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Quantitative determination of ibuprofen by chemiluminescent method
Aim. The development of quantitative determination of Ibu in substances and medicines preparations using a new analytical system chemiluminescence system H2L (luminol) – Н2О2 – Нb (hemoglobin), which is an Ibu chemiluminescence inhibitor was the aim of this work.
Materials and methods. The objects of research were: substance of Ibuprofen and drugs containing Ibuprofen: «Ibuprofen» pills produced by PC «Technolog» (Uman, Ukraine) and «Nurofen» coated pills, produced by Pekkimm Benckiser Helsker International Limited, Tain Road, Nottingham, Nottinghamshire, UK. The intensity of chemiluminescence was measured on the device with photoelectric multiplier FEU-84-A, using measurement of low currents IMT-0.5 and quick-acting automatic potentiometer.
Results. The method of Ibuprofen quantitative determination in pharmaceutical preparations based on reaction of inhibition of chemilumeniscence system H2L ‑ H2O2 – Hb was developed. RSD was shown ± 1.56 % (δ = – 0.75 %) and ± 1.68 % (δ = – 0.35 %) for the «Ibuprofen» and «Nurofen» tablets respectively, LOQ is
3·10–5 mol·L–1.
Conclusions. The proposed method is promising for further research on the subject of its application for the determination of small amounts of Ibuprofen in the wash water, when washing control equipment held on pharmaceutical companies.
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Statement of the problem
Ibuprofen (Ibu) is a NSAID. It has analgesic, anti-inflammatory and medium antipyretic effect, due to inhibition of the biosynthesis of prostaglandins by inhibiting the enzyme cyclooxygenase. It is produced in tablets of various dosages, coated, capsules, granules, syrups, suppositories, etc. and used as a symptomatic agent in the treatment of children and adults.

Analysis of recent research and publications
Ibuprofen is (±)-2-(p-isobutylphenyl)propionic acid by the chemical structure.

The scientific literature describes different methods of quantitative determination of Ibu such as spectrophotometry [5], HPLC [8] and chemiluminescence (CL): in system Ibu – H2O2 – Fe (II)/(III) – Eu (III) [4], for the activation of CL in the system KMnO4 – Na2SO3 [6] or inhibition of CL in micellar media in the presence of Tb3+ ions [7].
Earlier us in a number of papers were shown the benefits of using CL method for quantitative determination of the various medicines and biologically active substances, based on the chemilumeniscence inhibition of the system H2L (luminol) ‑ H2O2 – Hb (hemoglobin) [1, 2].
The development of a new method of quantitative determination of Ibu using this highly sensitive chemiluminescence method is of a great importance.
Allocation of the unsettled before parts of the common problem
Most of the methods used to for Ibu assay in substance and dosage forms require the use of special expencive equipment, implementation of prior relatively complex sample preparation and involve the application of organic solvents both in HPLC, GC and LC ect.

Formulation of the main aims of the article
The aim of this work was the processing of quantitative determination of Ibu in substances and medicines techniques using a new analytical system chemiluminescence system H2L (luminol) – Н2О2 – Нb (hemoglobin), which is an Ibu chemiluminescence inhibitor.
The main material of research
The objects of research were: substance of Ibuprofen ((±)-2-(p-isobutylphenyl)propionic acid) and drugs containing Ibuprofen (the content of the main substance was 100%): «Ibuprofen» pills produced by PC «Technolog» (Uman, Ukraine), 200 mg of the active ingredient, series 20300, and «Nurofen» coated pills, produced by Pekkimm Benckiser Helsker International Limited, Tain Road, Nottingham, Nottinghamshire, series NG 902DB, UK.

Solutions were prepared by volume-weight method at 293 K. Double distilled water was used to prepare the solutions in all cases.
Standard 1∙10–3 M solution of luminol (5-amino-2,3-dihydro-1,4-ftalazindion, H2L, RPF «Synbias», Ukraine). 0.217 g of 3-aminoftalic acid hydrazide with qualification «ChP» was dissolved in 100 mL volumetric flask in 10 mL of 0.01 M sodium hydroxide solution and brought to the mark by double-distilled water. The solution was kept in a dark place.

