underlying cause
of snaemia. As mentioned eerlier, no patient having been

once treated with ferrous sulphate or ferrous fumar ate has
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been excluded from this series cn the grounds of failure

to respond to iron therapy or toxie effects.

RESULTS

Ther apeutic Response :

The administration of 18C mg. of elemental iron per
day as ferrous sulphate or ferrcus fumarate has proved to
" be therapeuticelly effective in all the patients included
in the study.

Parekh and Rane (1958) judged the efficacy of the
drug on the basis of the mean daily rise of haemoglobin., It
was congidered 'very good' when the haemoglobin rise was
over 1.1 per cent per day, 'good' whenlthe response was bet-
ween 0.5 to 1.1 per cent per day,and 'poor' when it was
less than 0,5 per cent per day.gs The patients in the pre-
sent series have 5gown.either 'very good' or 'good' thera-
peutic response. The majority of the patients showed
satisfactaory response both clinically and haematologically.
In all the patients, there was symptomatic relief too.

The patient's own sppreciation of improvement was gratifying.

The rise in hesemogloblin is shown as a graph in which
the average weekly increase from the initial values
obtained in all the patients is plotted against the number
of weeks during which the treatment was given. The greph

me thod 1is probably the more accurate and informative method
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of assessing the therapeutic value of a compound because

the influence of the duration of trestment on the results

can be better appreciated.

The percentage utilisaticn of iron as recordeé in
taktle 27 was calculated as ner Pranklfin's formula,49

which 1s based on the following considerations.

The total rise in haemoglobin (grams per 100 ml.)
during the therapy was multi-lied by 50 to obtain & rise in
haemoglobin per 5000 ml. of tlood(which is taken as an
average normal blood vdlume). The product was then mul-
tiplied by 0.0033 (that portion of haemoglobin molecule
which is composed of iron). The result so obtained was
divided by the total amount of elementsl iron in groms
given during the theraspy, and finally multiplied by 100

to obtain the percentage utilisation.

This figure.for percentage utilisation of iron does
not, therefore, include any iron which entered into for-
mation of non-heeroglobtin body constitueénts or was added
to body stores. Although such values for percentage utili-
sation of iron are admittedly subjected to error due to
the assumption of 5000 ml. as the average adult blood
volume, they serve to approximale the degree to which the
‘iron of ferrous sulphate or fer-ous fumarate is utilised

for hsemoglobin regeneration. These values indicate that
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.the iron of ferrous sulphate is utilised more markedly
and rapidly as compared to tkat of ferrous fumarate

(Table No, 27 ).

Ferrous sulphate gives greater and quicker haemo-
globin rise than ferrous fumarete. This 1s true for all
other haemqtological responses (Table 25 to 34 ).
Moreover, different investigations show that tﬁe maximum,
minimum and mean haematological responses are also greater
after ferrous sulphate administration than after ferrous
fumar ate administration (Table 51). Thus, it ie clear
that ferrous sulphate is a more efficient (and equelly
tolerable) therspeutic agent than ferrous fumaraste, its

special mexit being the cheapness,

The overall impression of the results of farro-
therapy in iron deficiency anasemia cases indicates that
iron therapy leads to improvement in size and shape of
R.B,Cs as well as filling of haemoglobin, but doesnot
markedly increase the number o R.B.Cs. It also suggests
that, in uncomplicated cases o2 iron deficiency anaemis,

M.C.H.C. rise is in proportion to the Haemoglobin rise.

The maximum, minimum and mean haematological res-

ponses obtained in the two series (Series A and Series

B) are given in the following table for easy comparison;-
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TABLE NO, €2
MINIMUM, MAXIMUM & MEAN HAEMATOLOZICAL RESPUNSES

