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ABSTRACT

Imbalance of iron owing to lesser availability in diet, rapid growth of person and abnormalities associated with blood
loss generally leads to Iron deficiency anemia. Anemia should not be ignored as it is related to adverse effects on general
health. Anemic females and their neonates are at higher risk of death during the perinatal period. Milestones of mental
and physical development among children are by anaemia. Even their physical work capacity and productivity may be
reduced. Despite the easy and convenient diagnostic tests and availability of medicinal iron preparations, the condition
is still quite prevalent. Various strategies including modern/traditional treatment have been used for curing IDA. While
the modern treatment is associated with side effects like diarrhoea, indigestion, nausea, vomiting, constipation etc., the
traditional Indian treatment is reported to be comparatively safer. Certain modified release haematinics have been
designed to overcome the side effects associated with the conventional allopathic haematinics. However, such
formulations are quite expensive. Many ayurvedic preparations containing iron are available in market. These include
Lauha bhasma and Mandoor bhasma. Therapy with these is much safer and cost effective too. This paper summarizes

the manifestations associated with iron deficiency anemia, various strategies of treatment and their possible outcomes.
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INTRODUCTION

Insufficient absorption of iron, decreased iron intake and loss of iron often from intestinal bleeding or menses
are the commonest causes of Iron deficiency anemia (IDA). This state ultimately leads to reduction in the
formation of hemoglobin, which contains iron. In India and other developing countries, IDA is a highly
prevalent nutritional deficiency disorder. The age group most vulnerable to this disease is that of young
children of both genders and women in their reproductive age group. Data indicates that 87% of pregnant
females suffer from anemia with around 10% of them having severe anemia (Hb< 7 g/dl). The rate of
prevalence of IDA varies within India with Andhra Pradesh having the minimum percentage as 33%, while
Rajasthan shows highest prevalence of 98% [1]. High prevalence of IDA has been found in the children of
slum areas, as a study in a slum area in Delhi indicated a prevalence of 76% [2]. On an average, a 68%
prevalence rate has been reported in pre-school children [3]. It is considered as a serious problem of public
health significance. A survey conducted by WHO for the year 1993-2005 revealed the global prevalence of
IDA to be 1620 million [5].
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ETIOLOGY OF IRON DEFICIENCY ANEMIA

Increased requirement of iron due to rapid growth owing to expanding cell mass and growing body tissue
makes the adolescents more vulnerable to iron deficiency [6]. Rise in the volume of blood and muscle tissue
mass escalates the need of iron in males, especially during puberty [7, 8]. However, in females, the iron
requirement persists to be high after menarche, because of loss of about 20 mg of iron per month on average
during menstruation but could go upto 58 mg in some women. Adolescents, particularly females, are known
to have iron consumptions of 10-11 mg/day, leading to absorption of approximately 1 mg only [9]. Large
percentages (75%) of adolescent women do not consume the stipulated dietary iron requirements while this
percentage is only 17 for males [7]. In spite of reduction in the iron loss to nil due to menstruation during
pregnancy, additional requirement of iron arises because of the embryo, placenta and increased maternal
volume of blood. This increases the requirement of iron to 1000 mg over the entire pregnancy [10]. Iron need
during the first trimester is relatively low i.e. 0.8 mg per day, but increases considerably during the next two
trimesters to 6.3 mg per day. Part of this increased need is satisfied by the iron stores and by an adaptive
increase in the absorption of iron. However, when the stored iron levels are less and dietary iron is poorly
absorbed, its supplementation becomes mandatory. In lactating mothers, the absence of menstrual blood loss
is compensated to some extent due to loss of iron approximately to the tune of 0.3 mg/day during lactation. A
lactating mother's mean iron requirement during the first 6 months of lactation is about 1.3 mg/day [10]. In
older individuals, the major reason behind iron deficiency may be chronic bleeding, cancer, diverticuli, or
angiodysplasia [11]. Other reasons include reduced absorption [12]. It may develop as a co-morbidity of
atrophic body gastritis [13]. The major factors leading to IDA are summarized in Fig. (1) [14, 15, 16].
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Fig. (1). Factors leading to Iron deficiency anemia
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CONSEQUENCES OF IRON DEFICIENCY ANEMIA

