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ABSTRACT KEYWORDS
The structural information of the active pharmaceutical ingredientsand in- Glipizide;
depth insights on the modes of molecular interactions is very important Gliclazide;
aspects in drug development. In the present work, the process of the mo- FTIR;
lecular self-assembly of two sulfonylureaoral hypoglycemic drugs, glipizide Pharmaceuticals,
and gliclazide, has been studied in the solid-state using FTIR spectros- Sulfonylurea.

copy. I nteraction patterns in the respective crystalline states were obtained
from the single crystal data. Quantitation of the studied drugs and their
binary mixtures has been performed by integrating the peak areas of the
characteristic well resolved CCC bending and ring deformation bands at
1527 and 706 cm* for glipizide and gliclazide, respectively. Theresultsfrom
this study provide data that can be used for the preparative process moni-
toring of glipizide and gliclazidein various dosage forms, and their interac-
tionswith pharmaceutical excipients. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

S
Glipizide (N-[2-[4-[[[ (cyclohexylamino) carbonyl] > N/H 0
amino]sulfonyl]phenyl]ethyl] -5- methyl N
pyrazinecarboxamide); GPZ, (Figure1a) andgliclazide  HN NH | AN

(N-(hexahydrocyclopenta[c]pyrrol-2(1H)-
ylcarbamoyl)-4-methyl benzene sulfonamide); GCZ, (a)
(Fgure 1b) areord medium-to-long acting sulfonylurea
hypoglycemicdrugs. They areacting by partidly blocking
potassium channels in the beta cells of the islets of

Langerhans. Thus, they will increase thetimethat the oo O

cell spendsin the calium release stageof cell signaling \V/ )k

leadingto anincreaseincacum, whichwill initialemore S\N N/N

insulin releasefrom each betacdl 1. H H
Because of their wide use, several methods have

been reported for the determination of GPZ and GCZ (b)

in bulk, pharmaceutica dosageformsand/or biologicd ~ Figurel1: Thechemical structuresof GPZ (a) and GCZ (b).
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fluids. These methods include but not limited to
titrimetry!4, spectrophotometryt>9, fluorimetry>'9, dec-
trochemica methodg*-%3, TLCl41 HPLC621 cap-
illary el ectrophoreisig?+?7, and immunoassay{®29,

Infrared spectroscopy isavibrational spectroscopic
technique classified within the Category | of anaytica
methodsaccording to the United States Pharmacopeia,
USR, FTIR spectroscopic technique has been rap-
idly revol utionized and widely appliedinvariousdisci-
plinesthat includethechemicd, physica, pharmaceuti-
cal, medica and natural sciences. Theuniquechemicd
fingerprinting capability of thistechnique hasledto ex-
tensiveopportunity for fundamenta applicationsinthe
pharmaceutica arena. It playsasignificant rolein pro-
viding specificinformation ontheidentification and char-
acterization of materials, aswell asproviding funda-
mental molecular spectroscopicinformationinthestruc-
tural elucidation of unknown compounds. It hasbeen
successfully applied for quantitation of pharmaceuti-
cal§3+37, Recently, FTIR spectroscopy has been in-
cludedin British Pharmacopeia, (BP)@ toidentify both
GPZ and GCZ.

Theam of thepresent work istoutilize FTIR spec-
troscopy toinvestigatethe molecular self-assembly of
both GPZ and GCZ inthelight of their availablesingle
crysta datd®*4% and quantify thestudied drugsand their
binary mixtures.

EXPERIMENTAL

Chemicals

Glipizideand glidazidewerepurchased from Sgma
Aldrich Gillingham Dorset, England. Potassumbromide
(El-Nasr Pharmaceutical Chemical Co., Abo-Zaabal,
Egypt). Chloroform (Merck KGaA, Darmstadt, Ger-
many). Other chemica swere of analytical gradeand
used asreceived.

Phar maceuticals

Minidiab® tablets (Chemical Industrial Develop-
ment for FarmitaliaCarlo Erba, Cairo, Egypt) labeled
to contain 5 mg of GPZ per tablet. Diamicron® tablets
(Servier Egypt Industries, Cairo, Egypt) |abeled to con-
tain 80 mg of GCZ per tablet.

Prepar ation of standard solutions

Thestock standard solutions (5 mgml™) were pre-
Hnalytical CHEMISTRY o

pared by dissolving an accurately wei ghed amount (250
mg) of each drugin 50 ml chloroform®. Theworking
standard sol utionswere obtained by further dilution of
these stock solutionswith the same solvent.

