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Abstract:

In the present study nine formulations with variable concentration of polymers
(HPMC-K100, HPMC-K4) were prepared by direct compression method and
evaluated for physicochemical properties, buoyancy lag time, total floating time, and
in-vitro drug release. The results indicated that optimized formulation F 6 on
immersion in 0.1N HCI solution at pH 1.2 & 6.8 pH phosphate Buffer at 37+0.50C
tablets immediately and remain buoyant up to 12 hrs without disintegration. These
two factors are essential for the tablet to acquire bulk densit y < 1, so that it remains
buoyant on the gastric fluid. The In vitro drug release data of the optimized
formulation was subjected to goodness of fit test by linear regression analysis
according to zero order, first order kinetic equation, Higuchi’'s and Korsmeyer’s
models in order to determine the mechanism of drug release. When the regression
coefficient values of were compared, it was observed that ‘r’ values of Higuchi was
maximum i.e 0.978 hence indicating drug release from formulations was found to
follow Higuchi kinetics. In vitro data obtained for matrix tablet of Nifedipine showed
prolonged drug release. Tablets of different release kinetics could be obtained by
varying the formulation variables. Thus, Nifedipine is most suitable drug candidate
for the Antihypertension. Based on the above considerations, formulation F6 was
selected as optimized formula, a perusal of table indicated that the parameters of

Matrix Tablet were satisfactory for the intended use.
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INTRODUCTION

Present peroral sustained release drug delivery systems are for a maximum of 24 hours clinical
effectiveness. Such systems are primarily for the drugs of short elimination half lifel. However, also

drugs with long half-life qualify if a reduction in steady state fluctuation is desired.

With many drugs, the basic goal of therapy is to achieve a steady-state blood level or tissue level
that is therapeutically effective and non-toxic for an extended period of time. To achieve better
therapeutic action various type of drug delivery systems are available, out of which sustained
release systems are gaining much importance because of their wide advantages over others like

ease of administration, convenience and non-invasiveness.

Oral route is the most commonly employed route of drug administration. Although different route
of administration are used for the delivery of drugs, oral route remain the preferred mode. Even for
sustained release system the oral route of administration has been investigated the most because of

flexibility in dosage forms design that the oral route offers.

Hypertension and angina pectoris, the most common cardiovascular diseases, require constant
monitoring. Calcium channel blockers are presently considered an important class of drugs for
hypertension and angina pectoris. Successful treatment of these diseases means maintenance of
blood pressure at a normal physiological level, for which a Constant and uniform supply of drug is
desired. Hence in present study work an attempt has been made to develop sustained release
matrix tablet of anti-hypertension drug by using a hydrophilic matrix polymers. The treatment of
acute disease or chronic illness has been achieved by delivery of drugs to the patient for many
years. these drugs delivery systems include tablet, injectables, suspensions, cream, ointment,

liquids, aerosols etc. Today these conventional drug delivery systems are widely used.

A drug delivery system (DDS) is defined as a formulation or a device that enables the introduction
of a therapeutic substance in the body and improves its efficacy and safety by controlling the rate,
time, and place of release of drugs in the body. This process includes the administration of the
therapeutic product, the release of the active ingredients by the product, and the subsequent
transport of the active ingredients across the biological membranes to the site of action. The term
therapeutic substance also applies to an agent such asgene therapy that will induce in vivo

production of the active therapeutic agent. Drug delivery system is an interface between the
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patient and the drug. It may be a formulation of the drug to administer it for a therapeutic purpose
or a device used to deliver the drug. This distinction between the drug and the device is important,
as it is the criterion for regulatory control of the delivery system by the drug or medicine control
agency. If a device is introduced into the human body for purposes other than drug administration,
such as therapeutic effect by a physical modality or a drug may be incorporated into the device for
preventing complications resulting from the device, it is regulated strictly as a device. There is a
wide spectrum between drugs and devices, and the allocation to one or the other category is
decided on a case by case basis. Sustained release (SR) preparations are not new but several new
modifications are being introduced. They are also referred to as “long acting” or “delayed release”
when compared to “rapid” or “conventional” release preparations. The term sometimes overlaps
with “controlled release,” which implies more sophisticated control of release and not just confined

to the time dimension.
The following are the rationale of developing SR

1. To extend the duration of action of the drug

2. Toreduce the frequency of dosing

3. To minimize the fluctuations in plasma level

4. Improved drug utilization

5. Less adverse effects

Advantages of sustained release dosage forms:

1. The frequency of drug administration is reduced.

2. Patient compliance can be improved.

3. Drug administration can be made more convenient as well.

4. The blood level oscillation characteristic of multiple dosing of conventional dosage forms
is reduced.

5. Better control of drug absorption can be attained, since the high blood level peaks that
way be observed after administration of a dose of a high availability drug can be reduced.

6. The characteristic blood level variations due to multiple dosing of conventional dosage

forms can be reduced.

Shamim Akhtar Formulation and optimization of sustained release matrix tablet of nifedipine using different grades of HPMC
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7. The total amount of drug administered can be reduced, thus:
Maximizing availability with minimum dose;
Minimize or eliminate local side effects;
Minimize or eliminate systemic side effects;

Minimize drug accumulation with chronic dosing.

