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ABSTRACT

The need of iron therapy prompted present study to develop a formulation of floating drug
delivery system of carbonyl irons. Out of the chosen polymers as HPMC K15M, Sodium alginate,
Carbopol 934 & HPMC K4M the positive and encouraging results in accordance to the aim
have been obtained with HPMC K4M and HPMC K15M.Sodium bicarbonate has been used as
the gas generating agent to assist to formulation. The formula has been optimized using factorial
design. The optimized formulation shows maximum drug release with good floating behavior in
vitro. Thein vitro floating behavior has been further confirmed with in vitro floating behavior of
the same formulation.

Key Words: Carbonyl irons, HPMC K15M, Sodium alginate, Carblop34 & HPMC K4M
Floating drug delivery system, Factorial designjdprelease.

INTRODUCTION

l. Introduction to sustained release and controlledrelease Y.W. Chein et.al. ,L .Lachman
et.al.]

For many decades, conventional drug delivery systbave been commonly used for drug
administration. They have been known to providecapt release of drug. Therefore to achieve
as well as to maintain the drug concentration witiie therapeutically effective range needed
for treatment, it is often necessary to take thetof drug delivery system several times a day.
This results in a significant fluctuation in driayéls.

Sustained release dosage forms are designed td tieéarelease of a therapeutic agent such that
its appearance in the systemic circulation is dedagnd/or prolonged and its plasma profile is
sustained in duration. The onset of its pharmacdotd@ction is often delayed, and the duration
of its therapeutic effect is sustained. Thus the o appearance of drug in the body is controlled
by the dosage form.Controlled release dosage fammghose systems from which therapeutic
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agents may be automatically delivered at predefiradds over a long period of time. This
implies that the release of drug ingredients isadpcible from one unit to another.

Controlled release drug delivery systems enjoy mbar of advantages over immediate release
systems. They bring about reduction in drug plakwel fluctuations, thus maintaining a steady
plasma level of the drug over prolonged time peridie decrease in dosing frequency results in
enhanced patient compliance. A decreased incidendatensity of side effects is seen. In
addition, these systems are extremely cost-effectasulting in reduction of total cost of
therapy.

Il. Anatomy and physiology of the gastrointestinalract. [G.J. Tortoraet.al.,N.K. Jain et.al.]
Due to its convenience, the oral route is the nposferred route for drug administration.The
gastrointestinal tract is essentially a tube al®omtlong that runs from the mouth to the anus and
includes throat (pharynx), esophagus, stomach,|smestine and large intestine.

Figure No. 01:-Gastrointestinal tract.

\ Qesophagus

‘\/"\

Stomach ————+
Duodenum -
[outn | -
(\_\_ S Transverse
olon
.és?ending—[. o Y i
olon 7ol N - .
= 4 Descendin
Y‘; Colon 5

L
5

A

The gastrointestinal tract is always in a statecohtinuous motility called as peristaltic
movement. There are two modes of motility patténe: digestive mode and the interdigestive
mode involved in the digestion of food. The intgestive gastrointestinal motility is
characterized by a cyclic pattern that originateshie foregut and propagates to the terminal
ileum and consists of four distinct phase:

Phase | Period of no contraction

Phase Il Period of intermittent contrans.

Phase 11l Period of regular contractiontha maximal frequency that migrate
Distally

Phase IV Period of transition between BHHsand Phase |

Table No.01:- pH and transit time of organs of GIT.

Sr. No. | Organs inthe GIT| pH Transit time (hours)
1. Oral cavity 5.2-6.8 Short

2. Esophagus 5.0-6,0 Very short

3. Stomach 1.2-3.5 0.25-3.0

4. Duodenum 4.6-6.0 1.0-2.0

5. Jejunum 6.3-7.3 -

6. lleum 7.6 1.0-10.0

7. Cecum 7.5-8.0 Short

8. Colon 7.9-8.0 4.0-20.0

9. Rectum 7.5-8.0 Variable
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lll. Targeting the gastrointestinal tract as a site of sustained releaseNl. Chavanpatil
et.al.,AO Nur et.al.,V . lannuccelli et.al. ,A. Bhet.al., J. Varshosaz et.al. , Y. Sato et.al. ,EA
Klausner,AK Srivastava et.al., Y. Machida et.al.,&AHKamel et.al., W.Sawicki et.al., JKPatel
et.al.,A. E-Kamel et.al., I.EI-Gibaly et.al., ABrivastava et.all.. Whitehead et.al., C. Narendra
et.al., L. Yang et.al.,K. Takagi et.al.]

Except esophagus, all organs in gastrointestiraalt tcan be targeted to develop a sustained
release dosage form. The stomach is a good temgdtugs which are absorbed in stomach and
duodenum.The drugs which are mainly absorbed in sfoenach and small intestine are
ofloxacin, captopril, furosemide, metformin, cigmacin, repaglinide, riboflavin, levodopa,
atenolol, cinnarizine, ketoprofen, verapamil, glige, metronidazole, melatonin, cimetidine,
amoxicillin, metoprolol tartrate, tetracycline, tphyllineetc.

Figure No.02:- (A) Multiple-unit oral floating dr ug delivery (B) Working principle of effervescent Hoating
drug delivery system.
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IV Gastroretentive drug delivery systems.

The following are different gastroretentive drudiwkry systems:

A) Floating systemdsS. Stithit et.al, S. Arora et.al., P. Mathur kt.H.Dutt et.al.]:

Many approaches are used in the designing of iastaig floating systems. They are discussed

below.
1) Low density systems[A.A. Deshpande et.al., N.J. Joseph et.al., A. ubet et.al.,R.

Talukder et.al.]:

Figure No. 03:- Schematic representation of the lowensity, floating matrix tablets.
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Due to a bulk density of less thanl gfcfiow density systems show immediate buoyancy. They
are made of low density materials, entrapping oilag. In this approach, globular shells
apparently having lower density than that of gaditid can be used as carrier for drug for its
sustained release. Fluid-filled chamber type ofadesforms are also an example of low density
systems. They are mostly multiple unit systems a@medalso called ‘microballoons’ due to their
characteristic internal hollow structure.

2) Gas generating systemp Y. Machida et.al.,, Chen GL et.al., Wei Z et.al., ®havanpatil
et.al.,A.A. Deshpande et.al., Choi BY et.al., Fofstet.al.,Y. Sato et.al.,Xiaogiang et.al.PM
De la Torre et.al.,WSawicki et.al., T.Nakagawa et.al., AH El-Kamel et.alGL Chen et.al., S.
Baumgartner et.al.,M. Ichikawa et.al.,Afyabi et.al.]:

These systems are prepared with the help of pabniike Hydroxypropyl cellulose,
Hydroxypropylmethyl cellulose, Sodium alginate, Sodium carboxymethyl cellulose,
Polymetacrylic acid,various grades of Carbopol such as Carbopol 971&bdpol 974P
Chitosan various grades of Eudragit such as Eudii6i30D, Eudragit L30D55 Eudragit RL,
Eudragit S100 etc.

Figure No.04:- Gas generating systems. Schematic nwayer drug delivery systems.
(a)Bilayer gas generating system with (c) or withat (b) semipermeable membranes.
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2) Hydrodynamically balanced systemgL.H. Reddy et.al.,SJ. Hwang et.al.,W. Erni et.al.,M.
Oth et.al.]:

These are single unit dosage forms, containingasmaore gel forming hydrophilic polymers.

Hydroxypropylmethyl cellulose is the most commonlsed excipient, although Hydroxyethyl

cellulose, Hydroxypropyl cellulose, Sodium carboxghyl Cellulose, Agar, Carageenans or
Alginic acid are also used.
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Figure No.05:- Hydrodynamically balanced systems
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3) Raft forming systems[J. Foldager et.al.]:

Here, a gel forming solution (eg. Sodium alginateluson containing carbonates or
bicarbonates) swells and forms a viscous coheselecgntaining entrapped carbon dioxide
bubbles. Formulations also typically contain ardacsuch as aluminium hydroxide or calcium
carbonate to reduce gastric acidity. As raft fomgnsiystems produce a layer on the top of gastric
fluids, they are often used for gastroesophagdalxr&reatment.

Figure No.06:- In vitro functioning of sodium alginate raft
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A) Expandable systems [Elausner et.al., J. Urquhart et.al.]:

A dosage form in the stomach will withstand gastransit if it is bigger than the pyloric
sphincter. However, the dosage form must be smallgh to be swallowed, and must not cause
gastric obstruction either singly or by accumulati®he concept is to make a carrier, such as a
capsule, incorporating a compressed system whitgnds to in the stomach.

