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ABSTRACT

A reversed-phase high-performance liquid chromatographic (RP-HPLC) method with UV detection was proposed
for separation of pentoxifylline and its impurities from tablet dosage forms. The best separation was achieved on a
LiChrosorb C18, 250 mm x 4.6 mm, 5 um column at a detector wavelength of 274 nm. |socratic regimen usage with
80:20:1:3 (v/viviv) mixture of water, methanol, o-phosphoric acid and tetrahydrofuran as a mobile phase at a flow
rate of 1 mi/min enabled acceptable resolution of pentoxifylline, in large excess, from possible impurities, in a short
elution time (15 min). Analytical parameters linearity, accuracy, precision and selectivity were determinated by
validation procedure in accordance with ICH requirements and found to be satisfactory. Overall, the proposed
method was found to be simple, rapid, precise and accurate for quality control of pentoxifylline and itsimpuritiesin
dosage forms and in raw materials.
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INTRODUCTION

Pentoxifylline (Ptx), a tri-substituted xanthinerigative (3,7-Dimethyl-1-(5-oxohexyl)-3,7-dihydrd-tpurine-2,6-
dione) is a hemorheologic agent used for the treatmemtedpheral arterial disease and intermittent dizattbn
[1]. Ptx improves blood flow through the periphecaiculation by decreasing blood viscosity, inkiig platelet
aggregation, enhancing erythrocyte flexibility adichinishing fibrinogen concentration [2]. Apart frothese well
known hemorheological properties, it has been fownexert a wide range of immunological activititshas been
reported that Ptx disturbs polarization and migratof human leucocytes [3]. Pentoxifylline also giishes
leucocyte-endothelium interaction and have a themrap role in preventing ischemia reperfusion igjun
microsurgical operations [4]. It prevents atheresusis in diabetes mellitus [5] and is a nonselecti
phosphodiesterase inhibitor that decreases tumenosis factor gene transcription [6]. It also hetpsprevent
strokes and can be used in managing sickle cedbhdesand improves blood flow to the brain. It wae astablished
that that Ptx increase the motility and longevityresh and freeze-thawed spermatozoa [7].

Several methods for its determination in pharmacalst have been reported, including high performealiguid
chromatography [8, 9], spectrophotometry [10, 1High performance thin layer chromatography [12]s ga
chromatography [13, 14] micellar electrokinetic amatography [15] and electrochemical methods [16-A8
these methods are adapted to decide rather clasbtems. Some of them have a validation but itpsreed the
guestion about the quality control of pentoxifydlinn different media thus needed for generic drgnfilation
producers.

Recently the European Union (EU) regulates the afsgeneric drug formulations and has been set upaich
member state to determinate and to detect theuesidf the drugs and its related substances iardiif products
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and blood plasma. To the EU requirements have addad the US FDA recommendations about drug prépasa
testing.

In this paper we therefore focused on finding opticonditions for simultaneous separation and da@teation of
pentoxifylline and its potential impurities in plnaaceutical dosage forms. The related substancpsmnibxifylline
we examined were theobromine and caffeine, bothtioreed in the European Pharmacopoeia (EP) as itypéri
and impurity F, respectively.

MATERIALSAND METHODS

Chemicals and reagents

Pentoxifylline reference standard (RS) was suppfiedn Sigma-Aldrich (Germany). Impurities A and Ferg
obtained from Merck (Darmstadt, Germany). HPLC gratkthanol, tetrahydrofuran and orthophosphorid aeire
produced from Merck. Pentoxypharm tablets contgirli@0 mg pentoxifylline were commercially obtained.

