Lagazig ) Pharm Ser, December 2009
Vol 1s No 2, pp. 16-2%

ISSN 110 50y
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ABSTRACT

The aim of the present study was to prepure Moating sustained release formulations of famotidine (FM)
using 2 blend of Gelucire 4301 (GL 43/01) a0d Gelucire 44714 (GL 44/04) i dilferent concentrabons. These
formulations were intended to be retined in the stomach snd prulong the drug relcase to mprove bloavailabilig
and reduce frequency of administration Granules and bends were prepared by meli-graoulation fechmque and
mel:: sohdificanon technique, respectively. The formulations were evaluated for surface morphology, fowability
‘n-viiro floatng ability, and in-vitro drug release. In case of beads, process yicld, drug loading, encapsulstion
efficiency. and parucle size were also mvestigated  Differential scanning calorimetry [DSC) and mfrared
spectroscopy (IR) were used 1o investigate the possibility of drug-hpid interactions The chimned beads had
smooth surfaces, while the granules showed rough surfaces. Both lormulations showed free flowing propertics
end excellent floating characieristics There was no interaction between the drug and Gelucires wsed sn f
formulation. Jn-vitro drug release of FM from the prepured pranules ond beads was studied in 0 1 N HCI (pH 1.2
for up to 12 hrs. The drug released in a sustained manner in pH 1.2 from both farmulations with no siga:ficen?

differeuce berween granules and beads.

INTRODUCTION

Famotidine (FM) is a potent histamime 112-
receptor antagonisl used 1o treal peptic ulceration,
l‘:ﬂun csophagitis, Zollinger-Ellison syndrome, and
other conditions where reduction of  gastoe acid
is benef-icial "’ The usual oral dosage regimen is
20 mg wwice daily for 6 weeks in gasnoesophageal
reflux disease, 20 mg every 6 h in hypersccretory
conditions, and 40 mg for 4-8 weeks o gasine
ulcer'™. It has a low bioavailability (40-45%) and
short biological half life (2.5-4.0 hrs) following oral
adounstration. It 15 mot  absorbed  uniformly
throughiout the Gl-tact but mainly at 2 specific
absorption site leading to incompleie and vanable
absorption””  Morcover, being a weak base,
famotidine with a pKa of 7.06 has pH dependant
solubility and s gastric retention would allow
adequate time for (s dissolution. the rate-hminng
step m drug absorpnion™ A uadional  oral
sustained-release fonmulation releases most of the
drug at the eolon. thus, the drug should huve an
absorption windaw eiiner in the colon or throughout
the Gl-ract Hence chuically acceptable sustimed-
jetease  dosage  forns of FM  prepared  with
conventional technology may not bie successtul The
pustrorvtentive  dree delivery  systems con be
vetained m the stomuack and assist in improving the
oral sustuped delivery of drugs that have an
absoiption window in a particular region ol the Gl-

tract. These systems help in continuousty releasing -

the drog before it reaches the absorption window,
thus ensuning optnnal bioavailupitity It s also
~ reported iat oral weatment of gastric disorders with
an - HZ-receptor  antugonest like  ramtdine o
fimotiding used v combanation with - antacids
promotes l5eal dehvery of these diugs o lhe
teeepton of the pancial cell wall. Logul delivery ulso
Dnersases cthe | stamach  wall T oreeeplor sHe
pavatiabitits and inereases the drigs’ ability o
reduse opid secretion Y4 Ts prmeiple ay be

applied for mmproving systemec as well 2 local
dehvery of FM, which would cMicently roduece
gastric acid  scercion. Therclois, 2 oncc-duily
sustained-release  gastroretentive  formulation of
famotdine  can  reduce  the  fregqueney of
admimstration and improve patient compfasce.
Differenr approaches have been propeosed 1o
rctain the dosage form in the stomach,  Thoss
include  bioadhesive systems ' swelling  ans
expanding  systems”® and foating systems™
Large single-unnt dosage forms undergo sigmilicant
swelling afier oral administcation, and the swollen
matrix inhibits pastric emptying even when the
pyloric sphincier 1s 1 an wncontracted state But
with swelling and expanding systems there s a nsk
of perimanent retention Bioadhesive systems mav
cause problems such as writation of the mucous
layer owing 1o high localized concentrauon of e
drog”.  Hydrodynamically  balanced  systems,
designed ustig elfervescent mixtures, hive achieved
caminerclal  success  but  require @ high
drug excipient rane, have unprediclable
bwavallabiling, and  are  unsuitable  for  drugs
deprading m bavic pH becouse of the alkaline
imcroenviconinent,  Stogle-unit  systems  such  as
tablets or capsules may exhibit the all-or-nonc

