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Abstract

Quantification of iron in different pharmaceuticals can be performed by different analytical methods. In this
study, a rapid, sensitive and simple spectrophotometric method was used for the determination of iron (II) in
different iron tablets. A spectrophotometric method is based on the reaction of iron (I1) with 1,10-phenanthroline
to form an orange-red chelating complex in an acidic medium. The maximum absorbance of the chelating
complex was measured at 510 nm. The Beer Lambert’s law was found to be obeyed in the range of 0.4-4.0 mg/L
of iron (II). Out of ten samples analyzed, the observed amount of iron (II) in nine samples were range from
105 to 96 mg whereas in one sample it was observed only 81 mg per 100 mg of the labeled amount of iron(II)
by the manufacturer. Thus the results obtained by the spectrophotometric method using 1,10-phenanthroline
as a color developing agent were nearly equal to the claimed values of iron (II) in different iron tablets from

manufacturing companies.
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Introduction

Iron, a chemical element with the symbol Fe and
atomic number 26 is a metal in the first transition
series which is the most abundant metal by mass
found in the Earth [1-2]. It is also found in water as
well as in different foodstuff and the human body
naturally [2-3]. Iron is considered an essential nutrient
as it is required for several vital functioning of the
human body which includes oxidative metabolism,
reproduction, cellular growth, wound healing and
oxidation of various metabolic processes, etc. The
main role of iron is to carry oxygen to the tissue
where it is needed [4-5]. It is also essential for the
proper functioning of numerous enzymes involved in
DNA synthesis, energy metabolism, and protection
against microbes and free radicals [6]. Besides, iron
is also necessary to maintain healthy cells, skin, hair,
nails, etc [7].

The amount of iron needed each day depends on age,
gender, and overall health. Infants and toddlers require
more iron than adults in general because their bodies
are growing so quickly. Also, women need more iron
because they lose blood each month during their period
[8-9]. The average adult human body contains 3 to
4 grams of iron. About 60 to 70 percent of total iron
is present in the hemoglobin of red blood corpuscles

©Nepal Chemical Society

(RBC) of the human body as circulating iron [10].
Iron deficiency anemia, a reduction in the hemoglobin
concentration of oxygen-carrying capacity of the
blood is characterized by loss of appetite, abdominal
pains, tiredness, pale skin, cold hand and feet, brittle
nail, shortness of breath and headaches, etc [11]. It
may result from lack of iron in the diet, inadequate
absorption from the gut, or losses, usually through
bleeding [12].

Iron deficiency anemia is a leading cause for anemia
globally affecting more than 2 billion people
worldwide [13]. Also, about two-thirds of pregnant
women suffer from iron deficiency anemia in
the south Asian countries, which is the highest
prevalence in the world [14]. In the central plains
of Nepal, more than half of infants are anemic
(hemoglobin concentration< 110 g/L) by 12 weeks of
age. Furthermore, data indicate that more than three-
quarters of preschool children are anemic, with more
than 3% severely anemic (hemoglobin concentration
<70 g/L) [15].

Supplementation with iron tablets is the most
widely used approach to control the global problem
of iron deficiency anemia. However, unlike some
supplements, when the intake of iron is excess it
can be harmful to infants and young children. These
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effects include decreased growth, increased morbidity,
impaired development, etc. Besides, iron overdose can
damage the liver, brain, and heart which may lead to
a heart attack or stroke [16-17]. Therefore, it is more
important to understand taking iron supplements can
have serious health consequences if unnecessarily
consumed. Hence it is very important not only to
make sure that only recommended amount of iron
is taken but also to know whether the iron content is
consistent as claimed by pharmaceutical companies.
The determination of metal ions at the trace level
is one component in the field of pharmaceutical
analysis. ~However, their analysis in the
pharmaceutical preparation 1is challenging due
to complex composition and a wide range of
concentrations, which may vary from ppb to percent
levels [18]. Although many sensitive and selective
analytical methods such as chemiluminescence,
graphite furnace atomic absorption spectrometry,
flame atomic absorption spectrometry, fluorometric
analysis, anodic stripping voltammetry, volumetric
analysis, and spectrophotometry, etc are available
for the determination of metal ions and most of these
methods are very expensive for routine analysis
of metal ions. Among them, a spectrophotometric
method is well-established techniques and owing
to their speed, selectivity, reduced implementation
costs, the versatility of applications and therefore it
can be considered to be the advantageous alternatives
to sophisticated and expensive techniques normally
used in the pharmaceutical analysis [19].

Materials and Methods

All the chemicals used in this study were of analytical
grade (AR) or laboratory-grade (LR) reagents which
were directly used without further purification. The
stock iron solution (40 ppm iron(Il)) was prepared
by dissolving the required amount of Mohr’s salt
(AR, Merck) in 1 mL 98% H,SO,. Similarly, 0.01M
1,10-phenanthroline (AR, Merck), Hydroquinone
(0.1IM) (AR, Merck), Sodium Citrate (0.1M) (LR,
Qualigens), HCI (6M) (LR, Qualigens) solutions were
prepared by taking a suitable amount of respective
reagents in distilled water.

