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Int J Novel Drug Deliv Tech 2011:Vol.1:Issue 2carver Inc., WIS 53051) to form disc. Thedetector was purged carefully using clean drynitrogen gas to increase the signal level andreduce moisture. The spectra were collected inthe 400 cm-1 to 4000 cm-1 region with 8 cm-1resolution, 60 scans and beam spot size of 10
and a proportional detector. The samples werescanned at 25° C. Relative intensities were readfrom the strip charts and corrected to fix slitvalues.
Scanning Electron MicroscopyIn order to examine the particle surfacemorphology and shape, SEM was used. Themucoadhesive suspension (as mentionedabove) was sprayed on to an aluminum slip withthe aid of an atomizer. The fine droplets weredried overnight and it was used for SEM

[21-23].ìm-100 ìm The FTIR imaging in thepresent investigation was carried out using aPerkin Elmer Spectrum RX.
Raman Spectroscopic AnalysisT h e R a m a n s y s t e m R - 3 0 0 0instrument (Raman systems INC.USA), a lowresolution portable Raman Spectrometerusing a 785 nm solid state diode laser, wasadjusted to deliver 250 mw to the samplehaving spectral resolution 10 cm-1and 12 vdc/5A power supplies and USB connectivity.The solid powder samples i.e., both pure drugand polymers were enclosed in plastic polybags  and  tested directly. For our study thefibre optic sampling probe was directlydipped into the formulation (prepared as perthe above mentioned procedure) to collect thespectra at room temperature. The interferenceof the outside light was also prohibited toprevent photon shot noise. The spectra werecollected over the wave number range from140 to 2400 cm-1.
X-Ray DiffractometryXRD measurements were obtainedusing the Philips X'Pert on powder diffractionsystem (Philips Analytical, The Netherlands)equipped with a vertical goniometer in theBragg-Brentano focusing geometry. The X-raygenerator was operated at 40 kV and 50 mA,using the CuKα line at 1.54056 Å as theradiation source. The powdered specimen waspacked and prepared in a specimen holdermade of glass. In setting up the specimen andapparatus, co-planarity of the specimensurface with the specimen holder surface andthe setting of the specimen holder at theposition of symmetric reflection geometrywere assured. The powders were passedthrough a 100 mesh sieve and were placed intothe sample holder by the side drift technique [24].In order to prepare a sample for analysis, aglass slide was clipped up to the top face of thesample holder so as to form a wall. Each powderwas filled into the holder and tapped gently.Each sample was scanned from 10° to 70° (2θ)and in stage sizes of 0.020; count time of 2.00 s,using an automatic divergence slit assembly

[25]analysis. The samples were given aconductive coating (using Pt, of about 600 A0thick), using sputter ion coater and examinedwith SEM (JEOL JSM-6480LV) equipped with abackscattered electron detector for imaging andEDXA for elemental analysis. In this method, afocused electron beam is scanned over thesample in parallel lines. The electrons interactwith the sample, producing an array ofsecondary effects, such as back-scattering, thatcan be detected and converted into an image.The image can then be digitalized andpresented to an image analyzer, which usescomplex algorithms to identify individualparticles and to record detailed informationabout their morphology. Then particle size canbe determined with a programme such asImage Tool or annotate either automatically ormanually. Here, manual determination ispreferred, because sometimes the particleboundaries are indistinct, and the software mayinterpret them incorrectly. The PSDs reflect thestatistical result from all sections for eachsample. As these are rod like particles, theaspect ratios of rod-like particles areevaluated by comparing the particle sizedistribution data derived from SEM analysisfollowing the techniques described byJennings and Parslow [17,  18]. Length/widthratios are satisfactorily determined by theaspect ratio value.
RESULTS

