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ABSTRACT

Present study aims to prepare and eval uate Roxatidine acetate HClI microspheres by ionotropic gelation method.
Among all the formulations R9 was selected as optimized formulations for based on the physico chemical
parameters and drug release studies. In thein vitro release study of formulation R9 showed 95.12% after 12 hina
controlled manner, which is essential for disease like peptic ulcer. Thein vitrorelease profiles from optimized
formulations were applied on various kinetic models. The best fit with the highest correlation coefficient was
observed in Higuchi model, indicating diffusion controlled principle. The innovator Rotane 150mg conventional
tablet shows the drug release of 96.45 within 1 h. FT-IR and DSC analyses confirmed the absence of drug-polymer
interaction. The results obtained from evaluation and performance study of different types of Roxatidine
microspheres that system may be useful to achieve a controlled drug release profile suitable for peroral
administration and may help to reduce the dose of drug, dosing frequency and improve patient compliance when
compared with marketed product.
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INTRODUCTION

Controlled drug delivery by encapsulating the dimusjde polymeric carriers has made great progmedast two

decades as it can enhance the drug release arghse@dverse effects [1, 2, 3, 4], by drug loctidimaat the site of
action and by controlling the drug release [5]. Btorer, entrapment inside the polymers can alsoldshie

sensitive drugs (e.g., peptides/proteins) from dhahand enzymatic decomposition. Microspheres ligesl using
biodegradable polymers are widely used to achiew¢ralled release of drugs [6, 7]. The chief adagetof using
biodegradable polymers is that after performingrtteesks they break down in a biologically friendhanner.

For the treatment of chronic diseases it is impurta take medication several times, this may feafluctuating
drug level in body. In order to avoid frequent dadministration and maintenance of therapeutic dgugl in body
it is essential to administer drug by a sustainsddase system. Drugs with short elimination hd# kre most
suitable for sustained release formulations. Suesthdelivery of drugs can be achieved by microsgghéarmulation

[8].

Peptic ulcer disease, also known as a peptic olcstomach ulcer, is a break in the lining of thesach, first part
of the small intestine, or occasionally the lowsoghagus. An ulcer in the stomach is known as @igasicer while
that in the first part of the intestines is knovenaaduodenal ulcer. The most common symptoms akegvat night
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with upper abdominal pain or upper abdominal pdattimproves with eating. Common causes include
the bacteriaHelicobacter pylori and non-steroidal anti-inflammatory drugs [9].

Roxatidine acetate is a specific and competitigtamine H receptor antagonist, which is used to treat gastri
ulcers, Zollinger—Ellison syndrome, erosive esojfggastro-oesophageal reflux disease and gastRbxatidine
has less bioavailability (80%) and lesser half &fes hours [10]. The aim of present work is toigesand in vitro
evaluation of different types of microspheres ok&aline to enhance its bioavailability and proledgesidence
time in stomach.

MATERIALS AND METHODS

Materials:

Roxatidine pure drug was generous gift from AurdbirPharma Limited, Hyderabad, India. Sodium alginaas
obtained from Pruthvi Chemicals, Mumbai. Xanthamngwas gifted from MSN Labs Ltd. Hyderabad. All eth
chemicals used were of analytical grade.

Preparation of Roxatidine microspheres:

Roxatidine microspheres were prepared with polyniiées sodium alginate and calcium chloride by laoptc
gelation method. Different formulation trials of Xatidine were prepared using different concentratib polymer
and cross linking agent. Total 14 formulations @egeloped using sodium alginate and calcium choincdifferent
concentrations. In this method weighed quantityRokatidine was added to 100ml sodium alginate Ewluand
thoroughly mixed at 500 rpm. Resultant solution wasuded drop wise with the help of syringe anddbe into
100ml aqueous calcium chloride solution and stire¢d100 rpm. After stirring for 10 minutes the abea
microspheres were washed with water and dried ae@@ees-2hours in a hot air oven and stored isicisr. [11]