Instrumentation and chromatographic conditions

Chromatography was carried out isocratically, orduiar HPLC system LC-10A Shimadzu (Japan) arranvgéda
LC-10A pump, solvent degasser DGU-3A, Rheodynectonjewith 20ul loop, column oven CTO-10A, SPD-M10A
diode array detector and communication bus mod&@®l-@0A. Compounds were separated on a LiChrosor®, C1
250 mm x 4.6 mm, Jum column. The mobile phase was 80:20:1vB/Y/v) mixture of water, methanol, o-
phosphoric acid and tetrahydrofuran. Isocraticietutwas carried out at a flow rate of 1 ml/min ahbaent
temperature. UV-detection was performed at 274 nm.

Reference solutions
Reference stock solutions of theobromine (0.1 mg/¢hhpurity A), caffeine (0.4 mg/ml) (Impurity F)na
pentoxifylline (0.2 mg/ml) were prepared in the ribelphase and filtered through 0.4 membrane filter.

Calibration solutions

Calibration solutions for pentoxifyline were prepd by diluting the reference stock solution to nfsh
concentrations in the range 16-8@/ml. Calibration solutions for theobromine wereepared by diluting the
reference stock solution to obtain concentratiorthé range 2-16g/ml.

Calibration solutions for caffeine were prepared dijuting the stock reference stock solution to iach
concentrations in the range 4-g§/ml.

Working solutions

Working standard solutions for analysis of relagdstances contained 1.6 mg/ml pentoxifylline, 8u.@0ml
impurity A and 10.00ug/ml impurity F. Working standard solution for thest assay contained 32.0@/ml
pentoxifylline.

Sample preparation

Pentoxyfarm tablets were used for the investigatiome tablet contains 100 mg active substance. Basofutions
were prepared by first preparing stock solutionseiity tablets were weighed and finely powdered.afmount of
the powder equivalent to 100.0 mg pentoxifylline &ssay and 400.0 mg for analysis of related snbstawere
weighed into 250.0 ml volumetric flasks and appneadely 150 ml mobile phase was added to each. amples
were sonicated for 20 min and the solutions ween tHiluted to volume with mobile phase, mixed walhd
filtered. For assay, 4.00 ml stock solution wastéitl to 50.00 ml with mobile phase to give a soluttontaining 32
ug/ml pentoxifylline. The solution used for analysfselated substances contained 1.6 mg/ml penidirié.

RESULTSAND DISCUSSION
From the chromatogram shown in Fig. Nol, it is ewig that under the chosen chromatographic comditio

theobromine and caffeine were completely separ@®sd= 1.77), which indicated that the method ig&éle and
could be used for their simultaneously identificafiquantification and purity tests.
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Fig. No 1. Chromatogram obtained from system suitability study

Retention times, number of theoretical plates auilchy factors obtained by used of the HPLC methoder the
optimum chromatographic conditions are listed ib[€aNo 1.

Table No 1. Chromatographic data from HPL C method (system-suitability test)

Parameter Pentoxifyline  Theobromine Caffeipe
Retention time (min) 12.43 3.23 5.23
Tailing factor 0.92 0.85 0.90
Theoretical plates 2514 1250 1453

The validation study allowed the evaluation of thethod for its suitability for routine analysisrlated substances
tests procedure. The proposed method was valideitbdrespect to selectivity, linearity, precisiondaaccuracy to
show it could be used for simultaneous determinadibpentoxifylline and its impurities both in thelk drug and
in pharmaceutical formulations. Thspecificity of the HPLC method was confirmed byeirting blank samples,
placebos, reference solutions and in respect gileoents. No other peaks were observed at theti@teimes of
pentoxifylline and its impurities A and F, indiaagi that interfering substances were not presemtoRigylline was
identified by comparison of the retention timeghaf peaks attributed to pentoxifylline from the géarsolution and
from reference solution. Quantification was achéelg a single standard method.

Calibration and linearity

Response (peak area) was proportional to concemraiver the ranges tested. We prepared a seriesixof
calibration solutions with a concentration rangevei in Table No 2. Calibration plot data slope {a)ercept (b),
and correlation coefficient (r) are listed in Table 2.

