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ABSTRACT

The molecular interaction between piroxicam and tenoxicam as electron
donor and each of 7,7,8,8-tetracyanoquinodimethane (TCNQ),
tetracyanoethylene (TCNE) and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
(DDQ) aselectron acceptor have beeninvestigated spectrophotometrically.
The coloured products are measured at 844, 393 and 459 nm for TCNQ;
TCNE and DDQ respectively. Optimization of the different variables affect-
ing thereactionisdescribed. The TCNQ, TCNE and DDQ-based color sys-
tems were stable for 3 hrs in non-aqueous media and obeyed Beer’s law
over awide range of concentration. The linear working ranges, apparent
molar absorptivities, Sandell’s sensitivity indexes, detection and quantifi-
cation limits were calculated for all systems. Job’s plot of the absorbance
versus the mole fraction of the drug indicated the formation of a 1:1 ad-
ducts. Application of the procedure to the analysis of various pharmaceu-
tical samplesgave reproducible and accurate results. Further, the validity of
the procedure was confirmed by applying the standard addition technique.
© 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

Piroxicam (PX), 4-hydroxy-2-methyl-N-(2-
pyridinyl)-2H-1,2-benzothi azine-3-carboxamide-
1,1-dioxide, isanon-steroidal anti-inflammatory
agent which iswidely used in thetreatment of rheu-
matic diseases!l. The employment of several ana-
Iytical methods (voltammetry, polarography, ion se-
lective electrode, spectrofluormetry and chromatog-
raphy) for the determination of PX in pharmaceuti-
cal samplesand biological fluids has been reported?
191, On the other hand, the use of spectrophotometry
for the quantification of PX was reported’®, Since

spectrophotometry has the advantage of both sensi-
tivity and smplicity, it hasfound extensiveusein the
determination of inorganic, organic and bioactive
material§'4.

Tenoxicam (TX) [4-hydroxy-2-methyl-N-2-
pyridyl-2H-thieno-(2,3-e)-1,2-thiazine-3-
carboxamide-1,1-dioxide] isarelatively new non-ste-
roidal drug which hasanti-inflammatory, ana geticand
antipyretic effects. Itisaderivative of oxicamwith a
thiophenering replacing thebenzeneringin piroxicam.
Tenoxicam inhibitscyclooxygenasewhich catalysesthe
formation of cyclic endoperoxides™®. Several meth-
odsfor the determination of tenoxicam havebeenre-


mailto:fassubaie@kfu.edu.sa

170

Charge transfer complex formation for the spectrophotometric determination

ACAIJ, 11(5) 2012

Full Peper —

portedin literature, such asliquid chromatography!*®,
high performanceliquid chromatography!*”- 18, spec-
trophotometric™* 19?2 aswell asthe electroanalytical
methodg® 23,

The British pharmacopoei adescribesachromato-
graphic and non agueoustitration methodsfor the de-
termination of piroxicam and tenoxicam, respec-
tively!,

The purpose of the present work wasto develop
andternatives mplemethod whichwould requireinex-
pensive equipment. Themethod could also beused to
confirm HPL C results because of itssimplicity. The
method isbased on chargetransfer complex formation
between the drugs and TCNQ, TCNE and DDQ as
acceptors.

EXPERIMENTAL

Apparatus

Electronic absorption spectrawererecorded on a
Shimadzu 1601 UV-Vis. Spectrophotometer.

Materials

Piroxicam and tenoxicam were purchased from
Sigma(St. Louis, MO, USA). However, their dosage
forms (fledenetablets, fledene capsul es, fledene sup-
positories, epicotil tabletsand epicotil suppositories)
were purchased from theloca market.

100 ug ml* standard stock solutions of piroxicam
and tenoxicamwere prepared by dissolving 25 mg of
thedrugin 250 ml methanol or acetonitrile. 5x10°M
(PX) and (TX) solutionswere prepared by dissolving
an appropriateweight in 100 ml of methanol or aceto-
nitrileinthe samemanner.