FTIR AnalysisIn the FTIR spectra of Cipro, oneprominent characteristic peak was foundbetween 3500 and 3450 cm-1 (Fig 3A), and wasassigned to an OH stretching vibration(intermolecular hydrogen bonding). Anotherband at 3000-2950 cm-1 represented alkenesand aromatic C-H stretching, mainly υ=C-H. Thebands at 1750 to 1700 cm-1 indicated carbonyl
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Int J Novel Drug Deliv Tech 2011:Vol.1:Issue 2[30]. The peak at 1411.63 cm-1 was due to symmetricstretching vibration of O-C-O group of carboxylicacid and methylene deformation mode of thepiperazinyl group [31]. A band at 1655.11 cm-1 wasfor symmetric stretching of the carbonyl group
C=O stretching, i.e., υ while the peak atC=O1650 to 1600 cm -1was assigned to quinolones.cm-1The bands at the 1450 to 1400represented υC-O and the peaks at 1300 to1250 cm-1 suggested bending vibration of O-Hgroup, which indicated the presence ofcarboxylic acid. In addition, a strongabsorption peak between 1050 and 1000cm-1was assigned to C-F group (Table 1a) [21, 26].In case of FTIR spectrum of C940,

υC=O of the pyridone moiety, the stretchingvibration of (C-C) aromatic ring chain. In addition,-1 +it (peak at1655.11 cm  ) also indicated the N H2scissoring of piperzinyl group (Table 3a) [25, 1-35]In case of C940, the prominent bands werefound at 337, 523.89, 876.80, 1366.5 and 1687.5cm-1 (Fig 4B). The band at 876.80 cm-1 was assignedto stretching vibration of (C-O-C) of acrylates. TheRaman shifts at 1366.5 cm-1 and 1687.5 cm-1 werethe characteristics for the symmetric stretchingvibration of O-C-O and carboxylic group (C=O) ofacids (Table 3b) [28, 32].I n c a s e o f R a m a n s p e c tr u m o fmucoadhesive suspension containing Cipro withC940, the Raman peaks were observed at 179.2,359.38, 862.5, 1402.4 and 1680 cm-1 (Fig 4C). The

suggested υcm-1band at 2960.73 i.e.,O-Hintramolecular hydrogen bonding (Fig 3B).While the peak at 1712.79 cm-1 represented
υ the bands at 1452.79 cm-1 and 1246.02C=O,cm-1 were assigned to υ / δ and υC-O O-H C-O-C(for acrylates), respectively [22, 26]. The etherealcross linking, proved by prominent peak at1172.72 cm-1, indicated stretching vibrationof υC-O-C group and finally the band at 800.46

δ=C-H-1cm represented i.e., out of plane cm-1Raman band at 179.2 was due to latticebending of =C-H group (Table 1b) [21, 26].In case of FTIR spectrum of the formulation,the prominent peak found at 3527.80 cm-1was assigned to polymeric υO-Hgroup (Fig 3C).The band between 3040 and 3010 cm-1 was
vibration in Cipro crystal structure. The Ramancm-1shift at 862.5 was the characterstics ofstretching vibration of acrylates and esters. Thecm-1Raman peak at 1402.4 was assigned tosymmetric stretching vibration of O-C-O of esters.cm-1due to υ The Raman peak at 1680 represented(m). While the peak at 2704.2 cm-1

=C-H symmetric stretching vibration of carbonyl grouprepresented intermolecular hydrogenbonding, the bands at 1707 cm-1 was assigned [28, 36, 37]of esters (Table 3c)
XRD Study

.to for υ Moreover, the bands at 1622 cm-1
=C-O. All the high intensity peaks (relativeintensity) observed in the XRD pattern of the pureCipro were compared with its mucoadhesivepolymeric suspension (Tables 4 and 5). Both thepolymeric suspension and pure Cipro were foundto show similar XRD patterns (Fig 5). Identificationof the molecular structure from its powdereddiffraction pattern is based upon the position ofpeaks and their relative intensities. Each XRDpattern is characterized by the interplanar d-spacing and the relative intensities (I/I0) of thethree strongest peaks in the pattern under theHanawalt system. The relative intensities andheights of three prominent peaks of ourformulation were less than those of pure Cipro(Table 4). The entire diffractograms, rather thanselected peaks, are still required to distinguishsamples. Hence, comprehensive Å and I/I0 dataclearly identify Ciprofloxacin even in the polymericcomposites (Table 5).

