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ABSTRACT

The present study describes four simple, rapidugate, selective and sensitive spectrophotometethods for the
assay of azithromycin (AZM), a macrolide antibipiit bulk drug and pharmaceutical formulation. Timethods
are based on the formation of yellow ion-pair comxpbetween the AZM and four sulphonphthalein dyasely,
bromocresol green (BCG), bromocresol purple (BCBmophenol blue (BPB), bromothymol blue (BTB) in
acetate-acetic acid buffer solution of PH 3.0 05.3The ion-pair complex formed was extracted witloioform
and the absorbance was measured at 418, 409, 485444 nm for BCG, BCB, BPB and BTB methods,
respectively. Under the optimized conditions, Isdew is obeyed over the concentration ranges 20.22-18, 2-12
and 2-14pgmL* for BCG, BCB, BPB and BTB methods, respectiveie. folar absorptivity, sandell sensitivity,
detection and quantification limits are also cakgld. The methods were validated for intra-day artdr-day
accuracy and precision, selectivity and robustreess ruggedness. The proposed methods were appioegssfully

to the determination of AZM in their pharmaceutiéatmulations and the results were in good agredméth
those obtained by the official method. The accuraag reliability of the proposed methods were ferth
ascertained by recovery studies via standard agiditechnique.

Keywords: azithromycin; sulphonphthalein dyes; ion-pair complspectrophotometry; pharmaceutical analysis.

INTRODUCTION

Azithromycin (AZM), fig. (1), chemically known as -&oxo0-9a-aza-9a-methyl-9a-homoerythromycinis an
antibiotic discovered by a Croatian group of reskes, initially named XZ-450. It was developed b\, in the
USA, and had its approval for clinical use in 19@JL Azithromycin is active against some gram-p@sitand gram-
negative micro-organisms and functions by bindiogthe 50S subunit of the bacterial ribosome. ThiSoa
influences the microbial protein synthesis by prewe transpeptidation and translocation proces3ésis
azithromycin has been to treat respiratory infectiskin and soft tissues infections and some shxtrainsmitted
disease [2]. The drug is official in British phamoaeia [3] which describes a liquid chromatographathod using
60 volumes of acetonitrile and 40 volumes of agiil! solution of di-potassium hydrogen phosphate adiLish

pH 11 with a 560 gmt solution of potassium hydroxide as a mobile ptamkan octadecylsilyl vinyl polymer as a
stationary phase.

The literature survey reveals that several tectmigne available for the determination of AZM in phaceutical
and include high-performance liquid chromatogragyl4], thin-layer chromatography [15], micellamguiid
chromatography[16], voltammetry [17-20] Fourier nséorm infrared (FTIR) [21, 22] flow-injection
chemiluminescence [23], flow-injection analysis aramperometric detecting [24,25], fluorescence [1],
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spectrofluorometry [26-28], UV-spectrophotometr@{21], derivative spectroscopy [32], visible speptiotometry
[33-48], conductometry [48], potentiometry [49,%0]d flow injection spectrophotometry [51].

The most widely used technique for the assay of AiBNdbharmaceutical has been visible spectrophotgnaatd
methods based on such divers color reactions ation of AZM with potassium permanganate [33, 4@)-pair
complexation [34,36], formation of binary comple35], charge transfer reaction [37,39,41-43,45]miation of a
red colored chromogen with ferric chloride and iph@nanthroline [38], the acidic hydrolysis of AZMA4],
reaction of AZM with 2,4-dinitrophenylhydrazine [B6reaction of AZM with sodium 1,2-naphthoquinone-4
sulphonate (NQS) [47] and formation of ternary c@mrp48], however, many of the above methods suifem
one or the other disadvantage like poor sensitid6;37 ,39,42 ,46], poor selectivity [33, 40], tirg step [43,44]
and use of expensive chemicals [41,43,45].

