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Effect of dose and formulation on iron
tolerance in pregnancy

V. SHATRUGNA, L. RAMAN, U. KAILASH,
N. BALAKRISHNA, K. VISWESWARA RAO

ABSTRACT
Background. The National Nutritional Anaemia Prophylaxis

Programme (NNAPP) in India was launched in t 97 t . However,
anaemia continues to be a major public health problem. Partial
coverage of the population, inadequate dose of the iron supple-
ment, defective absorption due to intestinal infestations and
problems with formulation have been recognized as factors
responsible for its failure. Therefore, the bioavailability of iron
from different formulations containing 60 mg of elemental iron
and of tablets with varying doses of elemental iron was under-
taken.

Hethods. One hundred and fifteen women were randomly
allotted to receive different formulations and doses of iron and
then undergo iron tolerance tests. They received ferrous sulphate
tablets containing 60 mg, t 20 mg and t 80 mg of elemental iron;
formulations containing 60 mg of elemental iron as pure ferrous
sulphate salt, ferrous fumarate tablets, ferrous fumarate syrup,
excipients added to pure ferrous sulphate salts, powdered ferrous
sulphate tablets, iron tablets distributed by the NNAPP and pure
ferrous salt in gelatin capsules.

Results. The data obtained from 32 subjects were excluded
because of non-compliance, intolerance of the medication and
lack of results of blood tests. Data from the remaining 83 subjects
indicated that increasing the dose of elemental iron from 60 mg
to t 80 mg improved the bioavailability of iron, but was asso-
ciated with unacceptable side-effects. Also, liquid formulations of
iron had a better bioavailability, with ferrous fumarate syrup and
gelatin capsules being the most superior.

Conclusion. Providing the iron formulation with a high
bioavailability should enable the NNAPP to be more successful in
decreasing the prevalence of anaemia.
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INTRODUCTION
The National Nutritional Anaemia Prophylaxis Programme
(NNAPP) was launched in India in 1971. However, its impact on
the prevalence of anaemia, especially in pregnant women and pre-
school children, has been far from satisfactory. 1 Programme
evaluation studies indicate unsatisfactory coverage and poor
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patient compliance as major factors contributing to its failure.
However, even the adequacy and bioavailability of elemental iron
in the preparations supplied through the NNAPP2 have been
questioned. Defective absorption of iron due to inhibitory factors,
repeated intestinal infections and infestations may also contribute
to the low bioavailability of iron. Another factor that could have
influenced the bioavailability is the compactness of iron tablets,
which could result in poor dissolution and absorption of iron.

We, therefore, studied the bioavailability of iron in different
iron formulations using different doses in pregnant women from
the low socio-economic group.

SUBJECTS AND METHODS
Pharmaceutical preparations of ferrous sulphate tablets contain-
ing 60 mg, 120 mg and 180 mg of elemental iron (tablets used in
the multicentric trial of the Indian Council of Medical Research), 3

were used to assess the effect of dose on the bioavailability of iron.
The effect of the formulation on the bioavailability was studied
using 60 mg ferrous fumarate tablets (Indian Drugs and Pharma-
ceuticals Ltd., Hyderabad), NNAPP tablets and ferrous fumarate
syrup 60 mg/5 ml, distributed by the Health Department, Govern-
ment of India. All these preparations had 60 mg of elemental iron.
To assess the effect of excipients on iron absorption, excipients
such as starch. talcum. sugar and gums were mixed with pure
ferrous sulphate (food-grade) salt. All preparations contained
500 Ilg folic acid.

As a large number of blood samples would be necessary for
comparing the lIT (iron tolerance tests) using 60 mg of pure iron
salt with each of the other preparations in a cross-over design, it
was felt that this would not be feasible. Therefore, a pilot study
was done prior to the main study in 8 subjects. Iron tolerance tests
were done with ferrous fumarate tablets (60 mg) and pure iron salt
(60 mg iron) using a cross-over design to calculate the area under
the curve (AUC) and the relative bioavailability (RB). The RB
obtained in the cross-over design was not different from that
obtained in the cross-sectional study carried out with pure iron salt
and ferrous 'fumarate tablets. Hence, the RB for all the other
formulations was calculated using the cross-sectional data of the
AUC of pure salt, which was considered to be 1.

