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ABSTRACT

A potentiometric membrane sensor responsive with satisfactory selectivity
to clindamycin hydrochloride was prepared for simple and fast
determination of thisdrug in pure form and pharmaceutical dosage forms
without prior extraction process or separation from different dosage form
excipients. The sensor was based on the formation of an ion association
complex between clindamycin hydrochl oride as a cationic drug and sodium
phosphotungestate as anionic electroactive material. The produced ion
association complex was incorporated in plasticized polyvinyl chloride
membrane. The performance characteristics of thissensorswere evaluated
according to IUPAC recommendations-reveal fast, stable and near
Nernestian response for 3.16 x 10* - 1 x 10 M for clindamycin
hydrochloride. Statistical comparison between the results obtained by
applying the proposed potentiometric method for the determination of the
clindamycin hydrochloride and those obtained by applying the official
method was done and no significant difference was found at p = 0.05.
Validation of the method according to | CH guidelines showsthe suitability
of the sensor for quality control analysis of the cited drugs in
pharmaceutical formulations. The proposed sensors can also be used asa
detector for HPLC method. © 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION

Clindamycin hydrochloride(CLD) isalincosamide
antibacterial drug with aprimary bacteriostatic action
against gram-positive aerobes and a wide range of
anaerobic bacteria. It givesitsaction by bindingto bac-
terial ribosomeand inhibitsthe early stagesof protein
synthesig¥. Different techniqueswere used for thede-

termination of CLD, including spectrophotometric de-
terminations based on color formationi>®, HPLC de-
terminationg®21, capillary electrophoresig® 2, chemi-
luminescence methods™®!, voltammetry+*¥ and con-
ductometric methods®.

Theaim of the present work isto devel op apoten-
tiometric membraned ectrodefor the determination of
CLD in pureform and pharmaceutical dosageforms
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without prior extraction process or separation from dif-
ferent dosageformsexcipients.

EXPERIMENTAL

Apparatus

All potentiometricmessurementsweremeadea 25°C.
A Jenway digital ion analyzer model 3503 (Essex, UK)
withAg/AgCl doublejunctionreferenceeectrode No.
Z113107-1EAPW (Steinhum, Germany) wasused. The
influence of pH on the response of the el ectrodeswas
studied using apH glass electrode Jenway (Jenway,
UK) No. 924005-B0O3-Q11C. The determination of
thesamplesoccurred usngamagnetic firrer, Banddin
Sonorox, Rx510S (Budapest, Hungaria). Silver wire
of 1.0 mm diameter was purchased from Fluka
(Steinheim, Germany) and used asinternal reference
electrodein the constructed e ectrodes.

Puresamples

Clindamycin hydrochloride: kindly supplied by
Memphis Company, Cairo, Egypt. The purity of CLD
wasfound tobe 100.2+ 0.90 according to the official
method(".

Market samples

e Clindam® 150 mg capsules, each capsuleisla-
bel ed to contain 150 mg clindamycin HCI, batch
number 92146, manufactured by SIGMA Phar-
maceuticalsIndustries (Egypt).

e Clindam® 300 mg capsules, each capsuleisla
bel ed to contain 300 mg clindamycin HCI, batch
number 90778, manufactured by SIGMA Phar-
maceuticalsIndustries (Egypt).

e Dadacin-C® 150 mg capsules, each capsuleisla
bel ed to contain 150 mg clindamycin HCI, batch
number 04P09D150, manufactured by Pfizer
Pharmaceutical Company (Cairo, Egypt).

e Daacin-C® 300 mg capsules, each capsuleisla
bel ed to contain 300 mg clindamycin HCI, batch
number 9004, manufactured by Pfizer Pharma
ceutical Company (Cairo, Egypt).

All of them were purchased from local market.

Reagentsand chemicals
All chemicd sand solvents used were of analytical
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Polyvinyl chloride (PV C) high molecular weight,
Dibutyle sebathate (DBS) and Sodium
phosphotungestate (PTA) were purchased from Fluka
(Steinheim, Germany), while Terahydrofuran (THF),
99% was obtained from BDH (Poole, England). KCl,
HCI and NaOH were obtained from Prolabo (Penn-
sylvania, USA) and deionized water wasused

Sandard solution for linearity

Stock solutionsof CLD (1 x 10t M) and working
solutions of CLD (1 x 101 - 3.16 x 10* M) were
prepared in deionized water.

Procedures
Prepar ation of clindamycin HCl ion exchangers:

Theion-pair complex of CLD-phosphotungestate
was prepared by slow addition of 10mL 1 x 102 M
aqueous solution of CLD to 10 mL 1 x 102 M Na
phosphotungestate solution with stirring. Theresulting
precipitate wasfiltered using Whatmann No 42 filter
paper, washed with cold water, dried at room tempera:
ture (about 25 °C) and grinded to fine powder. The
resultant ion associ ation complex was confirmed by €-
ementd andyss.