0.1 M solution of sodium hydroxide was used for medium pH stabilization, solutions pH was controlled by the laboratory potentiometer «Ionomer I-130» with glass electrode ESL-43-07 and silver-chloride electrode and ionomer laboratory I-130 (ZIP, Gomel, Belarus). All solution were prepared with double-distilled water.

Hydrogen peroxide (Н2О2) 5.8 % solution was prepared from 58% A.C.S. preparation (produced by LL «Inter-Syntes», Boryslav, Ukraine) by its dilution in 100 times in double-distilled water: 10 mL was transferred into volumetric flask of 100 mL and volume was brought to the mark at 293 K. This solution is stored at reduced temperature (281 – 283 K).
The content of hydrogen peroxide in solution was controlled by permanhanatometryc method [3]. Working H2O2  solution 0.058 % (wt.) (1.7·10–2 M) was obtained by the appropriate dilution of the original solution exactly in 100 times. Working solution can be applied during the day.
As a catalyst human blood hemoglobin (Hb) prodused by «Simko Ltd», Lviv, Ukraine was used. Hemoglobin solution 100 µg·mL–1 was prepared by dissolving in a 100 mL volumetric flask of 10 mg hemoglobin in 50 mL double distilled water by heating and adding 1 mL of 1.0 M sodium hydroxide solution. Volume was brought to the mark with double distilled water at 293 K and stirred. Working hemoglobin solution was prepared by dilution with double distilled water of the initial one exactly in 100 times. Working solution can be applied during the day.

The intensity of chemiluminescence was measured in conditional units (c.u.) on the device with photoelectric multiplier FEU-84-A, using measurement of low currents IMT-0.5 and quick-acting (time constant 0.1 s) automatic potentiometer. Reaction that accompanies CL was performed in quartz cell of cylindrical form with 30 mm diameter with work volume of 10 mL. The following order of reagents mixing was performed: to the mix of luminol indicator in alkali solution and Н2О2, with the presence or absence of Ibu solution in control experiment, was added with the help of dosage pipette P-1 0.50 mL of Hb and kinetic curve of chemiluminescence intensity (ICL) in relative units (ICL) – time (s) was registered. Dosage pipette is built in to the mobile keeper, that isolates photocatode of photoelectric multiplier from outside light, and further allows to work at the common lighting. All experiments were performed at 293 K. To characterize the inhibitory action of Ibu on the maximum intensity of CL value ΔICL = Io – ICL was calculated, where Iо – the maximum intensity of CL in the system H2L – Н2О2 – Нb (without Ibu, control experiment), ICL – maximum intensity of CL in the same system with the addition of inhibitor: H2L– Н2О2 – Ibu – Нb (work experience).
The studies found, that in the optimal conditions Ibu has an appreciable inhibition effect on the occurrence of CL in the system H2L ‑ H2O2 – Hb. This fact was used to develop a new method of quantitative determination of Ibu in substance solutions and drugs.

Standard solution sample (SSS) of Ibu 2 mg·mL–1 was prepared: in a volumetric flask of 100 mL 0.2000 g substance of Ibu (100.0%) was dissolved in 10 mL of 1 M sodium hydroxide solution and brought to the mark by double-distilled water.
Procedure of determination.
To a chemiluminescent quartz cell solutions were added consistently as follows: 1.00 mL 1·10–3 M H2L, 0.50 mL of 1 M sodium hydroxide solution, (10 – x) mL of DDW, where x is the total volume of all reagents and samples, in mL), 0.50 mL of 1.7·10–2 M H2O2 and 0.50 mL of Ibu SSS. Cell with the mixture (10.0 mL) was established in chemiluminometer and 0.5 mL of working solution of hemoglobin with a concentration of 1 mg·mL–1 was added.

CL calibration curve of Ibu determination is presented in Fig. 1. 
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Fig.1. Calibration curve of Ibu quantitative determination by the effect of chemiluminescence inhibition in the system H2L ‑ H2O2 ‑ Ibu – Hb.