Swellable systems are also retained because ofitleghanical properties

Figure No. 07:- Swellable systems.
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Expandable systems should not interfere with gastotility, must be easily biodegradable, and
must not have sharp edges or cause local damagelamged retention.

B)Superporous hydrogel§.J.Hwang et.al.,J. Chen et.al. J. Chen et.al.]:

With pore size ranging between 10 nm and 10 pngraben of water by conventional hydrogel
is a very slow process and several hours may bdede® reach an equilibrium state, during
which premature evacuation of the dosage form neayro Superporous hydrogels, average pore
size >100 um, swell to equilibrium size within anoiie, due to rapid water uptake by capillary
wetting through numerous interconnected open pores.

Figure No.08:- Superporous hydrogels.
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C) Mucoadhesive system¥. Huang et.al.]:

The basis of mucoadhesion is that a dosage fornstiek to the mucosal surface by different
mechanisms. Different theories are invoked to arpleese mechanisms.

Firstly, the electronic theory proposes attractdlectrostatic forces between the glycoprotein
mucin network and the bioadhesive material. Segonitlle adsorption theory suggests that
bioadhesion is due to secondary forces such agigaWaals forces and hydrogen bonding.

D) Magnetic systemfR. Groning et.al.]:

These systems are based on a simple idea: thealfisag contains a small internal magnet, and
a magnet placed on the abdomen over the posititimeo$tomachAlthough these systems seem
to work, the external magnet must be positionedhvat degree of precision that might
compromise patient compliance.

MATERIALS AND METHODS

l.  Materials:

i) The drug Carbonyl iron was generously supplie@ gift sample by ISP Technologies

i) The polymers Hydroxypropylmethyl cellulose K4lind Hydroxypropylmethyl cellulose
K15M were kindly gifted by Colorcon Asia Pvt. Ltd50a , India.

i) Sodium alginate was kindly supplied by ISP Theologies.

iv)Carbopol 934, talc, magnesium stearate and curated hydrochloric acid were obtained
from Loba Chemie Pvt. Ltd., Mumbai, India.

v)Sodium bicarbonate, aerosil, citric acid, anersy ammonia solution were purchased from
Research Lab, Mumbai, India.

[I.  Instruments:
i) Double beam UV Spectrophotometer,Model No. V-53@k®&! Jasco Corporation,  Tokyo,

Japan.
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i) Fourier Transform Infrared Spectrophotometer,Modéd. FT/IR-4100, Make: Jasco
Corporation, Tokyo, Japan.
i) Brookfield Viscometer,Model No.CAP-2000,Make: Brdekd Engineering Lab Inc,
Middleboro, MA-02346, USA.
iv) Electronic weighing balance,Model No. CB-330,Makeontech Instruments Ltd., Navi
Mumbai, India.
v) Electrolab Dissolution apparatus,Model No. TDT-08L
vi) Vernier calipers,Absolute Digimatic No. 107
vii) Bulk density apparatus.
viii) X-ray machine
a)Siemens 300 MA Klinoscope, Pleophos D X-rayginirze.
b) Computerized X-ray Plate,Kodak CR 500, ComptRadiography system.
c) X-ray Printer,Kodak Dry View 8200 Laser Images

lll. PREFORMULATION

A] Characterization of carbonyal Iron:

i) Bulk density [A.W. Newman et.al:]

For the determination of bulk density, a weighedoant of powder was poured into the
graduated cylinder via a large funnel and the tegul/olume was measured.

i) Tap density[A.W. Newman et.al:]

This was determined by tapping the graduated cgliridy keeping the cylinder, containing a
known quantity of powder, in a bulk density appasadnd volume after tapping was measured.
iii) Solubility Profile [ A.Matrtin et.al.]:

The solubility of the drug was checked in varioabsents. This was done by dissolving a known
guantity of carbonyl iron in different solvents dikdistilled water, boiling distilled water,
chloroform, diethyl ether and 0.1N HCI.

iv) Assay of iron content in carbonyl iron [ndian Pharmacopoeia 1996 Vol. 1]

The drug content of each formulation was determibgdhe assay method for iron. 0.5 g of
powder was dissolved in a mixture of 15 ml distillater and 1 ml concentrated sulfuric acid
and was warmed until the dark brown colour changegellow. After cooling the solution to
15°C, 0.02M potassium permanganate was added dropillissink colour persisting for 5
seconds was obtained. To above solution, 15 mlooicentrated hydrochloric acid and 2 g
potassium iodide was added and the solution wasvadl to stand for 3 minutes. Then 60 ml of
distilled water was added to this solution. It when titrated with 0.1 M sodium thiosulphate
using starch solution as indicator.

The factor is,Each ml of 0.1M sodium thiosulphateqguivalent to 0.005585 g of iron

v) Calibration curve for carbonyl iron :

50 mg of carbonyl iron was accurately weighedwds dissolved in 100 ml of 0.1N HCI, to get a
stock solution of 500 pg/ml. From this stock smnt1Oml of solution was pipetted and diluted
to 50ml with 0.1N HCI, to get a final stock soluti@f 100 pg/ml. From this stock solution
working aliquots were prepared by diluting specifiolume of stock solution with 1ml
ammonium thiocyanate, 1ml ammonium citrate and @iite ammonia solution and distilled
water. The maximum absorbance was measured atr830y Jasco V-530 Spectrophotometer,
Jasco Corporation, Tokyo, Japan.
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B] Characterization of polymers:

i) Viscosity of polymers:

a) Determination of the viscosity of Hydroxypropylmethyl cellulose K4M [R.CRowe et.al.,
A. K. Joshi et.al.]:

The viscosity of 2% wi/v solution of Hydroxypropylthgl cellulose K4AM was determined by
dispersing and thoroughly hydrating the polymerabout 20-30% of the required amount of
water. The water was vigorously stirred and he#&e80-90C, followed by the addition of the
remaining polymer. Cold water was then added tdyee the required volume.

b) Determination of the viscosity of Hydroxypropylmethyl cellulose K15M[R.C.Rowe et.al.]:
The viscosity of 2% w/v solution of Hydroxypropylthgl cellulose K15M was determined by
dispersing and thoroughly hydrating the polymermbout 20-30% of the required amount of
water. The water was vigorously stirred and he#e80-99C, followed by the addition of the
remaining polymer. Cold water was then added tdyee the required volume.

c) Determination of the viscosity of Sodium algina| R.C.Rowe et.al.]:

The viscosity of a 2% w/v solution of sodium algmavas determined by dispersing the required
amount of polymer in water. The viscosity was chitad with the help of Brookfield
viscometer.

d) Determination of the viscosity of Carbopol 934R.C. Rowe et.al.]:

The viscosity of a 0.5% solution of Carbopol 934swdetermined. The required amount of
polymer was first dispersed into vigorously stirmgdter taking care to avoid the formation of
indispersible lumps. It was then neutralized by #dgition of sodium hydroxide. During
preparation of the gel, the solution was agitatedly to avoid introducing air bubbles.
iii)Infrared spectra of polymers:

The infra red spectrum of each polymer was detezcthlyy mixing a small quantity of previously
dried potassium bromide with the respective polymer

Table No.02:- Formulation of batches P1 to P8 forarrying out preliminary trials in 0.1N HCI.

Sr. Ingredients (mg) Formulation No.

No P1 P2 P3 P4 P5 P6 P7 P8

1. | Carbonyliron 448 445 445 445 445 445 44485

2 HPMC K4M 20.0 20.0 20.0 13,5 135 20.0 2p.0 15.0

3 HPMC K15M 20.00 20.0 200 7.5 - 250 25.0 3D.0

4. | Carbopol 934 - - - - 7.5 - - -

5. | Polyplasdone - - 4.0 - - 50 - -

6 Sodium alginate - - - - - - - -

7 Citric acid - - - - - - - -

8. | Sodium bicarbonate 2.0  4.( - 20 20 - 50 5.0

9. | Calcium carbonate| - - - - - - - -

10.| Talc 10| 10| 1.0f 1.0 1.0 1. 10 10

11.| Aerosil 10| 10| 1.0f 1.0 1.0 1. 10 10

12.| Magnesiumstearate 1.0 10 1j0 10 10 1.0 [I10
Total weight (mg) | 89.8 9165 91)5 705 70.5 9f.5.59797.5

IV. Formulations:

Method of preparation of formulations:

All the formulations were prepared by using dry mixmethod. All the ingredients used in the
formulation were initially passed through sieve #parately before mixing. The required
guantity of carbonyl iron and various polymers wesgighed according to the formulation and
transferred to a mortar and triturated for thoroungking. To the above mixture was added talc
and aerosil and was further mixed for 2 minutesalfy to this mixture, magnesium stearate was
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added and mixed further for 2 minutes. The requa@&dulated weight of the drug and polymer
mixture was weighed and was filled in hard gelatipsule of size 2.