Subjects
One hundred and fifteen pregnant women attending the antenatal
clinic of the National Institute of Nutrition, Government Mater-
nity Hospital over a period of 8months were included in the study.
They were matched for age, parity and gestational age (20-28
weeks). None of the subjects had any obvious health problem. The
details of the study were explained and a written, informed
consent obtained from all the subjects. This conformed to the
guidelines of the ethical committee of the institute. To determine
the plasma iron tolerance, fasting blood samples were collected
from all the subjects before giving an oral dose of iron. Subse-
quent samples were obtained at 2, 3, 4 and 6 hours after giving the
iron preparation. The subjects were allowed food only after the
last sample was obtained.

Iron tolerance tests were carried out with ferrous sulphate
tablets containing 60 mg (n=15), 120 mg (n=15) and 180 mg
(n=15) of elemental iron; with different formulations containing
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60 mg elemental iron either as pure ferrous sulphate salt (food-
grade) dissolved in water and made slightly acidic (n=15), ferrous
fumarate tablets (n=10), ferrous fumarate syrup (n=1O) or in
excipients added to pure ferrous sulphate salt (n=8), ferrous
sulphate tablets as powder (n=9), tablets distributed under the

. NNAPP (n=9) and pure ferrous salt in gelatin capsules (n=9).
The weight, height and mid-arm circumference were measured

in all the subjects. The haemoglobin was estimated by the cyan-
methaemoglobin method' and the serum iron by bathophenon-
throline method." The area under the plasma iron tolerance curve
was calculated using the method described by Gibaldi and Perrier. 7

The peak concentration and time to attain peak concentration
were calculated in all the groups.

Data of 32 subjects were excluded because of incomplete
blood sample collection, vomiting within 2 hours of ingestion of
the iron preparation, haemolysis of some of the samples and non-
compliance by the subjects. In fact, 6 out of 15 women receiving
180mg iron and 3 out of 15recei ving pure ferrous salt were unable
to retain the ingested dose. Intolerance was not noticed in any of
the other preparations.

Analysis of data
The data were analysed using the SPSS computer programme. For
differences in the means of groups, analysis of variance and the
multiple '1' test were used. The correlation coefficients within
each group were calculated and their significance tested by the
Student 't' test."

RESULTS
Characteristics of subjects
There was no significant difference between the groups with
respect to age, parity, various anthropometric parameters and
mean haemoglobin concentrations. The mean (SD) body-weight
was 45.3 (5.9) kg, height 150.5 (6.4) em, mid-arm circumference
22.7 (3.5) em, and body mass index 20.0 (2.03) kg/m-. The mean
(SD) haemoglobin was 10.5 (1.9) g/dl. The mean (SD) basal
plasma iron in groups 1 [56 (12) ug/dl] and 6 [70 (16.4) ug/dl] was
lower (p<0.05) and in group 10 [152 (9.2) flg/dl] higher (p<0.05)
as compared to other groups (Table I).
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Effect of dose of iron on plasma iron tolerance
Figure 1 depicts the iron tolerance curves with different doses of
ferrous sulphate. The plasma iron tolerance increased with higher
dose. The peak concentration and the AUe were higher with a
higher dose of iron. In fact, the iron tolerance curves with pure
ferrous salt were similar to those with 180 mg elemental iron. The
time to attain peak concentration was not significantly different
amongst the various groups and ranged from 2.8 hours to 3.6
hours (Table I).

Effect of formulation on plasma iron tolerance
The plasma iron tolerance curves of the different formulations
containing 60 mg of elemental iron are shown in Fig. 2. The values
with ferrous fumarate syrup were highest at 4 hours compared to
all other formulations with similar values for pure salt and capsule
at around 3 hours. The AUe and peak concentrations were also
highest with ferrous fumarate syrup and iron given in gelatin
capsules. The time taken to attain peak concentration was similar
in all the groups (3-4 hours) except in those receiving 60 mg of
elemental iron as pure ferrous sulphate salts with (2.4 hours) or
without (2.8 hours) added excipients (Table I).