cm - 1and 1463.25 were due to bothasymmetric and symmetric stretchingvibration of O-C-O group of carboxylic acids,cm-1respectively. The peak at 1259.16represented υC-O-C of acrylates and ethers.cm-1While the band at 1050-1000 wasassigned to υ the peak at 800 cm-1 was dueC-F,to bending vibration of Ar-H groups (Table 2)[21, 22, 26].
Raman spectroscopyIn case of Ciprof loxacin, theprominent Raman shifts were observed at484.22, 771.47, 1411.63 and 1655.11 cm-1(Fig 4A). The Raman shifts at 484.22 cm-1indicated strong bending vibration of C-C ofthe aliphatic chain of cyclopropyl group and C-N stretching vibration of piperazinyl group [27-29]. The band at 771.47 cm-1 represented thesymmetric stretching vibration of C-F group
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Table 2: FTIR Peaks of bothCiprofloxacin and C940 [21, 22 , 26]
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Table 3: Prominent FTIR Peaks of Mucoadhesive Suspension [21, 22 , 26]

SEM AnalysisThe length/width ratios of individualparticles can satisfactorily determine theiraspect ratios. PSD analysis of the formulationshowed different ranges of length of particlesalong with their frequencies (Table 6, Fig 6).While within 20-30 µm range no particle wasfound, maximum number of particles wasobserved within 5-10 µm. In case offormulation, maximum aspect ratio (AR)frequency was found from 2 to 4 (Table 7).
DISCUSSION

resonance bands for CHO, õC-O-C bands foresters and absence of these two for ketones.This suggested the existence of COOH group inCipro molecule (Table 1a).In case of FTIR spectra of Carbopol940,t h e r e w e r e p r o m i n e n t p e a k s f o rintramolecular hydrogen bonding, υO - Hstretching vibration, carboxylic C=O and C-Ostretching vibration, and stretching vibrationfor the C-O-C, which confirmed the presenceof acrylates (Fig 3b). The peak for out of planebending vibration of =C-H was found between850 and 800 cm-1 (Table 1b).While comparing the FTIR spectra among thepure Cipro and C940, and the formulationcontaining both Cipro and C940, it is clear thatthe band position of =O group has beenaffected by esterification and conjugationinvolving C=O group. Here, the stretchingvibration of C=O in pure Cipro was found from1750 to 1700 cm-1, which was lowered to 1622

When FTIR radiation falls on amolecule, it may be absorbed, reflected ortransmitted. Absorption leads to the FTIRspectrum, while reflection leads toscattering which is utilized in Raman[21].Spectroscopy In addition, Infra red(IR) absorption of the functional groupsmay vary over a wide range. However, ithas been found that many functionalgroups give characteristics IR absorptionat specific narrow frequency range [21, 22].Infra red (IR) absorption of thefunctional groups may vary over a wide cm-1 in this formulation might be due toformation of â-ketoesters (Fig 3). The FTIRpeaks assigned to υC-O and υC-O-C representingacrylates and esters confirm the esterificationbetween polymeric OH group and COOHgroup of drug (Cipro). The stretching vibrationof C-F group remains nearly unaltered. Theanother probability of interaction is hydrogenbonding i.e., intermolecular hydrogen bondingdue to prominent FTIR peaks at 3527.80 cm-1and 2704.2 cm-1. In case of intramolecularhydrogen bonding, FTIR bands are sharp while

range. However, it has been found thatm a n y f u n c t i o n a l g r o u p s g i v echaracteristics IR absorption at specificnarrow frequency range [21, 22].In case of FTIR spectra of Cipro,prominent peaks forυC-O / δO-H and υC=Oindicated the presence of CO-, -CHO and -COOH groups (Fig 3A). The presence ofabove groups can be confirmed by fermi
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TABLE 4: Comparative Raman Peak Assignments [27, 36]
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Int J Novel Drug Deliv Tech 2011:Vol.1:Issue 2in intermolecular hydrogen bondingbands are broad. However, it is less broadthan which is required for chelation. TheFTIR peak at 800 cm-1 gave the probabilityof out of plane bending of ene bond and m-
groups sterically hinder the reaction. Thepossibility of involvement of imino moiety ofthe piperazinyl group is also less prominentdue to intense OH stretching vibration. Thebands in the region 3500-2700 cm-1 can beassigned to the asymmetric and symmetricstretching vibrations; of the OH groups of theinner and outer sphere of polymer. The shiftin the characteristic bands of the FTIR spectrasuggests change of their intensity leading tothe appearance of several absorbance bandsof the asymmetric and symmetric stretchingvibrations and overtone of the deformationvibrations. This indicates the confirmation ofthe hydrogen bonding [22]. By comparing theFTIR spectra among the pure drug, Carbopolpolymer (C940) and the formulationcontaining both drug and polymer, the FTIRpeak of Cipro from 1750 to 1700 cm-1 was notdetected in the mucoadhesive systemprobably due to interaction with polymer. Themissing peak has been replaced with two verystrong characteristic bands, in the range of1622 cm-1 and at 1463.25 cm-1, are assigned to