A] Formulations for preliminary trials:
The capsules for the preliminary trials consistéthe following ingredients. Please refer Table
2&3.

Table No. 03:- Formulation of batches P9 to P16 forarrying out preliminary trials in 0.1N HCI.

Sr. Ingredients (mg) Formulation No.

No P9 | P10| P11] P12| P13| P14/ P15 P16

1 Carbonyl iron 448 445 4455 445 445 445 44845

2 HPMC K4M 20.0/ 20.0 150 15404 150 200 400 -

3 HPMC K15M - 25.00 30.0 30.0 - 35.0 - 30.p

4. | Carbopol 934 - - - - - - - 15.0

5. | Polyplasdone - 2.0 - - - - - -

6 Sodium alginate 250 - - - 30.( 300 50 -

7 Citric acid - - 50| - - - - -

8 Sodium bicarbonate 5.0 - - 100 100 100 - 25.0

9. | Calcium carbonate| - - - - - - 15 -

10.| Talc 1.0| 1.0 1.0 1.0 1.0 1.0 1.0 1.0

11.| Aerosil 1.0| 1.0 1.0 1.0 1.0 1.0 1.0 1.0

12.| Magnesium stearate 1.0 10 1j0 1.0 10 1]0 1.4.0
Total weight (mg) | 97.5 945 975 1025 1025 1421%2.5| 117.5

B] Optimization of polymer quantity:

The capsules containing Hydroxypropylmethyl celb@doK4M and Hydroxypropylmethyl
cellulose K15M did not burst and also showed gdodting properties. Hence, it was decided to
optimize the quantity of the above two polymergaBE refer Table 4.

This was done by varying the quantity of the drulilev keeping the amount of polymers
constant. The swelling properties of each capseiewoted in 0.1N HCI at 37+0(.

Table No.04:- Formulation of batches H17 to H20 focarrying out trials for optimization of polymer qu antity

in 0.1N HCI.
. Formulation No.

Sr. No. | Ingredients (mg) H17 1 A1s | Hi9] H20
1 Carbonyl iron 10.0 20.0 300 445
2 HPMC K4M 20.0| 20.0 20.0 20.0
3. HPMC K15M 35.00 35.0 35.0 35.0
4, Sodium bicarbonate 100 10.0 10.0 100
5 Talc 1.0| 10| 10| 1.0
6 Aerosil 10| 10| 10| 1.0
7 Magnesium stearate 1.0 1.0 10 1.

Total weight (mg) | 78.0 88.0 98/0 1125

C] Formulation of capsules after optimization of pdymers:

After optimizing the quantity of Hydroxypropylmethy cellulose K4M and
Hydroxypropylmethyl cellulose K15M, trials were agaarried out. Formulations containing
Sodium alginate and Carbopol 934 were also prep&iledse refer Table 05.
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Table No.05:- Formulation of batches 021 to 026 focarrying out trials after optimization of polymer
quantity in 0.1N HCI.

Sr Formulation No.
No | Ingredients (mg)
021 | 022 | 023 | 024 | 025| 026
1 | Carbonyl Iron 445 4485 445 445 445 445
2 HPMC K4M 44.5| 445| 4485 -- - 40.0
3 HPMC K15M 779 779 779 7719 -- --
4 Carbopol 934 -- -- -- -- -- --
5 Polyplasdone 10.0 20.0 -- -- -- --
6 Sodium alginate -- -- -- 445 779 779
7 Citric acid -- -- 16.0] -- -- -
8 Sodium bicarbonate 10.p 100 223 -- -- -
9 Calcium carbonate -- - - 22.3 150 15)0
10 | Talc 1.0 1.0 1.0 1.0 1.0 1.0
11 | Aerosil 1.0 1.0 1.0 1.0 1.0 1.0
12 | Magnesium stearate 1.0 1.0 10 1.0 1.0 1)0
Total Weight (mg.) 189.9 1454 1899 192.2 140.80.4
Duration of Floating (Hrs.) B B B B 2 2
Percent cumulative drug released. NS NS NS NS 96640.02

Where
B : Capsule Bursted
NS: Dissolution not seen

D] Optimization of quantity of sodium bicarbonate:

The results of above trials showed that only thentdations containing sodium bicarbonate
displayed promising results. Hence, it was deciefix the quantity of sodium bicarbonate by
optimizing it. The following formulations were pra@@d for optimization trials. Please refer
Table no.06.

Table No. 06:- Formulation of batches N1 to N4 focarrying out trials for optimization of sodium
bicarbonate quantity in 0.1N HCI.

. Formulation No.

Sr.No | Ingredients (mg) N1 N2 N3 N2
1 Carbonyl iron 445| 445| 4485 445
2 HPMC K4M 445 | 445| 445 445
3. HPMC K15M 77.9 | 77.9| 77.9 779
4, Sodium bicarbonate 20.0 22.8 25/0 275
5 Talc 1.0 1.0 1.0 1.0
6 Aerosil 1.0 1.0 1.0 1.0
7 Magnesium stearate 1.0 1.0 1.0 1.(

Total weight (mg) | 189.9 192.2 194]9 197.4

E] Optimization of formulations by factorial design [S.V. Shirolkar et.al]

Factorial designs are used in experiments whereftkets of different factors, or conditions, on
experimental results are to be elucidated. Theytleedesigns of choice for simultaneous
determination of the effects of several factors #adr interactions.

In the absence of interactions, factorial desigagehmaximum efficiency in estimating main
effects. If interactions exist, factorial desigme necessary to reveal and identify the interastion
Since factor effects are measured over varyind leffects of other factors, conclusions apply to
a wide range of conditions. Maximum use is madehef data since all main effects and
interactions are calculated from all of the datmaly, factorial designs are orthogonal; all
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estimated effects and interactions are indepenafegifects of other factors.In the present study,
after fixing the quantity of Hydroxypropylmethyl ladose K4M, Hydroxypropylmethyl
cellulose K15M and sodium bicarbonate, these vales put in a 3factorial design to see
which formulation showed the most favourable result

In this factorial design 2 factors were evaluateaich at 3 levels and experimental trials were
performed at all 9 possible combinations The an®ohtHydroxypropylmethyl cellulose K4M
(X1) and Hydroxypropylmethyl cellulose K15M §Xwere selected as independent variables
while all the other quantities remained constdPércent cumulative drug release and duration of
floating were selected as dependent variables.

Table No. 07:- Variable levels used in factorial dggn

Batch Code Variable Level in Coded Form

X Xs
F1 -1 -1
F2 -1 0
F3 -1 1
F4 0 -1
F5 0 0
F6 0 1
F7 1 -1
F8 1 0
F9 1 1

Table No.08:- Coded values and actual values usedfactorial design

Coded Values Actual Values
Xl X2

-1 15 30

0 20 35

1 44.5 77.9

The following formulations were prepared for facabdesign. Please refer Table 09.

Table No0.9:- Formulation of batches F1 to F4 for caying out trials for factorial design in 0.1N HCI.

. Formulation No.

Sr.No | Ingredients (Q) "er— T/ TF3 [F4 | F5 | F6 | F7 | F8 | F9

1. Carbonyl iron 445 445 445 445 44)5 44|5 44845 | 445
2. HPMC K4M 15.0 15.0 15.0 20.0 20.0 20.0 44|5 44845

3. HPMC K15M 30.0| 35.0| 779 30.0 350 779 300 033.77.9

4, Sodium bicarbonate  25.( 25,0 250 250 2%0 268.0 | 25.0| 25.0
5. Talc 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.Q
6. Aerosil 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.G
7. Magnesium stearate 1.0 1.0 1.0 1.( 1.0 1/0 0.0 110

Total weights (mg) | 117.5 122.% 1654 122|5 127.5 047 147.0] 152.0 194.p

V. Evaluation of formulations prepared by factorial design:

The formulations prepared by factorial design weraluated using the following parameters

A] Bulk density [W.A.Newman et.al., A.Sayeed et.al.]:

The bulk density of the powder was determined dayrimg the powder into a graduated cylinder
via a large funnel and measuring the resultantraelu

B] Tap density [W.A.Newman et.al.]:

The tap density of the powder was determined bpitapthe graduated cylinder, after keeping it
in a bulk density apparatus. The resultant volufter gapping was then measured.
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C] Angle of repose W.A.Newman et.al.]:

Angle of repose has been used as an indirect methfoguantifying powder flowability,
because of its relationship with inter particulahesion. Angle of repose has been defined as the
maximum angle possible between the surface ofgfilpowder and the horizontal plane. The
angle of repose for the powder of each formulatias determined by funnel method. The
powder mass was allowed to flow out of the funnefic® on a plane paper kept on the
horizontal surface. This formed the pile of powderthe paper.