8. Safety margins of high potency drugs can be increased and the incidence of both
local and systemic adverse side effects can be reduced in sensitive patients.

9. Improve efficiency in treatment.
Cure or control condition more promptly
Improve control of condition
Improve bioavailability of some drugs
Make use of special effects; e.g. sustain release aspirin for morning relief of arthritis
by dosing before bed-time.

10. Economies.
SUSTAINED RELEASE

In practice, very few of the applied systems embrace all of these actions. In most cases, the
release systems create constant concentration of drug within the body over an extended period
of time. The assumption is that there is steady state drug levels in plasma and in target tissue or
cells are correlated. Ideally, it is desirable to place the drug at the target, be it a tissue, a
population of cells or receptors, leaving the rest of body drug free. Obviously this would be quite
difficult, especially if the target is sheltered from systemic circulation by various barriers. For
example, drug targeting to the brain via systemic administration is severely limited by
selectivity of the blood-brain barrier. Figure 1 and 2 shows comparative blood level profiles
obtained from administration of conventional, controlled, and sustained release dosage forms.
The conventional tablet or capsule provides only asingleand transient burst of drug. A
pharmacological effect is seen as long as the amount of drug within the therapeutic range.
Problems occur when the peak concentration is above or below this range, especially for drugs
with narrow therapeutic windows. Indeed, prolonged release dosage forms reduce fluctuations in

plasma drug levels by slowing down the absorption rate due to slower drug release rate.
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The term “sustained release” is known to have existed in the medical and pharmaceutical
literature for many decades. It has been constantly used to describe a pharmaceutical dosage
form formulated to retard the release of therapeutic agent such that its appearance in
the systemic circulation is delayed and/or prolonged and its plasma profile is sustained in

duration.
Rationale of study

e The basic rationale for controlled drug delivery is to alter pharmacokinetic and
pharmacodynamic of pharmacologically active moieties by using novel drug delivery systems
or by modified the molecular structure and /or physiological parameters inherent in a

selected route of administration.

e These cover a wide range of prolonged action formulation which provide continuous release
of their active ingredient at a pre determined rate and predetermine time, reduced side

effects, etc.

e Drug having a short elimination half life, less frequent administration and better patient
compliance may be obtained with sustained release preparation as compared to conventional

dosage form.

For Hypertension and angina pectoris successful treatment of this disease means maintenance of
blood pressure at a normal physiological level, for which a constant and uniform supply of drug is

desired. It can be achieved by preparation of sustained release formulation
EXPERIMENTAL AND RESULTS
Materials and Equipments

Table No. 6.1 List of drug and Excipients used

S.No. | Materials Used Grade | Gift sample
1. Nifedipine Pharma | Alembic Pharma Vadodra.
2. Ethyl Cellulose Pharma | Mapromax, Life sciences Pvt. Ltd., Dehradun.
3. H.P.M.C. K100 Pharma | Mapromax, Life sciences Pvt. Ltd., Dehradun.
4 H.P.M.C. K4 Pharma | Mapromax, Life sciences Pvt. Ltd., Dehradun.
Shamim Akhtar Formulation and optimization of sustained release matrix tablet of nifedipine using different grades of HPMC
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4, Talc Pharma | Mapromax, Life sciences Pvt. Ltd., Dehradun.
5. Magnesium Sterate | Pharma [ Mapromax, Life sciences Pvt. Ltd., Dehradun.
6. Aerosil pharma | Mapromax, Life sciences Pvt. Ltd., Dehradun
7. Avicel pharma | Mapromayx, Life sciences Pvt. Ltd., Dehradun

The following materials that were Pharma grade or the best possible Laboratory Reagent were

used as supplied by the manufacturer without further purification or investigation.
Preformulation study

Dose Selection: Matrix release: 30 mg of Nifedipine

Physical appearance

The drug Nifedipine powder was examined for its organoleptic properties like colour and odour

Table No. 6.3 Physical appearance of Drug

Color | : White to off white powder
Odor | : Odor less
form | : powder

Solubility

Solubility study of Nifedipine has been done in various solvent such as water, Phosphate buffer
pH 6.8, Phosphate buffer pH 7.6 and 0.1N HCL solution. We were found that a solubility of
Nifedipine is good in a 0.1 N HCL solution.

Table No. 6.4 Solubility of Nifedipine

S.No. | Solvent Solubility
1 Water +++++
2 Ethanol +++
3 Methanol +++
5 Acetone +++
6 0.1 N HCL ++++++
7 6.8 pH Buffer +++

Melting Point:
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[t is one of the parameters to judge the purity of drugs. In case of pure chemicals, melting points
are very sharp and constant. Since the drugs contain the mixed chemicals, they are described

with certain range of melting point.
Procedure for determine melting point:

A small quantity of powder was placed into a fusion tube. That tube is placed in the melting point
determining apparatus containing castor oil. The temperature of the castor oil was gradual
increased automatically and read the temperature at which powder started to melt and the

temperature when all the powder gets melted.

Table No. 6.5 melting point of drug

S.No | Method Literature Melting | Practically Melting
Point Point
1 | Capillary fusion 172-174°c 174-175°c
method

Drug Partition Studies
Partition coefficient is defined as the ratio of unionized drug distributed between the organic and

aqueous phase at equilibrium.