Cemplymg phenomanan, wineh nuy be overcane by

the design of muliunit systems™, Multiunit dosage
forms such as pellets and granules may be more
sultable - because  they clalm 1o reduce  the
wtersubject varability m absorption and luwer the
probability of dose dumping*™.

Gastiic  floating * drug  delivery’ sysicms
{GFDDS) we particulatly- uscful for diugs that are
prinunly dbsorbed i the duodentm and upper’
jequnium segments They we able 1o prolong the
relenbion ting of a dosage form in the slonwch, |
shich would teduce diug waste, improve solubulity-

for drugs that are less solubfe woa high pH -

coviuament, _oid . heoee ompuse’ . ol
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moavals abilig*"'. h‘“ applications u|m for loca)

drog delivery 1o the stomach und proximal ‘small
pnieatines.

Lipids are considered as good alicimatives 1o
pu'\lﬂLl".l in the design of controlled drup dehivery
systems due 10 thewr advantages like low mel
viscosily, thereby obviating the need of organic
solvemts tor solubthzation, the absence of toxic

_ impusines such as residual monomers catalyst anid

iniuators, . the  polential biocompaubility  pnd
biadegradabily and prevention of gastrie irritation
by formmng a coal around the gastric irritatme
dn ‘,uz.l )

Among waxy matenials,
tamily ol refatively

Gelucires nre g
iexpensive  miaterjals,

compnsing mixtures of mono-, di-, and triglycerides

- beods) were
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and also pely (ethylene glycol) esters of fatty acid
They are available with a range of propertics
depending on then hydrophilis hipophilic balance
(HLDB; 1=18) and melting point (33-65°C) range!' ™
' Gelucires contuining only palycthylene glyecd
(PEG) esters (Geluewe 35/18) are generally used iy
the preparation of lust-release formulations, while
those contaiming only glycerides or o mixlure of
glycendes and  TPEG  csters  (Gelucire  54/02,
50013, 43/01) are used in the preparation of
sustained-relcase formulations '™ '™,

The presence of both hydrophobic glycerides
and more hydrophilic PEG esters results in a wide
range of hydrophobicity and drug release rates. This
versatility makes thewr use very promising as base
materials for the prodoction of sustamed-release
formulations®™  Geluewe 4301 a5 o lughly
hiydrophobic hpid with an HLB value of § and a
meling pomnt of 43°C. The extreme hydrophubicity
of Gelueire 43/01  provides release-rctarding
properties and foatng behavio'™ Gelucire 44/14
195 semi-selid excipient with an HEB value of 14
ad o meliing pomt at 44700 The hiydropholie
property of Gelucire 44714 15 uscful m dissolution
th'm-.umcm as  well as o controlled-release
formudations™" M. iy Lipad-hased spstane i release
oty systems e discnssed e the bt T S

The olyective of the study was toopiepare

©and chapscterize Dodtme Tormutations ol FM o

susisiined debvery ey Geluomres (0L 4301 and
Gl 44,14 The n.u.m.ul formulations (granules and
craluated - tor suitace  mophology,
dig Gichueses compatibihity, and different in-vira
chasavienstigs
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. amount of drug was addcd 10 produec the regjuired

drug : lipid ratio (131, , and 1:3), injxed well”
using o magnetic snrrcr, nnd cooled 1o room
temperature. The  solidified mnss ~was  passed
through o 1d4-mesh sieve (1.2 mm) 1o oblain
unilovm-sized  granules. Table | showu the
compaosition of FM-GL granules. -

Table 1:Composition of FM- GL granules (G-
G11) and beads (B1- BS).