D] Determination of floating lag time [A.K.Srivastava et.al:]

The floating lag time is defined as the time takgrthe capsule to reach the top from the bottom
of the dissolution flask. The floating lag time adpsules was determined by using a USP (type
1) dissolution apparatus containing 900 ml of 0 HIRI at 37+0.5.

E] Determination of duration of floating[ A.K.Srivastava et.al]:

The time for which the formulation floats constgnih the surface of the medium is known as
the duration of floating.The duration of floating capsules was determined by using a USP
(type 1) dissolution apparatus containing 900 fdAN HCI at 50 rpm and 37+0.5

F] Determination of swelling index A. EI-Kamel et.al., M. Chandira et.al.]:

The swelling index of capsules was determined IINOHCI at room temperature. The initial
weight of capsule was noted. It was then introdunesl ml of 0.1N HCI. The swollen weight of
capsule was determined after every hour.

G] Determination of drug content [Indian Pharmacopoeia 1996 Vol. I]:

The drug content of each formulation was determibgdhe assay method for iron. 0.5 g of
powder was dissolved in a mixture of 15 ml distillwater and 1 ml concentrated sulfuric acid
and was warmed until the dark brown colour changegellow. After cooling the solution to
15°C, 0.02M potassium permanganate was added dropillissink colour persisting for 5
seconds was obtained. To above solution, 15 mlooicentrated hydrochloric acid and 2 g
potassium iodide was added and the solution wasvadl to stand for 3 minutes. Then 60 ml of
distilled water was added to this solution. It when titrated with 0.1 M sodium thiosulphate
using starch solution as indicator.

The factor is,Each ml of 0.1M sodium thiosulphatedguivalent to 0.005585 g of iron.

H] In vitro dissolution [ GL Chen et.al., B.V.Basavaraj et.al.]:

The drug release studies were performed in USR (tymlissolution apparatus at 50 rpm in 900
ml 0.1N HCI at 37+0.% 10 ml aliquots were withdrawn after each houwt #re volume of the
dissolution medium was maintained by adding theesaniume of fresh dissolution medium.
Each sample was filtered through Whatman no. Zerfilbaper. Ammonium thiocyanate,
ammonium citrate and dilute ammonia solution wadeddto 1 ml of sample in a 10 ml
volumetric flask. The volume was made up to thekngrdistilled water. The absorbance of this
solution was measured at 530 nm using Jasco V-p8ftrephotometer. Drug concentrations in
the sample were determined using the standard .curve

[] In vivo evaluation for floating behavior [ Y.Machida et.al.]:

In vivo evaluation for floating behaviour of optimeid formulation was done in a healthy

volunteer under fasted condition. Barium sulphass wdded to the optimized formulation [F9]

(instead of drug) and the density was matched éodémsity of the formulation with drug. The

capsule was administered along with 200 ml of waeentgenograms were obtained from zero
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till six hours using Siemens 300 MA Klinoscope,®lkos D X-ray machine. The images were
recorded on the computerized plate, Kodak CR 5@dpilited Radiography system. They were
printed by using the printer, Kodak Dry View 8208@ser Images.

RESULTS AND DISCUSSION

|.Results of preformulation studies:

A] Results of characterization of carbonyl iron:

i) Bulk density and tap density :

The bulk density of carbonyl iron was found to28 g/ml. The tap density of carbonyl iron

was found to be 5 g/ml. The high value of bulk dignand tap density indicates that the pure
drug was a denser material and to make the drugdmian stomach the density had to be
considerably reduced

i)Solubility Profile:
10 mg of carbonyl iron was taken and solubilityfjleowvas done.

Table No. 10:- Solubility profile of carbonyl iron.

Sr. No. Solvent ml of solvent required Remarks
1. Distilled water 10.0 Soluble.
2. Boiling distilled water 30.0 Sparingly soluble.
3. Chloroform 30.0 Sparingly soluble.
4. Diethyl ether 100.0 Slightly soluble.
5. 0.1N HCI. 10.0 Soluble.

The results of solubility profile confirmed thatetldrug had considerable solubility in acidic
conditions : the condition in which drug formutatiis developed.

iii) Assay of iron content in carbonyl iron :

The content of iron in carbonyl iron was determimesthg titrimetric method and was found to
be 97.73 % .The result is in accordance to thenctaade by the manufacturer that the carbonyl
iron powder contains 98% of elemental iron.

iv) Calibration curve for carbonyl iron :

Table No. 11:- Absorbance for standard curve in @ N HCI.

s(r).. Concentration of drug (ug/ml) | Absorbance
1. 0 0.0000
2. 1 0.0923
3. 2 0.1565
4. 3 0.2231
5. 4 0.2993
6. 5 0.3850
7. 6 0.4337
8. 7 0.5156
9. 8 0.5880
10. 9 0.6405
11. 10 0.7042
12. 20 1.3267
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Figure No. 09:- Calibration curve of Carbonyl ironin 0.1N HCI
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The various working aliquots of carbonyl iron pregghfrom stock solution of 100ug/ml.showed

the following absorbances ( Table No.11 ).and tloé gf the calibration curve showed linearity

which indicates that the solution in concentratiange of 1 to 20 pg/ml. obeys Beer-Lambert's
law. The calibration curve was further used to wlalie the release of drug from various
formulations.

B] Results of characterization of polymers:

i)Viscosity of polymers:

For characterization of polymers used in the presardy the viscosities were determined and
compared with the reported value and spectra byRFd1 the polymer were taken. The
evaluating parameters agreed with reported parasiete

a)Viscosities of various polymers

Table No.12:- Viscosities of polymers used.

Sr. | Polymer Viscosity obtained(mPa.s) Viscosity reporg{mPa.s)
No

1 HPMC K4M 3000 — 4000 2308 — 3755

2 HPMC K15M 13500- 15000 12000-21000

3 Sodium alginate 250 — 300 100 — 300

4 Carbopol 934 35500- 39000 30500 — 39400

i) Infrared spectra of polymers:
a) Infrared spectrum of Hydroxypropylmethyl celluldséM

Figure No.10:- IR spectrum of HPMC K4M
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b) Infrared spectrum of Hydroxypropylmethyl cellulds&5M

Figure No. 11:- IR spectrum of HPMC K15M
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c)Infrared spectrum of Carbopol 934
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Figure No.12:- IR spectrum of Carbopol 934
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ll. Formulations:
A] Formulations for preliminary trials
The following are the results for formulations paegd for preliminary trials. Please refer Table
13 & 14.

Table No. 13:- Floating properties and percent cumiative drug released of P1 — P8 in 0.1N HCI.

Sr. Ingredients (mg) Formulation No.

No P1 P2 P3 P4 P5 P6 P7| P8

1. | Carbonyliron 445| 445 4485 445 445 445 4485

2. | HPMC K4M 20.0 | 20.0| 20.0f 135 13% 200 2p.0 1§5.0

3 HPMC K15M 20.0 | 20.0f 20.00 75 - 25.0 25.0 30[0

4. | Carbopol 934 - - - - 7.5 - - -

5. | Polyplasdone - - 4.0 - - 5.0 - -

6 Sodium alginate - - - - - - - -

7 Citric acid - - - - - - - -

8. | Sodium bicarbonate 2.0 4.0 - 2.0 2.0 - 50 5

9. | Calcium carbonate - - - - - - - -

10.| Talc 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

11.| Aerosil 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

12. | Magnesium stearate 1.0 1.0 1.G 1.0 1.0 10 1100
Total weight (mg) 89.5| 915 915 705 705 97|5 .59797.5
Duration of floating(hrs.) 2 2 3 4 3 4 - 5
]'fl)“‘g release seen as long as the capsyle 5| 4501 5519 7525 68.12 6957 -| 80,92

oated (%)
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Table No. 14:- Floating properties and percent cunative drug release of P9 to P15 in 0.1 N HCI.