Fig. (1)

CHy

CHs

Extractive spectrophotometric procedure has rededensiderable attention for the quantitative dateation of
many organic compounds of pharmaceutical intef&3t $3]. This technique depends on the reactioth@fdrug
that has basic cationic nitrogen and an anionic atya suitable pH, where a highly colored ion-gaimplex is
formed. However, no reports have appeared dealiity the extractive spectrophotometric method foe th
determination of AZM in drug forms so, far usindphonphthalein acid dyes. Therefore, the aim of ghesent
study was directed to develop four accurate, sgkcprecise and inexpensive procedure for therdebation of
AZM in pharmaceuticals based on ion-pair complexmfation using four sulphonphthalein dyes, namely
bromocrezol green (BCG), bromocresol purple (BaBamophenol blue (BPB) and bromothymol blue (BTB) a
reagent.

EXPERMENTAL SECTION

Instruments and material

An optimum UV-VIS spectrometer (SP-3000 plus) (Tokyapan) equipped with 1 cm matched quartz cells w
used for all absorption spectral measurement. AnlgoH-meter instrument (pH 211) (Romania) was used
checking the pH of Buffer solutions.

Pharmaceutical grade azithromycin (AZM) was progithy biopharmaceutical industries company, Saraemen.
The following pharmaceutical preparations was paseldl from commercial source in the local market and
subjected to analysis. Azithromycin tablets 500mugnf Alpha, Aleppo pharmaceutical industries compaggiro,
Egypt and Zisrocin capsules 500mg from Egypt pharma

6 th. of October, Egypt.

Reagent and chemicals
All reagents used were of analytical reagent gratlesolvents were of spectroscopic grade and &iildid water
was used throughout the study.

A stock standard solution of 1Q0y mL™* AZM was prepared by dissolving the appropriategeif pure drug in
least amount of ethanol and made up to 100 ml Wwitblistilled water. Bromocrezol green (BCG), bromesol
purple (BCB), bromophenol blue (BPB) and bromothyiolme (BTB) (BDH Chemicals LTD, Poole, England)
were used without further purification. Stock saatof 0.1 % (w/v) BCP, BCP, BPB and BTB were preghby
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dissolving the appropriate weight of dyes in 10atiianol and diluted to 100 ml with bi-distilled wat Series of
buffer solutions of KCI-HCI (pH 1.5-4.2), NaOAc-HQ@bH 1.99-4.92), NaOAc-AcOH (pH 2.5-5.6) and potaiss
hydrogen phthalate-HCI (pH 2.0-7.0) were prepamdibfving the standard methods [54], freshly predaselution
were always used.

Recommended procedure

The stoichiometry of the studied drugs and the eatyunder consideration in the complex was detexthby the
molar ratio method [55]. Into a series of sepamatinnnels (0.2-2, 0.2-1.8. 0.2-1.2 and 0.2-1.4)atijuots of
standard 100ug mL*AZM solutions were transferred using a micro berefitr BCG, BCP, BPB and BTB,
respectively. The total volume in each separatimqnél was adjusted to 2 ml by adding distilled wale each
funnel was added 2 ml acetate buffer of pH 3.08BB and 2ml acetate buffer of pH 3.5 for BTB. Ti&a ml of
0.1 % (w/v) dye was added to each funnel. The cinte&as mixed well and the formed ion-pair compleasw
extracted twice with 10 ml of chloroform after shakfor 2.0 min. the two phases were allowed teasafe and the
chloroform layer was dried over anhydrous sodiufplsate. The absorbance of yellow colored ion-paimplex
was measured at 418, 409, 415 and 414 nm for BZPR, BPB and BTB, respectively, against the corredpm
reagent blank.

Procedure for commercial tablets

The contents of ten tablets or capsules each conggb00 mg of AZM were weighted and finely powd&rén
amount of powder equivalent to 10 mg of AZM wasuwately weighted and transferred to 100 ml voluindtask
and dissolved in 10 ml ethanol followed by the #ddi of 50 ml of distilled water. The solution wakaken
thoroughly for about 10 min. diluted to mark wittstilled water, mixed well and filtered using a wiman No. 42
filter paper. First 10 ml portion of the filtrateaw rejected and a suitable aliquot of the filtr@entaining 100
g mLt AZM) was used for assay by the recommended praeetescribed above.