Sr.' Investigations Rise Fe - § Fe - F
0.
1. Hb - gm# rise per week Miaimm 0.723  0.240
(A1l values of Hb in gm#)
Maximm 1.547 0.920
Mean 1.207 0.666
2 Hb - percentage rise per day Minimum 0.714 0.238
(A1l values of Hb in %ege)
. Maximum 2. 143 0.906
Mean 1.290  0.657
3. Fe - percentage utilization  Minimum 9.472 3.142
(A1l values &&¥Ex in percen-
. tage) Maximm 20.25 12.04
Mean 15.81 8,730
4. R,B.C, Rise per week Minimam 0.067 0.020
(A1l values in m/cmm)
- Maximum 0.293 0.203
Mean 0.152 0.096
5. Colour Index -rise per week Minimum 0.0461 0.0122
(A11 values in percentage)
- Maximum 0.1163 0.0853
Me an 0.0928 0.0531
6. P.C.V, rise per week Mirimum 1.333 0.667
(A1l velues in percentage)
. Maximm 3.667 2.333
Me an 2.616 1.749
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Sr. Investigation Rice Fe - S Fe - F
No.
7. M.C.V. rise per week Minimam 1.113 0.493
(A1l values in ¢ u)
Maximum 7.393 6.167
Mean 4,371 3.211
8. M,C.H. rise per week Minimum 1.280 0.230
(211 values in u u g)
Maxd mum 4,220 2.570
Mean 2,846 1.567
9. M.C,H,C. Rise per week Minimm 1.073 0.117
(A11 values in percentage)
. Maximum 3. 160 2.013
Mean 2. 26 1.140
10 Reticulocyte Respomse Minimum 3.6 2.3
(Ail valuesin percentage)
Maximum 11.2 8.1
Mean 8.52 5.51
30
11 Percentage of cases showing 11th day &xS52 15
peak of Reticulocyte
Tesponse on 13th day 565 50
15th day 15 35
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This trial was designed to ascertain whether ferr-
ous fumarate was superior to ferrous sulphate. It is found
that it is no better than the tried, tested =nd time-honour-
ed ferrous sulphate as regards therapeutic efficacy and
freedom from undesirable side effects. On the contrary,
ferrous sulphate being much cheaper and more efficient than
ferrous fumarate, therefore, still remains the drug of choice

for routine treatment of iron deficiency anaemia.

Electrocardiographic Results :

The electrocardiogrephic study reveals that cases
of anaemia can show important electrocardiogrephic changes
like sinus tachycardia, low voltage, abnormal ST segment
and abnormal T wave,and that such abnormalities may resem-
ble the cardisac infarcfioh pattern or coronary insuffici-
ency pattern., These findings are in agreement with those

of other workers (Wood, 1950; Skah, 1953).

About 35 per cent of the cases of the present
series showed slight to moderate enlargement of heart.
On treatment of anaemia, heart size started returning to
normal. Enlarged heart was usuélly associated with
abnormal electrocardiogram, and greater the enlargement,

more marked were the electrocarﬁiographic changes. It
may be added, however, that the heart size and electro-

cardiogram may be normal in cascs of severe ansemia.



470

None of the patients included in this series were
obese. Thus, obesity is ruled out as the cause of the
above-mentioned electrocardiographic changes. Kadish75’76
repor ted that electrocardiogrerhic ebnormality varies with
the patient's weight. These consisted of T wave changes,
ineluding inversion in 1leads I and Vg in all but one case.
No ST segment changes were reparted. The co-relation of

abnormalities with loss and gein of weight in these pati-

ents is suggestive of increased cardiac strain with obesity.

Serum Iron In Normal Subjects :

The normal range of seruvm iron as observed in this
study is 150 to 250 (average 18€) mcg. per 100 ml. in
males, and 100 to 200 (average 148) meg. per 100 ml. in
females (Table 38 and 39 ).

There is an overlapping in the range of serum iron
velues of normal meles and normal females, tut there is a
clear difference in the mean vzlues, that is, the serum
iron velues in normal females ere significantly lower than
those in normal meles. Similer observations have been
reported by many workers (Vahlquist,>1941; Powell, 1944;
Laurell, 1947; Pirrie, 1952 and Davies et al., 1952),
although some workers (Cartwright and Wintrobe, 194¢; Sten-
gle and Schade, 1957) have failed to obgerve any signifi-
cant difference in the two sexes. In most of the other
physiological and biochemical data, a significant differe-

nce in two sexes is found and there is no reason why one
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should not get the same in serum iron,.

Thus, most of the workers found that the mean value
for serum iron in normel meles is higher than in normal
females., The results of the present study are in agree-

ment with this.

The couse for low serum iron values in females ig
not known, According to MeCarce (1936) and Powell(1944),
menstrual blood loss was sufficient to explain the diffe-
rence. On the other hand, Gordon and Cheripper (1947)
believed that the difference tetween the two sexes in
serum iron values seen in humen teing may be of hormonal
nature. Vahlquist (1250) failed to observe any signifi-
édant rise in serum iron in 22 normal adult femsleg to
whom he administered 300 to 3%€ mg. of ferrous iron daily
for a period of 8 weeks to corpensate for the menstrual blood
loss. If it be admitted that the rise in haematologic
values takes place in males after puberty, whereas the
values remain the same in femzles. It would appear that
endocrine influences may be responsible for the difference

in serum iron values in the two sexes (Gupta et al.,1959).