/ Gl 44/14
Code M (mp) Gl;r:;)ﬂl (mg)
Gl Bl 100 110 5 .
G2, B2 100 200 ‘-
G, B3 100 300 -
G4, Bd 100 150 50
G5, B5 100 140 G0
G6 100 120 £0
G7 100 160 100
O 100 223 15
Uy 100 2110 90
Gl0 100 1280 V20
Gl 100 150 §50

Preparation of FM beads ;

Floating FM beads were prepared using the
melt-solidification technique. The lipid (GL 43/01
alone or mixed with 25% or 30% GL 44/14) was
melted at 50°C, and the drug was gradually added
with uniform mixing. Using a pipetie this melt was
dropped into water of ambient temperature (under
stirring at 750 rpm), resulting in beads solidification
upon cooling. The beads were secparated by
filtration, washed with  disdlied water, and
subsequently dried for 24 hrs. The drug:lipid ratios
uscd to prepare the beads were 1:1, 1.2 and |:3 and
the GL 44/14 concentrations were sclected based on
the results obtained with granules. The composition -
FM-GL beads is shown in Table 1.

Evalnation of FM granules and beads
Emtraupment efficiency, drug loading, and yield

The enttapment efficiency (in case of*beads)
or drug content (ir: casc of granules) was determined
wing the method reported in the literature'™,
Gelucire granules or beads equivalent to the dose of -
FM were added to 100 ml of 0.1 N HCI, heated to -
00°C, and sllowed to cool to raom temperature,
Upon cooling, the Gelueire solidified, and the drug
in 0.8 N HCl was filtcred through a 0.45-um
memhrane filter, The drug content was cstimated by
LUV spectiophotometry at 266 nm (Shimadzu-50- 02, .
Fyoto, Japen) after sufficient dilubon with HCI
buffer (pH 1.2). Blank formulations weré treated
Mone of the ingredients used in the
frnmbations noerfeeed with the assny, The rc\ultt.
were enpressed s he meun o theee experiments.

Percent entiapmient  {or - drug  content)  wwas

-"calcu!alcc} by using the fallowing formula: |

caltapment = [Caleulared dnlg
content/ Thearetical drug cnmcnt] X100, oy
For FM beads, the pereent drup loading and

Cpéreent vield were abso wdailated, The prercent drm,
C fepadmy was e..llrulaltccl by dividing' the ‘anount- of

Aoy in tlw \.muplcd hemh by lhc wughl af hc,ulq

ey
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Percent yield was calculated by uvsing the
followmy formuta ,
Yo yield = [weight of beuds colleeted/ wuight of all
components used (w the preparation] » 100 (1)
Particle size determination of FAM beads

C The ayvaape particle size of beads was

deteomined  wath o micrometer (Nitiofuy o
micromeier, NSK Co, Jupan) and caleulied as the
average value of the size of 50 beads.
Flpating properiies of FM granules and beady

A weight of granules or beads equivalent 1o
40 mg of FM was placed in 900 mi of 0.1 N HCI in
4 vessel maintained at 37£0.5°C and surred at 50
rpm in USP XX dissolution opparatus (Erweka
DT- D6, Duesseldori, Germany). The percentage of
floating granules or beads up to 12 hrs was
determined ““* The foating portion of granules
was recovercd, then they were dried and weighed.

“Floating percentage was calculated as the ratio of

the weight of the granules or beuds that remained
floating and the total mass.
% Noatng = [Weight of floating granules or beads /
Total weight] < 100 v e (3)
Each experiment was carried out in triplicate
Flowability of FM granules and beads

The flow properties were investigated by
measuring the angle of repose (0) of drug loaded
granules and beuds using the fixed funnel method.
Granules or beads were allowed 10 fall freely
through a funnel fixed at lem above the horizontal
flat surface until the apex of the conical pile just
touches 1o the up of the funncl The height and

diameter of the cone was measured and angle of

repose was calculated by usmg the foliowing
formula: : '
Tan (6)= height / radtus ..o oo e ()
Ench experiment was carned out n lnphca:c
Scanning eleciron microscopy (SEM)

The surtace characienstics of the prepared
_ formuletions were examined with a  scanming
clectron microscope (Joel, JSM- 5400 LV, Japan)
operated at an acceleration volinge of 18 kY FM-

GL granulcs and heads were coated with pold -

palladium fbil (54 nm) by sputier coater unif (SPI,
sputter, USA) prior (o examuanon. :
In-virro drug release smrhes