RESULTS AND DISCUSSION

Absorption spectra

The nitrogenous drugs are present in positivelygdth protonated forms and anionic dyes of sulpHwaipin group
present mainly in anionic form at pH3. So when treated with an acid dye at pH of adidiffers solution, a yellow
ion-pair complex which is extracted with chlorofoisnformed. The absorption spectra of the ion-paimplexes,
which were formed between AZM and each of BCG, BBPB and BTB were measured in the range 350-550 nm
against the blank solution and shown in (Fig. 2).

The ion-pair complexes show maximum absorbanc@t 410, 414 and 417 nm for AZM using BCG, BCP, BPB
and BTB, respectively. The optimum reaction coodisi for determination of the ion-pair complexes aver
established. Then linearity, accuracy, precisi@msgivity, and stability of proposed methods wdescribed56,
57] and these developed methods applied to pharmaakpteparations and obtained results evaluatéidtatally.

Method validation

Analytical parameters

Under optimum experiment conditions for AZM detemation, a linear relation was found between thediznce
and concentration of AZM in the ranges of 2-20,8-2-12 and 2-14 pg mifor BCG, BCB, BPB and BTB
methods respectively. Beers law is obeyed anddbat®n of the lines being:

Y=0.0048 + 0.0425 X for BCG method
Y=0.0088 + 0.0338 X for BCG method
Y=0.0088 + 0.0541 X for BPB method
Y=0.0037 + 0.0345 X for BTB method

Where Y is the absorbance and X is concentrationgrmL™. The linearity of calibration graphs was proved by
high values of the correlation coefficient ® ané 8mall values of the y-intercept of the regressiquations. The
molar absorptivity, sandall's sensitivity, limit§ detection and quantification of the proposed rodthwere also
calculated and recorded in tatile

Accuracy and precision

In order to determine of the proposed method, spiutontaining four different concentration of AZMithin the
working limits) were prepared and analyzed in gglication and the analytical results were sumnearin tablé.
The low values of the percentage relative standaxdation ( % R.S.Bx 0.70 and the percentage relative errors (%
R.E < 0.078 indicate the high precision and the good accumafcthe proposed method. RSD (%) and RE (%)
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values were obtained within the same day to ewvaluepeatability (intra-day precision) and over fidays to

evaluate intermediate precision (inter-day preaigsio

Fig. 2. Absorption spectrum of ion-associate comptes of (10 pg mt*) AZM with 0.1 % (w/v) of BCG, BCP, BPB and BTB reajents
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Table 1. Statistical analysis of calibration graphsnd analytical data in the determination of AZM wsing the proposed methodsn(= 6)

Parameters Proposed methods

BCG BTB BCP BPB
Wavelengths,A max (nmM) 418 414 409 415
pH 3.0 3.0 3.0 3.0
Beer's law limits (ug mL™) 2.0-20 2.0-14 2.0-18 2.0-12
Molar absorptivity &, (L/mol™ cm?) x 1¢° 1.320 1.087 1.131 1.683
sandall's sensitivity, ( pug crd) 24.35 29.55 28.42 19.09
log K 5.13+0.14 5.22+0.06 4.68+0.21 5.08+0.07
Regression equation)f
Intercept (a) -0.0048 -0.0037 0.0088 -0.0086
Slope (b) 0.0425 0.0345 0.0338 0.0541
Correlation coefficient (r) 0.9999 0.9998 0.9997 0.9999
LOD (ug mL™ 0.15 0.16 0.23 0.14
LOQ (ug mL™ 0.50 0.53 0.77 0.47
RSD% 1.084 0.70 1.14 0.8698
RE% 0.736 1.196 0.9128 0.6875
t-test” 0.283 0.394 0.166 0.078
F- test” 1.44 1.85 1.07 1.64

LOD, limit of detection; LOQ, limit of quantificatn; ¢ ,molar absorptivity.
% =a + bC, where C is the concentration in pg Ml is the absorbance units.
® The theoretical values of t and F at P= 0.05 ar&1 and 6.39, respectively.
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Selectivity

