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ABSTRACT

The purpose of this research study was to devetmpagptimize a controlled- release floating
tablet of highly water soluble drug Nizatidine in affort to increase its gastric retention time in
the stomach. The tablets were prepared by directmpession method and
Hydroxypropylmethylcellulose (HPMC) of differensaosity grades, Carboxymethyl cellulose
Sodium (NaCMC) were incorporated as retarding pdagsn Sodium bicarbonate was
incorporated as effervescent agdabrmulations were evaluated for weight variatiomckness,
hardness, percentage swelling, friability, and itrosrdrug release, and floating lag time, total
duration of floating, dissolution efficacy and inve Mean Residence Time (MRT) in the
stomach. The formulation F6 with HPMC K 4M exhidifevating lag time of less than 1min and
floating time of more than 12 hrs. The drug releadethe optimized formulation followed
Higuchi kinetic model (&0.9832) and the mechanism of drug release wasddarbe super
case Il according to Krosmeyer-Peppas (n value.6®YIn vivo nature of tablet was observed
at different time intervals with help of radiograplpictures in healthy human volunteers and
MRT in the stomach was found to be 320 minutes

Key Words: Gastroretentiv€ontrolled release. Nizatidine. X-ray imaging.

INTRODUCTION

Oral controlled release (CR) dosage forms (DFs)ehbgen developed over the past three
decades mainly because of their considerable thet@p advantages such as ease of
administration, patient compliance and flexibility formulation. However, this approach is

bedilled with several physiological difficulties &u as inability to restrain and locate the
controlled drug delivery system within the desiredion of the gastrointestinal tract (GIT) due
to variable gastric emptying and motility. Furtheme, the relatively brief gastric emptying time

(GET) in humans which normally averages 2-3 h tghodhe major absorption zone, i.e.,

stomach and upper part of the intestine can resulbcomplete drug release from the drug
delivery system leading to reduced efficacy ofddeninistered dose [1].
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Most of the conventional oral drug delivery systdmse shown some limitations related to fast
gastric-emptying time. Therefore, control over position of a drug delivery system (DDS) in a
specific region of the Gl tract offers advantagasdf variety of important drugs characterized by
a narrow absorption window in the GIT or drugs véthtability problem [2].

Gastroretentive Drug Delivery Systems (GRDDS) adiqularly useful for the drugs that are
characterized by Narrow Absorption Window (NAW) time upper part of the gastrointestinal
tract. It was suggested that compounding narroworgbiesn window drugs in a unique
pharmaceutical DF with gastroretentive propertiesiied enable an extended absorption phase of
these drugs. After oral administration, such a Ddul be retained in the stomach and release
the drug there in a sustained manner, so that thge cdould be supplied continuously to its
absorption sites in the upper gastrointestinalttrabis mode of administration would best
achieve the known pharmacokinetic and pharmacodynawivantages of CR-DFs for these
drugs [3, 4].

In recent years, several gastroretentive approaldtees) Floating drug delivery system [5] ii)
expandable systems [6] iii) bioadhesive system&fid iv) High density systems [8], have been
designed and evaluated with much success. Floatisggms are of two types: A) effervescent
systems, depending on the generation of cabondiayas upon on contact with gastric fluids.

In the study conducted by Abdul et al., 2002 [9L-receptor antagonists, nizatidine and
ranitidine were susceptible to metabolism by caldyacteria, which in turn has ramifications for
drug delivery and absorptiofhus, it is logically way to improve the therapewificacy of the
drug if the gastric residence time of the dosagenfis increased at the absorbtion site.

Hydrochloric acid secreted by gastric parietal e most damaging and most consistent
component form of refluxate. For this reason, aurr&RDDS pharmacotherapy focuses mainly
on minimizing gastric acidity, either by neutratigiacids once it has been secreted (antacids), or
by blocking important stimulator of this pump hisiae (H receptor antagonist) [10].

Nizatidine is a histamine Jteceptor antagonist. It is widely prescribed instga ulcers,
duodenal ulcers, Zollinger- Ellison syndrome andtgeesophageal reflux disease (GERD). Its
oral bioavailability is about 70% and biologicalffide is about 2hrs.

The main objective of present investigation waddsign andn vitro/ in vivo evaluation of more
promising Nizatidine effervescent floating tabléts better delivery to stomach with an aim of
increasing the mean residence time in the stoma&ble. optimum formula that combined
excellent floating behaviour and sustained drugast characteristics was chosen for furiher
vivo investigation in human volunteer to determinerttean gastric retention period.

