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ABSTRACT

Captopril an ACE inhibitor has been used widely tbe treatment of hypertension and
congestive heart failure. The drug is freely wageluble and has elimination half life after an
oral dose of 1.7 to 2 hr. It is stable at pH 1.2as the pH increases the drug becomes unstable
and undergoes a degradation reaction. Two viscagi#ges of Hydroxy propyl methyl cellulose
(HPMC4000 and 15000 cps) and carbopol 934p wered use prepare captopril floating
capsules. In vitro dissolution was carried out id ® hydrochloric acid at 37°C £ 0.5°C using
USP apparatus method. Compared to conventionaletaplrelease of captopril from these
floating capsules was apparently prolonged; as sule an 8hr controlled-release dosage form
for captopril was achieved. Drug release best @ittbthe Higuchi model and the Korsmeyer and
Peppas model, followed by zero order kineticsirgtof the release data to the Korsmeyer and
Peppas equation was found that, the drug release aa 6hr (%) ranges from 29.49 + 3.58 to
57.34 + 1.842, the diffusion coefficient (n) rangesm 0.24 + 0.037 to 0.62 = 0.069. These
results indicated that, the release mechanism isdiffusion. Higuchi release model also
indicated that the mechanism of drug release idifiysion.

Keywords: captopril, floating, HPMC, carbopol, optimizatiorelease kinetics, diffusion and
control release.

INTRODUCTION

Captopril is a selective angiotensin convertingyemz (ACE) inhibitor used in the treatment of
hypertension and in the treatment of various cdont of cardiovascular disease. Maintenance
of a constant plasma level of a cardiovascular dsugnportant for the desired therapeutic
response. Since the half-life of captopril is ab®t® hours, multiple doses need to be taken in
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order to maintain a constant plasma concentratbtorafgood therapeutic response. Controlled
release dosage forms of captopril will help in,ugidg the number of doses and maintenance of
constant plasma concentration with a single doswuirastration. Captopril is reported to be
unstable in the colon and therefore a gastric tetedrug delivery system of the drug is better in
achieving a good therapeutic response.

Keeping the above fact in view the present wordimsed at preparing different gastric retention
formulations of captopril using different low detysipolymers. The composition of these
formulations was selected by using optimizatiorhtégue.Effect of various factors like drug to
polymer ratio, polymer to polymer ratio, and polynggade on the response parameters like
duration of buoyancy, ols and release rate co-efficient was studied. Relestsepattern of drug
from the design formulations was determined andnftbe obtained data mechanism of drug
release was proposed and to conclude the mechahidmg release rate kinetics.

MATERIALSAND METHODS

Table 1: Materials

Materials Sources
Captopril IP Gift Sample from Wockhardt Laboraés;i Mumbai
Hydroxy propyl methyl cellulose 4000 cps Zydus TadBangalore. (Gift Sample)
Carbopol 934 p Loba Chemie, Mumbai
Lactose Monohydrate Nice Chemicals Pvt. Ltd., Muimba
Sodium bicarbonate Nice Chemicals Pvt. Ltd., Mumbai

Experimental Design:

Factorial design is an experimental design techeidpy which the factors involved and their
relative importance can be assessed. In the presedy, the runs or formulations, which are
designed based orf &ull factorial design containing 2 factors evakgiat three levels and the
experimental trials were, performed at all posstdambinations.