InaPetri dish (5 cmdiameter), 0.01 gof ion pair
complex was mixed thoroughly with 0.19 g of PVC,
0.35 g DBS and 5 mL THFE. The dish was covered
with afilter paper and left to stand overnight to allow
slow evaporation of the solvent forming the master
membrane with about 0.1 mm thickness®.

Electrodeassembly

A disk of an appropriate (about 8 mm) diameter
was cut from the previous prepared master membrane
and cemented toflat end of an adhesiveof PV Ctubing
by dissolved in THFE. The other end of the PV C tubing
wasthen connected to an appropriate glass outer cast-
ing.

A mixtureof equa volumesof 10°M CLD and 102M
KCl solutionswasusad asaninternd referencesolutionand
Agwirewasdippedinddethed ectrodeafter baing plated
inconcentrated HCI to beAg/AgCl internal reference
electrode. The membranewas conditioned by soaking
in102M aqueousdrug solution over night and storedin
the samesolutionwhen not in use.
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Sensor calibration

The prepared sensor wasimmersed in conjunction
withthe doublejunction Ag/AgCl referenceelectrode
inworking solutionsof CLD intherangeof 3.16 x10*
-1x 10 M, after pH checking, allowed to equilibrate
whilst stirring and the e.m.f. readingswere recorded
within+1 mV. The membrane sensor was washed be-
tween measurementswith doubledistilled water. The
e.m.fswererecorded asafunction of the drug concen-
trations, then the calibration graph of the recorded po-
tentialsvs. -log drug concentrationswereplotted. The
computed regress on equation for thelinear part of the
curvewas used for the subsequent determination of
unknown concentrationsof CLD.

Application to pharmaceutical formulations

The contents of 10 capsules (from each dosage
form) were emptied as completely as possible, accu-
rately weighed and mixed. Transfer an accurately
weighed portion of the powder, equivaent to 0.2308 g
CLD to a50-mL volumetric flask add about 35 mL
deionized water and sonicatefor 5minthen completed
to volumewith deionized water to prepare 102 M so-
Iutionof CLD, then serid dilutionto 3.16 x 10 M was
done.

RESULTSAND DISCUSSION

| SEsplay animportant rolein pharmaceutica andy-
ssduetotheir smplicity and rapidity over some other
analytical methods like spectrophotometry and
HPLC™, Sdectivemembranein| SEshaveshownboth
ion exchange and perm-sel ectivity of the sensor ions
and signal isgenerated by charge separation at thein-
terface between theion sel ective membrane and the
solution dueto selective partitioning of ionic species
between thesetwo phased® ¥, Furthermore, they may
be used for the measurement over awide concentra-
tionrange. ISEsaregenerdly tolerant to small changes
of pH. A further advantage isthat they arerelatively
simpleand not expensiveto devel op, set up and run®.,

Inthe present work, CLD isan antibacteria agent;
its structure does not have any conjugation therefore
exhibitingavery poor UV absorption, Figure(1). De-
termination of CLD using spectrophotometric method
requiresprevious derivatization and adj usting the con-
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dition of experiment whichincrease both difficulty and
time of themethod. By reviewing theliteratures, we
found that thereis no ion selective el ectrode method
was reported for the analysis of CLD and other re-
ported electrochemical methods were complex and
need expensve apparatus. Thisacquired our attention
to develop smple, cheap, rapid, selective, preciseand
accurate method for determination of CLD in purebulk
and in pharmaceutica dosageformswithout previous
pretrestment steps (deri vaizationor extraction, .. ..etc).

H,C H ",
H o ;
OH

Figurel: Chemical structureof clindamycin hydrochloride
Optimization of experimental conditions

First wetry to prepare different sensorsfor deter-
mination of CLD thefirst 2 sensorswerebased on us-
ing 2-hydroxypropyl-p-cyclodextrin (2-HP-BCD) as
ionophore with PV C-COOH which has two recom-
mended properties, (partia dissociation and high ad-
hesion)®, Thefirst sensor was plasticized by dioctyl
phthal ate while the second was plasticized using o-
nitophenyl octyl ether. Poor Nernestian responseswere
obtained (30.1 and 45.2) upon using dioctyl phthalate
and o-nitophenyl octyl ether, respectively. Sowe ori-
ented tothefact that CLD behavesasacationinacidic

medium dueto the protonation of amino group (Figure
1), thisfact suggeststhe use of an anionic exchanger.

