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Introduction

Iron containing dietary supplements and drug sare widely used for the
treatment and prevention of various types of anemia, mainly caused by low
levels of it in everyday food. The anemia, with its various types and difficulties,
is very common nowadays, as a result we have a lot of iron containing dietary
supplements and official drugs in the pharmaceutical market. Iron drugs and
dietary supplements (in form of ferrous fumarate, ferrous gluconate, ferrous
sulfate) come as regular, film-coated and extended release tablets, capsules and
oral liquids. The availability and variety of iron containing drugs and dietary
supplements have its advantages and disadvantages, first of all it is perfect for
doctors and patients, because they have a relatively wide range to choose among
the brands, as well as among the formulations [1,8,10]. Another problem is the
determination of iron quantity in this all supplements and drugs, despite it, that
some formulations have their monographs in current pharmacopeias (USP, Eur.
Pharm.) [2,3,6,7,12]. However, pharmacopeia monographs are not always
useful. The pharmacopeia monograf”’s methods for quantification of iron, in
most cases are highly expensive, complicated, demanding high quality
personnel and some unreachable reagents. This is a real challenge for quality
control laboratory.

A simple and inexpensive titrimetric method was developed and validated
according to International Conference on Harmonization (ICH) and United
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State Pharmacopoeia (USP). The method is based on complex formation
between ferric (Fe’) ions and disodium edetate (EDTA) in strong acidic
media. The endpoint of titration was determined visually. Sulfosalicylic
acid was used as an indicator (color change: from dark pink to light
yellow at pH=2). The method was validated regarding to linearity,
precision , accuracy and robustness.

Materials and Methods

Apparatus: A standard borosilburrets, pipetts, standard flasks, measuring
cylinders and conical flasks are calibrated as per International Conference on
Harmonization (ICH) guidelines [5], Iron(Ill)chloride hexahydrate (Merck),
Disodium EDTA was AR Grade (Merck), Sulfuric acid (Alpha Chemika),
Hydrochloric acid (Alpha Chemika), Nitric acid (Carl Roth), Sulfosalicylic acid
(Carl Roth), Ammonia solution 25% (Alpha Chemika), Water was taken from
Milli-Q® reference water purification system.

General Procedure: 483.03 mg (100 mg Fe) exactly weighed iron (III)
chloride was placed in a 250 ml conical flask, 5 ml of concentrated nitric acid, 2
ml of concentrated hydrochloric acid and 5 ml of water was added and heated
on a plate for 1 minute. Cooled to room temperature, then added 50 ml of water,
shaken during 1 minute and adjusted to pH=2 with 25% ammonia solution. The
obtained solution was cooled to room temperature and added to 5 mg
sulfosalicylic acid. Titrate with 0.05M EDTA solution until the reddish-purple
color changes to light yellow. 1 ml of 0.05 M EDTA solution is equivalent to
2.7925 mg of iron.

Results and Discussion

Although numerous highly efficient instrumental methods are now
available for the determination of metal ions and other inorganic species,
complexometric titrations are still widely used in routine analysis. The
versatility, sensitivity, and general convenience of complexometric titrations are
dependent on the correct choice of indicators for endpoint detection. [9]. One
of the indicators used in complexometric titration is sulfosalicylic acid.
Interaction of sulfosalicylic acid with ferric (Fe’") ions, depending on the acid-
base composition of reaction medium, could lead to the formation of three
complex compounds of various colors and compositions. At pH of 1.8-2.5 it
becomes reddish-purple, at 4-8 - red, and at 811 - yellow.This method of
determination of iron is also used in the determination of Ferrous (Fe*"). Ferrous
(Fe*") and ferric (Fe’” ions are two oxidation states of iron that are easily
interchangeable [11].

The method was validated regarding to linearity, precision, accuracy and
robustness following the suggestions of the International Conference on
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Harmonization (ICH) and USP [4]. The relationship between tested analyte
(different weights) and response (burette reading) is expressed by linearity,
which measured by regression coefficient (R* ). Following ICH guidance it
must be of value less than one. In this context, the linearity calculated in range
(5-120 mg) with R? equal to 1 (Table 1 and Figure 1).

