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ABSTRACT: A simple, sensitive and highly selective direct colorimetric method for the determination of
Iron in biological samples is developed. Iron reacts with o-phenanthroline and reduced from Fe3+ to Fe2+ by
the use of an excess of hydroxylamine HCI to form a orange red complex ion. It was measured at an
absorption maximum of 510 nm. Beer’s law was obeyed in the concentration range of 20-200 pg/mL. The
method was applied successfully to a number of biological samples (female wistar rats’ liver), plant samples
(pearl millet seeds). The method is very simple and requires no solvent extraction or pre-concentration steps.
© 2018 iGlobal Research and Publishing Foundation. All rights reserved.
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INTRODUCTION

Iron is essential to all known organisms. In cells, iron is
generally stored in the center of metalloprotiens, because free
iron can catalyze production of toxic free radicals [1]. Iron
deficiency lead to iron deficiency anemia. At present few
analytical techniques with sufficient sensitivity and selectivity
are available for the determination and speciation of trace and
ultra-trace levels of Iron in plant samples. Some of the
techniques are Flame atomic absorption method, Solid phase
spectroscopy, Non  dispersive  atomic  fluorescence
spectrometer, X- ray fluorescence spectroscopy and Electron
probe microanalysis. We have developed a novel method for
the estimation of iron in both plant (pearl millet seeds) and
animal samples (liver).

Prevalence and severity of anemia in India [2-6]
According to world health organization (WHO), there are two
billion people with anemia in the world and half of the anemia
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is due to iron deficiency. Anemia is late indicator of iron, 48%
in children 5-14 years, 42% in woman, 15-59%,

30% in men 15-59 years, and 45% in adults. Anemia and iron
deficiency lead to substantial physical productivity deficiency,
so it is estimated that the prevalence of iron deficiency is 2.5
times of that of anemia. The estimated prevalence of anemia in
developing countries is 39% in children losses in adults. Iron
deficiency during pregnancy is associated with maternal
mortality, preterm labor, low birth weight, and infant
mortality. In children, iron deficiency affects cognitive and
motor development and increases susceptibility to infections.
Anemia is a major problem in India. In the 2005 -2006
National Family Health Survey, a household survey aimed at
having national and state representative data on population
health and nutrition; the prevalence of anemia was 70% in
children aged 6 to 59 months, 55% in females aged 15-49
years, and 24% in males aged 15-49 years.
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Principle

Iron +Il1 reacts with o-phenanthroline to form a colored
complex ion. The intensity of the colored species is measured
using a spectrophotometer [7]. Determination of iron by
reacting iron +I1 with o-phenanthroline to form an orange-red
complex ion according to the following equation:

ortho-phenanthroli ne
Ferrous tri s-o-phenanthroline
The iron in the biological samples will be present in Fe** form.
It is reduced from Fe®" to Fe?" by the use of an excess of
hydroxylamine HCI in the quantitative estimation.

MATERIALS AND METHODS

Reagents and solutions

Analytical grade Ferrous sulphate, Hydroxylamine HCI and
O-Phenanthroline were purchased from Loba Chemie,
Mumbai. Triple Distilled water was prepared with all glass
distillation unit.

Analytical Procedure [7-9]

Iron calibration solutions were prepared by pipetting the
indicated amounts of the iron solution into labeled 50 mL
volumetric flasks. The first flask is a blank containing no iron
and made up to the volume with distilled water. 4.0 mL of
10% hydroxylamine HCI solution and 4.0 mL of 0.3% o-
phenanthroline solution was added to each volumetric flask.
The mixture was swirled and allowed the mixture to stand for
10 minutes. Each flask was made to the mark with distilled
water and mixed well by inverting and shaking the capped
volumetric  flasks several times. Using a UV/VIS
Spectrophotometer (Spectronic 301, Thermo Scientific Ltd.,
Mumbai), carefully measured the percent transmittance of the
various solutions in the 50 mL volumetric flask. The
concentrations of Fe** volume to pipet for 0.05, 0.10, 0.15,
0.20 and 0.25 mg were 4, 8, 12, 16 and 20 mL respectively.
The absorbance was measured at 510 nm against a
corresponding reagent blank. The iron content in an unknown
sample was determined using a concurrently prepared
calibration graph.

Determination of Iron in plant samples [10]:

The air dried sample, 10-25 g of plant tissue (pearl millet
seeds) was taken into a glass jar for sprouting of seeds for 7
days for the increase of vitamin C, and the seeds are dried for
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one day and made into a fine powder. The digest was filtered
and neutralized with distilled water and 0.8 mL of Hydroxyl
amine HCI and O-phenanthroline was added to the filtered
solution and made up to 10 mL with distilled water. The
absorbance was measured at 510 nm against a corresponding
reagent blank. The iron content in an unknown sample (pearl
millet seeds) was determined using a concurrently prepared
calibration graph.