Choiceof appropriateion exchanger

Thetypeof theion exchanger affectstheresponse
of the sensor®®, therefore the two anionic exchanger
namely, ammonium-reineckate and PTA weretried.
CLD-reineckate membranegavevery poor Nernestian
response, about 40 mv, while phosphotungestatewas
found to bethe optimum anion exchanger for the stud-
ied drug. Theresulting precipitateshavelow solubility
productsand suiteblegrain size. CLD reacted with PTA
(Na,0,,PW_,) toform stable 3:1 water insolubleion
associ ation complex.
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Thisratiowasconfirmed by d ementd andysisdata,
TABLE (1), and by Nernestian response of the sug-
gested el ectrode which was about 60 mV, the typical
value of monoval ent substance, indicating that CLD
behavesasmonovaent cation.

TABLE 1: Elemental analysisof CL D-PTA complex.
Analysis %@

Parameters

C H N
Calculated % 15.6 24 2.0
Found % 144 2.6 1.8

[a] Calculated on 3:1 basis

Effect of plasticizers

Theeffect of plagticizerswasinvestigatedusng DBS
(anonpolar plasticizer) and o-nitrophenyl octyl ether
(polar plasticizer) for the preparation of the proposed
electrode. According to theresult obtained, DBSwas
found to bethemoreeffective. Thisindicatesthat DBS
adjusts both membrane permeability and ion exchange
Stesmobility to givethe highest possible selectivity and
sengtivity.

Effect of pH

Theeffect of pH on the potential - of the electrode
system was studied over pH range2-10at 1 pH inter-
val by immersing the electrodein 10*M and 10°M
aqueous solutions of CLD. Gradual increase or de-
creasein pH was obtained by adding aliquots of 1M
sodium hydroxide or hydrochloric acid solutions, re-
spectively with congtant ftirring. The potentia obtained
at each pH valuewasrecorded. It wasfound that the
investigated el ectrode response was stable over pH
range4-6, Figure (2).

Effect of someadditivesand related drug
The performance of the el ectrodein the presence

300
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—+=10"-3M

—_—10"-2 M
100 \ﬂ—g_’\‘___‘
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Figure2: Effect of pH on theresponseof CLD-PTA eectrode.
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of some pharmaceutical additivesthat are commonly
used in drug formulation e.g. sodium chloride, potas-
sium chloride, purified talc, magnesium stearate, lac-
tose, ureaand lincomycin HCl was studied.

Selectivity coefficient values (KP* I aterent)
were measured using separated sol ution method“” in
which concentration of the measured interferent was
10°M. Thesmdl vaduesof sdlectivity coefficient showed
no sgnificant interferencefrom these additives, indicat-
ing selectivity for CLD, TABLE (2).

TABLE 2: Potentiometric selectivity coefficient (KP*
on.interfereny) 107 theinvestigated CL D electrode.

Interferent 103M

primary

Selectivity coefficient®

K* 12.4x10?
Na' 9.4x10%
Mg™ 3.06 x10%
Tac 3.3x10%
Lactose 4.64 x10°
Urea 4.98 x10°

Lincomycin HCI 13.2 x10

[a] Average of three determinations.

The coefficientswerecd culated from the equation:

LOg K pot __EB-EA
primary ion, interferent — =

Where KP critreny o, inteferent isthe potentiometric selec-
tivity coefficient, Sthed opeof thecdibration plot, EA
and EB arethe potential for CLD and theinterfering
ion, respectively.

I dentification of thedope, responsetimeand op-
erativelifeof studied electrode

Theelectrochemical performance of the studied
electrodewasevduated, CLD phosphotungestate, ac-
cording to lUPA C recommendati on(“Y,

Thedopeof thecdlibration curvewastypicaly 54.36
mV/concentration decade. Deviation from theideal
Nernestian slope (60 mV), stemsfromthefact that the
el ectroderespondsto the activities of the drug cation
rather than itsconcentrations. TABLE (3) showed the
response characteristics of the e ectrode.

Theresponsetime of the electrodewastested for
concentrations 102 M and 102 M of the drug. The
measurements were characterized by afast stablere-
sponse within 20 seconds. The electrode displayed
constant and stable potentia readingswithin+2 mV
from day to day. Calibration slopesdid not change by

. -
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TABLE 3: Electrochemical responseand validation of the
investigated CL D eectrode.