The RB for ferrous fumarate tablets was 0.58 and was similar
to that obtained with it in the pilot cross-over design study (0.63).
The RB derived for all the other groups receiving 60 mg of
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FIG1. Plasma iron tolerance curves with different doses of iron in
pregnancy

TABLE 1. Mean (SE) basal serum iron, peak concentration, time to peak, AVe and relative bioavailability. All preparations contained 500 Ilg
of folic acid

Iron preparation n Serum iron Relative

(dose of elemental iron) Basal Peak AVC Time taken to reach bioavailability
~g/dl ug/dl ug/dl/hour peak value (hour)

Ferrous sulphate tablet
0.5960 mg 9 56 (12.0)' 183 (10.5)b 985 (36)b 3.3 (0.24)

120 mg 14 104 (9.6)b 311 (32.0)' 1223 (115)' 3.6 (0.17)
180 mg 6 93 (18.1)b 358 (44.5)' 1536 (152)" 3.5 (0.34)

Pure ferrous sulphate salt 60 mg 9 137 (8.6)b 389 (33.9)' 1679 (92)' 2.8 (0.28) 1.0

Ferrous fumarate
tablet 60 mg 8 92 (8.6)b 214 (28.0) 912 (111 )b 3.4 (0.18)' 0.58
syrup 60 mg 8 70 (16.4)' 466 (52.5)' 1917 (240), 4.0 (0.01)' 1.14

Ferrous sulphate salt 60 mg 5 109 (9.5)b 295 (51.0)' 1379 (230)' 2.4 (0.24)b 0.82
with excipients

0.69Ferrous sulphate tablet 60 mg 7 83 (l1.5)b 264 (42.0)' 1162 (162)' 3.0 (0.31)'
powdered

NNAPP tablet 60 mg 9 127 (7.0)b 321 (18.7)' 1556 (87)' 4.0 (0.44)' 0.93
Gelatin capsule 60 mg 8 152 (9.2)' 383 (19.8)' 1869 (313)' 3.2 (1.06)' 1.11

AUC Area under the curve NNAPP National Nutritional Anaemia Prophylaxis Programme Values with different superscripts are significantly different at p<O.05
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FIG3. Plasma iron tolerance-mean increase and area under the
curve, corrected for basal values

elemental iron from different formulations showed that ferrous
fumarate syrup and gelatin capsules had an RB greater than 1,
while the NNAPP tablets had an RB close to that of pure salt
(Table I).

Since various groups of iron preparations containing 60 mg
elemental iron as tablets did not show any difference between
absorption parameters, the data were pooled (n=63) and analysed
using ANOV A. A significant correlation was observed (p<0.05)
between basal serum iron on the one hand, and the AUC (r=O.342)
and peak concentration (r=0.285) on the other. There was no
correlation between any of the kinetic parameters, anthropomet-
ric measurements or haemoglobin levels.

In view of the variations in the basal levels of serum iron
among the groups receiving 60 mg iron, the data were analysed
after correcting for the zero-hour value. This showed that the
increase in serum iron after an iron load was similar in all the
groups except with ferrous fumarate syrup and gelatin capsules
which showed a greater increase (p<O.OI) at all points in time,
whereas there was a lesser increase (p<0.05) with 60 mg ferrous
sulphate and ferrous fumarate tablets as compared to all the
groups (Fig. 3).

DISCUSSION
Various factors are known to influence the bioavailability of iron
in humans. Of these, the pH of the stomach, the form of iron (ferric
or ferrous salt), pregnancy and anaemia":" are the most important.
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In the present study, the RB with various formulations showed
significant differences. A dose-dependent increase was also seen
in the groups receiving 120 mg and 180 mg of ferrous sulphate.
Ferrous fumarate syrup was far superior to all the other formula-
tions as it had a high peak concentration, a higher mean increase
in serum iron and a higher AUe. The absorption of iron was
optimum with ferrous fumarate syrup and capsule formulations.
This could be attributed to the ingredients in the syrup which
possibly kept the iron in the reduced form, facilitating maximum
absorption. Though absorption of iron also increases with a
higher dose, it is associated with greater side-effects such as
vomiting, nausea and diarrhoea; 40% of the subjects given 180
mg of iron could not tolerate the tablet.

These observations appear to be similar to that of an earlier
study by Ekenved" where the RB of the slowly and rapidly
dissolving ferrous sulphate and ferrous fumarate tablets was
different. This study also substantiates an earlier observation with
ferrous glycine sulphate." The similar RBs of the NNAPP tablets
and the pure ferrous salt could be attributed to the minimal use of
excipients for binding purposes to economize on cost. Though in
experiments it has resulted in faster dissolution giving an RB
close to that with pure salt, evaluation studies have shown that
such preparations have poor keeping quality in the prevailing
storage and distribution conditions.

Since the gelatin capsules and ferrous fumarate syrup have
better bioavailability and keeping quality, the NNAPP should
distribute iron preparations in either of these two forms. This
would not only ensure a better clinical response and patient
compliance but also fewer side-effects. This could improve effec-
tiveness of the programme.
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