“The rcjease piofiles of FM fiom pranules

dnel heads were studied in @ 1 N HCH (pH 1.2} The
dissolunon process was caivied out by using a USP
XX dissolution appuraius (Erweka DT- D6,
Duesseldor!, Germmty), The drug lopded Jipid
gronules or beads (equivalent o 40 myg of dlug)
- ware phaced into the, dissolusion vessel contbining
000 ml of the relcese mediuny which was stirred at'y

eonsiant specd oL 100 rpm wnd maiataited ai o

EL!“l[ld eature of 3720.5°C andl the test was performed

or 17 nrs A1 scheduled tme’ mte:wls..th’. samples
A5 mll were wilhdratvr and rplaced withe same -
vuluig of fosh me sdnt’ The withdrawn samples

- were filmied ;hr.'u.yh a0 damx‘ mcmbmm. filier and.
!‘ Mo co eutrumm -

n n ) ’inu..l-.d Jm .

f
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spectrphotometrically ot 266 nm alter appropriy,
dilution None ol the ouulwuh ied )y,
formulanion micrlered with the assay. The sl
were expressed as the mean of three experinens,

The drug release data were fited to dtﬂ’m.m
Lanetic madels (zera-order, lirstorder, and Hapucliyy
w evitluate the kanehes ul diug welease Tom (),
granules and beads

Dissolution  cfliciency (DE) is used 1
compare the results of dissolution tests of differen
formulations " DE is defined as the arcs under the
dissolution curve up to Lme ¢ expressed as a
percentage of the rectangle described by 160%
dissolution in the same time, 3

r

ylr

Dissolution efficiency (DE, %) =2 __jgq 3]

paling
Wherc yf is the percenlage of drug dissolved at any
time ¢, 100 denotes [00% dissolution, and the
integrl represents the area under dissolution curve
between time zero and 1. Time 1 in this study was
selected  at  the mudpoint of  the dissoluinn
cxperiment (6 hrs). Another dissolution paraineics,
mean dissolution time (MDT), which 15 @ measure
of the rate of the dissolution process, was calculated
using the following cquation.

[

MDT = mel*M! et {8)

Where 715 the dissolution sample aumber, n
is the number of observauons, rmid s the midpomt
ume between ¢ and =1, and AM is the addiuonal
amount of drug dissolved between 1 and -1 As
the MDT increases, the drug release rate decreases.

Infrared spectroscopy (IR)

Samples (FM, GL 43/01, GL 44/14 ;md FM -
GL 112 containing 30% GL 44/14) were mixed with
KBr and compressed into dise using hydrolic pump
(8himacau 1R=470, Jupan) under pressure of about §
fon. Tlu. speetra were recoded over a rangc of 4000-

300 e

Difjemnn'af scanning mlorimcrrj- (DSC)
Thermograms  of the samples (FM, GL-

© 43/01, GL 44/14 and FM : GL 1:2 containing 30%

GL 44/14) were ubtained vsing differentidl scannipg
calorimetry (DSC-60. Shimadzu, Japan), "Thermal
analysis data were recorded- using & TA 301 PC
system willi Shimadzu software programs. Indium
standard was used to calibrate the DSC temperature

" and cnthalpy scale. The samples (3-5 ing) were

sealed- in aluminum pans and heated at a consiant
rute of 10°C /min, over a temperature range of 25—

260°C. Inent atmosphere was maintained hy purgmg,_
' ,mlmbm ata pale ol 30 m!:mm S

: 'Sta!f.uunl-mm{) 05 ) oy
- Statistical malysis ur the oh\-nnn! mulls et

was p\.r('ormcdb} |hc Smdml'ﬂ-m.t R
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RESULTS AND DISCUSSION
Prefiminnry characterization
_ The drug content of the Gelucire granules
was in the mnge of 97.9-99 740 1% indicating goo 1
content uniformity of peepared granules
3 The il Tormulations prepared w ratos of
11, 1:2, and 13 FM-GL 20013 (G1-G)) exiubiie
excellent  gr=vir - Nloating  charactenisues  in
apreement with reported findings ' N Table 20
The gronules remawed floating for 12 hrs with no
fag tume However the pranules prepared an o 1|
drug - GL 40713 ratio were friable and showed high
percentages of fines during sieving Therelore, druy -
GL 4301 vatios of 12 and 13 were selecred as the
bastc Tormulation ratos for lurther studics
Table 2:Flowability and % floating of FM-GI.
wanules and beads