=  WhereCo= Concentration of drug in n-octanol phase
* Cw= Concentration of drug in water
= P,w= Partition coefficient

Partition coefficient is a measure of drug lipophilicity and an indication of its ability to cross
biomembrane. For drug delivery, hydrophilic lipophilic balance (HLB) is an important factor. It is
also useful in screening of some biologic properties.

Partition coefficient of Nifedipine was determined in octanol:water. Accurately weighed amount
of drug (10mg) was taken in a glass stoppered test tube containing 10ml of n-octanol and 10 ml

of water. The mixture was shaken on a wrist action shaker for 24hr. Both the phases were
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separated using separating funnel and the drug concentration in aqueous and octanol phase was

determined by spectrophotometrically at 276 nm.

The partition coefficient of drug found to be in n-octanol: water by using following equation:

Amount of drug in organic layer
Amount of drug in aqueous layer

The partition coefficient, K =

Table No. 6.6 Partition Coefficient Values of Drug

S.No Medium Partition Coefficient (Log P)
1 n - octanol : Water 0.426

UV Estimation curve of Nifedipine

The absorption maxima of Nifedipine were determined by running the spectrum of drug solution

in double beam ultraviolet spectrophotometer.

Procedure:

100mg equivalent weight of Nifedipine drug sample was dissolved in 100 ml of Distilled water in
a volumetric flask. 5 ml of this solution was taken and diluted to 50 ml. The resulting solution was
serially diluted to obtain drug concentrations of 5-25 pg/ml. The absorbance of the solutions
were measured against in Distilled water as blank at 276nm using the UV spectrophotometer.

The plot of absorbance vs. concentration was plotted and the Beer’s range was determined.

A Max. of Nifedipine

Shamim Akhtar Formulation and optimization of sustained release matrix tablet of nifedipine using different grades of HPMC
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Fig No..6.1 : A Max. of Nifedipine

Table No..6.7 Calibration Observation table of Nifedipine at 276 nm:-

Absorbance
S. No Conc.

T ng/ml I 11 (1] Average
1 5 0.111 0.114 0.111 0.112
2 10 0.246 0.247 0.247 0.248
3 15 0.335 0.340 0.333 0.337
4 20 0.423 0.427 0.432 0.426
5 25 0.572 0.579 0.576 0.576

Calibration curve of Nifedipine at 276 nm

-7 7 124 nm.
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Scan Spectrum Curve
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Fig No. 6.2 - calibration curve of Nifedipine HCL
The linear regression analysis for standard curve
The linear regression analysis was done on Absorbance data points. The results are follows:

Table No. 6.8 for standard curve in Distilled water

The intercept 0.000
The correlation coefficient ( R?) 0.994

FTIR Spectroscopy:

Infra- red spectrum is an important record which gives sufficient information about the structure
of a compound. This technique provides a spectrum containing a large number of absorption
band from which a wealth of information can be derived about the structure of an organic

compound.

The region from 0.8 p to 2.5 p is called Near Infra-red and that from 15 p to 200 p is called Far

infra-red region.

Identification of Nifedipine by FTIR Spectroscopy with respect to marker compound. Nifedipine
was obtained as White or almost white crystalline powder. It was identified from the result of IR

spectrum as per specification.

Sample of pure Nifedipine
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The IR spectrum of sample drug shows the peak values which are characteristics of the drug and

the graph were shown in figure.
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Figure No. 6.5- Overlain FT IR Spectrum of Nifedipine&HPMC-K100.

Loss on Drying (LOD):

Procedure: Loss on drying directly measuring by IR moisture balance. Firstly calibrate the

instrument by knob then take 5.000 gm sample (powder) and set the temp at 100°C to 105°C for

5 minutes and constant reading set the knob and check % moisture.
Result: The percentage of loss on drying was 0.0167 %w/w.

Determination of pH (1% w/v solution in water):

Procedure

1gm of the Powder was taken and dissolved in 100ml of distilled water with sonication and

filtered, pH of the filtrate was checked with standard glass electrode.

The pH determination of Nifedipine was done by Digital pH meter and found to be 6.7.

FLOW PROPERTY OF NIFEDIPINE POWDER:

A. Bulk properties
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Bulk density is defined as the mass of powder divided by the bulk volume. Bulk density largely
depends on particle shape, as the particles become more spherical in shape, bulk density is
increase. In addition as granules size increase, bulk density decrease. Bulk properties such as
particle size, bulk density etc. of a solid form, are likely to change during process development.
Therefore, comprehensive characterization of all preformulation lots is necessary to avoid

misleading predictions.

Bulk density is determined by measuring the volume of a known mass of powder sample that has
been passed through a screen into a graduated cylinder or through a volumetric measuring

apparatus into a cup.
Procedure:

A known quantity of powder was poured into the measuring cylinder carefully level the powder
without compacting, if necessary and read the unsettled apparent volume, Vo, to the nearest

graduated unit. Calculate the bulk density, in gm per ml gm/cc, by the formula

Bulk Mass
Bulk Density = -----------------
Bulk Volume

Table No. 6.9 -Bulk Density of Nifedipine

S.NO. | DENSITY RESULT
1 Untapped Density 0.242 g/cc
2 Tapped Density (after 50 tapping) | 0.342 g/cc

B. Compressibility index (Carr’s index):

Compressibility index (C.I.) is an important measure that can be obtained from the bulk and
tapped densities. Carr’s index a material having values of less than 20% to 30% is defined as the

free flowing material.