Treatment of the phar maceutical dosageforms

Theextraction of theinvestigated drugsfromtheir
tabl etswas achieved through the sel ective dissolution
of GPZ and GCZ with chloroform@. Tentabletswere
weighed, and finely powdered. An accurately weighed
quantity of the powdered tabl et equivalent to 250 mg
of thedrugwastransferredintoa50 ml caibrated flask,
and dissolved in about 25 ml of chloroform. Thecon-
tentsof theflask were swirled, sonicated for 5minand
then compl eted to the volumewith chloroform. The
mixturesweremixed and filtered. Different volumesof
the prepared sol ution werediluted with chloroform, and
theresulting solutionswere used for andysisby therec-
ommended procedures.

Preparation of thebinary mixtures

Glipizideandglidazidewerephyscaly mixedinveri-
ousratios. Thecalibration curveswere constructed by
plotting theaverage peak areasof thecharacteridicFTIR
band asafunction of theweight percentage (% w/w) in
therangeof (5~ 95 % w/w). The sampleswere ana-
lyzedintriplicateto determinethelinearity of the con-
structed calibration curve.

General recommended procedures

Onemilliliter, accurately measured, of the standard
or samplesolution (2-100 mgml*') was poured into a
1000 mg KBr powder in porcdain dished®. Thedishes
werekeptinhot air ovenfor 25 minat 60°C to evapo-
ratethe moi sture and sol vent from the mixture®!. The
powderswerethoroughly mixed with an agate pestle.
Likewise, seven homogeneous sampleswere prepared
and employed for quantitative measurement. Caibra
tion graphswere constructed by plotting the obtained
peak areaof the characteristic FTIR band versusthe
corresponding drug concentrations.

Instrumentation

I nfrar ed spectr oscopy

FT-infrared spectrawere collected intriplicate us-
ing aNicolet 6700 FTIR Advanced Gold Spectrom-
eter with OMNIC 8 software (Thermo Electron Sci-
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entificInstrumentsCorp., Madison, WI USA) and Jasco
6000 FTIR (Hachigji, Tokyo, Japan). The FTIR spec-
traof theinvestigated drugswererecorded as potas-
sium bromidediscs (1:200) in therange of 4000-400
cnrtat 4 et spectra resolution with theaccumulation
of 256 spectral.

Singlecrystal dataanalysis

Singlecrystd datafor thecrystalineformsof GPZ
and GCZ*49 with codesof SAXFED and SUVGUL,
respectively, were obtai ned from the Cambridge Struc-
tural Database (CSD) using the ConQuest 1.13 soft-
ware. TheMercury 3.0 program wasused for thestruc-
turd analysis(molecular packing) of thesecompounds.
Theinformationfrom thecrystal structurewereusedto
facilitatetheinterpretation of the FTIR bands.

Spectral preprocessing
All theFTIR spectrawere exported to the Galactic

SPC format and manipulated using GRAMSAI (Ga
lactic Industries, Salem, NH, USA, version 7.01).

Spectrophotometry

Absorbances of the selected drugswere measured
using UV-1601 PC (Shimadzu, Kyoto, Japan) and
Lambda-3 B (Perkin-Elmer Corporation, Norwalk,
USA) ultraviolet—visible spectrophotometers with
matched 1 cm quartz cellswere used for al measure-
ments.

RESULTSAND DISCUSSION

FTIR spectraof GPZ and GCZ wererecordedin
therangeof 4000-400 crtusing thetransmittancemode
of operation. The FTIR spectraof GPZ and GCZ are
shownin(Figure2). These spectrademonstrateclearly
the complexity of the structural information that isob-
tained from the FTIR bands. The distinctive FTIR
wavenumbersarelisted in (TABLE 1). Assignment of
the prominent FTIR featureswascarried out inthelight
of their availablesinglecrystal datd®*%, andthe FTIR
spectroscopic datapreviously reported 42,

I nfrared spectroscopicinvestigationsof GPZ and
GCz

Thecrystal structuresof both GPZ and GCZ (Fig-
ure 3) have been reported®-4, The pattern of the hy-
drogen bondingissmilar tothat observedinanumber of