hydrogen atom [21, 22, 26]substitution of äAr-H(Table 2).The C=O group of drug lowers thestretching vibration of C=O frequencyindicating deprotonation and probablyinteraction of the said carboxylic C=Omoiety with the polymer. However, adefinitive conclusion about the keto groupin the bonding to the polymer can bededuced because the corresponding bandfound from 1707 to 1622 cm-1 is due toprobability of formation of β-ketoesters [30].From the above data it can be inferred thatthe carboxylic group of Cipro undergoesthe interaction with the polymer, as wouldbe expected chemically. Thus the nitrogenatoms aren't likely to be involved inbinding or the interaction. The nitrogenatom of the quinolone ring, 1-ortho tofluorine, is less electron rich due toelectron deficient fluoroquinolone ring. Inaddition, cyclopropyl and piperazinyl asymmetric  and  symmetric stretchingυ(O-C-O)vibrations respectively [21, 22, 26]. The difference ?is a useful characteristic for[υ(CO2)asym-υ(CO2)sym]

Table 5: Lattice spacing (Å) and relative intensities (I/I0) (based on the Hanawalt System)
of the three strongest peaks in the diffractograms of Ciprofloxacin and its Formulation
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Table 6: Lattice spacing (Å) and relative intensities (I/I0) of all the identifiable
peaks in the diffractograms of Ciprofloxacin and its Formulation
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Int J Novel Drug Deliv Tech 2011:Vol.1:Issue 2As the d-spacing of the prominent XRD peaks ofdetermining the involvement of the pure Cipro is changed in the polymericcomposites, it may be concluded that there isinteraction between Cipro and C940 (Fig 5).However, Cipro can be easily distinguishedeven in the formulation. Since relativeintensities of the peaks are decreased informulation, crystallinity is also reduced in thecomposites as compared with pure Cipro. Thisdecrease in relative intensities of these peaksappears to be due to change in atomic densitiesin that particular plane of crystal lattice. Fromthis we may predict that there is a little bitchange in the orientation of crystal lattice due toincorporation of some extra atoms into it, whichmay be due to hydrogen bonding andesterification.As we know the standard deviationmeasures the absolute dispersion (orvariability of a distribution), a small standarddeviation indicates a high degree of uniformityof the observations as well as homogeneity of aseries. The series, in which co-efficient ofvariation is less, is said to be less variable, andmore consistent , uniform, stable andhomogeneous. From PSD study it has beenfound that maximum particle size of theformulation is within the pharmaceuticallyacceptable limit (Table 6) [38]. From Table 6, it isclear that the maximum particle size range forformulation containing Cipro and C940 isbetween 5 and 10 µm. As these are rod likeparticles, A.R. has been calculated. From thestatistical interpretation, it has been found thataspect ratios in the formulation containingCipro and C940 are homogeneous, consistentand stable with lesser standard deviation (Table7). The mean particle size and A.R. valuesof the formulation (9.95 µm and 4.76,respectively) show a correlation between theparticle size, particle shape and stabilityproperties, giving confidence in the usefulnessof SEM for characterizing such type offormulations [39, 40, 41].The morphologies and mechanicalproperties of the formulation impart SEMsectioning and imaging, which can allow directmeasurement of PSD and A.R. of particlesembedded in polymeric suspension. The SEM-derived information correlated well with themechanical properties of the presentformulation. From the above SEM imageanalysis, it is expected that the formulation
163

