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ABSTRACT

Hydrodynamically Balanced Systems is an approach to increase the gastric residence time of
drugs in stomach. This system is designed for site-specific oral drugs with low bulk density than
gastric fluid so as to buoyant the dosage forms in stomach to increase the residence time of the
drug. In the present investigation, an attempt has been made to design hydrodynamically
balanced drug delivery systems for itopride using HPMC K300M, HPMC K4M, and Xanhtan gum
polymers. Different batches of matrix tablets of itopride were prepared using various drugs to
polymer ratio by direct compression method. The compressed tablets wer e evaluated for physical
characteristics, drug content, floating time, floating lag time, in-vitro dissolution, stability study
and FTIR spectroscopy. FTIR study showed that there is no chemical interaction between drug
and excipients. All the formulation passes various physico-chemical tests. F4 formulation
showed a buoyancy lag time of less than 75 Sec and floating time of more than 12hrs. From the
in vitro drug release profile it was found that matrix tablet containing HPMC K 4M showed
95.88% drug release in 12 hrs .It can be concluded that itopride released from the tablet follows
zero order kinetics with peppas model with non-Fickian diffusion.

Key words: Hydrodynamically Balanced Systems, Floating matiblet, Itopride and Xanthan
gum.

INTRODUCTION

The hydrodynamic balanced system (HBS) also c&lledting drug delivery system (FDDS) is
an oral dosage form (capsule or tablet) designgadimng the residence time of the dosage form
within the GIT!? It is a formulation of a drug with gel forming hytolloids meant to remain
buoyant in the stomach conteht®rug Delivery Systems (FDDS) have a bulk denkityer
than gastric fluids and thus remain buoyant in stmmach for a prolonged period of time,
without affecting the gastric emptying rate. Whihe system is floating on the gastric contents,
the drug is released slowly at a desired rate fitoensystem’ After the release of the drug, the
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residual system is emptied from the stomach. Tésslts in an increase in the GRT and a better
control of fluctuations in the plasma drug concations. Itopride Hydrochloride is a prokinetic
drug and its primary site of action is stomach als® in the pH range of 3.5 to 5.5 so it would
be beneficial to formulate a floating drug delivegstem of Itopride hydrochloride® *

Itopride hydrochloride is the drug of first choiicethe therapy of upper dyspepsia at this time in
Czech Republic. It is a prokinetic drug that adigathe gastrointestinal motility through
synergism of its dopamine D2 - receptor antaganiatition and its acetylcholine esterase
inhibitory actiorf.

EXPERIMENTAL SECTION

Itopride hydrochloride was gifted by J.B Pharmamalt& Chemical Ltd., Mumbai, HPMC
K100M; HPMC K4M was gifted by Colorcon Asia Pvt.d.t Goa. Xanthan gum was gifted by
Leben Pharma, Akola. Sodium Bicarbonate, Citridablagnesium Stearate, Talc, was procured
from. S.D. Fine Chem. Ltd.

Drug- Excipient Interaction

The physicochemical compatibilities of drug andipent were tested by FTIR spectroscopy.
FTIR spectras of the drug alone and drug-excipgnaysical mixtures (1:1) were derived from a
FTIR. (Fig. 1)

Development of Hydrodynamically Balanced Tablet oftopride

Hydrodynamically balance tablets containing ItoprldC| were prepared by direct compression
technique using varying concentrations of differgratdes of polymers with sodium bicarbonate
and citric acid as a gas generating agent. Allinlgeedients were accurately weighed and sifted
through different mesh sieves accordingly. Thengcepk magnesium stearate, all other
ingredients were blended uniformly. After sufficienixing of drug as well as other components,
magnesium stearate was added, as post lubricathfuether mixed for additional 2-3 minutes.
The tablets were compressed with 8 mm punch usitagyr tablet machine. The composition of
Itopride tablets are given in Table 1.

Evaluation of Powder
The powder blend was evaluated for angle of repbsk density, compressibility index and
Hausner’s factor using USP tapped density tesesuRof evaluation is given in Table II.