Reagents

All reagentsand sol vents used were of analytical
reagent grade. 7,7,8,8-tetracyanoquinodimethane
(TCNQ), Aldrich, Milwaukee, WI, USA and
tetracyanoethylene (TCNE), Nacalai Tesque, Kyoto,
Japan. 5x10° M solution were prepared in acetonitrile,
the solutionswere stablefor at |east oneweek at 4.0
°C. 2, 3-dichloro-5,6-dicyano-p-benzoquinone
(DDQ), Merck, Darmstadt, Germany. Stock solution
of 5x10° M was prepared by dissolving an accurate
weight in methanol ina100 ml calibrated flask.

Hnalytical CHEMISTRY o

General procedures
Method usng TCNQ and TCNE

Aliquot volumes containing 75-575 pug of PX or
75-550 g TX were placed in 25 ml grade A calibrated
flask, followed by 5.0 ml of 5x10 of TCNQ and was
heated in awater bath at 70+1°C for 10 min. There-
acting mixturewas cooled, completed to volumewith
acetonitrile and the absorbance was measured at 844
nm, agai nst areagent blank prepared inthe sameway.

Aliquot volumescontaining 75-525 pug PX or 75-
500 pg TX were placed in 25 ml grade A calibrated
flask, followed by 5.0 ml of 5x102 of TCNE and was
heated in awater bath at 70+1°C for 10 min. There-
acting mixturewas cooled, completed to volumewith
acetonitrile and the absorbance was measured at 393
nm against areagent blank preparedin the sameway.

Method using DDQ

A standard solution containing 37.5-650 g PX or
37.5-600 pg TX was transferred to 25 ml calibrated
flask, followed by 6 ml of 5x10°* M DDQ solution and
heated in awater bath at 70+1°C for 10 min. There-
acting solution was cooled, diluted to volume with
methanol and the absorbance was measured at 459
nm, against areagent blank prepared in the same man-
ner.

Deter mination of Molar ratio

Job’s method of continuous variation was em-
ployed, 5x10° M standard solution of drug and re-
agentswereused. A seriesof solutionswaspreparedin
which the total volume of the drug and reagent was
constant (5ml). Thedrug and reagentsweremixedin
variousproportionsand then diluted in 25 ml calibrated
flaskswith the optimum solvent. The absorbancewas
measured after treating each reagent at the best time
and temperatureagaingt areagent blank under thesame
conditions,

Proceduretotabletsand capsulesforms

The contents of twenty capsulesor finely ground
tabletswerewe ghed and mixed. An amount of thetablet
powder or capsule powder equivaent to 100 mg of
PX or TX wasweighed, dissolved in acetonitrile or
methanol and any remaining residue wasremoved by
filtration. Theclear solution wasdiluted with the solvent
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used inal00ml calibrated flask. The drug content of
this sol ution was obtained by applying the genera pro-
cedureusingthesmilarly prepared calibration graph.

Proceduretosuppositoriesform

At least ten suppositorieswereweighed, cut into
small piecesand transferred toasmall porcelaindish.
They weremelted by stirring inawater bath to homog-
enize and cooled. Theweighed portionsequivaent to
25mgPX or TX weretransferred into abesker, melted
and dissolved into acetonitrile or methanol, by stirring
using amagnetic stirrer at 60+1 °C. Thesolution was
cooled, filtered, and diluted withthesolvent used ina
250 ml cdlibrated flask and anayzed as described above
under thegenera proceduresusing thesimilarly pre-
pared cdibration graph.

RESULTSAND DISCUSSION

Substituted quinones (DDQ and TCNQ) and
TCNE were reported to possess the property of ac-
cepting e ectronsfrom e ectron donorg® 1. Thisprop-
erty resultsin acomplete e ectron transfer from donor
to acceptor moieties.

Thereaction of DDQ reagent with PX or TX re-
aultsintheformation of anintenseorange-red coloured
product that exhibits an absorption maximum at 459
nm. Thisspectrumissimilar to that obtained by reduc-
tion of DDQwithioding®.