[t can be calculated as per given formula:

Shamim Akhtar Formulation and optimization of sustained release matrix tablet of nifedipine using different grades of HPMC
e ——

Page 629



Panacea Journal of Pharmacy and Pharmaceutical Sciences 2015:4(3);617-653

International Journal

100 (VO0-Vf) Tapped density- Bulk density
OR ClIL
Vo Tapped density

C.L x100

Table 6.10- Carr’s index range

S.No. % Comp. Index Properties
1 5-12 Excellent
2 12-16 Good
3 18-21 Fair - passable
4 23-25 Poor
5 33-38 Very Poor
6 >40 Extremely poor

Result: The compressibility index of Nifedipine is 29.36%.

C. Hausner ratio:

It indicates the flow properties of the powder and is measured by the ratio of tapped density to

bulk density.

Tapped density
Hausnerratio = — ---cccmmecemmmcmceeeee

Bulk Density

Table No. 6.11 Hausner ratio and flow property characteristics

S.No | Hausner ratio Property
1. 0.0-1.2 Free flowing
2. 1.2-1.6 Cohesive powder

Standard value of hausner ratio is 1.25

D. Angle of Repose

Flow properties determination of powder or granules is the unique tools to avoid the weight
variation of tablet Angle of repose, Carrs index, Hausner ratio are some technique by which we
can estimate the flow properties of powder.
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» The angle of repose is a relatively simple technique for estimating the flowability of a
powder through a funnel and fall freely onto a surface. The height and diameter of the
resulting cone is measured and using the following equation, the angle of repose can be
calculated.

Tan O =h/r
Where h, ris the relatively height and radius of the powder cone.

For most pharmaceutical powders, the angle of repose values range from 25 to 45, with lower
values indicating better flow characteristics. Values of angle of repose < 30 usually indicate a

free flowing material and angle 240 suggest a poorly flowing material.

Table No.. 6.11 - Angle of repose (0) and flow property characteristics

S.N. Angle of repose (0) Flow Property
1. 25-45 Better flow
2. <30 Free flow
3. 240 Poorly flow

Procedure: The angle of repose is a relatively simple technique for estimating the flowability of a
powder through a funnel and fall freely onto a surface. The height and diameter of the resulting
cone is measured and using the following equation, the angle of repose can be calculated. Weigh
10 gm of Nifedipine powder accurately, and pass through the fennel height up to10 cm from

surface and measure the height and diameter by scale.
Tan 0 =h/r
Where h, ris the relatively height and radius of the powder cone.
Results: 1. The Angle of repose of Nifedipine is 30 degree.
2. Partical size pass through 40# is 100 (%w/w).
Moisture by Karl-Fischer Apparatus (KF)
The titrimetric determination of water is based upon the quantitative reaction of water with an

anhydrous solution of sulphur dioxide and iodine in the presence of a buffer that reacts with
hydrogen ions.
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In the original titrimetric solution, known as Karl Fisher Reagents, the sulfur dioxide and iodine
was dissolved in pyridine and methanol. The test specimen may be titrated with the reagent
directly, or the analysis may be carried out by a residual titration procedure. The stoichiometry of
the reaction is not exact, and the reproducibility of a determination depends upon such factors as
the relative concentration of the reagent ingredients, the nature of the inert solvent used to
dissolve the test specimen, and the technique used in the particular determination. Therefore, an
empirically standardized technique is used in order to achieve the desired accuracy. Precision in
the method is governed largely by the extent to which atmospheric moisture is excluded from the
system. The titration of water is usually carried out with the use of anhydrous methanol as the
solvent for the test specimen; however other suitable solvents may be used for special or unusual
test specimens. (Note: Now-a-days pyridine free KF reagents are coming in which pyridine is

replaced by the imidazole, because pyridine has carcinogenic effects).

Preparation of Buffers:

Preparation of acidic buffers:

Preparation of 0.2 M hydrochloric acid:

HCL diluted with water to contain 7.292 gm of HCl in 1000ml.

Preparation of 0.2 M potassium chloride:

Dissolve 14.911gm of potassium Chloride in water and diluted with water to 1000ml.
Preparation of acidic buffer pH 1.2:

Place 50m.l. of the 0.2 M potassium chloride in a 200ml volumetric flask, add the specified

volume 85ml. of 0.2 M HCL and then add water to volume.
Preparation of phosphate buffer:

Preparation of 0.2 M sodium hydroxide solution:

Dissolve 8.0 g of sodium hydroxide pallets in 1000 ml of distilled water
Preparation of phosphate buffer pH 6.8:

Place 50 ml of 0.2 M potassium dihydrogen phosphate and add 22.4 ml of 0.2 M of sodium
hydroxide. Dilute with distilled water to make up the volume up to 200ml.
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Result: The Moisture content of Nifedipine is 0.964 %.
6.3 FORMULATION DEVELOPMENT
Preparation of Nifedipine Matrix Tablet:-

Direct compression was followed to manufacture the matrix tablets of Nifedipinee
Hydrochloride. All the polymers selected, drug and excipients were passed through sieve no. 40

before using into formulation.

