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ABSTRACT

Cimetidine loaded microspheres were prepared by 1onotropic gelation technique with different drug to carrier ratio.
All the microspheres were characterized for particle size, scanning electron microscopy, FT-IR study, DSC,
percentage yield, drug entrapment, stability studies and for in vitro release kinetics and found to be within the limits.
Among all the formulations C10, was selected as optimized formulation based on the physic chemical and release
studies. In thein vitro release study of formulation C10 showed 95.35%, after 12h in a controlled manner, which is
essential for anti ulcer therapy. The innovator Cimetidine conventional tablet shows the drug release of 96.15 within
1 h. The drug release of optimized formulation C10 followed zero order and Higuchi kinetics indicating diffusion
controlled drug release.

Key words: Cimetidine, chitosan, microspheres, scanning edaanicroscopy, release order kinetics.

INTRODUCTION

Oral drug administration is by far the most prefdéearoute for taking medications. However, theiorsktirculating
half life and restricted absorption via a definedraent of intestine limits the therapeutic potérdfamany drugs.
Such a pharmacokinetic limitation leads in manyesa® frequent dosing of medication to achieveapeutic
effect. This results in pill burden and consequemghtient complains. Rational approach to enhdicavailability
and improve pharmacokinetic and pharmacodynamifilprig to release the drug in a controlled manaed site
specific manner [1].

Microspheric drug delivery has advantage overotariother dosage forms like we know for lungs diseaow a
days aerolised drugs are used for local delivergrafis but it has disadvantage of shorter duradfoerction so for
sustained release and reducing side effects armbHerachieve better patient compliance microsgheae be used.
It also has advantage over liposomes as it is pbghemically more stable. Moreover the microspheires of

micron size so they can easily fit into variousittagy beds which are also having micron size [2].

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 deugl in body
it is essential to administer drug by a sustainsddase system. Drugs with short elimination hd# kre most
suitable for sustained release formulations. Swusthdelivery of drugs can be achieved by microsgharmulation

[3].
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The microsphere requires a polymeric substance @aréer and a core material [4, 5]. Microspherasehbeen
widely accepted as a mean to achieve oral and fgmegicontrolled release [6,7,8].

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 loweoghagus.Common causes include the bacteddljcobacter
pylori and non-steroidal anti-inflammatory drugs [9].

Cimetidine is histamineH,-receptor antagonists, which is used to reduceriie of stomach ulcers in patients
treated with nonsteroidal anti-inflammatory drugdich has less bioavailability (60%) and lesseff litd of 2h.
The aim of present work is to design and in vitnealeation of Cimetidine microspheres to enhance its
bioavailability and prolonged drug release [10].

MATERIALS AND METHODS

Materials:

Cimetidine pure drug was generous gift from AurclirPharma Limited, Hyderabad, India. Sodium alginaas
obtained from Pruthvi Chemicals, Mumbai. HPMC KWM& HPMC K 15 M was obtained from Rubicon labs,
Mumbai. Xanthan gum, Guar gum, Kondagogu gum adilso CMC were gifted from MSN Labs Ltd. Hyderabad.
All other chemicals used were of analytical grade.

Formulation of Cimetidine microspheres:

Cimetidine microspheres were prepared using polgmsedium alginate and calcium chloride by lonotraplation
method. Different formulation trials of Cimetidimeere prepared using different concentration of payand cross
linking agent. Total 14 formulations are developesing sodium alginate and calcium chloride in défe
concentrations. In this method weighed quantityCohetidine was added to 100ml sodium alginate smtuand
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 isicer [11].

Table 1: Formulation trials for Cimetidine microspheres:

FORMULATION CODE |CIMETIDINE(G) $ODIUM ALGINATE CALC  IUM CHLORIDE
C1 2 1% 7%
Cc2 2 12% 7%
C3 2 1.4% 7%
C4 2 1.6% 7%
C5 2 1.8% 7%
C6 2 2% 7%
c7 2 2.2% 7%
C8 2 1% 10%
C9 2 1.2% 10%
Cic 2 1.4% 10%
Cil1 2 1.6% 10%
Ci12 2 1.8% 10%
Ci13 2 2% 10%
Ci4 2 2.2% 10%

Evaluation of Cimetidine microspheres:

Particle size:

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

Angle of repose:

Angle of repose€) of microspheres measures the resistance to learfiow, and is calculated according to fixed
funnel standing cone method. Whe€ (s angle of repose, H/D is surface area of tee Standing height of the
microspheres heap that is formed on a graph pdfgemaaking the microspheres flow from glass funnel

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

Wt of powder

Bulk density =
Bulk volenof powder

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

Wt of microsphsr
Tapped density = -----------m--m-mmmoom oo
Tapped volume of rmpheres

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

Tapped densiBulk density Carr’s compressibility index
= X 100
Tapped density

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

Swelling index:

Swelling index was determined by measuring thergxté swelling of microspheres in the given medidractly
weighed amount of microspheres were allowed to Iswejiven medium. The excess surface adhereddiquops
were removed by blotting and the swollen microspienvere weighed by using microbalance. The hydito 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 - Mabdry microspheres/mass of dried microspherespX

Drug entrapment efficiency and % yield:

In order to determine the entrapment efficiency,n@ of formulated microspheres were thoroughly lceasby
triturating and suspended in required quantity eftmanol followed by agitation to dissolve the pomand extract
the drug. After filtration, suitable dilutions wemeade and drug content assayed spectrophotombtritglarticular
wavelength using calibration curve. Each batch khbea examined for drug content in a triplicate mem{15].