—— Fyll Peper
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Figure2: TheFTIR spectraof GPZ (a) and GCZ (b) in the
region of 400-4000 cm'?
ulphonyluress, for whichtwo main patternsareobsarved,
oneinwhichthesulphonylureafragmentsarearrangedin
apardld manner, and another inwhichthefragmentsare
antipardld. GCZ showsdightly stronger intermolecular
hydrogen bondsthan that observedin GPZ.
Glipizideand GCZ can bereadily differentiated by
their FTIR spectroscopic signatures. Thekey FTIR
spectral features of GPZ arev (NH)_ . band at 3326
cm™, v (NH),,  band at 3249 cm™, v (C=0) band at
1690cm?, 8 (CCC) band at 1527 cm™, 6 (CCH) band
at 1485 cmt, and 6 (CO) band at 607 cm™. GCZ; in
turn, ischaracterized by v (NH),, band at 3272 cm,
v (C=0) band at 1710 cm™, v (C-N) band at 1353
cm’?, the out-of-plane 6 (C-H) band at 997 cm™, and
theringtorsionband at 706 cn2.

Quantitativedetermination and validation

The FTIR spectroscopy hasbeen utilized for quan-
titative determination of GPZ and GCZ intheir pure
forms, tabletsand binary mixtures. Thed (CCC) band
at 1527 cm™ and the ring torsion band at 706 cn?,
respectively, werepicked up for their quantitative de-
termination becausethey arewell resolved and freefrom
interferences (Figure4). The peak areas of the bands
of interest wereintegrated using GRAMSAI (Gaactic
Industries, Salem, NH, USA, version 7.01) and the
Gaussian and Lorentzian function. Thedeveloped pro-
cedureswerevalidated according to USP XXV vaida
tion guidelines® and Internationa ConferenceonHar-
monization (ICH) guiddines®. Thefollowing valida-
tion parameterswere studied:

Linearity, detection and quantitation limits

a) For GPZ and GCZ intheir pureforms
Thecalibration graphsfor GPZ and GCZ intheir
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TABLE 1: Thedigtinctive FTIR wavenumbers(cm™) of GPZ
and GCZ.

FTIR .
Proposed assignment
GPz GCz
3354 s 3370w
3326s o(NH)
3249s 3272s  o(NH)
3248 m, sh v(CH)
3192m  o(CH)
3095 mw  3112ms o(CH)
2948 s 2949s  »(CH) and C-C;jn,g modes
2914 s 2929s o»(CH3) and C-C ring modes
2867m sh 2867 ms gﬁ?g_ﬁ'ﬂ‘:%ﬁ;o) in-plane
2855s 2837 m o(CH)
1690vs  1710vs o(C=0O)
1650vs 1650w  (C=0)niq
1616 w v(C=C)
1584ms  1595ms  v(C-Cying
1540 vs J(CCC)
1527 vs J(CCC)
1485 s J(CCH)
1445vs  1434vs O(CH)
1376 ms J(CHy)
1334 s 1353vs o(C-N)
1248 ms  1240m in-plane §(CH)
1158vs 1163 vs combination: v(SO,) and in-plane 6(CH)
1061 m in-plane 6(CH)
1035vs 1040 mw in-plane 6(CH)
973 mw 997s  out-of-plane §(C-H)
903 s 919vs  out-of-plane 6(C-H)
840 m out —of-plane 6(C-H);ing
817 m 811 ms out-of-plane 5(CH)
727 mw 706 m  ring deformation
620 mw in-plane ring deformation mode
607 vs J(CO)
547 ms in-plane (CCN)
539 vs 530vs in-plane (CC)
501 mw in-plane 6(CC)ghain
470 m  ringtorsion
412s 420 mw  out-of-plane 6(CCC)

m, s, sh. and vstand for medium, strong, shoulder and very. » and
o stand for stretching and bending, respectively

pureformswere constructed by analyzing aseries of
concentrations of the standard sol utions of thedrugs
and then plotting the peak areaasafunction of their

HAnalytical CHEMISTRY o

Figure3: Crygal structuresof GPZ (a) and GCZ (b) [38-40]

corresponding concentrations. Inall cases, linear rda
tionshi pswerefound between the measured values of
peak areas and the concentrations of theinvestigated
drugs. High correl ation coefficients obtained (0.9987-
0.9996) in the concentration range of 12-80 ug/mg.
LODswere4.00 and 11.8 ug/mg, while LOQs were
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12.0and 35.5 pg/mg for GPZ and GCZ, respectively,
(TABLE2).