Ten different samples of antianemic drugs by different
pharmaceutical companies at solid dosage form were
collected by random sampling technique from the
different medical stores of Thapathali, Kathmandu and
were analyzed by using a spectrophotometric method
as described elsewhere [20-21]. In brief, iron from
iron tablets is reduced to Fe*" with reducing agents
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such as hydroquinone and the ferrous ion chelates
with 1,10-phenanthroline forming a stable complex of
the orange-red color [Fe(C,HN.),]** (figure 1). The
intensity of this color is proportional to the concentration
of iron and follows Beer Lambert’s law.

2Fe* + H0<</}0H — 2Fe% + O:C>:o +2H

hydroquinone

quinone

=
“
N
3 + Fe?* ——
N
“ |
1,10-phenanthroline Y

Figure 1: Reaction scheme for the formation of iron
phenanthroline complex

Results and Discussion

Determination of 2. and calibration plot

The absorbance of the standard iron solution was
obtained as a function of wavelength ranges from
440 to 550 nm and maximum absorbance (Amax)
was obtained at 510 nm which is nearly matched with
literature values (figure 2a) [20-21]. Keeping the 510
nm wavelength fixed, absorbance of several standard
iron solutions (0.4, 0.8, 1.2, 1.6, 2.0, 2.4, 2.8, 3.2,
3.6, 4.0) ppm were obtained for the preparation of
the calibration plot (figure 2b). The Beer Lambert’s
law was found to be obeyed in the range of 0.4-4.0
mg/L of iron (II) and thus obtained calibration plot
was used for the quantification of iron in the different
iron tablets.

Determination of iron(Il) in iron tablets

Iron canbe determined by using differenttools vizatomic
absorption spectrometry [22-24], high-performance
liquid chromatography [23], and spectrophotometry
[25], etc. Moreover, in  spectrophotometric
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Figure 2a: Determination of A _for the estimation of iron
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Figure 2b: Calibration plot for the quantification of iron

determination, varities of photometric reagents such as
1,10-phenanthroline (orange-red color complex), tiron
(blue-color complex), thioglycolic acid (red-purple
color complex) etc are used for the determination of
iron [25].

Randomly collected commercial solid iron tablets
were coded as samples (A, B, C, D, E, F, G, H, 1,
J) and iron content in coded tablets was determined
spectrophotometrically using 1,10-phenanthroline
as a photometric reagent. During the work, triplet
measurements were carried out for each tablet. The
total amount of iron found in iron tablets from the
calculations based on the calibration curve (figure
2b) as well as the claimed values from manufacturer
companies are summarized in Table 1 and are shown
in the bar diagram (figure 3).

The amount of iron content in each pharmaceutical
sample is different though all have the claimed same
amount of iron (100 mg per tablet) except sample
H (50 mg per tablet). The amount of iron content
in sample A was found to be 104.64 mg/tablet and

Table 1: Amount of iron found in different tablets by
spectrophotometric method

Sample Iron content Iron content Relative
code per tablet/mg  per tablet/mg error
(Label) (this experiment)* (%)
A 100 104.64 4.43
B 100 99.33 0.67
C 100 96.25 3.75
D 100 96.04 3.96
E 99 97.07 1.94
F 100 97.48 2.52
G 100 98.71 1.29
H 50 48.02 3.96
I 100 102.2 2.15
J 100 80.65 19.35

a= average value of three determinations for each sample
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that of a sample I was 102.2 mg/tablet. Both values
are higher than the claimed amount of iron in these
iron samples. The iron content in iron samples B, C,
D, E, F, G, H, and J was found to be 99.33, 96.25,
96.04, 97.07, 97.48, 98.71, 48.02, 80.65 mg/tablet
respectively. The amount of iron content was found to
be less than the labeled amount of iron in these eight
samples.

Moreover, in the sample J, the iron content was
found to be 19.35% less than the labeled value by the
manufacturer. This higher discrepancy may be due to
the interferences of other components present in the
sample as the sample J was a gelatinous capsule while
others were in solid tablet form. Besides this gelatinous
sample J, the observed results in this study were in
agreement with the similar study for the determination
of iron in iron tablets by a spectrophotometric method
using 1,10-phenanthroline as a color developing
reagent [10,25,26]. Observed discrepancies of iron
content between experimentally determined and
reported values by a company in the analyzed tablets
were found to be within the error of this experimental
method.
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Figure 3: Comparative study of the labeled amount of iron
by producer and experimentally observed iron content in
different iron samples

Conclusions

The amounts of iron present in different iron tablets
were analyzed by using 1,10-phenanthroline as a
color developing agent. From the spectrophotometric
method, out of ten samples, the total iron content of two
samples namely A and [ were found to be higher and the
rest eight samples namely B, C, D, E, F, G, H, and ] were
found to be lesser iron content than the labeled amount
by manufacturing companies. However, the observed
discrepancies between experimentally obtained iron
content and the labeled amount of iron content by the
manufacturers were within the experimental error of
this experimental method.
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