MATERIALS AND METHODS

Materials

Nizatidine was obtained as gift sample from Dr. &esl laboratories (Hyderabad, India).
Hydroxypropyl methylcellulose (Methocel K4M, MetteddK15M) and sodium carboxymethyl
cellulose (NaCMC 2400cps) were supplied by Aurabiftharmaceutical (Hyderabad, India)
were supplied by Aurabindo Pharmaceuticals (Hydmiabindia). Sodiumbicarbonate was
supplied by S.D. Fine Chemicals Pvt (India). Ahet chemicals used were of analytical grade.
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Methods

Preparation of floating matrix tablet.

Effervescent floating matrix tablet containing Nidane (150 mg) were prepared by according to
the design depicted in table 1, by direct compogssiethod. Various batches were prepared by
varying the ratio of HPMC K4M, HPMC K15M and NaCM@ identify the most effective
formulation.

The floating drug /polymer mixture was preparechbynogenously mixing the drug with HPMC
K4M, HPMC K15M and NaCMC, gas forming agent andspas the mixture through sieve
no.20.

The mixture (600mg) was then compressed using amrh2diameter die in a single stroke
multi-station tablet machine (Cadmach Machinery Blomedabad, India). The hardness of the
tablet was adjusted at 5 kg/cm2 using Monsanto nemsl tester (Cadmach Machinery Co,
Ahmedabad, India).

Table. 1. The composition, in milligrams, of the imestigated Nizatidine floating tablets

CODE Nizatidine SBC HPMC K4M[  HPMC NaCMC MCC
K15M
F1 150 60 300 — _ 78
F2 150 60 240 — — 138
F3 150 60 180 — — 198
F4 150 60 120 — — 258
F5 150 60 60 — — 318
F6 150 60 90 — — 288
F7 150 60 _ 60 — 318
F8 150 60 _ 90 — 288
F9 150 60 45 45 — 288
F10 150 60 30 30 — 318
F11 150 60 — — 180 198
F12 150 60 — — 300 78

All formulations containing 1% Talc, 1% of Magneasisterate.

Evaluation of tablets

Tablet weight variation

Twenty tablets were randomly selected and accyratelghed. Results are expressed as mean
values = SD.

Tablet thickness
A vernier caliper was used to determine thickndssOorandomly selected tablets. Results are
expressed as mean values

In Vitro Buoyancy Studies

Thein vitro buoyancy was determined by floating lag time astipe method described by Rosa
et al [11]. Briefly the tablets were placed in @260L of 0.1 N HCI, maintained in a water bath
at 37+0.5C. The time required for the tablet to rise to sneface and float was determined as
Floating Lag Time (FLT) and the time period up thieh the tablet remained buoyant is
determined as Total Floating Time (TFT). Timevitro buoyancy time for all the formulation
were reported.

456
Scholar Research Library



Appa Rao Potuet al Der Pharmacia Lettre, 2011, 3(1):454-465

Drug content uniformity

Ten tablets were individually weighed and crusheduantity of powder equivalent to the mass
of one tablet (600 mg) was extracted in 100 mL .ANOHCI. The solution was centrifuged at
3000 rpm for 15 min. The drug content was analygettt2 nm using a UV/ visible spectroscopy
(Systronics PC Based, 2202, Ahmedabad, India) a#teitable dilution with 0.1 N HCI.

Tablet friability

According to the BP specifications [12], 10 tabletsre randomly selected and placed in the
drum of a tablet friability test apparatus (Campkg#éctronics, Mumbai, India). The drum was
adjusted to rotate 100 times in 4 min. The tableése removed, dedusted and accurately
weighed. The percent weight loss was calculatedlfdormulation and was reported.

Water Uptake Studies

The swelling behaviour of dosage unit can be measwither by studying its dimensional
changes, weight gain, or water uptdi®&, 14]. Water uptake study of the dosage form was
conducted by using USP dissolution apparatus-19@® ml of distilled water which was
maintained at 37+£0.5°C, rotated at 50 rpm. Excasmee water was removed carefully using a
filter paper. At selected regular intervals, theoban tablet was withdrawn and reweighed.
Percentage swelling of the tablet is expressecaeptage water uptake (%oW[1p, 16].

