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ABSTRACT 

The objective of this study was to design and evaluate oral sustained drug 
delivery system for Metoprolol succinate using pH sensitive polymer HPMC and 
sodium alginate and to evaluate its efficacy in reducing the hypertension. The 
drug filler blend was mixed with various concentrations of hydrophilic 
polymers such as HPMC, sodium alginate and combination of both the 
matrixing agents. The tablets were prepared by wet granulation method. 
Matrix tablets were evaluated for weight variation, content uniformity, 
friability, hardness, thickness, swelling index, and in vitro dissolution. The 
assays of different formulations were determined and the drug content was 
found between 85-115%. The weight variation was observed to be within the 
prescribed limits for each formulation. In-Vitro drug release studies carried out 
with different formulation tablets in 0.1N HCl for 2hrs, pH 6.8 phosphate buffer 
for 12hrs. Up to 2 hr study the formulation shows low release in gastric 
medium (0.1N HCl). From the 2 hr up to 12 hr study percentage of drug release 
was increased in intestinal fluid (pH 6.8 buffer). In these studies, the F1, F3 and 
F5 formulations showed the better drug release in compared to others. By 
swelling index it was concluded that the tablet shows matrix type of release in 
the intestine. These formulations follow zero order release kinetics known by 
Higuchi plot. The matrix formulation F1, F3 and F5 showed sustained release of 
Metoprolol succinate by the diffusion mechanism. Studies reveal that HPMC, 
sodium alginate sustained release matrix tablets can drive and make available 
the intact drug for local action for hypertension treatment. 

INTRODUCTION: A tablet is a pharmaceutical dosage 
form. It comprises a mixture of active substances and 
excipients, usually in powder form, pressed or 
compressed form a powder into a solid dose. The 
excipients can include diluents, binders or granulating 
agents, glidants (flow aids) and lubricants to ensure 
efficient tableting disintegrates to promote tablet 
break up in the digestive tract, sweeteners or flavors to 
enhance taste and pigments to make the tablet visually 
attractive. A polymer coating is often applied to make 
the tablet smoother and easier to swallow, to control 

the release rate of the active ingredient, to make 
resistant to the environment (extending its shelf life), 
or to enhance the tablet appearance. 

A tablet can be formulated to deliver an accurate 
dosage to a specific site; it is usually taken orally but 
can administer sublingually, buccally, rectally or 
intravaginally. Tablets can be manufactured using 
different techniques, which are depending upon half 
life of active ingredient, and the route of 
administration.  
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The present innovation provides a new simple 
polymeric matrix tablet that delivers highly soluble 
drugs over long periods of time and easy to 
manufacture in which drug releases in continuous 
manner. This type of controlled drug delivery systems 
is known as matrix tablets. In this the drug is dispersed 
in swellable hydrophilic substances, an insoluble matrix 
of rigid non swellable hydrophobic materials or plastic 
materials.  

More specifically, the drug is first granulated with or 
encapsulated in a swellable polymer such as gum to 
form granule. These granules dispersed in a matrix of a 
more swellable, erodible polymer, such as HPMC or 
Polyethylene Oxide and optionally include pectin. This 
invention has a potential to maximally release its drug 
content in a controlled manner over a long time period 
while achieving complete dissolution. 

Hypertension and angina pectoris, the most common 
cardiovascular diseases, require constant monitoring. 
B1 selective blockers are presently considered an 
important class of drugs for hypertension and angina 
pectoris. Metoprolol succinate is used in hypertension, 
angina pectoris and symptomatic heart failure of 
ischemic or cardiomyopathic origin. In this work we 
formulated the controlled release form of Metoprolol 
succinate tablets and observed its in-vitro release 1, 2. 

Literature survey was carried out to know the 
formulation aspects of matrix tablets, effect of HPMC, 
effect of PVP and sodium alginate. 

The objective of this work was to formulate HPMC 
based matrix tablets of Metoprolol succinate to 
observe it’s in vitro release in treating hypertension as 
β- blocker.  