Evaluation of Itopride Tablets

Physical Evaluation

The thickness and diameter (Vernier caliper), hasdn(Monsanto Hardness tester), weight
variation, friability (Friability testing apparatug&lectrolab, Mumbai), drug content uniformity
was evaluated. Result are shown in Table Il

Drug Content

Tablet containing 100mg of drug was dissolved i@riDof 0.1 N HCI taken in volumetric flask.
The drug was allowed to dissolve in the solvente Bblution was filtered; 1ml of filtrate was
taken in 100ml of volumetric flask and diluted ugtee mark with 0.1 N HCI| and analyzed
spectrophotometrically at 258 nm. The concentratibliopride was obtained by using standard
calibration curve.
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Buoyancy Lag Time and Total Floating Time

Tablets were evaluated for tablet density; Buoyadagytime and total floating time, Table 1V,
Figure I. Time between introduction of dosage fand its buoyancy on the simulated gastric
fluid and the time during which the dosage form aenbuoyant were measured. The time taken
for dosage form to emerge on the surface of medsmalled floating lag time (FLT) or
buoyancy lag time (BLT) and total duration of tirag which dosage form remain buoyant is
called total floating time (TFTY .

Swelling Study*°
The swelling behavior of a dosage form was measbsedtudying its weight gain or water
uptake. Water uptake was measured in terms of penssght gain, as given by equation

W= (Wt- Wo)/ Wo X 100

Wt — Weight of dosage form at time t
Wo - Initial weight of dosage form.

Result of swelling index are given in Table V

In Vitro Drug Release Study™

The release rate of Itopride HCI from floating &bl was determined using USP Dissolution
Testing Apparatus 1l (Paddle type). The dissolutiest was performed using 900 ml of 0.1 N
HCI, at 37 + 0.5C and 50 rpm. Aliquot volume was withdrawn from tfissolution apparatus
hourly for 12 h, and the samples were replaced Wwébh dissolution medium. After filtration
and suitable dilution the amount of drug releass determined from the calibration curve.

Stability Studies of Matrix Tablets

Stability studies of the selected formulated tabMere carried out by keeping the tablets at
room temperature and at @0+ 2C / 75 + 5% RH (stability chamber) for 30days amdleated

for physical properties, drug release and drug emdnduring the testing period. All the
parameters were compared with initial formulation.

RESULTS AND DISCUSSION

Drug- Excipient Interaction

Drug- Excipient Interaction was determined usingRE$pectrophotometer. The IR spectrum of
pure drug and physical mixture of drug and polywfeoptimized formulation were studied. The
characteristic absorption peaks of Itopride Hydlogtle were obtained at 1349.93 cm-11590.99
cm-1, 3415.31 cm-1, 3456.78 cm-1, 3502.12 cm-1ddwks obtained in the spectrum of each
formulation correlates with the peaks of drug speut This indicates that the drug is compatible
with the formulation components.

Evaluation of Powder

It can be seen from table Il that values of andgleepose were in range from 27°080.32
indicates good flow properties of the powder bleBdmpressibility index (16.00% - 19.42%)
indicates that blends have required flow for direminpression. Tapped density (1.064- 1.129)
and Hausner’s ratio (1.188-1.234) indicates good thehavior.
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Evaluation of Itopride Tablets

Tablet thickness was almost uniform in all formidatand was found to be in the range of
4.03mm — 4.6mm. The diameter of tablet ranges letvil®.02mm — 10.11. Hardness of tablets
range between 4.4kg/ém4.7kglcnf ensures good handling characteristics of all batche
Friability values were 0.72% - 0.96% was less th& insures mechanical stability of tablets.
Percentage drug content was found to be betwe@1%¢.99.25%, which was within acceptable
limits.