The two independent formulation variables evaluatetiide (table 2)

Table 2: RunsDesigned In Actual Valueand Coded Values

Coded values
Standard | Runs Type Factor A | Factor B

1 1 Fact -1 -1
8 2 CentEdge 0 1
5 3 Center 0 0
6 4 CentEdge 1 0
4 5 CentEdge -1 0
9 6 Fact 1 1
10 7 Center 0 0
7 8 Fact -1 1
3 9 Fact 1 1
2 10 | CentEdge 0 -1

Factor A: Amount and type of HPMC4(X0, 0.5, 1)
Factor B: Amount of carbopol ¢X (0, 20, 40)
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Two viscosity  grades of hydroxy propylmethyl cése, HPMC 4000 cps (HPMC 4K) and
HPMC 15000 cps (HPMC15K), were used in formulataod their concentration was chosen
arbitrarily. This factor was expected to give thige& of change in viscosity of hydroxy
propylmethyl cellulose on response parameters. HRWE chosen as a polymer because of its
swelling property and the various viscosity gradesiPMC were reported to have duration of
buoyancy for more than 20 hours in 0.1 HCI (den%i33 g/ml), as well as in distilled water.
Amount of HPMC is at three levels as 0, 0.5 an@,lindicates presence of 200 mg of HPMC
4k, 0.5 indicates presence of HPMC 4k and 15k d&hmg, and 1 indicates the presence of
200 mg of HPMC 15k.Three levels of carbopol 0,2@ 40 were used as factor B.

The drug content was calculated to 12.5 mg basetherbiological half-life and minimum
effective concentration and elimination rate contstemount of carbopol was chosen as factor B
because of its swelling and adhesive propeftjulBfactorial design was considered, according
to the model totally 10 experiments were conductétth two replicates of center point.The
capsule weight was fixed at 300 mg. In order tonmeén the capsule weight constant, lactose
was used as a diluent that does not interfere théHloating properties of the capsule.

Formulation of capsules:

The ingredients and drug were passed through 12@sh. In each formulation, drug and the
ingredients were manually blended homogeneouséy nmortar and 300mg of mixture are filled
in a ‘00’ size gelatin capsules. (Table 3)

TableNo. 3: Model Formulafor Floating Capsules

Sl. No | Ingredients Quantity per capsulg Percentage
(300mg)
1. Captopril 12.5 mg 4.16 %
2. Hydroxy propyl methyl cellulos¢ 100-200 mg 33.3680
3. Sodium bicarbonate 20 mg 6.6 %
4. Carbopol 20-40 mg 6.6-13.33 %%
5. Lactose (diluent) to make 100 mg 100 %

Table 4: Drug content values for the formulations, label claim for the drug = 12.5 mg /capsule.

Formulations/Runs At;\s&rgasnlge* Amou?;]gfl(ésgégf)er;l (DF) %Drug content
1 0.9005 + 0.126 12.65 101.2
2 0.9071 + 0.098 12.75 102.00
3 0.9172 + 0.054 12.89 103.12
4 0.8875 + 0.021 12.47 99.76
5 0.9230 + 0.048 12.97 103.76
6 0.8959 + 0.110 12.59 100.72
7 0.9001 + 0.09( 12.65 101.20
8 0.8880 + 0.058 12.48 99.84
9 0.9285 + 0.011 13.05 104.4
10 0.8957 + 0.064 12.59 100.72

*Average absorbance of 3 trials, SDStandard deviation
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Evaluation parameters:

Drug content estimation:

Accurately weighed quantity (300 mg) of formulatifequivalent to 12.5 mg of captopril) was

taken into a beaker and 50ml of 0.1 N HCI was added stirred for 2 hrs. The solution was

filtered through whatman filter paper No. 40, idl00ml volumetric flask. The volume was

made up with a 0.1 N HCI. From the above solutioml %as pipetted into a separate 25ml

volumetric flask and volume was made up with 0.H@I. The absorbance was measured at
219.6 nm. The drug content was calculated by uiadollowing equation.(Table 4)

Amount of drug present = absorbancmtercept/ slope x dilution factor
Dilution Factor = 25 x 50/ 2 x 1000 / Aver. amt.dvfig x 100

Duration of buoyancy

Duration of buoyancy was observed simultaneouslgmwthe dissolution was carried out. The
time taken for the capsule to sink to the bottons wated, this gives the buoyancy of the
capsule.