Table 1: Formulation trials for Roxatidine microspheres

FORMULATION ROXATIDINE ACETATE SODIUM CALCIUM XANTHAN
CODE HCL(mg) ALGINATE CHLORIDE GUM

R1 1500 1% % 1%
R2 1500 12% 7% 1.2%
R3 1500 1.4% 7% 1.4%
R4 1500 1.6% 7% 1.6%
R5 1500 1.8% 7% 1.8%
R6 150( 2% 7% 2%
R7 1500 2.2% % 2.2%
R8 1500 1% 10% 1%
R9 1500 1.2% 10% 1.2%
R10 1500 1.4% 10% 1.4%
R11 1500 1.6% 10% 1.6%
R1Zz 150( 1.8% 10% 1.8%
R13 1500 2% 10% 2%
R14 1500 2.2% 10% 2.2%

Micromeretic properties of Roxatidine microspheres:

Particle size:

The 100 microspheres were evaluated with respettidio size and shape using optical microscopeditiith an
ocular micrometer and a stage micrometer. The ghartiameters of more than 100 microspheres wergsuared
randomly by optical microscope. [12]

Angle of repose:

Angle of reposefl) of microspheres measures the resistance to learfiow, and is calculated according to fixed
funnel standing cone method. Whe#@ i angle of repose, H/D is surface area of tke tanding height of the
microspheres heap that is formed on a graph pdf@emaaking the microspheres flow from glass funnel

0 = tan? (h/r)
Bulk density:
Volume of the microspheres in the measuring cylindas noted as bulk density.
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Wt of powder

Bulk density =
Bulk volume ofvader

Tapped density:
Change in the microspheres volume was observeaahamical tapping apparatus.

Wt of micrdsges
Tapped density = -----------m--m-mmmoom oo
Tapped volume of mipheres

Compressibility index:
Also called as Carr’s index and is computed acogrdd the following equation.

Tapmbzhsity - Bulk density
Carr's compressibility index = X 100
Tapped density

Hausner’s ratio:
Hausner’s ratio of microspheres is determined bynmaring the tapped density to the fluff densityngsthe
equation. [13]
Tapped density
Hausner's ratio =  ---------------------
Bulk density

Evaluation of Roxatidine microspheres:

Swelling index:

Swelling index was determined by measuring thergxté swelling of microspheres in the given medidractly
weighed amount of microspheres were allowed to lswajiven medium. The excess surface adhereddigudps
were removed by blotting and the swollen microsphenere weighed by using microbalance. The hydio ge
microspheres then dried in an oven at 60 degreeshfaintil there was no change in the dried massaofple. The
swelling index of the microsphere was calculatedising the formula. [14]

Swelling index= (Mass of swollen microspheres - Matdry microspheres/mass of dried microspheres)X

Drug entrapment efficiency and % yield:

In order to determine the entrapment efficiency,ni@ of formulated microspheres were thoroughly lceasby
triturating and suspended in required quantity eftmanol followed by agitation to dissolve the poimand extract
the drug. After filtration, suitable dilutions wemeade and drug content assayed spectrophotombtrata®80nm
using calibration curve. Each batch should be erachfor drug content in a triplicate manner. [15]

% Drug entrapment = Calculated drug concentrafldreéretical drug concentration x 100
% vyield = [Total weight of microspheres / Total gki of drug and polymer] x 100

In vitro drug release studies:

In vitro drug release studies for developed Roxatignicrospheres were carried out by using disswludpparatus
Il paddle type (Electrolab TDL-08L). The drug redeaprofile was studied in 900 ml of 0.1 N HCI a#3¥.5C
temperature at 100 rpm. The amount of drug releesedetermined at different time intervals of 02,13, 4, 6, 8,
10& 12 hours by UV visible spectrophotometer (ShimaUV 1800) at 280nm. [16]

Kinetic modeling of drug release:

In order to understand the mechanism and kineticdrag release, the result of thevitro dissolution study of
microspheres were fitted with various kinetic efqua, like zero order [17] (percentage releasetivee), first order
[18] (log percentage of drug remaining to be releasedimg) and Higuchi's modé¢l9] (Percentage drug release
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vs. square root of time). Correlation coefficierf) (values were calculated for the linear curves iobth by
regression analysis of the above plots.

Drug excipient compatibility studies
The drug excipient compatibility studies were arout by Fourier transmission infrared spectipgdFTIR)
method, Differential Scanning Calorimetry (DSC) &ieM.