%WU= (Wt-W) x100 1
W

Where Wt is the weight of the swollen tablet, and M/the initial weight of the tablet.

Drug release studies

Drug release studies of the prepared floating tabds well as the commercially available
Nizatidine 150 mg tablets were performed, in toate, by using USP Dissolution Tester
Apparatus, type- Il (Paddle method) and the tentperais maintained at 37 + 0°&. The
paddles rotated at a speed of 50 rpm. The tablets placed into 900 mL of 0.1 N HCI solution
(pH 1.2). Aliquots of 5mL were withdrawn from thessblution apparatus at predetermined time
intervals. The drug content was determined spelttmpetrically at a wavelength of 242 nm,
as mentioned before. At each time of withdrawal L 5wh fresh medium was replaced into the
dissolution flask. The mean of at least three deitstions was used to calculate the drug
release. The dissolution profiles were evaluated aimount of drug released in initial 15
min(Q15yn), time taken to release 50% of the drug), Dissolution efficiency (DE)% [17]
after 60 minutes and mean dissolution time (MDTiy [di8].

Drug release kinetics

The kinetics of drug release was examined by pigtthe data obtained from in vitro drug
dissolution studies in various kinetic models sashZero-order, First-order, Higuchi release
model [19] and Korsmeyer and Peppas model [20].ethation for these models is as follows
Zero-order release (Eq. 2) data is plotted as pédrelg releaseersustime.

F=k-t ) (2

Where F is the fraction of drug release,
k is the release constant and
tis the time.
First-order release (EQ.3) is obtained by plottogypercent drug releasedrsustime.
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InF=k-t 3

Where F is the fraction of drug release,
k is the release constadt an
tis the time

As per Higuchi release (Eq. 4) data is plottedeasgnt drug releasersussquare root of time.
F=kalt (4)

In Krosmeyer - Peppas model (Eq 4) the data oldaiseplotted as log percent drug release
versuslog time.

F= kf ()
Where n is the diffusional Coefficient.

Abdominal X-ray imaging

X- Ray imaging studies were conducted to confirm it vivo buoyancy of the tablet. Three
healthy male human volunteers in the age grou@e?2and weighing between 55-70 kg were
selected for the study; they were made clear alhwutisage and adverse effects of the drug. The
tablets loaded with Barium Sulphate were admingsteorally. During the study they were
allowed to take light meal and water. The X-ray tplgoaphs were taken at different periods of
time to find the total residence time of the talbletthe stomach [21, 22]. The institutional
Human Ethical Committee approved the protocol ier study

RESULTS AND DISCUSSIONS

Physicochemical characteristics of tablets

Gastroretentive tablets of Nizatidine tablets warepared by direct compression method using
Micro Crystalline Cellulose (Avicel PH 101), adiiparts superior flow properties and enhances
powder compaction in direct compression. Moreotves ieported that microcrystalline cellulose
is capable of swelling in contact with aqueousddusuch as simulated gastric fluids leading to
an increase in the water uptake capacity, poraditiie matrix and consequently would enhance
the floating abilities of the dosage forms [23].

The data of physical parameters like thicknessterdruniformity, weight variation, floating lag
time and total duration of floating of all formulans are enclosed in the table 1.

Ray et al., [24] while working on Losoratan repdrthat an increase in hardness will lead to an
increase in floating lag time due to difficulty penetration of the dissolution medium into the
dosage form. Based on these references the harofsstablet was adjusted to 5Kgfcm

Floating behaviour

The investigated gastric floating systems employatHiCG;, as a gas-forming agent dispersed
in a hydrogel matrix (HPMC K4M, HPMC K15M and/or @®IC). These matrices are
fabricated so that upon arrival in the stomasbdium bicarbonate in the acidic environment
reacts with the acid and produces carbon dioxide &volved gas will get entrapped in the
matrix leading to floating of the tablet. The comcation of NaHCQ@ (10% wi/w) is kept
constant as there is a chance for rapid erositabdét if more than polymer concentration [25].
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Fig.1 shows thdn vitro buoyancy study of floating tablets of Nizatidine different time
intervals. Then vitro testing of prepared floating tablets of Nizatidie¥ealed the ability of
most of the formulae to remain buoyant for morentha hours. The floating tablets F15 and F16
containing NaCMC showed floating time of less thHammin but floated only for 4 hours
suggesting that the concentration of the polymes m@ sufficient to maintain viscous layer for
the entrapment of CO This might be due to less viscosity of the patynThe floating lag time
and floating time for all the formulations were shmin table 2.