Sr. Ingredients (mg) Formulation No.

No P9 | P10 | P11 | P12 | P13| P14 P18

1. | Carbonyliron 445 445 448 445 445 445 445

2 HPMC K4M 20.0| 15.0 | 15.0| 15.0f 20.0 40.0 -

3 HPMC K15M 25.00 30.0/ 30.0 - 35.0 - 30.0

4. | Carbopol 934 - - - - 15.0

5. | Polyplasdone 20 | - - - - - -

6 Sodium alginate - - - 30.0 30.( 50

7 Citric acid - 5.0 - - - - -

8. | Sodium bicarbonate - - 10.( 100 100 - 25.0

9. | Calcium carbonate - - - - - 15 -

10.| Talc 1.0 | 1.0 1.0 1.0 1.0 1.0 1.0

11.| Aerosil 1.0 | 1.0 1.0 1.0 1.0 1.0 1.0

12. | Magnesium stearate 1.0 1.0 1.0 1.0 10 1/0 1.0
Total weight (mg) 94.8 97.5| 102|5 102.5 14p.5 %52117.5
Duration of floating (hrs.) B 5 5 B 4 3 1
Drug release seen as long as the capsule flo#tpd NS | 83.92 80.96 NS 70.08 50.29 16/2

Where

B: Capsule bursted
NS: Dissolution not seen

In the preliminary trial formulations, various paoters like HPMC K4M, HPMC K15M, Sodium
alginate and Carbopol 934 were tried, along withotes channelizing agents and gas generating
agents. In formulations P1 and P2, HPMC K4M andMi@PK15M were used in the same
guantity and only the concentration of sodium liomate was changed. The capsules floated
for about two hours indicating the polymers usedewrot sufficient to make the capsule
buoyant. In trial P3 the concentration of HPMC K4alkd HPMC K15M was similar to P1 and
P2 but instead of sodium bicarbonate, Polyplasdeas added, as Polyplasdone has got the
property to imbibe water and swell so it was thduidjiat floating behaviour showed enhance
swelling behaviour. The result indicated that cépdloated for 3 hours and bursted after 3
hours. Hence in the next trial formulation it wascidled to reduce the concentration of HPMC
K4M and HPMC K15M while keeping the concentratidnsodium bicarbonate as 2 mg. The
capsule floated for 4 hours but the release of fhag the capsule was high, as 75% of drug got
released within 4 hours which was not desirable.

To control the fast release of drug it was deciledse Carbopol 934 as it forms a strong matrix.
But with Carbopol 934 the capsules were able tatftmly for 3 hours.

Thus the concentration of HPMC K4M and HPMC K15Mswacreased and also the quantity of
Polyplasdone and sodium bicarbonate was increasestibh the capsules were not able to float
for 8 hours.

Trial formulations were prepared by changing thargitly of HPMC K4M and HPMC K15M
and by using the channelizing agents as sodiunrbmoate, Polyplasdone, citric acid in
formulations from P9 to P11. P9 formulation was able to float, but formulations P10 and
P11 showed floating for 5 hours with almost 80%lafg release in 5 hours.

Trial formulations were then prepared using varioambinations of HPMC K4M and Sodium
alginate. By varying the ratio of HPMC K4M, HPMCLEM and Sodium alginate, capsules P12
& P13 were prepared using sodium bicarbonate ag@asrating agents.
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P12 was not able to float at all and sank immedtijatith bursting. Literature review suggested
that Sodium alginate has gelling properties in @mes of calcium ions, hence formulation P14 it
was decided to add calcium carbonate which showmuk#ive result with capsule floating for 3
hours and percent release of 50.29%.

B] Optimization of polymer quantity:

Table No. 15:- Swelling properties of formulationgrepared for optimization of polymer quantity in 0.1 N

HCI.
Sr. Ingredients (mg) Formulation No.
No. H17 H18 H19 H20
1. Carbonyl iron 10.0 20.0 30.0 44.5
2. HPMC K4M 20.0 20.0 20.0 20.0
3. HPMC K15M 35.0 35.0 35.0 35.0
4, Sodium bicarbonate 10.0 10.0 10.0 10.0
5. Talc 1.0 1.0 1.0 1.0
6. Aerosil 1.0 1.0 1.0 1.0
7. Magnesium stearate 1.0 1.0 1.0 1.0
Total weight (mg) 78.0 88.0 98.0 112.5
Observation based on  Less Maximum . .
. . : Less swelling Less swelling
capsule swelling swelling swelling

Hence it was decided to optimize the concentratibthe polymers HPMC K4M and HPMC
K15M by varying the concentration of carbonyl ir@nd keeping the concentration of
effervescent agent constant. The results showed inthformulations from H17 — H20, the
maximum swellability and floating was seen in fotation H18 where the concentration of
carbonyl iron and HPMC K4M was 1:1.and concentrati carbonyl iron and HPMC K15 M
was 1:1.75 .Thus for further formulations it wagided to calculate the quantity of polymer as
per H18 formulation, keeping the ratio of polymemnitar to H18.

C] Formulation of capsules after optimization ofypoers:

Table No.16:- Floating properties and percent cumutive drug release of 021 - 026 in 0.1 N HCI.

Sr. . Formulation No.
Ingredients (mg)
No 021 022 023 024 025 026
1 | Carbonyl Iron 44.5 44.5 44.5 44.5 44.5 445
2 | HPMC K4M 44.5 44.5 44.5 - - 40.0
3 | HPMC K15M 77.9 77.9 77.9 77.9 - -
4 | Carbopol 934 -- -- -- -- -- --
5 | Polyplasdone 10.0 20.0 -- -- -- --
6 | Sodium alginate -- -- -- 445 77.9 77.9
7 | Citric acid -- -- 16.0 -- -- --
8 | Sodium bicarbonate 10.0 10.0 22.3 -- -- --
9 | Calcium carbonate -- -- -- 22.3 15.0 15.0
10 | Talc 1.0 1.0 1.0 1.0 1.0 1.0
11 | Aerosil 1.0 1.0 1.0 1.0 1.0 1.0
12 | Magnesium stearate 1.0 1.0 1.0 1.0 1.0 1.0
Total Weight (mg.) 189.9 145.4 189.9 192.2 140.4 80.4
Duration of Floating (hrs) B B B B 2 2
Percent cumulative drug NS NS NS NS 66.09 40.02
released.
Where

B : Capsule bursted; NS Dissolution not seen
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Thus after optimization of polymer ratio, it wasotight to use Polyplasdone & sodium

bicarbonate together so as to get the maximum isgedind floating. But formulation O21 was

not able to float and bursted immediately. As tbacentration of Polyplasadone used in 021
may have helped in disintegration of capsule, sindewer concentration Polyplasdone acts as
superdisintegrant.In the next formulation 022, iaswdecided to increase the quantity of
Polyplasdone and observe the effect of Polyplasaonewelling and floating of capsule. But

still the capsules were not able to float and lmarstnmediately. After this trial it was decided to

exclude Polyplasdone from further studies.Formaiatiising the gas generating system citric
acid & sodium bicarbonate in trial O23 but the cdps were did not float and they bursted.
Hence citric acid was also excluded from studyt &sas not showing any positive contribution.

Formulations were tried using Sodium alginate aag¢ombination either with HPMC K4M and

HPMC K15M in trial 024 & 025 but both the trialsddnot show any positive result. Trials
were also carried out using only Sodium alginatéormulation O26 but again the results were
not promising. Hence it was decided to carry outhier studies using HPMC K4M, HPMC

K15M and sodium bicarbonate.

D] Optimization of quantity of sodium bicarbonate

Table No.17:- Floating properties of N1 — N4 in 0.N HCI.

. Formulation No.
Sr.No | Ingredients (mg) N1 N2 N3 N2
1. Carbonyl iron 44.5 44.5 44.5 44 .5
2. HPMC K4M 44.5 44.5 44.5 44.5
3. HPMC K15M 77.9 77.9 77.9 77.9
4. Sodium bicarbonate  20.Q 22.3 25.0 27|5
5. Talc 1.0 1.0 1.0 1.0
6. Aerosil 1.0 1.0 1.0 1.0
7. Magnesium stearate 1.0 1.0 1.( 1.0
Total weight (mg) 189.9 192.2 194.9 197/4
Duration of floating| 5 hour$ 5 hours 8 hours 4d3ou

The gas generating agent which helps in buoyancthefformulation has to be optimized,
because the excessive use of sodium bicarbonatehiamayper absorption of formulation by
imparting alkaline character to the medium.The rojation is also needed since less
concentration of sodium bicarbonate may not be tblid & assist the polymers in swelling &
floating.So it was inevitable to optimize the comication of sodium bicarbonate.