MATERIALS AND METHODS 3-10: 

Materials: Metoprolol succinate was obtained as a gift 
sample from syntax pharmaceuticals Ltd., HPMC, 
sodium alginate, dibasic calcium phosphate was 
purchased from LOBA chemi laboratory reagent and 
fine chemicals Ltd., Poly vinyl pyrrolidine, Magnesium 
stearate, HCl and KCl were purchased from S.D. fine 
chemicals Ltd., Dichloro methane and talc was 
purchased from Qualigensfine chemicals Ltd., Mumbai, 
India. 

METHOD:  

Preparation of Hydrophilic Matrix Tablets: The tablets 
were prepared by wet granulation method. The 
corresponding amount of drug, hydroxypropyl-
methylcellulose, sodium alginate, dibasic calcium 
phosphate, talc, magnesium state was accurately 
weighed. the powders were screened through screen 
#80 after mixing in a mortar for 10 min. the powder 
mixture was granulated using granulating solutions i.e., 
dichloromethane and polyvinyl-pyrrolidone 5%. The 
wet mass was passed through sieve #12 and granular 
material was dried in oven for1-2 hrs at 50oC. The dried 
granules were passed through sieve #20. After addition 
of lubricant and glidants, compression was carried out 
using 9 mm flat faced circular punches on single station 
tablet press (cadmach machinery, Ahmadabad, India). 
The total weight of the tablet was 200 mg. the 
composition of various formulations is given in table 1. 

TABLE 1: COMPOSITION FOR DIFFERENT FORMULATIONS 

Ingredients 
Formulations(in mg/tablet) 

F1 F2 F3 F4 F5 F6 

Metoprolol succinate 50 50 50 50 50 50 

HPMC (K100M) 50 - 100 50 - 100 

Sodium alginate 50 100 - 50 100 - 

Dibasic calcium phosphate 32 32 32 32 32 32 

Talc 9 9 9 9 9 9 

Magnesium state 9 9 9 9 9 9 

Dichloromethane(DCM) q.s q.s q.s - - - 

Polyvinylpyrrolidone 
5%w/v 

- - - q.s q.s q.s 

Evaluation of Tablets 11-21: The Metoprolol succinate 
tablets were evaluated for weight variation, content 
uniformity, hardness, friability, swelling index and drug 
release. 

 Weight Variation: Any variation in the weight 
indicates a variation in active ingredient. Weigh 20 
tablets individually (i.e. determine the weight of 
each tablet alone; X1, X2, X3, X4…X20). 

Calculate the average weight of the tablets; 

X = (X1+X2+X3+X4+…. +X20)/20 

Not more than two tablets of the individual weights 
deviate from the average weight (X) by more than the 
7.5% deviation. 
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 Content Uniformity: As per the USP ten tablets 
were individually assayed for their content. The 
tablets of each formulation were weighed 
individually and dissolved in water. These solutions 
were filtered through 0.45µ membrane and 
absorbance was observed at 224nm in UV-Visible 
spectrometer. The requirements for content 
uniformity are met if the amount of the active 
ingredient in each tablet lies within the range of 
85-115% of the label claim. 

 Hardness Test: The hardness test was performed 
to test the crushing strength property defined as 
the compressional force applied diametrically to a 
tablet which just fractures it. A force of about 4 kg 
is considered the minimum requirement for the 
satisfactory tablet.  

 Friability Test: Friability is the tendency of the 
tablet to crumble. It is important for the tablet to 
resist attrition. During manufacturing and handling 
tablets are subjected to stresses from collision and 
tablet sliding towards one another and other solid 
surfaces, which can result in the removal of small 
fragments and particles from the tablet surface. 
The result will be progressive reduction in weight 
and change in appearance. 

To examine this tablets are subjected to uniform 
tumbling motion for specified time and weight loss is 
measured. A maximum loss of not more than 1% is 
generally considered acceptable for most products. 

 Swelling index Test: The Metoprolol succinate 
tablets of each formulation were weighed initially 
and separately immersed in little excess of 6.8pH 
phosphate buffer for 12 hrs and washed.  