Table No 2. Validation data for the calibration plots

Drugs Pentoxifylline| Theobroming Caffeirle
Concentration rangeug/ml) 16-80 2-16 4-20
Slope 25345.8 37110.1 460584
Intercept 685.4 -917.9 7712.4
Correlation coefficient (r) 0.9997 0.9998 0.9996

Precision

The precision of the analytical system was investid by performing six consecutive replicate ingewt of the
same standard solution. The standard deviatigh g&d relative standard deviation (RSD) obtainesl lmted in
Table No 3.

Table No 3. Values of S;and RSD as confirmation of precision

Compound Meanug/ml) S RSD (%)
Pentoxifylline 31.69 0.298 0.94
Theobromine 7.81 0.101 1.29
Caffeine 9.81 0.099 1.00
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Accuracy

The accuracy of the method was investigated byrahirtation of both impurities in the presence of tpaifylline.
A solution containing pentoxifylline (C = 1.6 mg/ith no detectable impurities was spiked with teéerence
substances at appropriate concentrations. The eeg@nd relative standard deviations (RSD) obtaifieble No
4) confirmed the satisfactory accuracy of the metho

Table No 4. Results from study of accuracy

Compound Recovery (% 4S | RSD (%)
Pentoxifylline 99.12 0.419 0.42
Theobromine 98.93 0.38b 0.39
Caffeine 99.02 0.631 0.64

Limit of quantification and limit of detection

The limit of detection (LOD) was calculated to beeie times the standard deviation of baseline rfoige analysis
of each compound. The limit of quantification (LO®as measured as the lowest amount of analytecthadl be
reproducibly quantified above the baseline noise,for each duplicate injection resulted in an R3%. LOD and
LOQ are listed in Table No 5.

Table No 5. Limits of detection and quantification

Compound LODg/ml) | LOQ (ug/ml)
Pentoxifylline 0.50 2.00
Theobromine 0.10 0.50
Caffeine 0.25 1.00

The obtained data from this analytical study wesmpared with European pharmacopoeia LC methodelatad
substances test of pentoxyfylline substance (Thlol&). EP method is based on linear gradient regimih two
phases and 45 min elution time, different colummnntaiming base-deactivated octylsilyl silica gel for
chromatography R (em) and column temperature about’g80

Table No 6. Obtained data from proposed method (Method I) and EP L C method

Parameter Method | EP method
Selectivity positive positive
Precision 0.94 % commensurahle
Accuracy +0.42 % +1.0%
LOD 0.5ug/ml 0.2ug/ml
LOQ 2 ug/mi 2ug/ml
Linearity interval 16 — 8@g/ml | commensurableg
Relative retention against Impurity A 0.26 0.30
Relative retention against Impurity F 0.42 0.40
LOD of Impurity A 0.1pg/ml 0.2ug/ml
LOD of Impurity F 0.25ug/ml 0.2ug/ml
Run time 15 min 45 min

The tested procedures by above HPLC methods fdopiéylline RS and in drug preparation are for it&oation,
related substances and assays. For identificaliar studied methods are suitable. LOD valuesammparatively
of the order ofug range. EP method is not validated for pentoxifgllin drug preparation or in other matrix, but
there is a very good accuracy. Assays test depemaisto precision, accuracy, linearity and systauitability test.
Some results obtained from different methods areélai but doubtless the favorite method is proposedhod |
because of better suitability and simplicity. le ttases when analysts will be obtained relativepawatively results
the estimation is based on the studies for seiggtiinearity and resolution. These studies leatianly to an exact
assessment but they make analysis more ensuredagdate to real state.

CONCLUSION

HPLC procedure for quality control of pentoxifykinvas performed at different chromatographic comat The
method was validated in respect of purposes ofmaeeutical practices. The developed RP-HPLC methasl
suitable for simultaneous qualitative and quaritiéatietermination of pentoxifylline and its relatedbstances in
Pentoxypharm tablets and in raw materials.
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