Tablet density:

To provide good floating behavior in the stomadie tensity of the device should be less than
that of the gastric contents (1.004gRmAll the batches showed density below than tHat o
gastric fluid (1.004). The values are shown in €af. 4, when tablet comes in contact the test
medium, tablet expanded because of swellable pak/med there of COgas liberates due to
effervescent agent, sodium bicarbonate and citaidl. aCitric acid acts a dual action of
effervescent agent as well as it maintains the pthe environment. The density decreases due
to this expansion and upward force of £@as generation. This plays an important role in
ensuring the floating capability of the dosage form

Buoyancy Study:

On immersion in 0.1N HCI solution pH (1.2) at’87 the tablets floated, and remained buoyant
without disintegration. Table no. 4 shows the rssof Buoyancy study and show Buoyancy
character of prepared tablet (As shown in photdgrap

Carbon dioxide is formed within the tablet contageffervescent agent when tablet is brought
in contact with the acidic dissolution medium. Thes density of HPMC assists in floating the
Itopride tablet. The gelling capacity of the HPM{Saahelps to float the tablet by entrapping
carbon dioxide gas in the gel network of HPMC. He#ling capacity of HPMC also prevents
disintegration of the tablet during the dissolutgtady and thus sustained drug release occurs.

From the results it can be concluded that the bedciaining only HPMC polymer showed good
Buoyancy lag time (BLT) and Total floating time (T} Formulation g containing HPMC KK
showed good BLT while the formulation containinganthan gum was rather slow, causing
delayed gel formation and subsequent increase LT &d TFT more than 12 hrs. A 10%
concentration of sodium bicarbonate was found aptinto impart floating. It was observed that
the concentration of sodium bicarbonate less th# fed to slow reaction that prolonged the
floating lag time up to 1.5h.

Swelling Study:

Swelling ratio describes the amount of water teatantained within the hydrogel at equilibrium
and is a function of the network structure, hydibgty and ionization of the functional groups.

Swelling study was performed on all formulations I@ hours. The results of swelling index are
given in Table no.5.

From the results it was concluded that swellingeases as the time passes because the polymer
gradually absorb water due to hydrophilicity of yokr. The outermost hydrophilic polymer
hydrates and swells and a gel barrier are formettheatouter surface. As the gelatinous layer
progressively dissolves and dispersed, the hydratieelling release process is repeated towards
new exposed surfaces, thus maintaining the integfithe dosage form.
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In the present study, the higher swelling index vi@sd for tablets of batchgFontaining
Xanthan gum having viscosity. Thus, the viscosifytlte polymer had major influence on
swelling process, matrix integrity, as well as fiog capability, hence from the above results it
can be concluded that linear relationship existsvéen swelling process and viscosity of
polymer

Drug Content Uniformity

The percentage of drug content was found to bed®tv®7.71% and 99.25% of Itopride, which
was within acceptable limits. Table no.3 showedré#milts of drug content uniformity in each
batch.

In Vitro Drug Release

The in vitro drug release of hydrodynamic balantdidets from each batchy(Fo F) were also
carried in 0.1N HCI having pH 1.2 for 12 hrs ahd values are shown in Table No. 6 The plot
of Cumulative drug release vs. time (hr) was ptb@d depicted as shown in Fig No.2. From
the in vitro dissolution data, it was found thate tdrug release study from formulations
containing HPMC K100M (Fo Fs) was 89.12, 87.22, and 82.93% respectively. Faatrarls
containing HPMC KM (F4-F6) showed 95.88, 93.64, and 88.05% respectividig. higher rate
and extent of drug release was observed from thauiation based on HPMC K100M and
HPMC K4;M than those based on Xanthan gum showed slowesigelof drug this is because of
higher degree of swelling due to water uptake amdllsamount of erosion due to polymer
relaxation

Drug release profiles of formulations composédanthan gum (foFy) showed 79.08, 77.9,
and 70.75% respectively, in 12 h. this variationrsveansider to be due to different polymer
concentrations in formulations further, this thresgmulation failed to meet the required
theoretical drug profile, In addition, these foration showed very long floating lag times .

Among all the formulations, formulatior, Eontaining polymer HPMC ¥ showed maximum
release retardation.