Polymers selected for tablets are

HPMC K100

HPMC K4

Excipients like Talc, Magnesium Stearate were selected for the study.

Steps involved in the manufacture of tablets.

First the drug, polymer and other excipients selected were passed through 40- mesh sieve.
Required quantity of drug, polymer and excipients were weighed properly and transferred
into polyethylene bag and the blend was mixed for atleast 15 min. The blend obtained was
then lubricated by adding 1% magnesium stearate and again mixed for another 5 min.

Table No..6.12 Various formulation of Nifedipine matrix tablet (Weights in mg)

Excipients F1 | F2 | F3 | F4 | F5 | F6 | F7 | F8 | F9
A Nifedipine
Hydrochloride | 30 | 30 | 30 | 30 | 30 | 30 | 30 | 30 | 30
HPMCK 4 80 | 90 | 100 | - ; - | 40 | 45 | 50
HPMC K 100
; ] - | 80 | 90 | 100 40 | 45 | 50

Lactose

43 | 33 | 23 | 43 | 33 | 23 | 43 | 33 | 23
Talc

35 | 35 | 35 | 35 | 35 | 35 | 35 | 35 | 35
Magnesium
stoarate 35 | 35 | 35 | 35| 35 | 35 | 35 | 35 | 35
Total Weight | 160 | 160 | 160 | 160 | 160 |160 |160 | 160 | 160
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Evaluation of tablets
All the tablets were evaluated for following different parameters which includes;
B. General Appearance

Five tablets from different batches were randomly selected and organoleptic properties such as

color, odor, taste, shape, were evaluated. Appearance was judged visually.
Very good (+++), good (++), fair (+) poor (-), very poor (- -).
C. Thickness and diameter

Thickness and diameter of tablets were determined using Vernier caliper. Five tablets from each

batch were used, and an average value was calculated.
D. Hardness

For each formulation, the hardness of five tablets was determined using the Monsanto hardness

tester .
E. Friability
The friability of a sample of 10 tablets was measured using a Friability tester (Electro Lab).

Ten tablets were weighed, rotated at 25 rpm for 4 minutes. Tablets were reweighed after removal

of fines (dedusted) and the percentage of weight loss was calculated.
F. Uniformity of weight

Twenty tablets were randomly selected from each batch individually weighed, the average weight

and standard deviation of 20 tablets was calculated.
G. Drug content

Twenty tablets were taken and amount of drug present in each tablet was determined. The
tablets were crushed in a mortar and the powder equivalent to 100mg of drug was transferred to
100ml standard flask. The powder was dissolved in 50 ml of 0.1 N HCL and made up to volume
with of 0.1 N HCL. The sample was mixed thoroughly and filtered through a 0.45p membrane
filter. The filtered solution was diluted suitably and analyzed for drug content by UV
spectrophotometer at a Amax of 276.0 nm using of 0.1 N HCL as blank.

I. Dissolution rate studies
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In vitro drug release of the sample was carried out using USP- type II dissolution apparatus
(Paddle type). The dissolution medium, 900 ml 0.1N HCl was placed into the dissolution flask
maintaining the temperature of 37+0.50c and rpm of 75. One Nifedipine Control layer tablet was
placed in each basket of dissolution apparatus. The apparatus was allowed to run for 12 hours.
Sample measuring 10 ml were withdrawn after 30 min., 1.0 hr, 1.30 hr, 2.0 hr, 4.0 hr, 6.0 hr, 8.0,
10.0 hr, 12 hour using 10 ml pipette. The fresh dissolution medium was replaced every time with
the same quantity of the sample.

Table No. 6.13 Result of Pre Compression Properties of Nifedipine Matrix Tablets

Materi Angle of Bulk density Tapped Compressibilit | Hausner
al repose (gm/ml) density y index ratio
(Degree) (gm/ml)

F1 32.24 0.381+0.003 0.809+0.004 | 33.840 +0.012 | 0.472+0.54
F2 29.26 0.382+0.004 0.822+0.007 | 35.717+0.014 0.468+0.58
F3 30.15 0.385+0.002 0.799+0.008 | 32.221+0.015 0.483%0.52
F4 29.26 0.380+0.006 0.844+0.004 | 40.715+0.010 0.452+0.56
F5 29.48 0.388+0.004 0.851+0.005 | 41.444+0.014 0.456+0.54
F6 31.56 0.354+0.007 0.822+0.006 | 41.411+0.015 0.430%0.45
F7 30.49 0.375%£0.005 0.812+0.003 | 37.451+0.017 0.464+0.52
F8 30.56 0.387+0.004 0.809+0.007 | 35.548+0.011 0.478%0.56
F9 31.14 0.354+0.006 0.822+0.008 | 42.758+0.012 0.429+0.47

Table No. 6.14 Results of Post Compression Properties of NifedipineMatrix Tablets

Formulatio | Thickness Hardness Weight Friability Drug
n code (mm) (kg/cm?2) variation | (%) content (%)
(mg)