Table No. 18:-Percent cumulative drug released in N— N4 in 0.1 N HCI.

Formulation No. (% cumulative release)

Sr.No | Time (hours)

N1 N2 N3 N4
0 0 0 0
3.48 3.80 11.99 1.25

5.23 12.81 19.38 6.26
16.76 23.06 32.35 16.99
20.49 3154 42.27 26.83
32.77 47.80 55.34 38.55
38.33 57.56 68.27 47.89
69.01 67.89 75.35 55.40
70.51 57.88 86.28 61.34

OO N[OOI (WIN|F
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384
Scholar Research Library



Ketan Gulabrao Albhar et al Der Pharmacia Lettre, 2012, 4 (1):367-394

Formulations from N1 to N4 were prepared and theating behaviour and dissolution was seen
for 8 hours. Formulation N3 containing 25mg oflison bicarbonate showed good floating of
capsule for 8 hours along with maximum release2@%.) of drug.

Hence it was decided to use 25 mg of sodium bicatsofor further factorial design experiment
to study the optimum quantity of HPMC K4M and HPMC5M.

Figure No.13:- Dissolution profile of N1 -N4 in 0.1 ¥ HC].
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lll.  Evaluation of formulations prepared by factorial design:
Al Bulk density and tapped density:
The bulk density and tapped density of formulatipreppared by factorial design is as follows:

Table No.19:- Bulk density and tapped density of fanulations prepared by factorial design

Sr. No. | Formulation | Bulk density (g/cn?) | Tap density (g/cnd)
1. F1 0.7142 0.9090
2. F2 0.5411 0.8956
3. F3 0.5555 0.7142
4. F4 0.5567 0.7089
5. F5 0.5419 0.7177
6. F6 0.5498 0.7256
7. F7 0.5478 0.7045
8.. F8 0.5345 0.7172
9. F9 0.5263 0.6666

The results indicate that out of the formulatiéiisto F9, F9 has the minimum bulk density and
tapped density in comparison to other formulations.

B] Angle of repose of formulations prepared by fatorial design:

Table No. 20:- Angle of repose values for formulabins prepared by factorial design
Sr. No. Formulation Angle of repose
1. F1 21.8
2. F2 23.58
3. F3 22.61
4, F4 21.57
5. F5 22.57
6. F6 23.04
7. F7 21.78
8.. F8 23.94
9. F9 20.09
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The result of angle of repose of all formulationsni F1 to F9 is within the range of 2023°
indicating that powder posse’s good flowability.

C] Determination of floating lag time:
The capsules of all formulations from F1 to F9tsidito float immediately after introduction in
the dissolution fluid. Thus floating lag time wasihd to be zero.

D] Determination of duration of floating:

Table No. 21:- Duration of floating of formulations prepared by factorial design.

Sr. No. Formulation Duration of floating (h)
1. F1 5.0
2. F2 5.0
3. F3 6.0
4. F4 6.0
5. F5 7.0
6. F6 7.0
7. F7 6.0
8.. F8 7.0
9. F9 8.0

All formulations from F1 to F9 were studied for itheuration of floating in 0.1N HCI
maintained at 37% at 50 RPM. Formulation F9 floated for almost &itsoas shown in Figure
No.14.

Figure No.14:- Swelling studies of F9
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E] Determination of swelling
Swelling index:
The swelling index was determined with the follogformula:

Swelling index = WW),

Where,
W = initial weight of tablet.

W = weight of tablet at time't’

Wo

Table No. 22:- Swelling index of F1 - F3in 0.1 NCI.

Sr. | Time Swelling Index
No. | (h) F1 F2 F3 F4 F5 F6 F7 F8 F9
1. 0 0 0 0 0 0 0 0 0 0
2. 1 0.7122+0.25 0.7661+0.15 0.8966+0/11 0.9459*(.1.0121+0.11] 1.1548+0.14 1.1211+0.23 1.3216+0.445315+0.23
3. 2 0.7546+0.12 0.8173+#0.14 0.9681+0/10 1.116Z(.1.2312+0.15 1.4986+0.2y 1.3577+0.81 1.7978+(0.361496+0.22
4. 3 0.8121+0.14 0.9737+#0.15 1.0893+0/12 1.2568%(.1.3519+0.14] 1.5060+0.48 1.8122+0.p2 2.1619+0.2242&1+0.11
5. 4 1.119140.2§ 1.1145+0.16 1.2311+0/14 1.383(*(.1.3922+0.12] 1.5106+0.39 2.0691+0.p4 2.2419+Q.2154721+0.12
6. 5 1.214340.30 1.2353+0.1]7 1.4253+0/14 1.6000%(.3.6161+0.22] 1.5240+0.41 2.1865+0.p3 2.3656+Q0.235121+0.14
7. 6 1.3146+0.22 1.3569+0.18 1.4596+0/16 1.6463*(.3.6543+0.21] 1.7413+0.50 2.3663+0.41 2.4132+0.176510+0.13
8. 7 1.3742+0.11 1.3011+0.1)7 1.5928+0/18 1.70274:(.3.7222+0.15 1.7595+0.44 2.4117+0.12 2.6618+0.15/578+0.21
9. 8 1.402940.13 1.5977+0.15 1.7137+0J19 1.7095*(.3.7486+0.16] 1.8519+0.43 2.6417+0.15 2.9817+Q0.162148+0.15
Figure No. 15:- Swelling index of F1 to F9 in 0.1 KICI.
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As per the result obtained after swelling indexyas found that formulation F9 possessed
highest swelling index among all the formulatianswelled approximately three times to its size
on the stipulated 8 hours study. High swellingulessin formation of a good polymer network
which in turn may cause retention of capsule inmstch for longer period of time along with
uniform diffusion of drug.

F] Drug content in formulations prepared by factorial design:

Table No. 23:- Drug content values for formulationgrepared by factorial design.

Sr. No. | Formulation | Drug content (%)
1. F1 97.17
2. F2 97.25
3. F3 97.64
4. F4 96.23
5. F5 96.78
6. F6 97.56
7. F7 97.45
8.. F8 97.42
9. F9 97.66

The average drug content is 97.24%. The resultdrofi content complies with normally
acceptable limits. (95-105%)

G] In vitro dissolution:

Table No. 24:- Percent cumulative drug released fra F1 TO F9 as seen in 0.1 N HCI

Sr. No Time Percent cumulative drug released
) ) (h) F1 F2 F3 F4 F5 F6 F7 F8 F9
1. 0 0 0 0 0 0 0 0 0 0
2 1 4.86 2.03+ 173+ 3.24 + 223+ 169+ 5.78 + 8.19+ 11.99 +
) 0.81 0.40 0.29 0.27 0.46 0.52 0.67 0.41 0.13
3 2 21.59 + 15.24 + 10.13 + 14.20 + 9.62 + 5.54 + 10.25 + 14.38 + 19.38 +
) 0.59 0.69 0.41 0.36 0.56 0.54 0.42 0.35 0.35
4 3 30.87 26.84 + 20.92 + 25.63 + 19.08 11.29 + 17.97 + 24.33 + 32.35+
i 0.40 0.52 0.16 0.75 0.67 0.53 0.46 0.52 0.47
5 4 45.84 + 4145+ 34.08 + 37.83 30.80 + 22.76 £ 2731+ 35.40 + 42.27 +
0.33 0.26 0.78 0.13 0.15 0.34 0.13 0.62 0.46
6 5 58.47 + 53.78 + 45.24 + 44.37 + 38.12 + 30.53 + 38.78 + 48.21 + 55.34 +
) 0.53 0.67 0.28 0.19 0.23 0.77 0.72 0.05 0.55
7 6 67.79 = 67.94 + 56.99 + 58.41 + 52.82 + 42.92 + 47.63 £ 56.37 + 68.27 +
0.43 0.37 0.39 0.64 0.36 0.43 0.13 0.15 0.87
8 7 73.08 + 71.65 + 61.05 + 65.15 + 63.02 + 49.57 + 64.37 70.28 75.35
i 0.26 0.82 0.73 0.18 0.20 0.61 0.50 0.24 0.47
9 8 76.12 + 70.29 £ 66.68 + 71.49 £ 65.81 + 60.82 + 75.41 80.27 + 86.28 +
i 0.18 0.18 0.47 0.33 0.49 0.60 0.17 0.16 0.12

For all formulations the dissolution studies weagried out in two set of 6 capsules ezach in
0.1N HCI for 8 hours at 50 rpm in apparatus Il. Tdissolution behaviour and release data
indicated F9 as optimised formulation with desifledting behaviour & release of 86.28% at the
end of 8 hours.
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Figure No.16:- Comparative drug release of F1 to F9

Percent cumulative drug release of

F1to F9

o 100 +

g o =5
£ S40 Fd
= 220 -o—F§
=] —a—F7
o D 1

2 —F§

H) In vivo evaluation for floating behavior:

For In vivo evaluation of floating behaviour, a safe of selected formulation containing barium
sulphate was prepared. The density and floating\aeur of this formulation was compared
with that of F9.