Absorbance

Wavenumber (cm")
Figureda: TheFTIR spectraof GPZ (a) and GCZ (b) inthe
region of 1480-1580 cm

Absorbance

®)

Wavenumber (cm™)

Figuredb: TheFTIR spectraof GPZ (a) and GCZ (b) inthe
region of 680-780 cm™.

—— Fyll Peper

b) For thebinary mixtures

Similarly thecalibration graphsfor binary mixture
of GPZ and GCZ were constructed by andyzing series
of concentrationsintherangeof (5~ 95 %w/w). Lin-
ear relationships were found between the measured
values of peak areas and the percentage of theinvesti-
gated drugsasindicated by the high correl ation coeffi-
cientsobtained (0.9878-0.9968). LODswere2.0and
2.9 (Yow/w), while LOQswere 6.0 and 8.8 (% w/w)
for GPZ and GCZ, respectively, (TABLE 2).

Accuracy and precision

The accuracy of the proposed method was evalu-
ated by the standard addition method. Therecovery
values of the added concentrations were 98.7—
99.5+1.05-1.21% (TABLE 3). This indicated the ac-
curacy of the method. The precision of the proposed
method was a so determined by performing replicate
andysisof fivesamplesof each drug. Thecoefficient of
variation of root squaremean deviation (CV (RSMD))
had not exceeded 2.5% indi cating good reproduci bility
of the proposed methods (TABLE 4). Thisprecision
level isadequatefor theroutineanaysisof theinvesti-
gated drugsin qudity control laboratories.

Robustnessand ruggedness
Robustnesswas studied by evad uating theinfluence

TABLE 2: Quantitative parameter sfor theassay of thestudied drugsby FTIR Spectroscopy.

Parameter ? GPZ (alone) GCZ (alone) GPZ (binary) GCZ (binary)
Linear range 12-30 (ug/mg) 35-80 (ng/mg) 5 - 95 (% wiw) 5 - 95 (% wiw)
Intercept (a) + RSMD -0.03006 + 0.0408 -0.01442 + 0.0281 -0.2258 + 0.1346 0.1366 + 0.0535
Slope (b) £ RSMD 0.03379 + 0.0027 0.00783 + 0.00049 0.0657 + 0.00235 0.0180 + 0.0011
Correlation coefficient (r) 0.9987 0.9903 0.9968 0.9929
LOD 4.00 (png/mg) 11.8 (ug/mg) 2.0 (% wiw) 2.9 (% wiw)
LOQ 12.0 (ug/mg) 35.5 (ug/mg) 6.0 (% wiw) 8.8 (% wiw)

2 n= three determinations LOD : limit of detection

of smdl varidionsintheexperimentd parameters; time
and drying temperature on the method performance. It
wasfound that smal variationin thesevariableshad no
sgnificant effect onthemethod significantly (TABLE5)
whichindicatesthereliability of the proposed method
duringitsroutine gpplication for andysisof theinvesti-
gated drugs.

Ruggednesswas also investigated by applying the
proposed method to the assay of theinvestigated drugs

LOQ: limit of quantitation

using the same procedure but using two different in-
srumentsat two different [aboratories, different e gpsed
timeand different sampleaddition. Theresultsobtained
from lab- to-lab, day-to-day and different sample ad-
dition variationswerefoundto bereproducible (TABLE
6).

Extraction and interferencestudies

Prior to the application of the proposed method on
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TABLE 3: Recovery of gandard drugsadded totheir dosage
formsusingtheproposed FTIR method

Declared Added

Recovery
Drug Dosageform amount amount (%+RSM D)
(mg) (mg)
Mindiab
GPz ®tablets 10 10 995+ 1.21
Diamicron®
GCz tablets 30 30 98.7 £ 1.05

2 Values are the mean of three determinations

theanalysisof GPZ and GCZ intheir tablets, The FTIR
spectraof thetabletsbefore and after (excipientsonly)
theextraction of thedrugsby chloroformwererecorded
(Figures. 5, 6). By closevisud inspection of Figure5, it
can be noted that, thev (C=0) band at 1690 cm™* and
thed (CCC)band at 1527 cm™ in case of GPZ (indi-
cated by arrowsin Figure 5) and thev (CH) band at
2837 cm?, thev (C=0) band at 1710 cm™ and the v

TABLE4: Precison of theproposed FTIR method

Absor bance® .
Drug Conc Sample number Mean RSMD" CV(TSMD
(ng/mg) (%)
1 2 3 4 5
GPz 20 0.597 0.630 0.627 0.636 0.612 0.620 0.0140 2.25
GCz 60 0.400 0.393 0.384 0.376 0.399 0.390 0.0090 2.30

2Results are compared with those of standard calibration curves.; "/RSMD: root square mean deviation.; °CV(RSMD): coefficient

of variation of root square mean deviation
TABLE5: Robustnessof theproposed FTIR method
Recovery (% + RSMD)?