Iron is the essential requirement of all the cells. All the major metabolic processes including metabolism,
growth and differentiation of cells, gene regulation, oxygen binding and transport, use and storage of muscle
oxygen, enzyme reactions, synthesis of neurotransmitters and proteins require iron [17]. Iron plays varied
biological functions. Because of this, the impacts of its deficiency are wide-ranging. IDA generally remains
unrecognized in the initial stages as it occurs slowly and takes time to develop the adaptation [18]. IDA
constitutes one of the major risk factors in pregnancy. It is reported that more than 15% of maternal deaths are
attributed to anemia [19]. Anemia, in mother, in turn, enhances prenatal mortality, low birth weight, and fetal
wastage in addition to maternal immune depression and increased morbidity [20]. Pregnant women from low
income strata in India with IDA have exhibited a three times higher incidence of premature deliveries as
compared to their normal counter parts. It has been shown that IDA often leads to irreversible compromise in
the learning ability of the children and exerts a negative influence on development of their mental abilities [21,
22]. This is attributed to disturbance in the formation of myelin tissue in the CNS [23,24]. Although, the
neurochemical roles of iron are still unknown, socio-cultural and socio-economic factors along with
compromised physical activity of these children should be studied [25]. However, it is very well documented
that low levels of iron exert an adverse effect on neuron activity [26].

LABORATORY DIAGNOSIS OF IDA

The Centre for Disease Control and Prevention (CDC) has provided recommendation regarding screening of
various age groups in context to anemia. The assessment of all the females is recommended to be done at least
once every five years with respect to IDA, if other features of risk for anaemia are absent. In that case, the
assessment becomes mandatory with immediate effect. On the contrary, adolescent males need to be assessed
for anemia only if some risk factors are there [7]. Iron status is related to the erythropoiesis as well as the
stored iron. In case of iron loss, stores are decreased while erythropoiesis is preserved. A single diagnostic test
alone cannot specifically indicate IDA. A number of tests are required to be performed in the diagnosis anemia

[27]. Various tests along with their advantages and limitations are tabulated in Table 1.

Table 1. Cut off points for the tests used in the diagnosis of anemia.

Gender/Age (yrs) Hemaoglobin (<g/dL) Hematocrit (<%)
Children

<5 11.0 33.0

5-11 115 34.0

12-14 12.0 36.0
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Females
12-14.9 11.8 35.7
15-17.9 12.0 35.9
18+ 12.0 35.9
Pregnant woman 11.0 33.0
Males
12-14.9 125 37.3
15-17.9 13.3 39.7
18+ 135 39.9
Advantages Inexpensive Universally available
Limitations Low specificity Low specificity
Parameter Test Value Advantages Limitations
. I Affected by
Serum Ferritin <15 pg/L Quantitative inflammation
Well standardized & liver disease
>8.5 mg/L Quantitative
Serum transferrin receptor Unaffected b Is_tz(r:1|c(er dizatio
concentration (TfR) natiected by 0
Inflammation
Wide diurnal
Transferrin saturation <16% Inexpensive, variation
Well established Low
specificity
Mean cell volume (MCV) <82/85 fL* Widely available Late indicator
T . - Limited
Red cell distribution width (RDW) >14% Early indicator Lo
availability
. Automation
Erythrocyte protoporphyrin (FEP) >70 pg/dL Portable assay difficult
* <15 yrs/>15 yrs of age
Severe anemia: Hemoglobin < 7g/dl
Very severe anemia: Hemoglobin < 4g/di

TREATMENT STRATEGIES FOR IDA
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The prevalence of IDA is still persistent in spite of the easy access of the diagnostic tests as well as haematinics.
The choice of the treatment modality depends majorly upon the underlying cause, severity of disease;
frequency for which treatment is to be given and the most important is the associated effects with the long-
term treatment. The most common strategy is to overcome the iron deficiency through diet. Other medicinal
treatment strategies include allopathic or ayurvedic treatment for curing IDA.