Serum Iron in Ansemic Subjects

The range of serum iron in cases of iron defici-

ency anaemia as observed in the present study is 3 to 90
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(average €1) meg. per 100 ml. in males and 27-70 (average

4 46) mcg. per 100 ml. in femzes (Table 40 and 41 ).

There 1s en overkpping in the range of serum iron
values of anaemic meles and anzemic females tut there is
a difference in the mean values. Thus, the serum iron
-values in male patients of iron deficiency ansemia are
found to be higher than those in female patients. These
results definitely show that the range and mean of serum
iron velues in iron deficiency anaemia are lower than those

found in normal subjects.

Serum Iron Response :

The serum iron level rises markedly after the oral
ingestion of 180 mg. of ferrous sulphate or ferrous fuma-
rate (Table 44 ), indicating that both these compounds
afe well atsorted. However, the rise in serum iron after
ferrous fumarate administration is slightly more as comp-
ared to that after ferrous sulphate adwinistrstion. Thus,
there kx was a good response to the oral administration of
these iron compounds. No patient has been excluded from
this series on tke grounds of poor serum iron response to

the oral administration of iron.

The fall in serum iron .8 hours sample) is remark-
adbly more in case of ferrous sulphate as compared to that

in case of ferrous fumakate (Table 45 ). The excretion
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cf iron in urine is not increased by orzl administra-

tion of large doses of the metal.26 Thus, the urinary

exeretion is minimum and it i3 so probably because the

circulating iron is always bound to protein. Faecal

excretion is out of question when one considers the serum

iron. Thus, the urinary and faeéal excretion of iron
iron

is ruled out. Hence, the serum/can either go to stores

or can be utilicsed.

The difference in serum iron response obtained
after ferrous sulphate administration and thet obteined
after ferrous fumarate asdministration has been clearly
brought out in the colour intensities shown in Photo-

greph No.2¢ (page 292).

Thus, the sulphate as well as the fumarate iron
are well abtsorbed but the fell in fumarate iron is poor.
Marked fall in sulphate iron -s explained by greater
haemoglobin rise and greater percdntage utilisatiqn.
This is not so in case of fumarate ironk. Therefore, it
is probable that fumarate irom which is not yet fully
tried and tested, might be forming loese complex with
the protein, and hence can be easily and slowly excreted
in urine. This is supported by good rise (indicated by
high serum iron values after 4 hours of administration

of iron),associzted with poor therepeutic response.This

can be confirmed by simultaneous serum iron as wéll as
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urine iron estimation which was, of course, out of scope

so far as the present study is concerned.

Serum iron response in two sexes (male and female
patients) did not reveal any significant difference
(Table 46 ), but serum iron response on 1st and 21st day
of treatment did reveal significant difference (Table 43 ).
The resgponse is more marked on 1st day of treatment as
compared to that on 21st day. Thus, the response is more
marked in seﬁerely anaemic (untreated) patients than that
in patients treated for three weeks. This is true in case

of fewxmux sulphate ag well as fumarate iron.

Fastiﬁg velues obtained cn 21st day of treatment are
higher than those obtained on 1lst day 6f treatment. This
is because fasting samples of 21st day are same as appro-
ximately 18 hours samplesof the previous day (20th day).
Fasting vaelues on 21st day in case of ferrous fumarate are
higher than the corresponding values afkEx in case of
ferrous sulphate. This finding isAin accordance with the
poor fall (8 hours samples) of fumarate iron on first day

of treatment (vide supra).

The maximum, minimum and mean serum iron wlues of
the different blood samples collected on Ist and 21st day
of treatment are given in the following tables for ==m

easy comparison.
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TABLE NO, 53

MINIMUM, MAXIMUM & MEAN SEFUM IRON VALUES
{0171 values in r per 100 ml.)