Curve Fitting Analysis

The results of dissolution data fitted to variouggdrelease kinetic equations. Peppas model was
found to be the best fitted in all dissolution pieohaving higher correlation coefficient (r-value)
followed by Higuchi and Zero order release equatitime kinetic values obtained for different
formulations are tabulated. Korsemeyer-Peppas miodé&ates that release mechanism is not
well known or more than one type of release phemano®uld be involved. The 'n' value could
be used to characterize different release mecharasm

N Mechanism

0.5 Fickian diffusion (Higuchi Matrix)
0.5<n<1 Non-Fickian diffusion

1 Case Il transport

The result is reported in and in present studyalue ranges 0.75 to 0.84 for all nine batches. It
range between 0.5 to 1, so it was concluded thatdilug release occurred via non-Fickian
diffusion, which shows that the release from ifigiary, hydrophilic glassy polymers that swell
when added to water and become rubbery show anamaldfusion as a result of the
rearrangement of macromolecular chain
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Table No 1: Composition of Hydrodynamically Balancd tablets of Itopride (Mgs)

Ingredient Fi| F2| F3| F4| F5| F8 FT F8 FD
Itopride 100| 100| 100 100 100 100 100 1pOo 10O
HPMC K100M 60 | 75| 90| | | | | | L
HPMC K4M | | | eo] 75/ 90 | | |
Xanthan Gum b b eg 7% 9D
Sodium Bicarbonate| 30 | 30| 30| 30f 30 30 30 30 3D
Citric Acid 15| 15| 15| 15| 15 15 1§ 1% 1b
Lactose 90 | 75| 60| 90| 75 60 90 7% 60
Talc 2 2 2 2 2 2 2 2 2
Magnesium state 3 3 3 3 3 3 3 3 3

Total weight of tablet: 300 mg
Table No 2: Angle of Repose,

Batch | Tablet Density (g/cc)| Buoyancy Lag Time (Sec)| Total Floating Time (H)
= 0.84 54sec. >12
F, 0.85 56sec. >12
Fs 0.81 60sec. >12
Fa 0.86 50sec. >12
Fs 0.84 56sec. >12
Fs 0.86 59sec. >12
F; 0.84 60sec. >12
Fg 0.89 64sec. >12
Fo 0.90 75sec. >12

Compressibility Index, Tapped density, Bulk density

Table No 3: Physical properties of tablets of aflormulations

Batch Angle of Repose (& | Compressibility Index (%) | Bulk Density (%) | Tapped | Hausner's
Density Ratio
F1 30.32 16 0.95 1.129 1.188
F2 28.5 17 0.893 1.075 1.20
F3 28.9 19 0.871 1.086 1.23
F4 28.5 16.8 0.885 1.064 1.20
F5 28.2 19 0.88 1.086 1.234
F6 27.7 18.63 0.878 1.078 1.22
F7 28.5 18 0.890 1.085 1.21
F8 28.54 18.63 0.878 1.078 1.22
F9 28.63 19.41 0.869 1.079 1.24
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Table No 4: Tablet Density, Buoyancy Lag Time and @tal Floating Time