Dietary supplements

After the diagnosis and addressal of the root cause of IDA, the matter of concern is the restoration of the iron
supply & iron stores in the body. On the basis of assumption that the mean rate of absorption of iron is 10%
from the haematinics, the daily requirement of iron varies with the age group. In paediatric patients, adult
males and women of postmenopausal age group, daily iron requirement is 10 mg (leading to availability of 1
mg). However, in young menstruating women and pregnant women, the iron requirement is 20 mg/day & 30
mg/day respectively. Further, the iron needs enhance in the patients with malabsorption of iron e.g. the patients
who have had gastric bypass surgery done [28]. In case, the dietary history suggests a deficiency, foods rich
in heme iron, such as meat, poultry and sea food are recommended to be administered by the patient [29].
Whole grains, nuts, legumes and green leafy vegetables contain non-heme iron, which is not much efficiently
absorbed [30]. Ascorbic acid is also reported to enhance its absorption and co-administration of citrus fruits
may help in enhancing the absorption further. However, in a study by Srigiridhar et al, an interesting
observation was noted that when anaemic rats were fed with a mega dose of iron in combination with vitamins
C and E, both of which exert strong anti-oxidant effect, most of the intestinal oxidative stress induced due to
deficiency of iron get diminished. However, co-administration of only vitamin C was not found to be as
effective. Rather, it was found to enhance the adverse effects of high doses of iron [31]. Therefore, it is
advisable to administer the therapeutic dose of iron in combination with ascorbic acid and p-tocopherol, in
order to reduce the oxidative stress associated with IDA. Contrary to this, tea is reported to hinder its
absorption. It is therefore, recommended to maintain a gap of 1 to 2 hrs between meals and tea [32]. Thus, a
diet rich in vitamins is recommended in case of IDA. For a normal person, a diet containing 3.5-5.0 mg of
vitamin E and 25-30 mg of vitamin C per 1000 Kcal is recommended. Food sources of tocopherol include
wheat germ, wheat grain, almonds, peanuts, hazelnuts, and oils from vegetable sources like sunflower,
safflower, soybean, wheat germ, and corn. Ascorbic acid is found sufficiently in fresh fruits [33]. Iron
fortification of commonly used essential substances like common salt and wheat flour can also be one of the
approaches to combat iron deficiency anemia [34]. Although nutrition review, assessment and counselling
play an important role in the treatment, however, diet alone is usually not sufficient in most of the patients
suffering from IDA [35].
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Haematinics

Allopathic treatment

Iron supplementation can be done by oral as well as systemic route which includes intramuscular as well as
intravenous route depending upon the severity of the disease. In extreme cases, blood transfusions may become
necessary [36]. Iron supplements are available in almost every dosage form, which includes formulations
containing ferrous sulfate, ferrous gluconate, ferrous fumarate, and extended-release carbonyl iron and iron-
polysaccharide complex as the active ingredients. All the ferrous salts are equitably tolerated and effective in
curing the deficiency [37]. Among these, ferrous sulfate is cost effective constitutes the first line therapy [37,
38]. Ferrous salts should be on fasting. Administration of 250 mg of ascorbic acid in combination with ferrous
salts in order to increase the absorption is recommended. Other options include prolonged-release formulations
[38, 39], liquids [40], iron salts with low elemental iron percentage, and taking the dose post prandially [41].
An intake of 200 to 300 mg/d of iron will lead to absorption of about 50 mg/d [7]. Parenteral route is often
recommended to the patients having intolerance to the oral iron, those with severe GI bleeding and
malabsorption syndrome [42]. Injectable formulation is available in the form of iron dextran, ferric gluconate,

and iron sucrose. However, it may lead to anaphylaxis [43].
Risks associated with allopathic treatment

Although various allopathic iron preparations are helpful in the cure of iron deficiency anemia, many of these
if used for longer time or in higher dose are associated with many risk factors. Most common side effects
associated with oral iron therapy are heart burn, nausea, vomiting, stomach pain, blackening of stools and
constipation. Iron supplements were found to generate free radicals which in turn are correlated with high risk
of colorectal cancer [44]. In areport by Elizabeth et al, a group of eighteen healthy volunteers were selected,
their food intakes were recorded and samples of their faecal matter before, during, and after 2 weeks of ferrous
sulphate treatment were studied for total, free, and weakly chelated fecal iron. Significant increase in fecal
iron was observed during the supplementation period, which, within 2 weeks, reverted back to the baseline.
During supplementation, the concentration of weakly-bound iron in feces was found to increase substantially
[45]. Iron supplements, if administered in higher doses may lead to development of disease in various ways.
Excess of iron may have serious consequences like infection, neoplasia, cardiomyopathy, arthropathy, and a
profusion of endocrine and possibly neurodegenerative disorders [46, 47, 48, 49]. Further, during infection
and inflammation, and diseases related with ischemia and reperfusion, iron undergoes reactions leading to the
production of superoxide radicals [50], which in turn reduces nonprotein bound ferric ions. The production of
hydroxyl radicals may degrade polysaccharides, break DNA strands, deactivate enzymes, and stimulate lipid
peroxidation [51]. Lozoff et al concluded in the study that extended oral therapy does not correct the lowered

mental development associated with IDA [52].