In acetonitrile, asolution of PX or TX and reagent
TCNQyiddsanintense blue colour, producing achar-
acteristiclong wavel ength absorption band, frequently
with numerousvibrationa maximainthedectronic soec-
trum. Thepredominant chromogenwith TCNQisthe
blue radical anion which was probably formed by the
dissociation of an original donor-acceptor (DA) com-
plex withPX or TX:

Polar Sol vent

D + A D-A

DA Complex

D + At
Radical lons

Thestudied drugs have high electron densitiesand
act aspowerful electron donors. In polar solvent, PX
and TX exhibit maximainthe UV region at 250-320
nm. Upon addition of TCNQ, TCNE or DDQ apro-
nounced bathochromic shift isobserved. Thischange
inthe spectramay be attributed to theformation of the
chargetransfer complex.

—— Fyll Peper

Investigationswerecarried out to establish themost
favorable conditionsthat give highly intensecolorsand
to achievemaximum colour devel opment inthe quanti-
tative determination of PX and TX. Thequantitative
parametersfor complex formation of PX and TX using
TCNQ, TCNEand DDQ arelistedinTABLE 1. The
influenceof variousreaction conditionsonthecolor sys-
temswasinvestigated.

Effect of solvent

Theeffect of solvent ontheformation of thecharge
transfer complex was studied using methanol, ethanol,
propanol, acetone, dioxane, dimethylformamideand ac-
etonitrile. No reaction occurred in dioxaneor propanol.
Acetonitrilewas preferred to acetone because of the
higher molar absorptivity of thecomplexesof TCNQ
and TCNE. Onthe other hand, acetoneneedsalonger
time to achieve maximum colour development. For
DDQ complexes, methanol wasfound to bean idedl
solvent for the col our reaction and gives maximum ab-
sorbance at their absorption bands.

Effect of reagent concentration

Theresultsfor variation of reagent concentration
indicated that 3.5 ml of either TCNQ or TCNE are
suitablewhereasusing DDQ 5 ml issufficient for com-
plete colour intensity. Figure 1 showstheeffect of re-
agent concentration on the PX-based color systems.
The higher concentrations of the reagent may, onthe
other hand, be useful for rapidly reaching equilibrium
and complete colour development. Thisminimizesthe
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0.4
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0.2
0.1

0

Absorbance

0 2 4 6 8

mL of 5x 10-* M Reagent
Figurel: Effect of reagent concentration on thecolor sys-
temscontaining 15 u g mit PX.
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TABLE 1: Quantitativeparameter sfor complexation of PX and TX usng TCNQ, TCNE and DDQ

TCNQ TCNE DDQ
Parameters

PX TX PX TX PX TX
Solvent Acet Acet Acet Acet MeOH MeOH
Time (min) 10 10 10 10 10 10
Temperature 'C 70 70 70 70 70 70
Reagent conc.X10° 1.0 1.0 1.0 1.0 12 12
Amax (NM) 844 844 393 393 459 460
Beer's conc.range (ug mi™) 3-23 322 321 3-20 1526  15-24
Ringbom conc. range (ng ml™) 5-21 5-20 5-19 4-18 3-24 322
Detection limits (ng mli™), 3o 0.87 0.95 0.92 0.90 0.46 0.50
Quantification limits (ug ml™), 10c 29 31 3.0 3.0 1.43 1.6
Molar absorptivity X10* (L mol*cm™) 1.27 1.38 1.53 1.43 1.03 1.33
Sandd | sensitivity (ug cm) 26.14 24.44 21.53 23.53 32.10 25.26
Regression equation’
Intercept (a) -0.003 0.007 0.009 0.005 -0.011 0.008
Slope (b) 10 3.83 4.09 4.62 4.25 312 3.96
Correlation coefficient (r) 0.9990 0.9988 0.9996 0.9994 0.9998 0.9992

*A = atbc, where c: is the concentration in pg ml; Acet = Acetonitrile, MeOH = M ethanol
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Figure?2: Effect of timeon thecolor sysemscontaining 15
gmltPXat 70°C.

timerequired to attain the maximum absorbanceat the
corresponding wavelength of the chargetransfer com-
plex. Hence, usng 5ml of TCNQ or TCNE and 6 ml
of 5x10° M DDQ must be used dueto highly concor-
dant results.