The linear dependence of ΔICL on the inhibitor concentration was observed in the range (1–10)∙10–4 mol·L–1. The equation of calibration curve is ΔICL= 1.30·104с + 1.06 (r = 0.996). The quantitation limit (LOQ) of Ibu in the model of substance solutions is 9.7·10–5 mol·L–1, RSD = 3.12% (n = 5, P = 0.95) .
The assay of Ibu in drugs was performed by comparison to standard using linear section of ΔICL concentration dependence.

Method of quantitative determination of Ibu in «Ibuprofen» tablets 200 mg. Approximately 290 mg of tablets (accurately weighed) was dissolved in a 100 mL volumetric flask in 10 mL of 1 M sodium hydroxide solution and brought to the mark with DDW. Similarly the Ibu SSS was prepared the volume-weighted method with a concentration of 2 mg·mL–1.

1.00 mL of 10–3 mol·L–1  Н2L solution, 0.50 mL of 1 mol·L–1 sodium hydroxide solution, (10 – x) mL of double-distilled water, where x is the summary of all reagents volume in test in mL, 0.5 mL of 1.7·10–2 mol·L–1 Н2О2 solution and 0.50 mL of Ibu solution were introduced into quartz chemiluminometer cell. The cell was put into light proof photomer camera, the shutter was opened, the automatic potentiometer was turned on and 0.5 mL of 1.00 μg·mL–1 Hb was added. A control experiment was perform using the same volume of DDW instead of Ibu SSS.
Ibuprofen content in Х (g, one pill) was calculated by the equation:
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where mst – weight of Ibuprofen in SSS, g;

ΔICL – maximum value of ΔICL in working experiment, relative units;

ΔIst – maximum value of ΔIst in SSS, relative units.;
100 – volumetric flask used for analysis, mL;
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– average tablet weight (n = 20), g;

mn – mass of pounded tablets in a seria used for analysis, g.

Method of quantitative determination of Ibu in «Nurofen» tablets 200 mg. Approximately 400 mg of tablets (accurately weighed) was dissolved in a 100 mL volumetric flask in 10 mL of 1 M sodium hydroxide solution and brought to the mark with DDW. Similarly the Ibu SSS was prepared the volume-weighted method with a concentration of 2 mg·mL–1. Further analysis was performed in Ibu as determination in the «Ibuprofen» tablets 200 mg and Ibu content in g per tablet (X) was calculated by the same equation. The results of Ibu quantitative determination in tablets are shown in Table 1.
Table 1.
The results of Ibuprofen quantitative determination (n = 5, Р = 0.95).
	Dosage form of
	Found, g
	Metrological
characteristics

	«Ibuprofen» (Ukraine)

Ibuprofen 0.200 g
*(a = 0.201 g)
	0.1963
0.2012

0.1975

0.2040

0.1983
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 = 0.1995
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 = ± 3.11·10–3
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S

= ± 1.39·10–3
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D

= ± 3.87·10–3
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= ( 1.56 %

**δ = – 0.75 %

	«Nurofen»
Ibuprofen 0.200 g
*(a = 0.200 g)
	0.1994

0.1983

0.1977

0.1963

0.2050
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 = 0.1993
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 = ± 3.36·10–3
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S

= ± 1.50·10–3
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D

= ± 4.16·10–3
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**δ = – 0.35 %


Note: *а – Ibu content by the certificate, g; **δ = (
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 – а)100/a.
Conclusions and prospects for further research

The procedure was processed and the possibility of quantitative determination of Ibuprofen in tablets using the method of chemiluminescence inhibition in system H2L ‑ H2O2 – Hb was shown. RSD = ± 1.56 % (δ = – 0.75 %) and RSD = ± 1.68 %
(δ = – 0.35 %) for the «Ibuprofen» and «Nurofen» tablets respectively, LOQ is
3·10–5 mol·L–1. The proposed method is promising for further research on the subject of its application for the determination of small amounts of Ibuprofen in the wash water, when washing control equipment held on pharmaceutical companies.
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