In comparison to the oral therapy, the adverse effects of parenteral iron are readily occurring and more serious

which include reactions at the site of injection such as pain, fever, muscle necrosis, phlebitis as well as
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anaphylaxis, urticaria, and flare of rheumatoid arthritis. The delayed reactions include regional lymphadenitis,
myalgia, arthralgia etc. Although, most of the reactions are mild and transient, the anaphylactic reactions may

be serious [53].
Indian System of medicine- Ayurveda

Various ayurvedic preparations are available for the cure of iron deficiency anemia and to combat the side
effects or adverse effects associated with allopathic supplements [54]. In Ayurveda, iron and other metals are
administered in form of bhasma, which under predefined conditions, is prepared by heating raw material at
elevated temperatures. The major steps involved in bhasma preparation include sodhana (purification), marana
(detoxification) and bhasmikaran (process of making bioincompatible to bio-compatible). Sodhana is the
purification process in which metal is dispersed into the herbal extract and repeated heating and cooling cycles
were undergone. After shodana process, the material was ground using appropriate herbal juice for various
days, depending upon the nature of the material, this process is known as marana. The process of marana leads
to reduction in the particle size, thereby increasing the surface area for the quick abrsorption in the body.
Marana process is followed by bhasmikaran in which the product obtained from shodhana/marana is
repeatedly triturated with herbs (bhavana) and calcined in closed earthen pots in a pit, to obtain bhasma. The
repetition of this procedure is done number of times as recommended in the classical literature for individual
preparation depending upon the nature of metal. Although bhasmas are widely used in Ayurveda, however,
till now the actual chemical change that occurs during the process is not clear. It is astonishing fact that in
Ayurveda, processing of one metal with different sets of herbs yields the bhasma, which can be utilized for
the treatment of different diseases. A study is needed to be carried out to understand the mechanism by which
the consumption of metal present in bhasma takes place by the body to give desired medicinal effect [55].
Sarkar et al stated bhasmas to be the biologically produced nanoparticles [56]. Lauha bhasma & Mandoor
bhasma are the classical Indian herbo-mineral products having incinerated iron and incinerated iron oxide
respectively as one of their major ingredients. These are known to be the rejuvenators of the rakta dhatu
(Blood) which is one of the seven essential factors that apprehend the very existence of the body and is said
to be one of the ten abodes of the life mentioned in ayurvedic classics [57]. Along with this, the Indian medicine
system, also provides a variety of iron preparations which are being used for centuries [58]. Various herbs
when prescribed as formulations in combination with lauha bhasma or mandoor bhasma have been found to
be the most effective remedy in the treatment of IDA along with the other associated ailments without any
side effect associated with the allopathic treatment for the same [59]. Some of the important herbs associated

with the treatment of IDA are summarized below.

Punarnava (Boerhavia Diffusa)
Punarnava is a part of many ayurvedic products in the market as Punarnava ambu, Punarnavaasav, Punarnava
guggulu, Punarnava ghrit, Punarnava mandoor etc. Punarnava may also be given alone in swarasa form

sometimes [60]. Its dose depends on the severity of the disease and the type of punarnava preparation
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prescribed. However, the dose of Punarnava mandoor is 500 mg — 1 g once or twice a day [61]. It is the drug
of choice in the treatment of various disorders of the liver such as iron deficiency anaemia, jaundice, hepatitis,
anorexia, and sluggish liver. This herb has been reported to recondition the liver, purify the blood and aid in

enhancing the haemoglobin level of patient [62].
Triphla

Triphala is an important rasayana drug, which is in used since ancient times. It has been described as a
“tridoshic rasayana in the Ayurveda (Charka 1500 BC). It has balancing and rejuvenating effects on vata, pitta,
and kapha (3 constitutional elements which govern human life) [63]. Triphla is composed of Amla
(Phyllanthus Emblica Linn), Bihara (Terminalia Bellerica Gaertn.) and Haritaki (Terminalia Chebula Retz)
mixed in equal proportions. It is used as a very beneficial remedy in the treatment of iron deficiency anemia

and used in the preparation of various ayurvedic formulations for the cure of associated ailments [64].
Guduchi (Tinospora cordifolia)

Guduchi is “the one who protects the body against diseases”. As it promotes longevity, hence, it is known as
Vayastha. It is most commonly used for the treatment of iron-deficit anemia in the form of lauha kalpa [65].
Along with this, it helps in increasing the effectiveness of leucocytes and in building the body's own defense
mechanism (immune system) [66].