Code | Angle ol repuse (1Y) %o Floating
Gl 23.33=077 029x04
G2 2187 = 0.08 [IE
Gl 2583V =063 Y9703
G4 24 11 =054 074=0606
UGS 2434 =065 V6409
Go 2365+ 084 TR6+ 1.5
G7 23177=068 TS5 7+ 1.7
Gh 26,21 =073 95103
G9 2678077 964 +0.5
Gl 2586 =067 82.5+£0.9**
Gl 1524 =054 77.7% 2%
B2 2014064 99.7+0.3
B2 2055=072 993 0.6
34 21.73=0.44 085+£09
B5 2012 =036 8.1 = 0.7

Mcan = SD, n=3

** Highly  significant  value compared 1o
corresponding formula contmning no GL 44/14
(P<0.01})

Varinus concentrations of GL 4414 affected
the  n-vie  Noating  abihty  of  granules
{farmulations G4=G11, Table 2). As the smount of
GL 44/14 increased beyonrd 30" in both ratios (1 2
and. 1°3), the grapules showed deereased floaling
charucteristics  (differences  wele  statistuzally
stgnificant) This may be due ta variation i the
density of GL 41 4 compared with GL 430])
However, granulcs wih G 44204 at concentrations
“below 307 showed pood Hoating properties for 12
hrs Apart from hydrophobiciv, density of Gelucine
AV01 tirie demny (10856 e’ " alsa plays an
Comporkint role g Hontme abithey ol beads. I
T oConlFust 16 moyt canventional  floating  systems
tinclading gos-gencratmg enes). these berds Noated
munedalely upor contael with the release mediam
'l_'““ e e By e e oo beluas o hevase
: ,'“'"" A ANanon: k‘vllill.'i‘l'_ll‘llxln ol g Gl s

- the low density was prevailed Crom the begin

ning (!

= 0). Shimpi ¢f af. """ prepared flonring grany
diltiazem hydrochloride-GL  43/01. Thie sgrl:hcz
hydrophobitity imparted to the drog particle by |
hydrophobic hipid coat was responsible for ﬂoulmg
behavier. But all low HLB excipients did not cnsure
Noatmg, as similar  granules prepared 05“35
Compnitol and glyceryl monostetate 5¢P?WWIY di
not show floating propertics. .

FM-GL 4301 besds were prepared using
drug : lipid raves of 1:1, 1:2, and 1:3 (B1-B3).
Beads prepared with a 1:1 FM-GL 43/0}rano {B1)
were elongated or irregular in shape, therefore, only
bends prepared with drug - GL 43/01 I"-!"OS'Df 1:2
(B2) and | 3 (B}) werc evalusted. GL 44714 was
used in two concenteations only (25 and 30%) based
on the Noating behavior results of the granules. It
was incomporated in the beads prepared with 1.2
drug - GL 43/01 ratio based on the relcasc €arta af
GL 43701 beads, .

The mecan particle diameter, % wvield,
pracuical drug loading and encapsulatinn efficiency
of the obtained FM-GL beads prepared by the melt-
solidification method zre given 1o Table 1. The
average particle diameter of beads was found o be
in the size range of 1.27+0.12-1 33 =013 mm and
it was not uffected significantly by increasing GL
ratio. The practical drug loading and encapsuiation
efficicncies were high for different formulated
beeds with no significant difference between them.
Process yield was high ranging from 88.7 = 045 1o
90.5= 0.40%, _ .