% Drug entrapment = Calculated drug concentrafldwedretical 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 Cimetidine osjgineres were carried out by using dissolution rpps
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 218nm [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 releasdinee), first order
[18]. (Log percentage of drug remaining to be releasetime) and Higuchi’'s model [19]Percentage drug release
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vs square root of time). Correlation coefficient) (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

Micromeretic properties of cimetidine microspheres

Figure 1: Cimetidine microspheres
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Table 2: Micromeretic properties of Cimetidine microspheres

Formulation code | Particle size (um)| Bulk density (&pc3) Tapp((;;icgae)nsny Angle of repose| Carr'sindex| Swelling index
C1 61.12+0.08 0.66 0.69 26°.74 12.34% 64%
Cc2 65.29+0.1: 0.74 0.72 29°.67 13.34% 69%

C3 67.43+0.0 0.7€ 0.72 30°.54 11.12% 70%

C4 69.67+0.09 0.79 0.73 31°.15 13.23% 71%
C5 73.45+0.04 0.89 0.75 27°.93 14.56% 79%
C6 92.45+0.09 0.92 0.76 26°.21 13.95% 87%
Cc7 81.45+0.09 0.94 0.76 28°.54 12.32% 75%
C8 67.45+0.0: 0.6€ 0.5¢ 27.93 14.56% 69%

Cc9 78.45+0.0! 0.67 0.62 27 .54 13.95% 70%

C10 82.45+0.09 0.69 0.64 22°.91 9.32% 95%
Cl11 85.12+0.08 0.71 0.66 25°.74 12.34% 84%
C12 87.29+0.13 0.74 0.68 27°.67 14.34% 93%
C13 91.43+0.04 0.76 0.73 26°.54 11.12% 92%
C14 94.13+0.09 0.87 0.78 29°.15 14.23% 89%

All fourteen formulations were evaluated for vasomicromeretic and physic chemical parameters haddsults
are tabulated ifTable. Among all the formulations C10 shown best resaftparticle size, bulk density, tapped
density, angle of repose, carr's index and sweliingex of 82.45+0.09, 0.69, 0.64, 22°.91, 9.32% &8¢0
respectively.

Table 3: Percentage drug yield & entrapment efficiacy of Cimetidine microspheres

Formulation code | Percentage yiell | Entrapment efficiency
C1 70.00% 69.00%
Cc2 71.00% 72.00%
C3 81.00% 80.00%
C4 83.87% 83.30%
C5 86.30% 85.20%
C6 91.30% 91.30%
c7 86.30% 90.10%
Cc8 76.00% 74.03%
C9 81.00% 82.00%
C10 96.30% 97.70%
C11 86.09% 85.00%
C12 87.50% 86.66%
C13 93.30% 91.03%
Cl4 85.30% 84.88%

The percentage yield and entrapment efficiencgllothe formulations were measured by assay metmadfound
to be within the limits. The formulation C10 shogmod percentage yield and entrapment efficienc§6o80% and
97.00% respectively and the results were depictdéble 3.

In vitro drug release studies

Cimetidine microspheres were evaluated for in witnog release studies in 0.1N HCL and the resuiiglapicted in
Table 4 and 5 The formulation C10 shows best drug release o83®% within 12h. The drug release was in
controlled manner when compared with innovator pobdimetine i.e 96.12% within 1h.
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Table 4: In vitro cumulative % drug release of Cimetidine microsphees formulations

Figure 3: In vitro cumulative % drug Cimetidine sodium alginate micrspheres

Scholar Research Libra

ry

. Innovator
Time (h) C1l Cc2 C3 C4 C5 C6 Cc7 (Cimetine 200mg)
0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
1 24.57+0.11 | 20.0¢0.1Z2 | 24.060.12 | 12.2¢0.11 | 10.110.27 | 14.95+0.1F | 12.32+0.22 96.15+0.12
2 46.16£0.25 | 34.450.22 | 39.51+0.32 | 23.4¢+0.3z | 18.42£0.21 | 22.42+0.27 | 21.44+0.2€ --
4 70.45+0.16| 51.28+0.16 54.19+0.32 32.52+0.21  33.0B3(0 39.44+0.16| 34.23+0.1P
6 86.56+0.32| 68.31+0.16 69.41+0.32 41.64++041 46016%| 56.63+0.43 47.29+0.4b
8 94.48+0.24| 79.67+0.32 81.55+0.33 59.14+0.42 59.621(0 63.43+0.16| 60.46+0.48
10 93.29+0.14| 93.32+0.29 93.51+0.16 71.02+0.99  70.0Bx(0 75.09+0.22| 78.34+0.44
12 90.65+0.27 | 91.84:0.22 | 90.16+0.32 | 81.77#0.22 | 84.3¢+0.21 | 86.9:40.1Z2 | 85.6%+0.1€
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Figure 2: In vitro cumulative % drug release of Cimetidine microsphees
Table 5: Invitro cumulative % drug Cimetidine microspheres
T('hm)e cs co C10 c11 c12 c13 cl14
0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
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6 56.98+0.22| 47.31+0.34 51.63+0.22 35.98+0|16 37 | 35.14+0.15 37.08+0.2P
8 70.7+0.43 | 63.63+0.21 66.45+0.32 52.93+0{23 50092 | 41.88+0.15 50.73%0.18
10 87.32+0.16| 77.02+0.183 80.43#0.34 65.01+0[33 &M3A3| 56.87+0.12 64.84+0.3p
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Mathematical modeling of cimetidine optimized micr@spheres (C10):