Batch Diameter | Thickness | Hardness | Friability | Weight variation Drug contentuniformity (mg)
(mm) | (mm) | (kglem | (%) (mg) ’ yime
F1 10.04 4.5 4.5 0.96 301 98.80
F2 10.11 4.4 4.3 0.72 299 98.77
F3 10.12 4.6 4.4 0.91 302 98.72
F4 10.08 4.5 4.5 0.95 300 99.25
F5 10.12 4.5 4.6 0.79 301 98.41
F6 10.06 4.4 4.4 0.87 298 97.71
F7 10.02 4.5 4.7 0.92 302 98.46
F8 10.06 4.3 4.5 0.72 301 98.45
F9 10.04 4.4 4.4 0.77 299 99.04
Table No 5: Swelling index of tablets of all formudtions
Sr.No| F1 F2 F3 F4 F5 F6 F7 F8 F9
1 0.066/ 0.1 | 0.166 0.043 0.0b 0.0p6 0.116 O0.113 |16
2 0.106| 0.183 0.338 0.083 01 016 0.19 0j27 0.32
3 0.166| 0.25| 0.46| 0.136 0.116 0.223 0.5 0.383 Q.48
4 0.223| 0.33g 059 0196 0.22 0.26 0.343 0.p06 0.6
5 0.31| 0.45| 0.693 0.233 0.276 0.31 0.443 0.616 Q.76
6 0.37| 0523 0.79 0.283 0.3%6 0.386 0.56 0|75 0|896
7 0.43| 0.59| 0.89 0.33 0406 0.443 0.65 0.866 1]033
8 0.49| 0.676 099 0.39 0.483 0.5p6 0.766 0.p76 1.2
9 0.56 | 0.756 1.1| 0.456 0.566 0.586 0.876 1.103 61}41
10 0.62| 0.80| 122 0.5 0.623 0.6f3 0.956 1.223 1|553
11 0.71| 086 131} 057 0673 08 1.063 1.8366 1.66
12 0.76 | 1.00§ 1.41 0.64 0.73 0.9p6 1.16 1j]49 1J793
Table No. 6: In vitro drug released study of formulation F1-F9
0,
No. | (h .
O- | (hours) e T Fa [ 4| 5[ F6] F7] F8] F9
1 1 10.98| 10.62 11.0f 14.94 12.p4 11|34 10.35 9.785
2 2 18.42| 18.14 16.6p 20.48 18.06 17|43 15.08 1p15.16
3 3 26.08| 25.44 23.78 26.47 26.f1 25[24 23.36 215502
4 4 33.51] 33.42 29.1F 33.46 33.15 32|51 28.26 23244
5 5 40.18] 39.9| 34.42 39.28 40.09 3719 34.44 317272
6 6 45.62| 46.69 42.12 46.85 46.52 45|08 42.1 36.84.92
7 7 52.08/ 51.52 48.6p 53.28 56.14 51|59 46.65 4BAT.05
8 8 58.75| 58.39 56.21 60.59 64.p9 59|57 53.39 488.68
9 9 62.94| 64.64 6245 65.96 72.p4 67|68 60.88 545543
10 10 70.39] 71.29 69.36 73.97 7963 7309 63.97 9 6069.82
11 11 78.68] 77.28 76.76 83.73 8642 7905 |3 §7.6.916
12 12 89.120 87.22 82.93 95.88 93)64 88,05 79.08 9 7710.75
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Fig No. 1: Hydrodynamic Balanced Tablets of Itoprice

2 o ———
r After 6 hours After 12 hours

Fig. No. 2: In vitro comparative release graph of formulation F1-F9
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CONCLUSION

Itopride hydrochloride is gastro-prokinetic drugdatie site of action is stomach and also the
drug pH ranges from 3.5 to 5.5, the present work @aianed to formulate floating tablets of
Itopride hydrochloride using an effervescent appiofr gastro-retentive drug delivery system
to improve the local action and ultimately its hiagability. The tablets were formulated using
hydrophilic polymers HPMC K100M, HPMC K4M and NaalrPolymer Xanthan gum along
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with effervescing agent sodium bicarbonate andccdcid. It was found that the formulation
with maximum swelling indices showed slower releasedrug. All the formulations were
prepared by direct compression method. The preptablts of all the formulations were
evaluated for physical characters, assay, sweitidgx, in-vitro drug release, floating lag time,
total floating time, tablet density, hardness amability. From all the formulations, f/€ontaining
HPMC K4 M, showed extended drug release and also possgeggdbuoyancy lag time of 50
sec. and good total floating time more than 12 e results showed that the drug release rate
was decreased as the viscosity of the polymer masased. The kinetics of drug release and the
release mechanism from matrix tablets were ascedahe mechanism of drug release followed
zero-order for batch F3 and F6, Peppas model fogrdiatches with non-fickian diffusion. The
present work can be continued further to provetability during shelf life.
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