Determination of Iron in biological samples [10]

In vivo studies on the effect of pearl millet on therapeutic
effect of iron supplements in anemic rats were carried out as
follows. Sub-chronic toxicity study [10] was conducted on
Wistar albino rats of female sex weighing between 120 and
150 g were obtained from the animal house. The animals were
allowed to free access of water and standard palette diet
(Hindustan Lever Ltd. Mumbai). Animals were housed in
polycarbonate cages, paddy husk bed- ding with a controlled
ambient temperature (22 £2 °C), humidity (60 £5%) and a 12
h light/dark cycle. All the experimental procedures and
protocols used in the study were reviewed and approved by
the Institutional Animal Ethical Committee.

Wistar female rats were randomly divided into 5 groups of 6
rats each. Group A animals were the vehicle control, treated
with free access of water and standard palette diet. Group B
animals were treated with standard iron syrup (1 mL), Group
C animals were treated with pearl millet seeds (1g) and Group
D animals were administered with combination of pearl millet
powder (0.5 g) and probiotics (0.5 g), Group E animals were
treated with pearl millet powder (1 g) and probiotics (1 g) for
28 days through oral route of administration. After the
experimental period the animals were sacrificed 2 h after last
dose administration by cervical dislocation, the thoracic region
was opened to expose the heart. Blood was collected by
cardiac puncture in dry heparinised tubes and used for
estimation of hematological parameters. Another aliquot of
blood was placed in plain centrifuge tubes allowed to
coagulate for 30 min in room temperature and centrifuged at
3000 rpm for 10 min. The supernatant serum was collected
and used for estimation of biochemical parameters.
Immediately following blood collection, the liver was
removed, washed in cold saline, pressed between filter paper
pads and carefully weighed using a digital weighing balance.
Relative organ weights for 100 g body weight was calculated
and recorded. The liver was immediately preserved in 10%
formalin for estimation of iron by colorimetric method.

Estimation of iron in animal organs was estimated as follows
[7-9]. The liver was isolated, washed in cold saline, pressed
between filter paper pads and carefully weighed using a digital
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weighing balance. Relative organ weights for 100 g body
weight was calculated and recorded. The liver was
immediately preserved in 10% formalin for estimation of iron
by colorimetric method. The liver was homogenized and then
the supernatant liquid was collected. Then 0.5 mL of the
supernatant liquid was taken into the centrifuge tubes and to
that 0.5 mL of water was added, centrifuged at 3000 rpm for
10 min. After 10 min collect the supernatant liquid (0.1 mL)
and to that 0.8 mL of hydroxyl amine HCI and 0.8 mL of o-
phenanthroline was added and stand for few min for proper
mixing and made up to 10 mL with distilled water.
Absorbance was measured at a wavelength of 510 nm.
Validation of data was performed statistically on all samples.

RESULTS AND DISCUSSION

The calibration curve for the determination of iron in pearl
millet seeds was obtained as shown in Fig 1. The Beer’s law
followed and in the concentration range of 20-200 pg/mL. The
regression equation showed a correlation coefficient of 0.999.
The concentration of unknown sample (pearl millet) was
found to be 182 pg/mL. The calibration curve for the
determination of iron in biological samples was obtained as
shown in Fig 2. The Beer’s law followed and in the
concentration range of 20-200 pug/mL. The regression equation
showed a correlation coefficient of 0.998. The concentration
of unknown sample (liver) was found to be 306 pg/mL.

A Study of accuracy was conducted for biological samples in
Triplicate (50%, 100%, 150%). The average % recovery was
calculated [15] and shown in Table 1.

Calibration curve for the determination of iron in pearl
millet seeds
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Fig. 1: Calibration curve for the determination of iron in
pearl millet seeds
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Calibration curve for the determination of iron in
biological samples
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Fig. 2: Calibration curve for the determination of iron in
biological sample

Table 1: Accuracy data of iron samples in biological

samples
S.N | Accura | Amou | Amoun | % Results
0 cy nt t Recovery
added | recover
(mg) | ed
1. 50 % 242 242 98.77 Mean=2.4
2
2. 50% 241 2.40 98.3 SD=0.015
3. 50% 244 243 99.1 %RSD=0.
61
1. 100% 2.48 2.47 101.5 Mean=2.4
6
2. 100% 2.45 2.45 100 SD=0.015
2
3. 100% 2.47 2.47 100.8 %RSD=0.
617
1. 150% 251 2.50 101 Mean=2.5
1
2. 150% 2.50 2.49 102 SD=0.01
3. 150% 2.52 251 102 %RSD=0.
48
Mean=10
0.3
SD=1.414
%RSD=1.
40

For repeatability, six same standard preparations were made
and the relative standard deviation for the replicate samples
was calculated. The readings of system precision were given
in the Table 2. Results meet the established acceptance criteria
where the correlation coefficient is 0.999.
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Table 2: Precision data of iron samples in biological
samples

S.No CO?S;?;rE;Ion Absorbance (nm)

1. 28 0.164

2. 28 0.166

3. 28 0.162

4. 28 0.166

5. 28 0.168

6. 28 0.164
Mean=0.165.
SD=0.00209.
%RSD=1.26.

CONCLUSION

A simple, sensitive and highly selective direct colorimetric
method for the determination of Iron in biological samples
was developed. The method was applied successfully for the
determination of biological samples (liver of female Wister
rats). The method was very simple, economical, rapid method.
It can be used in laboratory purpose for the quantitative
estimation of iron.
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