Weight Variation
20 Capsules were selected randomly from the lotvegidhed individually to check for weight
variation. IP limit for weight variation in case cpsules.

In vitro release profile
USP XXII dissolution test apparatus Il was usede Thpsules were placed in the dissolution
vessels fitted with paddles.

900 ml of 0.1 N hydrochloric acid solution (pH 1\#as taken into the jar as dissolution medium
and temperature was maintained af & The paddle was rotated at 50 rpm. 5ml of the
dissolution medium was withdrawn at pre determimgdrvals and fresh dissolution medium
was replaced. The samples withdrawn were analygdédhbmethod at 219.6 nm against reagent
blank (0.1 N HCI).

Table5: Dissolution data for the optimized formulation

Time | Abs. * | Concn. Amt Amt CLA | CDR | CDR | SEM
(hrs) (mcg/ml) | (mg/5ml) | (mg/900ml) | (mg) | (mg) (%) (+)
0.160| 0.017| 0.328 0.002 0.295 0.000 0.295 2.349 8509
0.330| 0.028 | 0.575 0.003 0.517 0.007 0.524 4,171 4015
0.50 | 0.119| 2.631 0.013 2.368 0.010 2.378 189190521
1.0 0.159 | 3.527 0.018 3.174 0.0p3 3.198 25.438 50134
2.0 0.261 | 5.844 0.029 5.260 0.041 5.300 42.0166 61,39
3.0 0.350 | 7.855 0.039 7.070 0.0f0 7.140 56.799 £0\53
4.0 0.392 | 8.808 0.044 7.927 0.1p9 8.036 63.931 60,85
5.0 0.420 | 9.434 0.047 8.491 0.1p3 8.644 68.769 10,59
6.0 0.493 | 11.084 0.055 9.975 0.200 10.176 80955721
7.0 0.529 | 11.898 0.059 10.708 0.256 10.964 87{22692(
8.0 0.582 | 13.104 0.066 11.794 0.315 12.109 96(332361

*Average absorbance of 3
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Table 6:Release profile datafor Formulation

Time | Abs* Concn. Amount Amount CLA CDR CDR SEM
(hrs) (mcg/ml) (mg/5ml) (mg/900ml) (mQ) (mg) (%) (D
0.10 | 0.199 4.4412 0.0222 3.9971 0 3.9971 31.748 710.4
0.20 | 0.216 4.8258 0.0241 4.3432 0.02p2 4.36%4 34,670.219
0.30 | 0.318 7.1335 0.0357 6.4201 0.04p3 6.4665 21.361.893
1.0 0.371 8.3326 0.0417 7.4993 0.0§2 7.5813 60.217.751
2.0 0.411 9.2376 0.0462 8.3138 0.1287 8.4375 67.012.124
3.0 0.44 9.8937 0.0495 8.9043 0.1699 9.0742 72.074.321
4.0 0.492 11.07 0.0554 9.9631 0.2193 10.182 80.872.014
5.0 0.532 11.975 0.0599 10.778 0.2747 11.052 87.78a.302
6.0 0.578 13.016 0.0651 11.714 0.3346 12.049 95.701.089
7.0 0.584 13.152 0.0658 11.836 0.3996 12.236 97.184.643
8.0 0.602 13.559 0.0678 12.203 0.4654 12.668 100.62.981

Graph 1 Dissolution profile of formulations 7-10
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Statistical Analysis

The release rate constant and diffusion coeffioiere obtained after fitting the release rate data
to Korsmeyer and Peppas model (curve fitting). Efffect of formulation variables on the
response variables were statistically evaluateddplying one-way ANOVA at 0.05 level using
a commercially available software package desigexperiments® 6.05 (Stat Ease, USA). The
design was evaluated by quadratic model, whichsbrer form of equation (M= by + by X1+

by Xo+ bz X1 Xo+ b4X12+ b5X22

Where y is the response variable, the constant andip by, bs...bs are the regression
coefficients. X and X% stand for the main effect; X, are the interaction terms, show how
response changes when two factors are simultaneochahged. X, X,? are quadratic terms of
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the independent variables to evaluate the non4ityed he results of this analysis are presented
in the Table No 21 & 23.