Parameter
GPz GCZz

Optimum condition® 100.1+0.92  99.5+ 0.68

Drying time (min)

20 98.5+0.75 100.5+ 1.22

30 100.2+1.12 985+0.88

Drying temperature (°C)
50 97.9+0.67 99.3+0.96
70 99.6+0.75 98.5+0.68

aEach value is the mean of three determinations.; °The condi-
tion were 1 ml of drug, drying time of 30 min at 60 °C.

(C-C),,,bandat 1595 cm in case.of GCZ, (indicated
by arrowsin Figure 6) wererecorded inthe FTIR spec-
traof thetablets. Thewavenumbersof these FTIR spec-
tral bandswere not recorded for theinactive pharma-
ceutical excipientscontained inthetablets(Figures. 5,
6). Despite the presence of some FTIR spectral fea-
turesarisingfromtheinactiveingredientsin theintact
tablets, itispossibleto directly identify and quantify
GPZ and GCZ by their characteristic FTIR bandsin
these complex matrices.

Application totheanalysisof the phar maceutical
dosageforms

The proposed method was applied to the determi-
nation of GPZ and GCZ intheir availabletabletsinthe
local market. Therecovery percentagesranged from
98.1-100.6 0.85-1.20%. Theresultswere compared

M

® v

JUJ;\WUWM

T T T T T T T
3500 3000 2500 2000 1500 1000 500

Absorbance

Wavenumber (¢cm™)
Figure5: TheFTIR spectraof (a) pureGPZ, (b) tablet before
and (c) after (excipientsonly) extraction in ther egion of 400-
4000 cm™.

Absorbance
E

T T T T T T T
3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'l)
Figure6: TheFTIR spectraof (a) pure GCZ, (b) tablet before
and (c) after (excipientsonly) extraction in ther egion of 400-
4000 cm™.
with those obtained by the reported methods“”
(TABLE 7). No significant differenceswerefound be-
tween the cal culated and theoretical vauesof both the
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TABLE 6: Ruggednessof theproposed FTIR method

Recovery (% + RSMD)?

Drug I nstrument Inter-day variation Sample addition
Nicolet 6700 FTIR Jasco 6000 FTIR 1 day 2 day Solution Weighing

GPz 99.3+£0.97 995+ 1.11 99.3+0.97 99.7+0.55 99.3+0.97 97.6 £ 0.69

GCz 99.3+£0.77 99.8+ 0.66 99.3+£0.77 98.8+1.20 99.3+0.77 97.2+1.5

a Values are the mean of three determinations + RSMD

TABLE 7: Analysisof GPZ and GCZ intheir tablet formusingthe proposed FTIR and reported methods

Recovery (%+ RSMD)?

Product ™ F-value’ t-value’
Proposed method Reported method™
Mindiab® tablets 98.1+ 1.15 99.4+ 0.69 2.52 1.40
Diamicron® tablets 99.5+1.02 100.6 + 1.15 1.47 0.82

2Values are the mean of three deter minations+ RSMD.; ® Theoretical valuesfor t and F at 95% confidence limit (n = 5) were 2.78

and 6.39, respectively.

proposed and the reported methods at 95% confidence
level. Thisindicated similar accuracy and precisionin
theanalysisof GPZ and GCZ intheir tablet form.

CONCLUSION

The present study allowed the assignment of spe-
cific FTIR spectral features of each of the drug investi-
gatedinthelight of their availablesingle crystal struc-
turedata. Thediscrimination of two sulfonylureaora
hypoglycemic drugscan bereliably done. The FTIR
spectroscopy hasbeen utilized for thefirst timeto quan-
tify the studied drugsand their binary mixturesby inte-
grating the peak areas of their diagnostic and well-re-
solved bands. Moreover, thisvibrationa spectroscopic
technique appearsto be an efficient tool to detect the
activeingredients present in acomplex matrix inthe
intact solid dosageforms.
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