Fourier transform infrared spectroscopy (FTIR)

FTIR spectra for pure drug, physical mixture antimjzed formulations were recorded using a Foutiiansform
Infrared spectrophotometer. The analysis was ahrdet in Shimadzu-IR Affinity 1 Spectrophotometdihe
samples were dispersed in KBr and compressed iatdpéllet by application of pressure. The pelig&se placed
in the light path for recording the IR spectra. Beanning range was 400-4000tand the resolution was 1 &ém

Differential Scanning Calorimetry (DSC)

Differential Scanning Calorimetry studies were @atrout using DSC 60, having TA60 software, Shimadapan.
Samples were accurately weighed and heated indsalleninum pans at a rate of 10°C/min between 2b63&9°C
temperature rang under nitrogen atmosphere, enyatyirum pan was used as a reference.

SEM studies
The surface and shape characteristics of pellete vdetermined by scanning electron microscopy (SEM)
(HITACHI, S-3700N). Photographs were taken and réed at suitable magnification.

Stability studies

The stability study of the optimized formulation svaarried out under different conditions accordtogICH
guidelines. The optimized microspheres were stoned stability chamber for stability studies (REMiake).
Accelerated Stability studies were carried out @@ / 75 % RH for the best formulations for 6 montfibe
microspheres were characterized for the percenyadd, entrapment efficiency & cumulative % drudeased
during the stability study period [20]

RESULTS AND DISCUSSION

Normal microspheres of Roxatidine acetate HCI

Figure 1: Roxatidine acetate HCI normal microspheres
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Table 2: Micromeritic properties of Roxatidine acetate HCI microspheres

Formulation code Part(ﬁl;)sme Bulé(g;jcecr;)s ity Tapp((;(/jcgae)nsny Angle of repose| Carr's index
R1 61.12+0.08 0.66 0.69 28°.74 15.34%
R2 65.29+0.1: 0.7¢ 0.72 29°.67 13.34Y
R3 67.43+0.0: 0.7¢ 0.7: 30°.54 12.12%

R4 69.67+0.09 0.79 0.73 31°.15 14.23%
R5 73.45+0.04 0.89 0.75 27°.93 14.56%
R6 92.45+0.09 0.92 0.76 26°.21 13.95%
R7 82.45+0.09 0.94 0.76 25°.54 14.32%
R8 67.45+0.04 0.6¢€ 0.5¢ 27°.92 14.56%

R9 68.45+0.0! 0.67 0.62 23.24 08.95%
R10 81.23+0.14 0.69 0.64 28°.91 14.32%
R11 85.12+0.08 0.71 0.66 25°.74 12.34%
R12 87.29+0.13 0.74 0.68 27°.67 13.34%
R13 91.43+0.04 0.76 0.73 29°.54 12.12%
R14 94.1340.09 0.87 0.78 28°.15 11.23%

Roxatidine acetate HCI microspheres of 14 formatetiwere prepared by ionic gelation method evatlfatetheir
various physic chemical parameters. All the forrtiates were evaluated for particle size, bulk dgndiapped
density, angle of repose and carr’s index and fdartzke within the limits, the results were depidtedable 2.

The results of % yield, entrapment efficiency ameéling index was found to be satisfactory whiclowh inTable
3. The formulation R9 showed the best percentagld,yentrapment efficiency and swelling index \edwf 96%,
97% and 94% respectively.

Table 3: Percentage drug yield, entrapment efficiezy and swelling index of Roxatidine acetate HCI miospheres

Formulation code | Percentage yield| Entrapment effigncy | Swelling index
R1 70.00% 69.00% 64%
R2 71.00% 72.00% 69%
R3 81.00% 80.00¥% 70%
R4 83.87% 83.30% 71%
R5 86.30% 85.20% 79%
R6 91.30% 91.30% 87%
R7 96.30% 94.10% 91%
R8 76.00% 74.03% 69%
R9 96.00% 97.00% 94%
R1C 84.00% 83.00% 75%
R11 86.09% 85.00% 84%
R12 87.50% 86.66% 90%
R13 93.30% 91.03% 91%
R14 85.30% 84.88% 89%

In vitro dissolution studies:

Dissolution studies were conducted for all 14 folations and the % drug release was found to beemrange of
87.01% to 95.92%. The formulations R9 was developsihg Roxatidine acetate HCI, sodium alginate in
concentration of 2.2%, and calcium chloride 7%,valdiighest % drug release of 95.92% within 120 #re
results are depicted ifable 4&5.