Table 1
Linearity

N Weighed, FeCl; Fe (mg) Titrant Content %

analysis x 6H,0, (mg) consumption

(ml)

1 24.15 5 1.78 99.41
2 48.30 10 3.60 100.53
3 96.60 20 7.15 99.83
4 144.91 30 10.70 99.60
5 193.21 40 14.30 99.83
6 241.51 50 17.90 99.97
7 289.82 60 21.50 100.06
8 338.12 70 25.00 99.73
9 386.42 80 28.65 100.00
10 434.73 90 32.25 100.06
11 483.03 100 35.75 99.83
12 531.33 110 39.40 100.02
13 579.64 120 43.00 100.06
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Fig. 1. Linearity curve
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The precision is usually expressed as the RSD of a series of

measurements. It expresses the proximity of compliance between a series of
assessments obtained from multiple sampling of the aforementioned
homogeneous specimen under the prescribed conditions.
Titrate 482.64 mg iron (III) chloride (99.92 mg Fe) of 6 samples of the
standard solution. By consumed the volume of the titrant calculate the
concentration of iron (Table 2).The convergence of the method is
assessed by the standard deviation (SD) and the relative standard
deviation (RSD) for 6 standard solution samples. Acceptance criterion:
RSD < 2.0%.

Table 2
Precision
N Titrant
. | Weighed (mg) | consumption Content (%) x SD RSD
analysis
(ml)
1 35.80 100.05
2 35.80 100.05
3 35.70 99.77
482.64 (99.92
4 mg Fe) 35.85 100.19
5 35.80 100.05 100.03 % | 0.14 |0.14%
6 35.80 100.05

The intermediate precision of the volumetric method was performed by
analyzing the sampleson two different persons.The results were presented both
separately and as the mean (Table 3,4).

Table 3
Intermediate precision
A analyst
_ Titrant
N Weighed, mg | Fe (mg) | consumption| Content (%) X SD RSD
(FeCl; x 6 H,0) (ml)
1 480.02 99.38 35.50 99.75
2 479.26 99.22 35.50 99.91
3 478.27 99.01 3545 99.98 99.96 % 0.12 0.12 %
4 483.82 100.16 35.90 100.09
5 482.56 99.90 35.80 100.07
6 483.25 100.04 35.80 99.93
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Table 4
Intermediate precision
B analyst
. Titrant
N Weighed, mg Fe (mg)| consump- Content (%) x SD RSD
(FCC13 x 6 Hzo) .
tion (ml)
1 483.50 |100.09 35.85 100.02
2 484.44 |100.29 35.90 99.96
3 483.53 |100.10| 35.85 100.01
0 o
4| 48325 [100.04] 3580 99.93 99.96 %) 00491 0.05%
5 483.09 |100.01 35.80 99.96
6 484.09 | 100.22 35.85 99.89

Recovery studies were carried out to evaluate the accuracy of the method,
using 9 samples at three different levels (80%, 100% and 120%) from standard
iron (III) chloride (Table 5).

Table 5
Accuracy
Weighed, Titrant
anaII\I is FeCl; x 6H,0 | consumption alI{lzlcycge(:;eld) C(();tsnt x RSD (%)
Y (mg) (ml) &
1 28.60 79.86 99.82
386.30
2 contains 80 |  28.60 79.86 99.82 | g0 ecor | 0.10
. . .
3 (Fe) 28.65 20.00 100
4 35.70 99.69 99.69
483.00
5 contains 100 |  35.75 99.83 99.83 | o000 | 0.0
Fe ’ ’
6 (Fe) 35.75 99.83 99.83
7 43.10 120.35 100.29
580.00
8 contains 120 | 43-10 120.35 100.29
9 (Fe) 43.15 120.49 10040 |100.32%  0.06

Robustness is a property of the analytical method that characterizes
independence of influence on the research result of deliberate changes in
parameters method. Robustness depends on the type of analytical method . For
the compleximetric method titration used to quantify of iron in Ferrum Lek 50
mg/5 ml sirup (density 1.015 g/ml ), can serve as a confirmation of robustness
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results of studies carried out by varying the volume of the analyte (Table 6).
The content of the analyte in the sample is calculated according to the following
formula:

Vtitrantconsumption - K -2.7925 . p -1ml

m
V — titrant consumption (ml), K — correction factor, 2.7925 mg — 1 ml of
0.05M EDTA solution is equivalent to 2.7925 mg of iron, p — drug density

Fe (mg/ml) =

(g/ml), m — sample size (g).

Table 6
Robustness
Initial . Titrant
nitial amount o .
F 0, 0
N Ferrum Lek (g) e (mg) | consumption Content (%) RSD (%)
(ml)
1 1.010 10.1 3.60 101.02
2 0.995 9.95 3.55 101.12 0.15
3 1.012 10.12 3.60 100.83
Conclusion

The volumetric method proposed is easy, sensitive and inexpensive and
can consequently be applied to the determination of iron in liquid dosage form.
Method validation including linearity, accuracy, precision and robustness

generated acceptable results.
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Pa3pa6oTka u Baauganus MeTo1a KOMILIEKCOMETPHYECKOro
THUTPOBAHUS /ISl ONPe/ieJIeHUs] KOJIMYeCcTBa JKejle3a B
JKeJIe30Co/IepIKallnX JKUIKUX JeKapcTBeHHbIX opmax,
3aperucTpupoBaHHbIX B Pecnyduinke Apmenust