Similar to granules, formoulanens peepared
with ratios of 1'2 and 13 FM : CL 4013 (B2 and
B3}) exhibited cexcellent  in-  witro  floaling
characteristics for up to 12 hrs. As the GL 2472
concentrations were below 30% the {leating
properiies were maintained f[or beads B4 and BS
(Tablc 2)

Flowability of FM-GL granules and beads -
Flowabihty study showed that the prepared

granules had good flow properties s seen from the

values of the angle of reposc (Table 2). There Was

~nosignificant difference  herween the  different

" Hpwever, both are

cranules regarding the angle of repose indicating
that the bpud comteat did not affect (he. flow
properties. Beads also showed good flowvability

The values af the angle of repose . of all beads

formulabions were less than thnse  of granules

in the saime ranpe of good flow
pmpurl!cs (20°-30°) Beads had shightly better flow
properties due to their perfect spherical shape

(dgscubed w the next section)
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“Scanning electron microscopy (SEM) of FM-GL
gramubesand beady :

The produced granules were nearly spherical
in shape The SEM photomicrograph ol surface of
the pranules shows the raugh natme of suclace With
few cracks (g 1ar Beads were sphiencal showng
smooth poyous surface with many small pores (Fig.
1b).

In-vitro drug release studies
The in-vitro drug releasc siudies revealed that
granules of GL 43/01 alone showed high retardation
of drug release in 0 1 N HCL. As the amount of GL
43/01 in the formulations inereased, the relcase rate
decreased (Figure 2). This 1s in agreement with Patel
et al. ™ The FM rclcased from formulations G,
G2, and G3 elter 12 hrs was aboul 55.11%, 26 43%,
and 2033%, respectively. Figure 3 shows FM
celease from granoles of 1:2 and 1:3 drug-GL 43,01
with various concentrations of GL 44/14_ It indicates
that as the proportion of GL 44/14 in the formulation
increased, the release increased for both ratios
studied. This is beeause GL 44/14 is morc
hvdrophilic than GL 43/01, Tlis effect 1s also
evident from dissolution efficiency (DE) and meun
dissolution time (MDT) valves for different
formulations (Table 4). It can be seen from the table
that the changes in these dissolution parameters were
statistically significant, ‘
Similar results were obtained for beads (Table
4), as drug release was retarded from beads of GL

43/01. Increasing the lipid ratio decreased the diug

-
Y

LV

.a‘,

)

™

.« -
Pt

1SSN T110- 50mg

releasa. Incorporation of GL 44/14 enhancid e
ding release lioan the Deids 5|guiﬁctlrllly nr-un ”’ﬂ-j_
Increasing GL 44714 from 25 o 30% resulted i
further increase in drog release and  dissolunop
parameiers The difteieoce  between boads
granules regmdmg drug release was mstgoticant (1
> 0.05) Figwe 4 shows the m-vitro diug Telease
profiles from the prepared beads.

Slow diug release observed for Jormufation;
having high amounts of GL 43/01 15 due 10 the
hydrophobic nature of GL 43/01, which night have
reduced the wening of drug and thus the dissolution,
It hus been suggested that, because of the high
hydiaphobicity  of lipid  malerials.  the  relcase
medium is not able to dilfuse through the muisia and
cun progicss m the dosage formn by dissolving the
grains of drug in contact with it. The dissolution of
the drug particles on the surface of the matrix zllows
the formation of channcls, from which the drug =
slowly released ™.

The regression coefficients of drug release
profiles according to different kinctic models are
presented in Table 5. It is cvident [rom the results
that the regression coefficient values of Higuch
plots were close lo one indicating the reicase trom
both granules and beads was through a diffusion
mechanism The release exponent (n values) of e
Korsmeyer-Peppas model were between 045 and
0.89 suggesting that drug release from the granuies
and beads followed an anomalous non-Fickian
diffusion mechanism. ‘

- — i’
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Fig. 2;  In-tvmo release profiles of FM from GL 43/01 granules of different drug: GL 43/01 raties in 0.1 N HCL
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Lable 5: Regrassion coetlicient of EM release prliles from granules and beads according to different kinetic

models
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CONCLUSION

GL 43/01 may be an appropriate cuner for
the  preparation  of  sustawed-release Moatimy
formulations o FM becise ol s evtrenie
hydrophobicity and Jow densaty - GL 44014, o lngh
HLB excipicnt, acted as a dissolution enhancer in the
formulations  studicd (granules and  beads). The
Gelucires showed good compatibility with the drug
(FM). Both developed formulations  showed
excellent in-vitro floating ability and retarded drug
release with no significant differences between them
indicating successful development of a sustained-
relcase floating drug delivery system of FM.
Formulation procedures of both granules and beads
were reproducitle  with  minimum drug loss.
However, granules obtained by melt-granulation
were relatively easier to scale up.
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