Table 4: In vitro cumulative % drug release of Roxatidine acetate HCI microspheres

Time (h) R1 R2 R3 R4 R5 R6 R7
0 0£0 0£0 020 00 0£0 0£0 00
1 16.4:0.22 | 15.42+0.11 14.91+0.61 14.08+0[14 14.74kQ. 12.0240.11] 11.42%0.1D
2 2543032 | 29.37+0.16 22.98+0.31 22.11+0R1 20.25K]. 27.18+0.16] 24.81+0.21
4 36.8£0.11 | 40.59:0.21 36.56x0.32 30.98+0/18 37.9140. 36.93x0.34 38.5630.20
6 66.8:0.22 | 56.34x0.17 50.72#0.16 46.19+032 55.2840. 52.54%0.32] 50.19%0.32
3 84.910.35 | 72.67+0.33 74.41x0.52 62.86+0[11 74.78*(. 78.78+0.16] 65.43+0.1P
10 03.16+0.35| 90.59+0.16 96.67+0.J2 80.59+0[32 93.3&0 92.96+0.32] 83.03x0.16
12 02.04+0.33| 91.46x0.11 93.45:0.43 92.060[17 91.6&( 89.65+0.22 93.64x0.2p
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Figure 2: In vitro cumulative % drug release of Rxatidine acetate HCI sodium alginate microspheresofmulation

Table 5: In vitro cumulative % drug Roxatidine aceate HCI sodium alginate release of microspheres fimulation

. Innovator
Time (h) R8 R9 R10 R11 R12 R13 R14 (Rotane 150mg)
0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
1 12.66:0.32 | 12.06£0.16 | 11.1=0.3% | 10.5:40.2¢ | 11.82+40.1€ | 12.85+0.3Z | 12.12+0.21 96.45+0.12

2 27.1¢0.15 | 20.57+0.11F | 19.66+0.3¢ | 22.61+0.15 | 24.1€+0.2z | 19.17#0.2% | 27.65+0,22 -
4 45.05+0.11| 35.26+0.15 27.73+0.32 35.42+0|16 38 | 25.81+0.15 35.02+0.1[
6 54.84+0.54| 43.18+0.1 41.01+0.16 48.94+0|16 4M0H5 | 43.37+0.16| 49.74+0.3P
8 72.13+0.45| 62.73+0.67 56.36+0.15 63.71+0|32 5M66 | 61.85+0.44) 61.59+0.16
10 95.64+0.16| 82.32+0.32 73.53+0.44 76.13+0|56 DB2| 70.68+0.15 78.25+0.11
12 92.87+0.3Z | 95.9240.11 | 89.040.3t | 88.2t+0.4¢ | 87.67+0.15 | 87.1%+0.3% | 87.01+0.32
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Figure 3: In vitro cumulative % drug Roxatidine acetate HCI normal microspheres
Mathematical modeling of cimetidine optimized micrspheres (R9):

Table 6: Release order kinetics of optimized normahicrospheres (R9)

Zero Order First Order Higuchi Korsmeyer-Peppas
Formula Code = K R K R K R N
R9 0.992| 7.711 0.851 0.094 0.924 27/62 0.989 1.062

From the above results it is apparent that theessjon coefficient value closer to unity in case@fo order plot
i..0.992 indicates that the drug release followe order mechanism. This data indicates a lem®&unt of
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linearity when plotted by the first order equatidtence it can be concluded that the major mechawikadrug
release follows zero order kinetics. Further, ttanslation of the data from the dissolution stadseiggested
possibility of understanding the mechanism of drapase by configuring the data in to various mathtéecal
modeling such as Higuchi and Korsmeyer plots. Tlassrtransfer with respect to square root of the ti@s been
plotted, revealed a linear graph with regressidoesalose to one i.e. 0.924 starting that the ssdeom the matrix
was through diffusion. Further the n value obtaifrech the Korsmeyer plots i.e. 1.062 suggest thatdrug release
from microspheres was anomalous Non fickian diffosi

