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Abstract

Tablet can be Utilized for precise delivery of dsugnd reduce the drug concentrations at sites okiagr the
target organ. The present study performed Igpgration and evaluation of floating tabletsRamipril as
model drug. For prolongation of gastric resideniceetfloating effervescent tablets were formulated arious
materials like. hydroxypropyl methyicellulose (HPM®& 4M, K 15M, K 100M and micro crystalline cellide
and gas generating agent like sodium bicarbonadecaaluated for floating properties, swelling cleéesistics and
drug release studies. In vitro drug release studiee performed and drug release kinetics evaluatidg the
linear regression method was found to followthbdhe Higuchi and the Korsemeyer Peppas tequalhe
drug release mechanism was found non-fickian tgpmast of the formulations. The developed floatialglets of
Ramipril may be used in clinic for prolonged drigdease for at least 12 h, thereby improving thenmdability
and patient compliance.
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Introduction

Ramipril inhibit angiotensin converting enzyme (ACE  The Controlled gartric rentention of solid dosage
conversion of angiotensin | to the vasoconstrictor pgatation,  Sedimentation and  simultaneous

stimulates aldosterone secretion by the adrenaéxor  Gastrorententive floating drug delivery  system

thus inhibition of ACE results in decreased plasma GRFDDS) has bulk density lower than gastric fluids
angiotensin II, which leads to decreased vasopressogng thus remains buoyant in the stomach without
activity and to decreased aldosterone secretior Th sffecting the gastric emptying rate for a prolonged
latter decrease may result in a small increasefions  period of time. While the system is floating on the
potassium. Ramipril have dose proportional over thegasric content, the drug is released slowly aésired

2.5 - 20 mg dose range. The absolute bioavail&@silit ~ rate from the system. Floating drug delivery syste

of Ramipril were 28 %, when 5mg of oral Ramipril offer important advantages: as they are lessnep
was compared with the same dose of Ramipril giveny, gastric emptying resulting in reduced ingred
intravenouslyBeing weak acid PKa — 3.41, Ramipril - jnter-subject variability in plasma drug levelsteetive

is well absorbed from the upper portion of the for delivery of drugs with narrow Absorption
duodenun. _ windows, reduced dosing and increased patient
The aim of this work was to prepare and compliance, reduced Cmax and prolonged drug levels
evaluate the Ramipril once daily sustained E#ea aphove the minimum effective concentration, and

tablets and to compare them with marketedmproved safety profile for drugs with side-effects
products. Wet granulation method was adopted for

the preparation of tablets using different mamt ~ @Ssociated with high Cméx

polymer excipients namely; hydroxypropyl methyl Material and Methods

cellulose K4M/K15M/K100M, microcrystalline Ramipril was received as a gift sample from Bal
cellulose (pH 102), sodium bicarbonate, povilon Pharmaceuticals Pvt. Ltd.Bengaluru, hydroxypropyl
(PVPK-30), isopropyl alcohol magnesium stearate methylcellulose (HPMC K4M, K15M, K100M),

and talcum. microcrystalline cellulose (Avicel PH 101) were

obtained as a gift samples from S D Chemicals,
* Corresponding Author Mumbai, India. Sodium bicarbonate, PVP K30,
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other chemicals used were of analytical grade. cm™.

Tablets were prepared by conventional wet
granulation method. The various excipients usedewer
listed in Table 1(Effervescent System). Ingredients
except glidants and lubricant were thoroughly mixed
and passed through sieve no. 60. Granulation was do
with a solution of calculated quantity of PVP K30

Effervescent system

On immersion in 0.1 N HCL, pH 1.2 soluticat
37+ 0.5 °C all floating effervescent tablettoat
immediately and remain buoyant up to 12h without
disintegration. Sodium bicarbonate was added as a

(binding agent) in sufficient isopropyl alcohol gas-generating agent. Sodium bicarbonate induced

ranulating agent). The wet mass was passed throu cgrbon. dioxide_ generatiot’ g the presence of
Si]eve no. 912 gnd)dried at 50 °C for 2ph. The driegmssoluuon medium (0.1N .HCL). It was observed
granules were lubricated with magnesium stearate an that theigSegginerated is *(lagid and protected

talc and compressed into tablets using singleostati within the gel, formed .by hydration of polymer
tablet punch machine with 8 mm cancave faced (methocel), thus decreasing the density of theetabl
punches$:5” below 1 and tablet becomes buoyant.