Table No.25 :-Comparison of F9 formulation and banim sulphate capsule

F9 Formulation
Sr. No. Parameters with carbonyl iron

1 Bulk Density (gm/ml) 0.5263 0.5472
Floating behaviour

2 L9

(in vitro)

[1)

F9 formulation with Barium Sulphat

8 hours 8 hours

Density and floating behaviour of barium sulphaterfulation was similar to F9 formulation.
Capsules of formulation containing barium sulphiddated in healthy volunteer under fasted
condition for 6 hours without showing any fragméiata The capsule of plain barium sulphate
of the same density was studied by X-ray in theesaranditions. The capsule had sunk and was
retained for 1 1/2 hours of ingestion.Hence, it bannferred that floating behaviour of capsule
with formulation was because of developed formatatwith the formula.Picture of in vivo
floating behaviour as shown in Figure Na.17

Figure No.17:- In vivo Xray studies of F9 formulatbn containing barium sulphate.

a0 minstes
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2 hours

& hours

CONCLUSION

The difficulties in and need of iron therapy proetbipresent study to develop a formulation of
floating drug delivery system of carbonyl iron.utf the choosen polymers as HPMC K4M,
HPMC K15M, Sodium alginate and Carbopol 934, theitpe and encouraging results in
accordance to the aim have been obtained with HRM® and HPMC K15M. Sodium
bicarbonate has been used as the gas generatimg@agessist the formulation.

The formula has been optimized using factorial glesiThe optimized formulation F9 shows
maximum drug release with good floating behaviowitro. The in vitro floating behaviour has
been further confirmed with in vivo floating behawur of the same formulation.
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Future study
The in vitro and in vivo floating behaviour studiesed to be confirmed by exhaustive in vivo
studies. The in vivo studies in anaemic patienth wespect to iron absorbed as compared to
conventional iron formulation should be taken uppimve advantages of the developed
formulation.

Acknowledgement
The authors are gratefully thankful to JSPM’s Jagiatnao Sawant college of Pharmacy &
Research ,Hadapsar, Pune-28, for giving a lot @drgettable support in the research work.

REFERENCES

[1] Y.W. Chein, Novel drug delivery systems, Chppliblished by Marcel Dekker Inc.

[2] L. Lachman, H.A. Lieberman, J. Kanig ,The Theand Practice of Industrial Pharmacif, 3
edition, Varghese publishing house, Bombay, Pg 430.

[3] G.J. Tortora, S.R.Grabowski, Principles of Asmay and physiology, "8 edition.
HarperCollins Publishers Inc. Pg 767, 783.

[4] N.K. Jain , Progresses in controlled and nairely delivery system, CBS Publishers, Pg 80.
[5] M. Chavanpatil, P. Jain, S .Chaudhari, R .Shearavia,Int J Pharm. 2005304:178-184 .

[6] A.O.Nur, J.S. ZhangPrug Dev Ind Pharm. 200026:965-9.

[7] V.lannuccelli, G.Coppi ,E. Leo ,F. Fontana,M.Bernabei ,Drug Dev Ind Pharm.
200026:595-603

[8] A.Patel,S. Ray,RS ThakurDARU, 200614:57-64.

[9] J. Varshosaz,N. Tavakoli, F. Roozbahadruyg Deliv. 200613:277-85.

[10] Calcium silicate based microspheres of repedgi for gastroretentive floating drug
delivery:Preparation and in vitro characterizatib@ontrol Release, 2005 107,300-309.

[11] Y.Sato, Y.Kawashima, H.Takeuchi, H.YamamaGontrol Release. 200393:39-47.

[12] EA.Klausner, S. Eyal, E. Lavy,M. Friedman , Woffman , J Control Release. 2003
88:117-126.

[13] AK Srivastava,S.Wadhwa , D.Ridhurkar,B. Mishizrug Dev Ind Pharm. 200531:367-
374.

[14] Y.Machida,K. Inouye, T. Tokumura,M. lwata,T,abjai , Drug delivery and design.
1989Vol 4, 155-161.

[15] AH E-Kamel, MS Sokar, SS Gamal, VF Nagdat,J Pharm., 2001220,13-21.

[16] W. Sawicki,Eur.J.Pharm.Biopharm. , 200253, 29- 35.

[17] JK Patel,RP Patel, AF Amin,MM Pat&lAPS PharmSciTech. 2005 6:E49, ES5.
[18]AE-Kamel, M.Sokar,V. Naggar,SA Al GamabAPS PharmSci 20024:1-7.

[19] Ibrahim EI-Gibalynt J Pharm. 2002249:7-21.

[20] AK Srivastava,DR Ridhurkar,S. Wadhwégta Pharm., 200555: 277-285.

[21] L. Whitehead, J.H. Collett, J.T. Fdlht J Pharm. 2000210:45-49.

[22] C.Narendra ,MS Srinath ,G. BalAAPS PharmSciTech ,2006 7: E1-E7.

[23] L.Yang, J. Eshraghi , R. FassibiControl Release, 199957:215-222.

[24] K.Takagi , T.Hasegawa , Y.Ogura ,K Yamaki .SBzuki , T. Satake ,N. Imaeda, Y.
Mizukami, Theo-Dur,Int J Clin Pharmacol Ther Toxicol. 198725:530-5.

[25] S. Stithit, W. Chen, JC Pric&Microencapsulation. 199815:725-737.

[26] S. Arora , J. Ali , A. Ahuja, RK Khar , S. Babta, AAPS PharmSciTech, 20056:E372-
E390.

[27] AA Deshpande,NH Shah,CT Rhodes,W. Malftarm Res.199714:815-819.

[28] NJ Joseph, S. Lakshmi ,A. Jayakrishnalournal Control Release. 200279:71-79.

[29] A. Streubel, J .Siepmann, R. Bodmeibmt,J Pharm. 2002241:.279-292.

391
Scholar Research Library



Ketan Gulabrao Albhar et al Der Pharmacia Lettre, 2012, 4 (1):367-394

[30] A Streubel, J. Siepmann , R. Bodmelax.J.Pharm.Sci. 200318:37-45.

[31] R.Talukder, R. FassihiQrug Dev Ind Pharm. 200430:405- 412.

[32] GL Chen, WH HaoDrug Dev Ind Pharm.199824:1067-72.

[33] Z. Wei, Z.Yu, D. Bi,Drug Dev Ind Pharm. ,2001;27:469-474.

[34] S. Baumgartnerd. Kristl , F. Vrecer , P. Vodopive®. Zorko ,Int J Pharm. 2000;195:125-
135.

[35] BY Choi , HJ Park , SJ Hwang , JB Parknt,J Pharm. 2002239:81-91.

[36] F. Stops , J T Fell , J H Collett , LG MartiriL Sharma , A M Smith Int J Pharm.
2006308:.8-13.

[37] X. Xiaogiang, S. Minjie, Z. Feng , H. Yigiamt J Pharm. 2006310:139-145.

[38] PM De la Torre, G. Torrado, S. Torrado BBiomedical materialsresearch. 72B:191-197.
[39] T. Nakagawa, S. Kondo ,Y. Sasai , M. Kuzuy@hem.Pharm.Bull. 2006 54:514-518.

[40] M. Ichikawa, S. Watanabe, Y. Miyakd.Pharm.&ci. , 1992, 80:1062-1066.

[41] F.Atyabi, HL Sharma, HAH Mohammad Control Release. , 1996 42:105-113.

[42] LH Reddy , RS MurthyCrit.Rev.Ther.Drug Carr.Syst. , 2002 19:553-585.

[43] SJ Hwang , H. Park ,K. ParkCrit.Rev.Ther.Drug Carr.Syst. 1998 15:243-284.

[44] W.Erni, K. Held ,Eur. Neurol. 1987 27 (Suppl 1):21-27.