Tab.2. Physicochemical properties of prepared Nizadine floating tablets.

Formula Tablet Tablet Weight Tablet Drug Content Floating Total
Code Thickness(mm) (mg) Friability (Percent) Lag Time Floating
(Percent) (S) duration (h)
F1 4.5 0.2 600.27+2.79 0.45+0.06 96.6+0.98 75+0.65 2>1
F2 4.53+0.04 598.43+2.56 0.59+0.19 96.6+0.45 62+1.42 12 >
F3 4.43+0.10 599.56+2.78 0.34+0.10 86.6+0.56 54+0.96 12 >
F4 4.65+0.34 601.02+1.07 0.21+0.05 93.3+£1.43 49+1.72 12 >
F5 4.53+0.23 597.87+3.56 0.48+0.15 99.9+0.97 35+1.43 12 >
F6 4.63+0.67 602.45+1.98 0.5410.20 101+1.03 30+1.94 2>1
F7 4.53+0.72 601.5+1.56 0.61+0.12 100.6+0.74 76+0.32 12 >
F8 4.12+0.43 602.45+1.82 0.59+0.08 99.3+0.43 70+0.53 12 >
F9 4.63+0.94 597.65+1.23 0.52+0.09 99.3+1.32 52+0.53 12 >
F10 4.73+0.53 601.25+1.25 0.56+0.18 99.6+1.94 30+0.45 6 >
F11 4.32+0.49 599.05+1.05 0.65+0.05 97.5+2.31 25+0.98 1
F12 4.75+0.64 602.32+1.43 0.69+0.43 98.6+1.65 143+0.42 4

Swelling indices

Swelling is also a vital factor to ensure buoyaaog drug dissolution of the matrix tablet. The
floating tablets composed of polymeric matriced wilild up a gel layer around the tablet core
when they come in contact with water. This gel fayeverns the drug release from the matrix
tablet [26]. The formulations containing HPMC K4M and HPMC K153Mve exhibited good
swelling and tablet integrity. Complete swellingsaachieved at the end of 4 h, followed by
diffusion and erosion of the tablet as shown figqrl fig.3. The formulation F1 containing
HPMC K4M (50% wi/w of tablet) showed higher swellingmpared to that of the formulations
containing low amount of polymer. As, the amountpofymer concentration is increased the
water uptake ratio is also found to be increasing.

As the polymer concentration is decreased, rapiellswy is achieved in initial hours and then
diffusion and erosion started to take place. Thenédations containing NaCMC has shown
swelling initially but disintegrated in few hourd$ the study as it is a low viscous polymer
compared to that of HPMC grade. As reported by Bertand Bodmeier [27], the ability of
hydrogels to absorb water is due to the presendgdrophilic groups. The hydration of these
functional groups results in water entry into th@ymer network leading to expansion and
consequently an ordering of the polymer chains. Selling index of the tablets increases with
an increase in the polymer viscosity grades.
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After 30 seconds

S

After 6 hours After 12 hours

Figure. 1. Photographs showingn vitro buyoancy study of optimized formula F6 in 0.1 N HC at different
time intervals.
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Figure.2. The influence of HPMC K4M on water uptakeratio of Nizatidine floating tablets (mean + SD, &3).
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Figure.3. The influence of HPMC K15M on water uptakeratio of Nizatidine floating tablets (mean * SD, &3).

The formulation with a combination of HPMC K4M aktPMC K15M has also been studied in
order to study the effect of water uptake ratioefehhas been no change in water uptake ratio
was observed when we compared to individual polgmas shown in fig.4. Since,
Hydroxypropyl methylcellulose forms quick gel omtact with water [28].