F1 3.90 x0.06 6.13+0.21 Passes 0.5214+ 0.04 | 99.23+0.48
F2 3.89 +0.08 6.70 £ 0.30 Passes 0.6325+0.04 | 90.56%0.57
F3 3.90 £0.03 6.51 +0.50 Passes 0.5215 £0.08 99.77+0.67
F4 3.89 +0.06 6.73 +0.29 Passes 0.6534 £0.10 99.27+0.23
F5 3.87 £0.03 6.82 +0.51 Passes 0.6485 £0.04 | 98.42+0.61
F6 3.89 +0.05 6.78 +0.51 Passes 0.5489 £0.08 99.54+0.34
F7 3.88 £0.04 6.80 +0.47 Passes 0.5320 +0.10 99.77+0.56
F8 3.86x 0.04 6.83 + 0.49 Passes 0.5364 +0.05 | 97.37+0.60
F9 3.89+ 0.02 6.81 + 0.50 Passes 0.5422 £0.15 | 98.50+0.61
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Table No. 6.15 In vitro drug release study of Matrix tablet
Time % Cumulative Drug Release
(hr) F1 F2 F3 F4 F5 F6 F7 F8 F9

08.32 | 07.26 | 07.28
0.5 08.23 07.14 07.24 08.23 |07.23 |07.45

12.23 | 11.87 | 12.56
1 12.32 10.23 11.45 1045 |1045 |11.23

32.13 | 26.28 | 18.58
L5 26.23 22.42 24.23 23.76 | 31.23 |38.23

47.14 | 38.21 | 40.28
5 42.45 40.32 45.23 4423 | 4823 |46.32

71.13 | 68.24 | 56.98
3 76.34 66.11 67.21 65.71 | 50.56 |67.02

91.23 [ 89.12 | 73.98
4 82.23 77.33 75.11 82.34 |55.00 |88.13

92.00 |99.25 | 84.16
6 82.55 97.13 87.13 83.00 |56.00 |[99.13

93.00 | 99.56 |89.26
3 83.00 97.10 94.23 83.21 |57.25 ]99.99

94.56 |99.76 | 94.56
12 84.21 97.23 99.26 83.50 |57.85 |99.87

RELEASE KINETICS OF NIFEDIPINE MATRIX TABLET
Table No. 6.16 Zero order release kinetics data Nifedipine Matrix tablet with HPMC K-4 as

Binder
S.No. | Time in | % Cum. drugrelease
minutes
F1 F2 F3
1. 0 0 0 0
2. 0.5 08.22 07.15 07.22
3. 1 12.32 10.23 11.45
4. 1.5 26.22 22.41 24.22
5. 2 42.44 40.32 45.22
6. 3 76.35 66.12 67.20
7. 4 82.23 77.32 75.11
8. 6 82.53 97.12 87.12
9. 8 83.00 97.10 94.23
10. 12 84.22 97.24 99.25
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Figure No. 6.6 : Zero order release kinetics data Nifedipine Matrix tablet with HPMC K-4 as

Binder

120
ZERO ORDER RELEASE KINETICS

100 —
80 ;f e ——————

| ——F1

60 1
/ —.—F2

oA i
o

o T T 1

0] 5 10 15
TIME IN HOUR

CUMULATIVE % DRUG RELEASE

Table No. 6.17: Zero order release kinetics data Nifedipine Matrix tablet with HPMC K-100

as Binder
S.No. | Time in | % Cum. drug release
minutes
F4 F5 Fé6
1 0 0 0 0
2. 0.5 08.21 07.22 07.43
3. 1 10.41 10.44 11.23
4. 15 23.75 31.25 38.22
5. 2 44.22 48.23 46.31
6. 3 65.72 50.54 67.01
7. 4 82.34 55.00 88.13
8. 6 83.01 56.01 99.12
9. 8 83.22 57.24 99.98
10. 12 83.5 57.84 99.86
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Figure No. 6.7: Zero order release kinetics data Nifedipine Matrix tablet with HPMC K-100

as Binder
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Table No. 6.18: Zero order release kinetics data Nifedipine Matrix tablet with HPMC K-4+
HPMC K-100 as Binder

S.No. | Time in | % Cum. drug release
minutes
F7 F8 F9

1. 0 0 0 0

2. 0.5 08.33 07.25 07.27
3. 1 12.22 11.86 12.55
4, 1.5 32.12 26.27 18.59
5. 2 47.13 38.22 40.29
6. 3 71.12 68.23 56.98
7. 4 91.23 89.11 73.98
8. 6 92.00 99.25 84.16
9. 8 93.00 99.57 89.26
10. 12 94.56 99.7 94.56
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Figure No. 6.8 : Zero order release kinetics data Nifedipine Matrix tablet with HPMC K-4+
HPMC K-100 as Binder
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Table No 6.19: first order release Kinetics data Nifedipine Matrix tablet with HPMC K-4 as

Binder

S.No. | Time in | Log % Cum. drug remain to be
minutes | release
F1 F2 F3

1. 0 0 0 0
2. 0.5 1.966 1.967 1.967
3. 1 1.941 1.952 1.946
4. 1.5 1.911 1.889 1.878
5. 2 1.776 1.775 1.738
6. 3 1.632 1.530 1.515
7. 4 1.415 1.354 1.395
8. 6 1.198 0.456 1.109
9. 8 1.031 0.461 0.761
10. 12 0.735 0.442 -0.13