Using the regression coefficient of the factore olynomial equation for the response is
constructed. Significantly contributing factors ardy considered for the equation generation.

Table7: ANOVA for selected response surface quadratic model

Sour ce Sum of | DF Mean Squares | F Value Prob > F
Squares

Model 0.062 5 0.012 29.34 0.0030*

A 0.022 1 0.022 52.30 0.0019*

B 0.034 1 0.034 80.19 0.0009*

A2 5.498E-004 1 5.498E-004 1.30 0.3184

B2 1.493E-004 1 1.493E-004 0.35 0.5848

AB 5.213E-003 1 5.213E-003 12.29 0.0248*

Residual 1.696E-003 4 4.241E-004 - -

Lack of Fit 1.635E-003 3 5.449E-004 8.85 0.2412

Pure Error 6.160E-005 1 6.160E-005 - -

Cor Total 0.064 9

*Statistically significant atx < 0.05

Std. Dev. 1.05 R-Squared 0.9864
Mean 86.74 Adj R-Squared 0.9693
C.vV. 1.21 Pred R-Squared 0.9017

PRESS 31.89 Adeq Precisio21.384

RESULTSAND DISCUSSION

The models for captopril release at 6hr were fotmbe significant with a probability value of
0.0008, a high Rvalue of 0.9864 indicates the adequate fittinghef quadratic modeln this
model, factor A, B, A2, and AB were found to bengfigant. As the type and amount of polymer
(X1) was increased, the amount of drug release atvBhrfound to be decreased. This decrease
may be attributed due to increased density of walen hydrogel network, which contributes
more hindrance for the drug diffusion and consetjyetecreases the release rathe relation
ship between the variables was further elucidajedsing Response Surface Plots. The response
surface models for Y1 are shown in graph: 7a andf 2, is kept low level (HPMC 4K) and X2
(carbopol) was increased from 0 to 40 mg, percésit drug release at 6hr was found to be
increase from 84.013 to 85.630 %. But, in presaiddPMC15k the percent release rate at 6hr
was found to decrease from 83.165 to 77.578 %hearmount of carbopol was increased from O
to 40 mg.Such a behavior of decrease in the drug releaghratvas attributed due to the
formation of gel layer with higher viscosity of goter matrix, which in turn drug diffusion is
controlled by the penetration of the liquid througle gelled matrix. Similarly, as the viscosity
grade of HPMC was increased from 4 k to 15 k bypkeg 40 mg of carbopol, the percent drug
release at 6hr was found to be decreased from @3630 77.578 %, which may be due to
increased strength of the gelled matrix.
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CONCLUSION

Captopril is an example of a drug, which is degdaidecolon. The gastric retentive drug delivery
devices may be used for sustained and controlled deelivery of such drugs. From the results it
can be concluded that, as the polymer ratio ineeas the formulation the release decreases
which may be due to increased strength of the getixnof the HPMC. Similarly, presence of
carbopol in the formulation also decreases the delgase, which may be attributed due to
increased imbibition of water into polymer. Simijarincreases the swelling of carbopol which
holds the water inside the matrix and thus deceetise release of drug from the dosage form.
Further it is concluded that, by the applicatioropfimization technique, optimized formulation
can be obtained with minimum expenditure of timel amoney. Gastric retention time can be
increased for a drug like captopril, by formulatibgn a floating dosage form, which enhances
the absorption of captopril in the stomach hengengithe desired pharmacological effect.

Thus the objective of my work of formulating a flvey dosage form of captopril by using

optimization technique has been achieved with sscclence, the so developed formulation
holds promising for other drugs which has an alsmrpwindow in the upper part of the

stomach.
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