Par ameter CLD-PTA
Slope (mV/decade) 54.36
Intercept (MvV) 248.48
Correl &ion coefficient (r) 0.9999
Regponse ti me (seconds) 20
Working pH 4.0-6.0
Concertrationrange (M) 316x10%-10"
Stabil ity (weeks) 2
Accuracy (mean+SD) 100.0+0.45
Error (% RSD/Nn) 0314
Repeatabil ity!” + S.D. 100.2+ 1.320
Intermediate precision® + S.D. 100.0+ 1.114

All values measured at room temper ature (£25°C); [a] Average
of five determinations; [b] = 3x3.(Concentration 103,3.16x10%,
102M of CLD were measured three times).

morethan 2.0 mV/decade over aperiod of 2 weeks.
Method validation

Thevadidity of the proposed potentiometric method
was assessed by studying thefollowing parameters: lin-
eaxity, range, accuracy, precision and sdectivity accord-
ingtothelCH guidlines*.

Linearity

The potentiometric response of theelectrodeat the
optimum pH anda room temperaturewaslinear with con-
stant dope over adrug concentration range 3.16x10 -
101 M. Theregressi on eguation wascomputed and found
tobe

= Pyl Peper

y =54.36 x + 248.48 r = 0.9999
Wherey isthepotential inmV, x is—log CLD molar
concentration, andr isthe corre ation coefficient.

Accuracy

The proposed electrode can determine different
concentrations of bulk powder with mean percentage
recovery of 100.0+ 0.45 for CLD. To prove the accu-
racy of theproposed method, theresults of the assay of
CLD inpureform by the proposed e ectrode were com-
pared with those obtained using theofficid method .

Statistical comparison of theresultsobtained by the
proposed € ectrodewith those obtained by the officia
method using student t-test and varianceratio F-test
reved ed no significant differencesbetween the perfor-

TABLE 4: Satistical analysisof theresultsobtained by the
proposed electrode and the official method!” for the
determination of CLD.

Value CLD-PTA Official method®®

Mean 100.0 100.2
+SD 0.45 0.90
%RSD 0.45 0.90
n 6 5

Variance 0.198 0.810
Student’st (2.365)" 0463 -
F test (5.192)" 4091 -

[a] HPLC method based on using C,, (250 mm x 4.6 mm S pm)
column and phosphate buffer solution: acetonitrile (55:45, v/v)
as a mobile phase, the pH adjusted to 7.5, with UV detection at
210 nm; [b] The values between parenthesis are the
corresponding theoretical values of t and F at (p= 0.05) “3.

TABLES5: Determination of CLD initspharmaceutical preparationsby the proposed electrode.

Taken Clindam® %I;ggar; Clindam® %ggjjr; Dalacin-C® Dfal?:::l; Dalacin-C® Dga%ir;;:
(-log M) iaggf:gjea']s 150mg? ?;:é%s 200mg"! ‘:3[?3051:1&%5 150mg? gam??é?”s] 300mg"!
350 348 9.4 347 99.1 347 N1 3.46 989
300 302 1007 297 99.0 302 1007 3.01 100.3
250 2.52 1008 251 100.4 252 1008 2.52 100.8
Mean 1003 995 1002 100.0
+ SD 0781 0.781 0954 0.985
%RSD 0.77 0.785 0952 0.985

[a] B.No. 92146, Nominal content of each capsule equal 150.0 mg CLD; [b] B.No. 90778, Nominal content of each capsule equal
300.0 mg CLD; [c] B.No. 04P09D 150, Nominal content of each capsule equal 150.0 mg CLD; [d] B.No. 9004, Nominal content of

each capsule equal 300.0 mg CLD; [€] Average of four determinations.

——
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mances of thetwo methods*®, TABLE (4).
Precision

Precison of theassay wasdeterminedinrelaionto
repeatability (intra-assay) and intermediate precision
(inter-assay). In order to eval uate therepeatability of
the methods, ninesamplesweredetermined during the
sameday for three concentrations of CLD. Intermedi-
ate precisonwasstudied by comparing the assays per-
formed on three different days. The SD valueswere
lessthan 2% demonstrating that the method was pre-
cise. Good recoverieswere obtained for each concen-
tration, condrming that the method was accurate, TABLE
(3).
Selectivity (Application to phar maceutical formu-
lation)

Thesdlectivity of the proposed electrodewas es-
tablished by itsability to determine CLD in capsules
(two different concentrationsand two different manu-
facturers), in presence of common capsule excepients
and without prior extraction procedures.

Satisfactory results were obtained as shown in
TABLE (5).

CONCLUSION

Thestudied dectrodeissufficiently smpleand se-
lectivefor the determination of CLD inthe pure pow-
der form, inits pharmaceutical formulationandinthe
presence of other lincosamideantibiotic.

The use of the proposed el ectrode offersthe ad-
vantage of fast response, elimination of drug pretreat-
ment or separation steps, wide pH range and direct
determination of druginturbid solutions. It also pro-
vides agood solution for the low UV absorption of
CLD. It cantherefore be used for routine analysis of
drug inquality control laboratoriesand may beused as
detector for CLD in HPLC method.
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