In order to evaluate the selectivity of the progbseethods for the analysis of AZM in pharmaceutfoatulation,
a placebo blank and synthetic mixture analysis d@se. From the placebo blank analysis, it was cowfil that
change in the absorbance with respect to the rédgank was caused only by the analyte. The eftécthe
presence of the excipients, such as talc, startttose, sodium alginate, calcium gluconate, sodamoride,
titanium dioxide and magnesium stearate was tdsteglossible interference in the assay synthetidungé analysis
and no interference was observed from these extpie

Application to analysis of pharmaceutical formulaton

The proposed methods were successfully appliedet@étermination of AZM in formulation (Azithromyctablets

500 mg, xithrone tablets 500mg tablets and zisroapsules 500mg). The obtained results are shawedbie 2 and
were compared with those obtained by the referemehod [27] by applying the students T-test aneégt-at 95%

confidence level. As can be seen from table 3ctieulated t and f values at 95% confidence leicindt exceed

the tabulated values of 2.78 and 6.39, respectivatijicating that there were no significance diéfece between the
proposed methods and the reference methods wipkeet accuracy and precision.

The accuracy and validity of the proposed methodseviurther confirmed by performing recovery expet
through the standard addition procedure. Pre-agdlyablet or capsule powder was spiked with knomounts of
pure AZM at three different concentration level§,(350, 200% of the quantity present in the tabletapsule
powder) and the total was measured by the proposgtods. The results of this study are presentedbiie 000
indicate that the excipiente present in the fortiotedid not interfere in the assay.

Table 2. Determination of the studied drugs in theipharmaceutical dosage forms applying the standaréddition technique

Sample Taken Added Proposed methods Recovetyo
P (MgmL™ | (ugmL™ | BCG BCP BPB BTB
Azithrocine 2 99.92 100.01| 99.89 99.95
(500 mg AZM/ tablet) 4 6 99.85 99.98 99.56 100.06
8 100.03 | 100.08 99.9 99.91
Xithrone 2 100.05 100.02 99.87 99.93
(500 mg AZM/ tablet) 4 6 99.94 99.85 99.9 100.03
8 99.9 99.96 99.95 99.92
Zisrocin 2 99.94 99.97 99.65 99.84
(500 mg AZM/ capsule 4 6 100.0% 100.03  99.13 99/9
8 100.09 99.88 99.95 99.93

@ Average of six determination

Table 3. Determination of the studied drugs in phamaceutical dosage forms

Samples .. _ Proposed methods (n=6) RecoverySD %

Official methods (n =5 BCG BCP BPB BTB

Azithrocine 99.70 £ 0.16 99.86 £0.19  99.55+0/1899.80 + 0.22 99.91 +0.20
(500 mg AZM/ tablet) 0.00512 t*=1.51 t=1.46 t= 0.87 t=1.93
) F=141 F=127 F=1.89 F=1.56

Xithrone 100.02+0.72| 99.94+0.68 99.63+0.§1 100.0652Q.
(500 mg AZM/ tablet) 99.89 £0.61 t=0.324 t=0.13 t= 0.606 t= 0.492
F=1.39 F=124 F=1.76 F=1.38

Zisrocin 99.95 +0.37 100.09+0.43 99.90+0,50 0.1@ +0.29| 99.82 +0.48
(500 mg AZM/ capsule 0.02738 t= 0.583 t=0.19 t=0.79 t= 0.507
F=1.35 F=1.83 F=1.63 F=1.68

@ Average of six determinations.
* The theoretical values of t and F at P=0.05 &81 and 6.39, respectively.

CONCLUSION

Unlike GC and HPLC procedures, the spectrophotanieteimple and is not of high cost. The importaties in

the chemical reactions upon which the procedureshased rather than upon the sophistication ofristeument.
This aspect of spectrophotometric analysis is ofomaterest in analytical pharmacy since it offetstinct

possibility in the assay of a particular compongntomplex dosage formulations. The reagents etlim the
proposed methods are cheaper, readily availablgrengrocedures do not involve any critical reattonditions
or tedious sample preparation. The method is uciaiieby slight variations in experimental condifasuch as pH
and reagent concentration. Moreover, the methodsaecurate, reproducible, adequately sensitivefia® from

interference by common additives and excipient® Wde applicability of the new procedures for metquality

control is well established by the assay of AZMpime form and in pharmaceutical preparations.
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