Effect of temperatureand heatingtime

Theoptimum reaction timewasdetermined by fol-
lowing thecol our intengty a ambient temperature (25+2
°C). Complete color development at 25 °C was at-
tained after 60, 75 and 45 minusing TCNQ, TCNE
and DDQ, respectively. Onraising thetemperatureto

70°C, complete col or devel opment was obtai ned after
10 minonly. Figure 2 showsthe effect of heatingtime
on the PX-based color systems. The color remained
stablefor 3 hrsfor all reagent complexes. Latter the
absorbance gradualy decreased with blueshiftini
until theband disappeared completely.

Soichiometricreationship

Job’s continuous variation graph for the reaction
between PX or TX and different reagents showsthat
theinteraction occurs on equimolar basisviathefor-
mation of achargetransfer complex (1:1).

A moredetail ed examination wasmadefor PX or
TX complexeswith the studied acceptors. The absor-
bance of the complex was used to cal cul ate the asso-
ciation constant using the Benesi-Hildebrand equa-
tion(>,

[AJA,=[Ve, ]-[(UKc,, £,,) (L[D])]

Where[A | and[D ] arethetotal concentration of
theinteracting species, A,  and e, aretheabsorbance
and molar absorptivity of thecomplexesat their__,
and Kc,, isthe association constant of the complex.
Onplotting thevalueof [A ] /A, vs1/[D ], aline
was obtained with slope equals (1/e, .. Kc, ) andin-
tercept of thislinewiththeordinateis(1/e, ). Themo-
lar absorptivities are comparabl e with those obtained
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from regression lineequation of Beer’s law.
Analytical data

A calibration graph was constructed usig astan-
dard solution of PX or TX. Under the optimum ex-
perimental conditions, alinear relationship existed
between the absorbance and concentration of thedrug
in the concentration rangeslistedinTABLE 1. The
correlation coefficients, interceptsand slopes of the
cdibration graphsare cd culated using theleast squares
method. For more accurate analysis, Ringbom opti-
mum concentration rangesare caculatedandlisted in
TABLE 1.

—— Fuyl] Paper

Thereproducibility and accuracy of the suggested
methods were assessed® using different concentra-
tions. Thevalidity was checked occasionally during the
work by running six replicate standard samples con-
taining 15 pg ml™. At thisconcentration, theRSD% were
=1.8%.. Themolar absorptivity and Sanddll sensitivity
arecalculated and recorded in TABLE 1.

Comparison of recoveries obtained with the pro-
posed methods (99.5+ 1.1%) with the purity of PX and
TX asdetermined according to theofficia methodd?.

(99.2+1.8 %) showed a high accuracy of the pro-
posed methods. The proposed methods are simpler,
lesstime consuming and moresensitivethan theofficia

TABLE 2: Determination of PX in phar maceutical for mulationsapplying thestandar d addition technique.

Taken A ded Found” pgml™
Sample Content mg I " 241
mg ugm TCNQ TCN DDQ Official PB
Capsules Feldene 10 4.0 - 3.97 398  4.02 3.93
4.0 8.05 790 795 7.80
8.0 12.1 121 119 11.7
12.0 16.15 159 161 15.6
t-value® 1.27 153  1.38
F-test 2.68 315 281
Feldene 20 10 - 10.05 101 9.93 9.82
3 12.95 13.05 129 12.75
6 16.1 15.95 16.05 15.7
9 19.15 189 189 18.6
t-value® 1.63 128 144
F-test ? 3.42 256 297
Tablets Feldene 10 5.0 - 4.98 503 4.9 5.07
5 10.05 995 10.1 9.9
10 15.1 149  14.95 14.8
15 19.9 201 2015 19.7
t-value® 1.09 159 125
F-test ? 2.33 321 278
Suppositories Feldene 20 8 - 7.95 8.04 7.94 7.88
5.0 13.1 12.95 129 12.75
10 18.15 18.1  18.15 17.6
15 229 2285 23.20 22,5
t-value® 1.53 119 1.36
F-test ? 3.17 265 288

* Average of six determination; aTheoretical t and F-values for five degrees of freedom and at 95% confidence level are 2.57 and

5.05 respectively.