Figure No. 6.9: first order release kinetics data Nifedipine Matrix tablet with HPMC K-4 as

Binder
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Table No. 6.20: First order release kinetics data Nifedipine Matrix tablet with HPMC K-100

as Binder
S.No. | Time in Log % Cum. drug remain to be
minutes release
F4 F5 F6

1. 0 0 0 0

2. 0.5 1.9626 1.96740 1.9663761
3. 1 1.95205 1.95207 1.9482661
4. 1.5 1.88217 1.8373 1.7907778
5. 2 1.7463 1.71407 1.7298124
6. 3 1.53516 1.694056 | 1.5182507
7. 4 1.24698 1.65321 1.0744505
8. 6 1.23045 1.64344 1.02563
9. 8 1.22504 1.63093 1.0265477
10. 12 1.21746 1.6247 1.0364
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Figure No. 6.10: First order release kinetics data Nifedipine Matrix tablet with HPMC K-
100 as Binder
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Table No. 6.21: First order release Kinetics data Nifedipine Matrix tablet with HPMC K-4 +
HPMC K-100 as Binder

S.No. | Time in | Log % Cum. drug remain to be release
minutes
F7 F8 F9
1. 0 0 0 0
2. 0.5 0.2938045 1.967 1.9671733
3. 1 0.2889195 1.945 1.9417101
4. 1.5 0.2711443 1.866 1.9107311
5. 2 0.252849 1.79 1.7761196
6. 3 0.1763807 1.501 1.6336703
7. 4 0.0153597 1.035 1.4153072
8. 6 -0.9065781 0.124 1.1997551
9. 8 -0.44854 0.356 1.0310042
10 12 -0.2083093 0.619 0.7355987
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Figure No. 6.11: First order release kinetics data Nifedipine Matrix tablet with HPMC K-4 +
HPMC K-15 as Binder
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Table No 6.22: Higuchi release kinetics data Nifedipine Matrix tablet with HPMC K-4 as

Binder
S.No.. | Root % Cum. drug remain to be release
Time

F1 F2 F3
1. 0 0 0 0
2. 0.70710 8.22 7.14 7.23
3. 1 12.32 10.22 11.45
4. 1.27673 26.22 22.41 24.24
5. 1.41422 42.44 40.31 45.23
6. 1.73204 76.33 66.12 67.24
7. 2 82.22 77.32 75.11
8. 2.44948 82.54 97.12 87.14
9. 2.82844 82 97.1 94.24
10. 3.4643 84.20 97.22 99.26
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Figure No. 6.12: Higuchi release kinetics data Nifedipine Matrix tablet with HPMC K-4 as

Binder
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Table No. 6.23: Higuchi release kinetics data Nifedipine Matrix tablet with HPMC K-100 as

Binder

Shamim Akhtar

S.No. | Root % Cum. drug remain to be release
Time F4 F5 F6

1. 0 0 0 0

2. 0.70711 8.23 7.22 7.45
3. 1 10.45 10.45 11.21
4, 1.27673 23.76 31.22 38.23
5. 1.41422 44.22 48.23 46.32
6. 1.73205 65.71 50.56 67.01
7. 2 82.34 55 88.13
8. 2.44948 83 56 99.12
9. 2.82843 83.22 57.24 99.99
10. 3.4642 83.5 57.85 99.87
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Figure No. 6.13: Higuchi release kinetics data Nifedipine Matrix tablet with HPMC K-100 as

Binder
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Table No 6.24 : Higuchi release kinetics data Nifedipine Matrix tablet with HPMC K4 + K-
100 as Binder

S.No.. | Root % Cum. drug remain to be release
Time F7 F8 F9
1. 0 0 0 0
2. 0.70712 8.32 7.26 7.28
3. 1 12.23 11.87 12.56
4. | 1.27673 32.13 26.26 18.58
5. 1.41421 47.13 38.21 40.28
6. | 1.73204 71.12 68.24 56.97
7. 2 91.23 89.12 73.98
8. |2.44948 92 99.25 84.17
9. |2.82843 93 99.56 89.26
10. | 3.4641 94.56 99.76 94.56
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Figure No. 6.14 Higuchi release Kkinetics data Nifedipine Matrix tablet with HPMC K4 + K-
100 as Binder
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Table No. 6.25: Korsmayer Papas release kinetics data Nifedipine Matrix tablet with HPMC
K4 as Binder

S.No. | log Time | Log cum % drug release
F1 F2 F3

1. 0 0 0 0

2. | -0.30103 0.9154 0.8537 0.85974
3. 0 1.09060 1.00988 1.05881
4, 0.176091 1.4187 1.35063 1.38433
5. 0.30103 1.62786 1.60551 1.65543
6. 0.477121 1.88275 1.82027 1.82743
7. 0.60206 1.91502 1.88834 1.8757
8. |0.778151| 191671 1.98735 1.94016
9. 0.90309 1.91909 1.98722 1.97417
10. | 1.079181 1.92537 1.9879 1.99677
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Figure No. 6.15: Korsmayer Papas release Kkinetics data Nifedipine Matrix tablet with

HPMC K4 as Binder
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Table No. 6.26 :
HPMC K-100 as Binder