Floating properties The tablets with low-viscosity grade methocel K4M

The time taken for tablet to emerge on surface ofe)_(T:bi]Eed slho_rt fhating I_ag timr? §]255_) as_compa(;ed
; ; ; ; th formulations containing high viscosity grade
medium is called the floating lag time (FLT) and Wi T
duration of time the dosage form to constantly methocel K15M (42s) and K100M(60s). This indicated
Fongin oMesuratERof A Bl alled the total that the molecular weight distribution or viscosi§

floating time (TFT). The buoyancy of the tabletsswa the gel-forming polymer methocel influenced the in
studied in Dissolution apparatus at 37+0.5 °C i® 90 vitro buoyancy.

ml of 0.IN HCL (pH 1.2) the measurements were It was found that increasing the concentration of
carried out for each formulation of tablets. Thediof ~ HPMC act as a swelling agent which is capable of

duration of floatation was observed visudlly swelling when coming into contact with simulated
Water uptake study : gastric fluid. Three different concentration of bawere

It is important parameter for determining the singll formulated as the concentration of HPMC increase as

of the polymers by their ability to absorb wateheT 40\mg, 60 mg, 80 mg the (drug release after 12 hrs

water uptake (WU) study of the tablets was donagusi L%uggara:?ivelt;/ego%?jcrgﬁsss%.luti?npl\grc(:) fiInggotlz/(I)mgjrveed
USP 24 dissolution apparatus Il. The medium used .
was 0.1 HCl, 900 ml at 3740.5 °C rotated at 50 © HPMC K4aM, HPMC K15M after 12 hrs despite

rpm. After predetermined intervals the tablets were presence of high viscosity grade which sustained th

withdrawn blotted to remove excess water and drug reIe_ase. f L%Mgetermdlne elifect off valrlo_us
weighed® Swelling characteristics of the tablets were concentraigi o Pri dRg e CRSt SOl AN
expressed in terms of water uptake. having 40 mg, 60mg and 80 mg were prepared. From

WU%= (weight of the swollen tableinitial weight of tﬂe disso'““"”.pmf”? E;ﬁ%"bf‘er"b‘*d th";t ‘”s'iﬂ?
tablet) X 100/ initial weight of the tablet. the concentigiign o , the Durst"Gegll reggase

Invitro drug release study and on 12 hrs release rate of drug was decreased.

The drug release studiy of Ramiprii was determined High HPMC contents result in a greater amount of

spectrophotometricallyising USP paddle dissolution gel being formed. This_gel increases diffusion path
apparatus in 900 mi of 0.1 N HCL at 37+0.5°C length of the drug. Its viscous nature also affels

rotated at 50 rpm. The Samples were withdrawn a’[.difoSion coefficient of the drug. As a resultredon

predetermined time intervals each time fresh media'” drlug. relefa(ljse 5 olbtameg.
was replaced in same amount. Sample absorbance wi Ea 3:13'5 = Irug redea:se gle ored for th ¢
measured spectrophotometrically at a Wavelength of' "€ drug release data were explored for the type o

210 nm.2° release mechanism followed. The best fit with the
' . : highest determinatior®® coefficients was shown by
Results and Discussion both the Higuchi and first order models followed by

Preformulation  study and drug excipients zero order which indicate the drug release
compatibility study was done initially and results diffusion mechanism.

directed the further course of formulation. IR In controlled or sustained release formulation
Spectra studies revealed that the drug ane t diffusion, swelling and erosion are the thremst
polymers used were compatible shown in the figure important rate controlling mechanism followed. The
are in the range of Ramipril i.e. 3464.681", 3280.72 drug release from the polymeric system is mostly by
cmi', 936.52 crit, 2865.78 crit, 1743.35 ¢, 1652.71  diffusion and best described by fickian diffusidut
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swelling for prolonged drug release, thereby improving the
relaxation ofbioavailability and patient compliance.

polymers chain, imbition of water causing polymers References

to swell and changing them from initial ghas®
rubbery state. Due to swelling considerable vaum
expansion takes place leading to moving diffusion
boundaries complicating the solution of Fick's
second law of diffusion.