[45] M. Oth, M. Franz , J. Timmermans, A. MoeBharm Res. 19929:298-302.

[46] J Foldager, H Toftkjor, K Kjomos, Antacid cpwsitions, US Patent 50681080v.26,
1991.

[47] E.A. Klausner, E. Lavy, M. Friedman, A. Hofém,J Control Release. 2003 90:143-162.
[48] J. Urquhart , F. Theeuwes, Drug delivery systeomprising a reservoir containing a
plurality of tiny pills, US Patent 443415Beb. 28, 1984.

[49] J.Chen , WE Blevins , H.Park, K. PatkControl Release. , 200Q 64:39—- 51.

[50] J. Chen, K. ParkJ Control Release , 200065 (1- 2),73— 82.

[51] Y. Huang, W. Leobandung, A. Foss, Peppasontrol Release , 2000,65 (1-2), 63— 71.
[52] R. Groning, M. Berntgen, M. Georgarakigjr. J. Pharm. Biopharm. , 1998 46 (3), 285—
291.

[53] JD Cook, M Carriaga, SG Kahn, BS Skikhancet ,1990, May. 335(8698), 1136-9.

[54] WK Simmons, JD Cook ,KC Bingham , M.ThomasJdckson , M. Jackson , N..Ahluwalia
, SG Kahn ,AWAmM J Clin Nutr. 1993 Nov 58(5):622-6.

[55] Umezawa; Hamao, US Patehit01,650. Pepstatin floating minicapsulés)y 18, 1978

[56] Sheth; R.Prabhakar; Tossounian;L. Jacques, Rafent 4,126,672. Sustained release
pharmaceutical capsules, November X178.

[57] Sheth; R.Prabhakar; Tossounian; L.Jacques Pat®n#4,167,558, Novel sustained release
tablet formulations. September 1879.

[58] Y. Huang, Preparation of amoxicillin intragastbuoyant sustained-release tablets and the
dissolution characteristickControl Release. , 2006 110:581-586.

[59] Z. U. Rahman, M. Ali, R.K .KharActa Pharm., 2006 56:49-57.

[60] Murata Y., N. Sasaki, E. Miyamoto, S. Kawashitda,J Pharm Biopharm. , 200Q 50; 221-
226.

[61] E.Bulgarelli,F. Forni , M.T.Bernabeint J Pharm., 2000198:157-65.

[62] K.Inouye, Y.Machida ,T. Sannan, T.N.Buoydbdtug Des Deliv. 19894:55-67.

[63] Z. Wei, Z.Yu, D. Bi ,Drug Dev Ind Pharm. 200127:469-74.

[64] N. Rouge , E. Allemann, M. Gex-Fabry, L. Bdlak. T. Cole, P. Buri, E. Doelkar,
Pharmaceutica Acta Helvetiae, 1998 73:.81-87.

[65] S. Shimpj B. Chauhan, K.R. Mahadik, A. Paradk&APS PharmSciTech 2004 5:1-6.

[66] P. Sriamornsak N. Thirawong, S.Puttipipatkhachoin, Eur. J Pharm Sci., 2005 24:363—
373.

[67] T. Nakagawa, S. Kondo, Y. Sasai, M. Kuzuyzhem. Pharm. Bull., 2006 54:514—518.

392
Scholar Research Library



Ketan Gulabrao Albhar et al Der Pharmacia Lettre, 2012, 4 (1):367-394

[68] R. Wiwattanapatapeea, A. Pengnoob, M. Kanjanamatigaac,W. Matchavanicha, L.
Nilratanad, A. Jantharangsri&Control Release, 2004 95, 455— 462.

[69] J. Hamdani, A.J. Moes, K. Amighnt J Pharm,2006,322, 96-103.

[70] Y. Diao, XD Tu,Yao Xue Xue Bao. 1991,26:695-700.

[71] Y. Kawashima, T. Niwa , H. Takeuchi, T. Hin®,. Itoh., J Pharm Sci., 1992,
Feb;81(2):135-40.

[72] Finch CA,Amer. J. Clin. Nutr. Vol.22 No. 4,1696 Pg 512-517.

[73] A. Jacobs, PM MilesBrit. Med. J. 19694:778.

[74] Block JH, Roche EB, Soine TO, Wilson CO., lganic medicinal and pharmaceutical
Chemistry. Essential and trace ions. Varghese ghiblj house, Bombay. Pg 215-217.

[75] P.Saltman] Chem Ed. 1965 42;682

[76] RG Sheehan EP FrenkdlClin. Invest., 1972 51:224.

[77] E. DeMaeyer,M. Adiels-Tegmawmyorld Health Sat. Q.198538:302-316.

[78] ICMR Bulletin. 200Q 30.

[79] Sakal newspapeAug. 302006.

[80] CA Finch,Amer. J. Clin. Nutr.1969 22; Pg 512-517.

[82] TH Bothwell , RW CharltonAnn. Rev. Med. 197Q21:145.

[82] www.reade.com

[83] ISP Ferronyl® iron brochure. Pg. 5

[84] Product specifications Methocel K4M Premium. E@lorcon Asia Pvt Ltd.

[85] Methocel K15M Premium EP. ,Colorcon productafications.

[86] ISP Technologies Inc. ISP alginates. Keltod CR KTLVCR 100DR. Certificate of
analysis

[87] R.C. Rowe, PJ Sheskey,PJ Weller, Carbomeidémdbook of Pharmaceutical excipients.
4" ed. Published in India by KM Varghese Companyni¥ai. Pg 86.

[88] H. G. Brittain, A. W. Newman ed., Micromerisic In: Physical Characterisation of
Pharmaceutical Solids.. Marcel Dekker Inc1995275.

[89] A. Martin, P. Bustamante, ed. Solubility andstbibution Phenomenia: Physical
Pharmacy.Baltimore,Maryland2001213.

[90] Indian Pharmacopoeia 1996 Vol. |, Publishedh®yGovernment of India. Pg 406.

[91] R.C. Rowe, P.J. Sheskey, P.J .Weller, Hyprtmsel In: Handbook of Pharmaceutical
excipients. 4" ed. Published in India by KM Varghese Companynidai. Pg 297.

[92] R.C .Rowe, P.J. Sheskey, P.J. Weller, Sodilgmate. In: Handbook of Pharmaceutical
excipients. 4" ed. Published in India by KM Varghese Companynidai. Pg 512.

[93] Brittain Harry G, A.W. Newman ed., Micromeag$. In: Physical Characterisation of
Pharmaceutical Solids.. Marcel Dekker Inc1995 278.

[94] K. M. Manjanna, B. Shivakumar, T. M. PramodlamnArchives of Applied Science
Research, 2009 1 (2) 230-253.

[95] P. Mathur, K. Saroha, N. Syan, S. Verma , V. Kumfachives of Applied Science
Research, 201Q 2 (2):257-270.

[96] R. Pahwa, H. Dutt, V. Kumar, K. KohlArchives of Applied Science Research, 201Q 2
(5):92-105.

[97] M. Chandira, Bhavesh, B. S. VenkateshwarluJ8yakar, D. Bhowmik, Chiranjib, K. P.
Sampath Kumamer Pharmacia Lettre, 2009 1 (2) 102-114.

[ 98] A. K. Joshi, T. J. Mehta, M. R. Patel, K. R. PakIM. Patel Der Pharmacia Lettre, 2011
3 (5) 189-201.

[99] M. Chandira, Chandramohan, Debjit, Chiranjh, Jayakar, K. P. Sampath Kum&er
Pharmacia Lettre, 20091(2)25-38.

393
Scholar Research Library



Ketan Gulabrao Albhar et al Der Pharmacia Lettre, 2012, 4 (1):367-394

[100] S. Lingaraj,Danki, R.U. Maind, S. A.Raju,MP. Reddy Development and in vitro
evaluation of gastroretentive drug deliverysystdrhasartan Potassiuner Pharmacia Lettre,
2011 3(3): 1-22

[101] A. Sayeed, M. B.Kinagi, M. H. Mohiuddin, Sa@a, S. NoorullaDer Pharmacia Lettre,
2011, 3(1): 121-137.

[102] K. Kancharla, B. V.Basavaraj, S. Bharath[Rveswaran, V. MadhavabBer Pharmacia
Lettre, 2011, 3(2): 238-245.

[103] S. V. Shirolkar, M. G. Tawar, N. S. Gandhi, Bl Deore.,Der Pharmacia Lettre, 2010Q
2(5): 261-277.

394
Scholar Research Library