— a%a['yttaa[’ CHEMISTRY
A ndian W



174 Charge transfer complex formation for the spectrophotometric determination

ACAIJ, 11(5) 2012

Full Peaper ==

TABLE 3: Determination of TX in phar maceutical for mulationsapplying thestandar d addition technique

Found” pgml™

-1
Sample Content mg Taken mg Added pg ml TCNO TCN DDQ Official®
Epicotil 20 12 - 11.94 1205 121 12.2
25 14.55 1445  14.47 14.75
5.0 17.1 1715 169 17.35
75 19.4 196  19.35 19.9
t-value® 1.49 1.17 1.66
F-test 3.08 2.61 3.42
Epicotil 20 6 6.05 5.96 6.04 6.1
12.1 12.05 11.95 12.2
12 17.9 17.95 181 18.25
15 21.25 209  20.85 21.35
t-value® 1.4 111 1.68
F-test 3.05 2.48 3.43

* Average of six determination; aTheoretical t and F-values for five degrees of freedom and at 95% confidence level are 2.57 and

5.05 respectively.

BPmethodd?4. Moreover, the proposed methods coul d
beusedfor theroutinedetermination of PX and TX in
bulk form or in pharmaceutica preparations.

Interferences

Regarding theinterference of theexicipientsand
additivesusually presented in pharmaceutical formula-
tionsinterference dueto the degradati on products of
thePX and TX, theenergy of thechargetransfer (E.,)
depends on theionization potential (Ip) of the donor
and theelectron affinity of theacceptor (E, ), hencethe
A, vauesof theother n-donors mostly differ fromthat
of theinvestigated compoundsif they areabletoform
CT complexes. Preliminary experiments showed that
all additives, excipientsand degradation productsdid
not form CT complexeswith the acceptorsunder con-
dderation, indicating thehigh selectivity of the proposed
methods and applicability to usefor routineassay in
pure and in pharmaceutical preparations.

Analytical Applications

The proposed methodswere successfully applied
to various pharmaceutica preparationsviz tablets, cap-
sulesand suppositories. Theresultsshownin TABLES
2and 3are statistically compared with the official BP
methods?. For further confirmation, the standard ad-
dition method wasappliedtotest therdiability and re-
covery of the proposed procedures, sincethe CT com-

Hnalytical CHEMISTRY o

plexesarestablefor 3 hrs. Therecovery studieswere
carried out after adding known quantitiesof puredrug
to the pre-analyzed formations. The percentage recov-
eries were found to be close to 100%, (TABLES 2
and 3), indicating no interferencefrom all additives
excepientsthat might befoundindifferent formulations.
Consequently, themethods are simpl e, rapid and sta-
bility indicating assay.

Theresultsobtai ned were compared with those ob-
tained using the official BP methods?!. The accuracy
viat-va ueand the assessment of precision viaF-test
for five degree of freedom and 95% confidencelevel
were cal culated and the resultsindicated that thereis
no significant difference between them, (TABLE 2).

CONCLUSION

The proposed methodsare simpler, lesstime con-
suming and more sensitivecompared totheofficia BP
methods. Thecolour development a ambient tempera:
turerequires60, 75 and 45 min. using TCNQ, TCNE
and DDQ), respectively. This can be shortened to 10
min. onraising thetemperature up to 70+1°C. Thepro-
posed method is suitablefor the determination of PX
or TX inpharmaceutica preparationswithout interfer-
encefrom additives and excipientssuch asstarch and
glucose or from common degradati on products, sug-
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gesting gpplicationsinbulk drug analysis.
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