DRUG EXCIPIENT COMPATABILITY STUDIES:
Fourier Transform Infrared Spectroscopy (FTIR)
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Figure 4: FT-IR spectrum of pure drug Roxatidine aetate HCI
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Figure 6: FT-IR spectrum of Roxatidine optimized foamulation R9
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FTIR was carried out to check the drug excipieteraction. The FTIR peak of Roxatidine acetate i$Gilmost
similar to that of the peak obtained with excipiemd all the peaks of the functional group is iopar range.
Hence, it can be concluded that the drug Roxatidoetate HCI was found to be compatible with thegent used
in the designed formulation.

DSC Studies:

ROXITIDINE ACETATE HCL PURE DRUG

50.00 100.0C 150.0C 200.0C
Teme [C

Figure 7: DSC thermogram of Roxatidine acetate HCpure drug

ROXATIDINE ACETATE HCL OPTIMIZED
bSC  FORMULATION (R9)

mw

0.00f

-10.00;

00.00 200.00 300.00
Temg [C]

Figure 8: DSC thermogram of Roxatidine acetate HCbptimized microspheres (R9)

DSC was used to detect interaction between Roxatidicetate HCI and excipients. The thermogram oé pu
Roxatidine acetate HCI (Figure) exhibited a shampotherm melting point at 14Z. The thermogram of optimized
microspheres loaded with Roxatidine acetate HC) @@ibited a sharp endotherm melting point at¥@grFigure

7). The DSC thermogram of sodium alginate was alsevehia Figure 8. The DSC thermogram of microsphere
loaded with Roxatidine acetate HCI retained properof pure Roxatidine acetate HCI. There is nosim®rable
change observed in melting endotherm of drug inndpéd formulation. It indicates that there is meraction
between drug & excipients used in the formulation.

Scanning Electron Microscopy studies:

SEM of Roxatidine acetate HCInormal microspheres

The external and internal morphology of controlledlease microspheres were studied by Scanning retect
Microscopy.

Figure 9: Scanning electron micrographs of Roxatidie acetate HCImicrospheres
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Figure 10: Scanning electron micrographs of Roxatithe acetate HCImicrospheres

Morphology of the various formulations of Roxatidiacetate HCI microspheres prepared was found thsbeete
and spherical in shafd€&igure 9&10). The surface of the Roxatidine acetate HCI midnesges was rough due to
higher concentration of drug uniformly dispersedhet molecular level in the sodium alginate maticehere are
no crystals on surface which states that is drumirmly distributed.

Stability studies

Optimized formulation was selected for stabilitydies on the basis of high cumulative % drug rede&ability
studies were conducted by performing Percentadd, WWéEntrapment efficiency anigh-vitro drug release profile
for 6 months according to ICH guidelinésom these results it was concluded that, optimfeechulation is stable
and retained their original properties.

CONCLUSION

In the present study, an attempt was made to pdpaxatidine floating microspheres, which were abtarized for
particle size, scanning electron microscopy, FTsliiedy, DSC, percentage yield, %drug entrapmentilgya
studies and found to be within the limits. Amongthe formulations R9 was selected as optimizednfdations
based on the physico chemical studies and druggelstudies. In tha vitro release study of formulation R9
showed 95.12% of drug release after 12 h in a ottett manner, which is essential for disease likptig ulcer.
Thein vitro release profiles from optimized formulations wapplied on various kinetic models. The best fithwit
the highest correlation coefficient was observeddiguchi model, indicating diffusion controlled pdiple. The
innovator Rotane 150mg conventional tablet showsditug release of 96.45 within 1 h. FT-IR and D®@lyses
confirmed the absence of drug-polymer interactibmay be concluded from the result obtained froraleation
and performance study of Roxatidine microspheras shistem may be useful to achieve a controlled delease
profile suitable for peroral administration and niefp to reduce the dose of drug, dosing frequemayimprove
patient compliance.
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