Drug release

In vitro dissolution studies of all the formulations weegried out in 0.1 N HCIA rapid drug
release rate was achieved following the dissolutibAxid 150mg tablets in 0.1 N HCI. Indeed,
99.56% of the drug was released within 15 min. Tifeuience of HPMC K4M and HPMC
K15M ratio on the release of Nizatidine from theafing tablets in 0.1 N HCI (pH 1.2) at 37 *
0.5°C was shown in Fig. 5 and Figréspectively. The drug release rate was dependettie
type and concentration of the investigated polymiEng floating tablets containing HPMC K4M
(F6) showed drug release of 99.15% at the end df; fbating tablets containing HPMC K15
(F7) showed constant drug release up to 12 h (98.33he floating tablets containing
combination of HPMC K4M and HPMC K15M (F9 and FI@mained stable for 12 h with a
drug release of 93.46%.
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Figure.4. The influence of HPMC K4M/HPMC K15M ratio on the swelling indicies of Nizatidine floating
tablets (mean £SD, n=3).
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Figure.5. The influence of HPMC K4M ratio on the rekase of Nizatidine from the floating tablets in 0 HCI (pH 1.2) at
37+0.5C (mean * SD, n=3)
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Figure.6.The influence of HPMC K15M ratio on the rdease of Nizatidine from the floating tablets in ALN
HCI (pH 1.2) at 37+0.5C (mean + SD, n=3)
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Figure.7. The influence of HPMC K15M/K4M ratio on the release of Nizatidine from the floating tabletén
0.1N HCI (pH 1.2) at 37+0.8C (mean + SD, n=3)

Thein vitro drug dissolution was slightly more rapid, for floemulations (F11 and F12) due to
rapid hydration of NaCMC. The controlled releasalnfg from F6 and F10 could be attributed
to the formation of a thick gel structure and hataged drug release from the floating tablet
matrix. As the polymer proportion was increased, the pelygel formed is more likely to be
resistant to drug diffusion and erosi@9]. As the release rate-limiting polymer changesra
glassy state to rubbery state, a gel structureorsnéd around the tablet matrix, which
considerably decreases the release of drug sit@sito diffuse through this gel barrier into the
bulk phase. The strength of gel depends on the icaéstructure and molecular size of polymer
[29-31]. The faster drug release in case of fortmutacontaining low amount of Methocel K4M
may be due to less tortuous diffusion path.

The mean dissolution time (MDT) and Dissolutioniédty (DE) of all formulations were shown
in table 3. As the MDT increases the dissolutidicaty is decreased.

Drug release kinetics

The regression coefficient Rvalues of release data of all formulations otdiby curve fitting
method for zero-order, first-order, and Higuchi a@lebsmeyer-Peppas model are reported in
Table 4. Most of the formulations follow the zero orderdadiguchi model. For the optimized
formulation F6, the Rvalue of Higuchi 0.9832 (nearer to 1) is dominguan the other models
which indicates that the drug release dependeti@sduare root of the time (E4).

Table. 4. Mathematical modeling and release kinetgcof Nizatidine from preapared flaoting tablets.

Formulation Zero order First order Higuchi Korsmeyer & Peppas
Peppas (n)
F6 0.9475 0.5597 0.9832 0.5888 0.60
F10 0.8986 0.5354 0.9428 0.5364 0.57

The mechanism of drug release is predicted by usqmé according to Krosmeyer—Peppas. The
n value of optimizedormulation F6 is 0.60 and that of all formulatioissbetweer'0.45 to
0.85”. This indicates that the drug release depesdswelling, erosion, and diffusion. All
formulations follow thenon-Fickian/anomalous type of diffusion.

Based on the above, observations formulation F6 cliasen as optimized formula and it was
evaluated forn vivo studies.
in vivo X- ray studies
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4 h
Figure.8. Radiographic images showing the presencé Basg-loaded floating tablets in the stomach at
different time periods (the location of the tabletis indicated with an arrow).

Thein vivo nature of the tablet was observed by taking radigigic pictures at different time
intervals. Initially, the tablet appeared very cldaut later on, it appeared dull, due to swellafig
the tablet. The gastric retention was due to fl@ain the first few hours, and later, it was due to
obstruction of the tablet at duodenum as seen gn &i The radiographic pictures of healthy
volunteers confirm thén vivo buoyancy in the stomach f820 minutes. This gastric retention
occurred due to swelling and floating charactexsstif the dosage form.

CONCLUSION

The floating tablets of Nizatidine were succesgfiiirmulated by effervescent technique. The
floating tablets containing HPMC K4M (F6) showedisfactory results with respect to floating
lag time, total floating duration, swelling abilignd sustained drug release properties. The
optimized formulation F6 followed Higuchi kineticadel and the mechanism of drug release
was found to be non-fickian according to krosmeysppas kinetic modeln vivo studies
conducted on healthy volunteer supported prolongihthe gastric residence time. The mean
gastric retention is found to be 320. This resudlicates increase in MRT of the Nizatidine in
the stomach.
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