Sr. Sam- Ssrum First day of treatmert Last day of treatment

No. ple Iron  ececemcecccecocccancce cccmmcccecccccacccescosnes
values Fe - S Fe - F Fe - S Fe = F
1. T1 Minimum 27.00 30.00 41,43 97.14
Maximm 90.00 90.00 130.00 184.3
Mean 52,49 54,86 88.21 151.9
2. T2 Minimum 561.4 694,3 481.4 458,6
Maximm 285,7 1043. 891.4 910.0
Me an 764, 8 868,1 657.0 760.6
3 T3 Minimum 145.7 585,7 158.6 405,7
Maximum 502.8 957.1 5§52.8 790.0
Mean 255.2 707.5 305.27 636.1
4 Rise Minimum 517.1 £€62,8 381.4 361.4
in se-~
rum Maximum 028,85 973.0 768.6 762.8
levels
Mean 712.3 813.2 568.8 599,.8
5. Fall in
gerum Minimum 414.3 85.90 181.4 52.90
Iron
levels Maximum 585,7 206.6 500.0 195.7

Me an 509.6 184.2 351.7 109.5
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TABLE NO, 54

MINIMUM, MAXIMUM AND MEAN SERUM IRON VALUES
(A1l values in r per 100 ml)

Sr. Sample Serunm Fe - S Fe - F
No. Iron  ervememcecccccnena- e
Vealues First day Last day First day Lagt day

1. T1 Minimm 27.00 41.43 30.00 97.14

Maxi mam 90.00 130.0 90,00 184.3

Mean 52.4° 88.21 54,86 151.9

2. T2 Minimum 861.4 481.4 694,.3 458.6

Maximam 985,7 891.4 1043 910.0

Me an 764.8 657.0 868.1 750.6

3. T3 Minimam 145.7 158.6 585,7 405.7

Maximum 502,.8 552.8 967.1 790.0

Mean 268,2 305.2 707.55 636.1

4. Rise in Minimum 517.1 38Bl.4 662.8 361.4
Serum

iron Maximm 028.5 768,.6 973.0 762.8
levels

Mean 712.3 568.8 813.2 599.8

5. Fall in Mz Minimm 4134.3 181.4 85,90 52.90
seTum

Iron Maximum 585,7 500.0 296,6 195.7
levels

Mean 509.6 351.7 194.2 109.5
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Stabllity of the Colour :

An attempt has been made. for the first time in
this study, to establish the stability of the colour for
spectrophotome tric readings, A special procedure has been
adopted for this purpose and the same has been fully
desceribed (Page 296) as well as discussed (Page 304) in
Chap ter 19.

On comparing the serum iron values obtained from
"Immediate Readings" and thos obtained from "readings
after 24 hours" (Table 42 , Chepter 27), it has been found
that the two values of serum ircn compare well and that
the difference between the two values falls within the

experimental error ( + 5 per cent).

All the different investigators have so far suggest-
‘ed to take the readings within 1/2 hour of the development
of colour, This short time-limit is the greatest handicap
which has been successfully overcome by the present esta-
blishment of the stability of the colour for spectrophoto-

metric readings.

Thus, the results of the present study show that
the colour is stable for a minimum period of 24 hours as

against the meximum time-limit of 1/2 hour given so far.
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COMPARISON WITH OTHER WORKERS

The following four tables show the comparative
results as regards the Haemoglotin rise, the serum iron
values in normal subjects and tre serum iron values in

anaemic subjects.

Heemoglobin Response :

The results of the present study reveal that the
heemoglobin rise 1s 1.29 per cent per day after ferrous
sulphate adrinistration., This figure compares well with
that found by O'Sulliven et al. (1955), and that the
percentage utilisation is 15.8 which compares well with
that obtasined by Witts (1936), and 0'Sulliven et al.
(1955). The haemoglobin rise cbtained after ferrous
fumerate administration in this study 1s 0,€57 per cent
per day and the percendtage utilicsation is 8,05. This
compares well with that found by Drug Council (1959).

rise

The per-centage/of haemoglobin and the percentage
utilisstion of iron as obtasined by different workers are

shown in the following table,1%+92,105
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TABLE NO, £5

DIFFERENT WCRKERS

COMPARISON OF (RAL IRON COMPOUNDS BY

Iron Investigator Dally dose Deaily Percen-
Compound cf BElemen- Rise tege
tal Iron of Utilis-
in mg. Hb.in ation
perce-
nt,
Ferrous wWitts (1936) 180 1.00 14.8
Sulphate
0'Sullivan et al.
(1958) 200 1.20 14.4
Rajsuriya et al.
(1961) 180 1. 82 25.3
Present series 180 1.29 15.8
Ferrous Drug Council(1959) 195 0.666 8.05
Fumsrate
Berenbsum et al.
{1960) 196 0.944 12.0
Rajsuriya et al.
(1961) 195 1.930 24.7
Pregent series 180 0.€57 8.73
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Serum Iron in Normal Subjects :

Different workers have found different figures
for normal serum iron velues., Nevertheless, most of
them agree that the mean value for serum iron in normsl

males is higher than thet in rormal femzles.