Shamim Akhtar

S.No. | log Time | Log cum % drug release
F4 F5 F6

1. 0 0 0 0

2. -0.30103 0.9154 0.85913 0.87215
3. 0 1.01912 1.01911 1.05038
4, 0.176090 1.37584 1.49456 1.5823
5. 0.30103 1.64572 1.68331 1.66576
6. |0.477121 1.81762 1.70381 1.8262
7. 0.60206 1.91561 1.74036 1.94512
8. |0.778151 1.91907 1.74819 1.99621
9. 0.90309 1.92018 1.75778 1.99996
10. | 1.079181 1.92167 1.7623 1.99944

Korsmayer Papas release Kinetics data Nifedipine Matrix tablet with
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Figure No. 6.16: Korsmayer Papas release Kkinetics data Nifedipine Matrix tablet with
HPMC K-100 as Binder
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Table No. 6.27: Korsmayer Papas release kinetics data Nifedipine Matrix tablet with HPMC
K-4 + K-100 as Binder

S.No. | log Time | Log cum % drug release

F7 F8 F9

1. 0 0 0 0

2. -0.30101 0.92002 0.86092 0.86211

3. 0 1.08742 1.07445 1.0988

4, 10.176091 | 1.50692 1.41963 1.26905

5. 0.30103 1.67339 1.58218 1.60509

6. | 0477121 | 1.85205 1.83405 1.75572

7. 0.60206 1.96013 1.94998 1.86911

8. |0.778151 | 1.96379 1.99673 1.92511

9. 0.90309 1.96848 1.99808 1.95066

10. | 1.079181 | 1.97571 1.99895 1.97572
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Figure No. 6.17: Korsmayer Papas release Kkinetics data Nifedipine Matrix tablet with

HPMC K4 + K-100 as Binder
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Table No. 6.28: Kinetic data of Nifedipine Matrix Tablet in comparison with All

Formulation
FORMULATIO ZERO | FIRST | HIGUCH | KORSMAYE | BEST FITTED
N ORDE ORDE |1 R PAPAS MODEL
R R

F1 r2 | 0.441 | 0.631 0.810 0.849 Korsmayer Papas
F2 r2 | 0.668 |0.858 |0.868 0.898 Korsmayer Papas
F3 r2 | 0.675 |0.981 |0.896 0.896 First Order
F4 r2 | 0496 |0.678 0.828 0.852 Korsmayer Papas
F5 r2 | 0.154 |0.333 |0.762 0.755 Higuchi
Fé6 r2 | 0.581 |0.797 |0.873 0.861 Higuchi
F7 rz2 | 0.512 |0.793 |0.847 0.859 Korsmayer Papas
F8 r2 | 0.632 | 0909 |0.857 0.899 First Order
F9 r2 | 0.708 |0.969 |0.894 0.916 First Order
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In the present study nine formulations with variable concentration of polymers (HPMC-
K100, HPMC-K4) were prepared by direct compression

method and evaluated for physicochemical properties, buoyancy lag time, total floating time,
and in-vitro drug release. The results indicated that optimized formulation F 6 on immersion
in 0.IN HClsolutionatpH1.2& 6.8 pH phosphate Buffer at37+0.5°C tablets
immediately and remain buoyant up to 12 hrs without
disintegration. These two factors are essential for the tablet to acquire bulk density < 1, so that it

remains buoyant on the gastric fluid.

The In vitro drug release data of the optimized formulation was subjected to goodness of fit test
by linear regression analysis according to zero order, first order kinetic equation, Higuchi’s and
Korsmeyer’s models in order to determine the mechanism of drug release. When the regression
coefficient values of were compared, it was observed that ‘r’ values of Higuchi was maximum i.e

0.978 hence indicating drug release from formulations was found to follow Higuchi kinetics.
SUMMARY

We are thinking of developing matrix drug delivery system of drugs only due to recent advance in
technology. In present study matrix tablet of Nifedipine was prepared and evaluated. This tablet
contains layer of API which called matrix layer. This tablet may helpful for reducing multi dosing

therapy in depressed patients experience difficulty in taking multi dose of drug.

« Suitable analytical method based on UV visible spectrophotometer was developed for
Nifedipine. A max of 276 nm was identifying HCL solution.

+» From the FT-IR spectra the interference was verified and found that Nifedipine did not
interfere with the polymers and excipients used.

¢ Direct compression method was established to manufacture matrix tablet of Nifedipine.

¢ First of all pre and post compression parameter of powder blend of all formulations like

bulk density, tap density, Carr,s index , Hausner,s ratio, angle repose.

o
S

Evaluation parameter like weight variation ,hardness, thickness, friability, drug content

indicate that value were within permissible limit for All formulations
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% In vitro drug release study of all the formulation was carried out and based on the result
F6 batch for instant release and matrix release tablet of Nifedipine was identified as the

best formulation among all the other formulations.

CONCLUSION

R/

% In vitro data obtained for matrix tablet of Nifedipine showed prolonged drug release.
Tablets of different release kinetics could be obtained by varying the formulation
variables. Thus, Nifedipine is most suitable drug candidate for the Antihypertension.
Based on the above considerations, formulation F6 was selected as optimized formula, a
perusal of table indicated that the parameters of Matrix Tablet were satisfactory for the

intended use.
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