Shilajit

Shilajit is a wonder medicine of Ayurveda. It is neither a plant nor an animal substance, rather it’s a mineral
pitch which oozes from the Himalayan rocks, when they become hot in the summer season. It is said that
Shilajit carries the healing power of mountains. Shilajit was described as a cure for all the disease by Caraka
Samhita and Susruta Sambhita. It is a rasayana (rejuvenative) which increases longevity from 100 to 1000 years
of age. The extracts of shilajit and the humic compounds containing high level of iron are very useful remedy
in the treatment of IDA [67]. Velmurugan et al evaluated the safety of shilajit by 91 days repeated
administration in different dose levels in rats and concluded that black shilajit is safe for long term use as

dietary supplement for a number of diseases and specifically IDA [68].

Reetha (Sapindus Mukorossi)

Commonly known as soapnuts, reetha powder has diversity of uses. Majorly saponins (10-11.5 %), sugars (10
%) and mucilages are present in fruits. The fruit has been reported to possess emetic, expectorant,
alexipharmic, and abortificiant properties. Their saponins are known to have in vitro spermicidal activity
which enables their use in contraceptive cream. The alcoholic Ritha extract (Sapindus trifoliatus Linn) has

shown anti-implantation activity [69]. Along with this, Reetha fruits are very rich source of iron and often
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used for the treatment of iron deficiency anemia, although much research has not yet been done to explore its

use in the treatment of anemia [70].

As disussed, various natural herbs are known but need to be researched for use in the treatment of IDA.
Sharma et al in a study compared the efficacy of ayurvedic preparations with allopathic preparations in the
treatment of iron deficiency anemia and concluded that the ayurvedic preparations imparted a better response
in comparison to the allopathic preparations and that to with lesser side effects. [71]. Various herbo-metallic

preparations along with their composition used in the treatment of anemia are listed in Table 2.

Table 2. Commonly used herbo-metallic preparations used for the treatment of anemia

Name of the Drug | Ingredients Indications Ref

Punarnavadi Punarnava, Trivrit, Trikatraya, Anaemia, Worm [72]

Mandiira Ushana, Pippalimula, Chavya, infestation, Inflammatio
Chitraka, Devadaru, Pushkara, ns, Digestive diseases.

Katuki, Indrayava, Haridra, Darvi

Triphaladi Trikatraya, Chaturjata, Kalajaji, IDA [72]

Mandura Ajamoda, Yashti, Dhanyaka

Thrayushanadi Trikatraya, Chavya, Darvi, IDA [72]

Mandura Dalchini, Pippalimula, Devadaru

Koladi Mandura Chavya, Pippalimula, Shunti, IDA [72]
Pippali

Navayasa Lauha Amalaki, Lauha bhasma Yasti Anaemia, Dyspepsia, [73]

madhu, Amruta kvatha, Amalaki, Duodenal ulcer
Pippalt ciirpa,

Saptamrita Lauha | Yastimadhu, Triphala, Lauha Anaemia, Diseases of eye, | [74]
bhasma Oedema

Shilajitvadi Lauha | Suddha Silajatu, Trikatu, Maksika | Anaemia [65]
bhasma, Lauha bhasma

Tapyadi Lauha Triphala, Trikatu, Trimada, Suddha | Anaemia, Urinary [65]

(without silver) Silajita, Svarnamaksika bhasma, disorders, Hepatic
Lauha bhasma, Triphala, disorders, Oedema
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Tapyadi Lauha Trikatu, Trimada, Suddha Silajita, | Urinary disorders, Hepatic | [65]
(with silver) Svarnamaksika bhasma, Lauha disorders, Anaemia,
bhasma, Cirayata, Oedema

Visama Jvarantaka | Pittapapda, Devdara, Pristhaparni, | Anaemia, Chronic fevers, | [65]
Lauha Trikatu, Trayamana, Giloya, Malabsorption syndrome.
Abhraka bhasma

Conclusion

In spite of accessibility of various types of iron formulations for treatment of iron deficiency anemia, the

selection of a better preparation has always been felt. There are number of ayurvedic drugs which have been

used for centuries for the cure of iron deficiency anemia, however, much scientific study on their efficacy as

hematinic has not been carried out. Moreover, there are number of such formulations which are unavailable

but suit the demand of present-day healthcare. This offers a scope for more researches on various formulations

of iron and their indications. Ayurvedic medicinal system particularly considers the conditioning of mind and

interaction with the environment which is evident from recommendation of specific life style to be followed

while undergoing treatment. Hence, a need arises to undergo the research studies on such preparations used

for the management of iron deficiency anaemia, thereby producing cost effective formulations without

compromising the therapeutic effect.
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