carboxylic group of Cipro. The ?value forthe interaction falls in the range of 183 -250 cm-1 indicating the deprotonation ofthe carboxylic acid group and interactionbetween drug and polymer [36] (Tables 1 and2). In case of Raman spectra of Cipro,the Raman band at 771.47 cm-1 is assignedto the stretching vibration of cyclopropylgroup. The presence of carboxylic acidgroup is confirmed by υO-C-O and υC=O groupsvibration at 1411.63 cm-1 and 1655.11 cm-1,respectively (Table 3a).By comparing the Raman spectra ofpure drug with the drug incorporated inthe   Carbopol   suspension, the peak at1402.4 cm-1 was assigned to theυ is nots O-C-Oprominent.   While   both symmetric andasymmetric stretching vibrations of O-C-Ogroup are found in suspension containingC940. The Raman peak for stretchingvibration of C=O is prominent in thesuspension. From this it is clear that thereis esterification reaction between the Ciproand Carbopol polymer (Table 3). Theresults of both FTIR and Raman spectraindicate that both the spectra showprominent peaks for the stretchingvibration of O-C-O and C=O groups, whichprove the formation of the esters betweenthe drug and polymer. Moreover, both theintermolecular and polymeric hydrogenbondings are also prominent from the FTIRspectra of the formulation.Tables 4 and 5give the XRD data obtained for the pureCipro, and its polymeric suspension withC940 in terms of the lattice spacing and therelative peak intensities. Most of thecharacteristic peaks in the diffraction patternsare generally prominent andmeasurement of the angles andaccurate. sharp, sod-values isFrom the XRD patterns of C940, it isclear that the polymer is fully crystalline innature as there are sharp and prominent peaks(Fig 5). Table 4 confirms that the threeprominent peaks of pure Cipro and itsmucoadhesive suspension do not have similard-spacing corresponding to identical 2è values.
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Table 6: Particle Size Distribution of Mucoadhesive Suspension

L – Length of each particle; f – frequency; c.f – cumulative frequency; m.p (m) – midpoint;
A – assumed mean; i – class interval; d – deviation of midpoint from assumed mean;
Ā – actual mean; σ – standard deviation; C.V. – coefficient of variation;
N – total number of particles taken into consideration

OH OH
O OHN

N N

* *F COOH
O OO

OH OHCiprofloxacin

Figure 1: Chemical Structure of Ciprofloxacin Figure 2: Chemical Structure of Carbopol Polymer

Figure 3: FTIR spectra of (A) Ciprofloxacin, (B) Carbopol 940 and (C) Mucoadhesive Suspension
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Table 8: Aspect Ratio Analysis of Mucoadhesive Suspension

L – Length of each particle; f – frequency; c.f – cumulative frequency; m.p (m) – midpoint;
A – assumed mean; i – class interval; d – deviation of midpoint from assumed mean;
Ā – actual mean; σ – standard deviation; C.V. – coefficient of variation; N – total number
of particles taken into consideration; D – width of each particle
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Figure 5: X-ray diffraction patterns of C940, Cipro and Mucoadhesive Suspension

Figure 6: SEM of Mucoadhesive Suspension

CONCLUSION
On the basis of the above interpretation, it

can be concluded that by preparing mucoadhesive
suspension of Ciprofloxacin with C940 following a
novel method of ultrasonication, there is a very
good interaction between the carboxylic group of
drug and hydroxyl group of polymer. This leads to
esterification and intermolecular hydrogen
bonding, by virtue of which a stable mucoadhesive
suspension would be produced. From the XRD data
supported by FTIR analysis, it appears that the
crystalline form of pure Cipro under the
experimental conditions resulted in little change in
crystal habit of the drug. Moreover, size of the
crystals was signif icantly influenced by
interm o lecul a r hydro gen bo ndi ng a nd

esterification between Cipro and C940. The
retention of crystallinity nature of the drug in the
formulation may lead to increase in stability,
decrease in solubility and delay in release of the
drug from polymeric suspension. This may result
in controlled release action of the formulation.
From the SEM image analysis, it may be
concluded that the formulation containing Cipro
and C940 is having uniform dispersion of particles
and stability, which may lead to better
bioavailability and penetration capacity than
conventional dosage forms.The utility of the
present work may be improved if the delivery rate,
biodegradation and site-specific targeting of such
mucoadhesive suspension would be properly
monitored and controlled.
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