The serum iron values obteined here for normal
subtjects need little comment. The mean for 20 normal
males (Indlan subjects) is 19€ mcg. per 100 ml, which is
in good comparison with the figures (17€ meg. per 100 ml.)
obtained (in Indian sutjects) by Mody, Dixit, Parekh,
Jhale and Ramsarma (195€), The lowest quoted mean for
normal meles is 103 mcg. per -00 ml. (Pirrie, 1952),
while the highest quoted mean 1is 176 mcg. per 100 ml,
(Mody et al., 1956). The mear. for 20 normsl femzles
(Indian subjects) is 148 mcg. per 100 ml. which is again
in good comparison with the figures (135 mcg. per 100 ml;
obtained by Vanotti and Delachaux ¥mw (1949). The lowest
quoted mean for normal females is 88 mcg. per 100 ml.
(Alvers, 1941), while the highest quoted mean is 135 mcg.
pér 100 ml, (Vanottil and Delachaux,1949), Moreover, the
overall range of serum iron values obtained here in
normal subjects (males as well as females) which is 100
to 250 mecg. per 100 ml,, is in good comparison with that

found by Smith (1952) viz. 60 to 220 mecg. per 100 ml.l35
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The results of such investigations undertaken
by different workers im India and abroad show close
proximity in some and wlde divergence in otrers (Table 5g
and 57 ), Thus, there are certain discrepancies between
the regults obtained by different investigators. Such
discrepancies may be due to multitude techniques employ-
ed, In this context, it is important to note that
there was a frequent disagreement between the results
obtained on a single specimen by different methods (Pekers
et al., 1956). But this is not all, because different ty-
pes of subjects selected, and above all, the uncontrolled
factors #ffecting the serum irén values also may be highly
responsible for the &kff discrepancies in the results

obtained by different workers.

It is difficult to understand why the earlier
results of Moore, Arrowsmith, Quilligan and Read (1937)
were consistently lower than those of Vahlquist (1941) and
the successors, Low serum iron values obtained by other
workers might possibly be due to the concomittant intake
(either as prescribcd therapy or as self-medication) of
hypoferremic drugs like salicylates which are so cammonly
available and so widely used for the relisef of common
symptoms like pain. The values obtained in the present
study are slightly higher perhaps because of the fact that
all the fectars affecting the serum iron values are con-

sidered and possibly controlled. These higher values
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definitely indicate that the modified method adopted
here for serum iron estimation ensures complete extra-
ction of irom, wkilst the assoeclated consistent results
reflect in the utility and reliability of the method for
serum iron estimation which is much modified during the

course of the present study.

It is note-worthy that some workers have carried
out the serum iron estimstions in normal males as well as
in normal females. Evidently, this facilitates the compa-
rigson of normal serum iron vealues iIn the two sexes since
the variations due to the type of subjects selected snd
thogse due to the technique emp_oyed for serum iron estima-
tion are minimised. Thus, the inclusion of subjects telong-
ing to either sex in a particular set of experiment, as
has been done in this study, is of greater importance.
Contrary to this, some workers have carried out the serum

iron estimations in only either of the two sexes.

The following two tables show the range & mean and
mean respectively of the serum iron value354’72’89 in
normal sutjects as obtained by different investigators.lt
is clear.from %# the tables that very little work has been
done in India and hence the values in Indian subjects are

hardly available for comparison.
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Serum Iron in Anaemic Subjects :

A careful review of tha literature on serum iron
reveals that much less work has been carried out on
serum iron estimation in anaexnic subjects and serum
iron response to iron administration. Accordingly, only
one worker's (Powell, 1944) values are available in
the litersture for comparison. The serum iron values
in ansemic subjects obtained Juring the pax present study
are in close agreement with tnose found by Powell}oo This
¥kkx is shown in the followiag table :

TABLE NO, 58
SERUM IRON VALUES IN ANASMIC SUBJECTS

‘ Normal subjects Anaemic subjects
Investigator W c-ccmmcrmmccccmcrccccie mecddcdcneccec e e
No.of Serum iron in r4 No,of Serum iron in r%
subj- subj-
ects Range Me an ects Range Mean
Powell 70 - 130 30 25-90 47

Present Series 40

s

106~ 250

172

40 27-90 54

The normal values obtzined by the same workers

are also given in the table for comparison.
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Stability of the Colour :

A careful review of the literature on serum iron
clearly indicates that no investigator has sobfar
attempted or under taken this aspect of serum iron esti-
mation to establish the stability of the colour for
spectfrophotometric readings. It is, therefore, not

possible to compare the results with other workers.