Table 6:Release order kinetics of optimized microdgeres (C10)

Zero Order First Order Higuchi Korsmeyer-Peppas
Formula Code =2 K R K R K R2 N
C10 0.997| 7.815 0.845 0.099 0.943 28J21 0.997 1.0

Thein vitro release profiles from optimized formulations wapplied on various kinetic models. The best fithwit

the highest correlation coefficient was observeaero order and Higuchi model, indicating diffusiocontrolled
principle. Further the n value obtained from therdfoeyer plots i.e. 1.063 suggest that the drugasel€rom

microspheres was anomalous Non fic

Drug excipient compatibility studies

kian diffusion.

Fourier Transform Infrared Spectroscopy (FTIR)

FTIR:
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Figure 5: FT-IR spectrum of Cimetidine + Sodium algnate+CaCh
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Figure 6: FT-IR spectrum of Cimetidine optimized mcrospheres (C10)

Drug polymer interaction was checked by comparing R spectra of the physical mixture of drug witte

excipients used with the IR spectrum of pure dftigure 4) and optimized formulation (C1@ -igure 6) and

results found that there were no possible intevadtietween drug and polymé@¥igure 5).The FTIR spectrum of
Cimetidine (Figure) showed peaks correspondingCtdif bending at 1346.36 cm-1 and aromatic groupGCat

1501.63 cm-1, alkane group (C-C) at 1202.66 cm-Ip&ngroup (C-N) at 1281.74 cm-1, Imines (C=N) aB@80

cm-1, and (N-H) stretching at 3141.18 cm-1. Thekpa# the Pure drug were found to be 3505.69 =Nretching

(amides), 3237.06 = symmetric vibration, 3103.864 Gtretching vibration. From the FTIR graphs ofigir
polymer mixture, it was found that the same pedakshe drug are available. Since it proves that ehisr no

incompatibility with the polymers.

DSC Studies:

(I CIEIMEETITEDITN

. OP TIMIDEZE T
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dhann | | A CIMNIE TIDINE
PURE IDER U

Figure 7: DSC thermogram of Cimetidine pure drug (A and optimized formulatin C10 (B)

DSC was used to detect interaction between Cinmetidind excipients. The thermogram of pure drug Giline
(Figure 7) exhibited a sharp endotherm melting point at %&1Table no). The thermogram of microsphere loaded
with Cimetidine (C10) exhibited a sharp endothereiting point at143C (Figure 7). It indicates that there is no
interaction between drug & excipients used in threnulation.

SEM of Cimetidine microspheres
The external and internal morphology of controllelease microspheres were studied by Scanning ratect
Microscopy.
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15.0kV 7.1mm x100 BSECOMP 70Pa St 500um

Figure 8: Scanning electron micrographs of Cimetidie microspheres

15.0kV 6.9mm x50 BSECOMP 70Pa

Figure 9: Scanning electron micrographs of Cimetidie microspheres

Morphology of the various formulations of Cimetidimicrospheres prepared was found to be discretsrmerical
in shape(Figure 9). The surface of Cimetidine microspheres was rodgeé to higher concentration of drug
uniformly dispersed at the molecular level in tloelism alginate matrices. There are no crystalsusfase which
states that is drug is uniformly distributed.

Stability studies.

Optimized formulation (C10) was selected for sigbistudies on the basis of high cumulative % drabpase.
Stability studies were conducted by performing Betage yield, %Entrapment efficiency dmevitro drug release
profile for 6 months according to ICH guidelin€som these results it was concluded that, optimfaechulation is
stable and retained their original properties wiitinor differences.

CONCLUSION

From the above data, it could be concluded thate@idime microspheres exhibited prolonged and cdietioelease
effect compared to Innovator product. Prepared @dime microspheres were characterized for partsilee,
scanning electron microscopy, FT-IR study, DSCceetage yield, drug entrapment, stability studies fund to
be within the limits. Among all the formulations €CWwas selected as optimized cimetidine formulatioased on
the physic chemical and release studies. Inrthitro release study of formulation C10 showed 95.35%y df2 h
in a controlled manner, which is essential for déselike peptic ulcer. The innovator Cimetine caorimal tablet
shows the drug release of 96.15 within 1 h.
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