So to explore the release pattern, results ofithe
vitro release data were fitted to Korsmeyer Peppas

equation Mt/Moozktn, where Mt/Mwis the fraction of
drug released after timiein respect to amount of drug
released at infinite timek is the rate constant andis

the diffusion exponent) which characterize the
transport mechanism. This equation is a
generalization of the observation that supsego
two apparently independent mechanism of drug
transport, fickian diffusion and a case Il trangpo
describes drug release from a swelling polymer.
The value ofn gives an indication of the release
mechanism; When n=1, the release rate is
independent of time (Zero order) (case Il trangport
n=0.5 for fickian diffusion and when between 0.5 and
1.0, diffusion and non-fickian transport are
implicated. Lastly whem is more than 1.0 supercase
Il transport is apparent.n* is the slope value of
logMt/Mvs. log time curve. The value ofi with
regression coefficient for all the formulations is
shown in Table 2.

The values ofn were in the range of 0.6287 to
0.9122, indicating non fickian release governed by
the drug diffusion. However, it indicated by the
values ofR? both of the models (Higuchi and Peppas)
were found to be efficient in describing the retead
Ramipril from the floating tablets.

Conclusion

We concluded that HPMC different viscous grades in
combination with microcrystalline cellulose can be
promising polymers for effervescent gastroretentive
drug delivery system. Swelling studies indicate
significant water uptake and contributed to drug
release and could be significant in gastric retemti
The formulations followed Higuchi kinetics whileeth
drug release was found to be diffusion controll€te
developed floating tablets of Ramipril may be used
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Table 1: Ramipril in effervescent system
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Ingredients (mg/tablet)
FL| F2 | F8 | F4 | F5 | F6 | F7 | F8 | F9
Drug 5 5 5 5 5 5 5 5 5
HPMC K4M 40 60 80 - - 7 - - -
HPMC K15M - - - 40 60 80 . - -
HPMC K100M - - - - - - 40 60 80
Microcrystalline Cellulose 110 90 7( 110 9D 70 1110 90 70
Sodium Bicarbonate 30 30 30 30 30 30 30 30 30
PVP K30 10 10 10 10 10 10Q 1( 10 10
Mg Steareate 2.5 2.5 2.5 2.5 2,5 2.5 2.5 25 2.5
Talc 25 25 2.5 25 2.5 2.5 2.5 25 2(5
Total 200 200 200 200 200 200 200 200 200
Table 2: Kinetic of invitro release from floating tablet of Ramipril
Higuehi's Koresmeyer plot
Code Zeroorder (Rz) First order (R2) PIot(RZ) )
& (R%)
F1 0.9271 0.9061 0.9936 o 0.6287
F2 0.9743 0.9167 0.9787 0.9894 0.712¢
F3 0.9916 0.9561 0.9862 0.9985 0.9122
F4 0.9934 0.9770 0.9935 0.9916 0.8315
F5 0.9918 0.9638 0.9763 0.9962 0.7723
F6 0.9951 0.9713 0.9819 0.9989 0.6318
F7 0.9451 0.9913 0.995(@ 0.9939 0.6462
F8 0.9929 0.9790 0.99472 0.9912 0.8304
F9 0.9756 0.9916 0.9967 0.9961 0.7248

Fig. 1: IR Spectra of A.Ramipril, B. drug and HPMC K4M, C. drug and HPMC K1 5M, D. drug and HPMC
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Fig. 2: Swelling index at the end of 12hrs
100. -
90. = _Blel
——F1
80.
—B—F2
70.
——F3
oz 60
S so w4
=X A0. —e—F5
30. —0—F6
20. —F7
10. ——F8
0. '-_" T T T T T T 1 F9
0 2 4 6 8 10 12 14
Time(hrs)

Fig. 3: Invitro release from floating tablet of Ramipril
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