B.I'. Kupakocsin, A.M. laBunsin, A.B.I'nnocsin, JI.A. Bapaepecsin

Paspaborannbiii MeTo ObLT BaJIMIAHBIM, ITOCKOJIBKY OH YCICIIHO YJIOB-
JIETBOPSUI JKEIAEMBbIM KPUTEPHUSIM PYKOBOJSIIUX IMPHUHLIUIOB MeXIyHapOaHON
koH(pepentnu o rapmonmzanuu (ICH), nmuHEHHOCTH, MPaBUILHOCTH, TPEITHU-
3MOHHOCTH W YCTOWYMBOCTH. METOJ 3KOHOMHUYEH M He TpeOyeT OOJNBIIOro
KOJIMYECTBA BPEMEHH, TI0 CPABHECHUIO C APYTUMU H3BECTHBIMHU aHATUTUYCCKIMHU
Meromgamu. TakuM o0Opa3oM, ITOT METOJ MOAXOAWUT IJIsi PyTHHHOIO aHAIHM3a
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oTIpe/ieTieHns keJle3a B JKHIKUX JIEKapCTBEHHBIX (hopmMax Oe3 BMeEIIaTenbhCcTBa
BCIIOMOTaTEIbHBIX BEUIECTB.

Zuyuutnuith Zmbipuy bnntpintimd gpuiigqus pljupe

wupntbwlnng hinml gnudbbpnmd Epljuph pwbtwynipjut
npnodwl §nduy bpuwswhwljut tnubwlh dowlmd b ujhpugnid

9.Q. Yhpulynuwi, U.U. Ywdhiyub, U.9.Ghunyul, L.2. Jwupgbpbuywt

Uowljqwsd dbpnyp hwdwpynd b Juihnugws, puth np wjh
hwonnnipjudp puupupk) t LEkppuotwlkgdwt dhpwqquyhtt hwudw-
dnnnyh (ICH) nintgnygh swhwihoubphtt' gbuyunipjudp, Lonnipjudp,
Soqpuinipjudp b juyniumipjudp: Ukpnnp ntnbuwwybu dwwngkih £ b
Epjupunb dudwbtwl sh ywhwienid wy] hwjnth Jepniswjut dk-
panutph hwdbdwwnnipjudp: Ujuyhuny, wju dbpnnp hupdwp E hEgnily
phnudlbtpnid Epuph pwtwjulwi npnpdwt wdbkuopyw Jbpnisnt-
pintutipnud, nph pupwgpp skt junspunnuunid tpuiignid wnju odwi-

nuy Wynipbpp:
References

1. Aggett P.J., Erdman J.W., Macdonald I.A. et al. Present Knowledge in Nutrition, 2012,
10, p. 506-520.

2. Ferrous sulfate tablets. US. Pharmacopeia - 29-NF-24, 2006, p. 901.

3. Ferrous gluconate tablets . US. Pharmacopeia - 29-NF-24, 2006, p. 901.

4. International Conference on Harmonization. ICH Q2 (R1) Guideline on Validation of
Analytical Procedures: Text and Methodology, 2005.

5. International Conference on Harmonization. ICH Q7 Guideline on Good Manufacturing
Practice Guide for Active Pharmaceutical Ingredients, 2010.

6. TIron sucrose injection. US. Pharmacopeia - 29-NF-24, 2006, p. 1130.

7. Iron dextrane. US. Pharmacopeia - 29-NF-24, 2006, p. 1178.

8. Murray-Kolbe L.E., Beard J., Coates P.M. et al. Encyclopedia of Dietary Supplements,
2010. 2, p. 432-438.

9. Parimoo P. Phamaceutical analysis, New Delhi, CBS publishers & distributord
PVT.LTD. 2010, p. 78.

10. Ross A.C., Caballero B., Cousins R.J., Tucker K.L., Ziegler R.G., eds. Modern Nutrition
in Health and Disease. 11th ed. Baltimore, MD: Lippincott Williams & Wilkins, 2014,
p- 176-188. Ferrous Fumarate tablets. US. Pharmacopeia-29-NF-24, 2006, p. 897.

11. Sharlo G. Methods of analytical chemistry, 1969, p. 771.

12. Sulthoniyah D., Primaharinastiti R., Annuryanti F. Method validation of flame atomic
absorption spectrophotometry (FAAS) for determination of iron (Fe) in multivitamin
mineral capsule dosage form. Research Journal of Pharmacy and Technology, 2018, 11,
p. 2569.