The degree of swelling of each formulation was 
calculated as A=Ws-Wo/Wo 

 In-vitro Release Studies: The In-Vitro release 
studies were performed to observe the drug 
release from the tablets. This was performed by 
dissolving the tablets in dissolution medium 
(buffers) at a body temperature. The medium used 
in this study were simulated gastric fluid and 
simulated intestinal fluid. These two were prepared 
by following methods. 

Preparation of Buffers: 

Preparation Of 0.1n HCl Buffer: Take 0.2M KCl 50 ml 
and 0.2M HCl 85ml in 200 ml volumetric flask and 
make up the volume to 200 ml with distilled water. 

Preparation Of pH 6.8 Buffer: 11.45gm of potassium di 
hydrogen phosphate and 28.85gm of di sodium 
hydrogen phosphate were weighed accurately and 
dissolved in distilled water. This solution was making 
up to 1000 ml. 

The above stated buffer solution are used for the 
dissolution test. In these initially 0.1N Hcl (gastric fluid) 
was taken in the vessels of dissolution apparatus. The 
temperature was maintained at 37o±0.5oC. After 
reaching the desired temperature the tablets of each 
formulation were kept in individual baskets and fixed 
to the apparatus and dipped in to the buffer solution. 
The height from the vessel to the basket should be 
2cm. These baskets were subjected to 50 rpm. Initial 
sample solution was collected at 30 min interval of 
time. After that at every 1 hr, the samples from each 
vessel were taken. Then, the buffer solution in each 
vessel was removed and again filled with the pH 6.8 
phosphate buffers (intestinal fluid) and the baskets 
with tablets were dipped in it with 50 rpm. Samples 
were taken at every 1 hr and examined by UV visible 
spectrometer at 224nm for the percentage drug 
release up to 12 hrs. 

Model Fitting Kinetics: To know the mechanism of 
Metoprolol succinate release from the sustained 
release matrix tablets, the dissolution data were 
treated according to first order (log cumulative 
percentage of drug remaining vs. time), Higuchi’s 
(cumulative percentage of drug released vs. square 
root of time) equations along with zero order 
(cumulative amount of drug released vs. time) pattern 
(graph 3, 4, 5). 

 Zero order Q=K0t 

 First order kinetic ln (1-Q) =K1 

 Higuchi’s Q=K2t1/2 

RESULTS AND DISCUSSION: The present study focused 
on the formulation of matrix tablets by using pH 
sensitive polymer HPMC and sodium alginate and to 
evaluate its efficacy in reducing the hypertension. The 
matrix tablets of different formulation were evaluated 
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for weight variation, drug content uniformity, 
hardness, friability, swelling index. The average 
percentage deviation of 20 tablets of each formulation 
was less than 5%, the content uniformity was ranged 
from 96.48%±0.54% to 101.25%±0.35%, the hardness 

and percentage friability of all batches ranged from 
4.1±0.27 to 4.5±0.23 kg/cm2 and 0.808±0.02 to 
0.843±0.01%, respectively, the swelling index of all 
formulations ranged 3.9 to 6.95. 

TABLE 2: RESULTS OF EVALUATION TESTS METOPROLOL SUCCINATE TABLETS 

Formulation Weight variation Content uniformity Hardness (kg/cm
2
) Friability (%) Swelling index 

F1 Pass 99.5±0.85% 4.2 0.0828±0.01 4.7 

F2 Pass 97.32±0.73% 4.1 0.0838±0.02 3.9 

F3 Pass 96.48±0.54% 4 0.0825±0.01 6.9 

F4 Pass 101.25±0.35% 4.5 0.0843±0.01 5 

F5 Pass 100.5±0.62% 4.5 0.0830±0.01 5.9 

F6 Pass 98.5±0.64% 4.6 0.0808±0.02 4.1 
 
In-Vitro Release Studies: The result of in- vitro drug 
release studies carried out with different formulation 
tablets in 0.1N HCl for 2 hrs and in ph 6.8 phosphate 
buffer for 10 hrs in order to investigate the potential of 
formulation to withstand the adverse environment of 
upper GIT are shown in (table 2 and graphed in graph 
1 & 2). Up to 2 hrs study the formulation shows low 
release in gastric medium (0.1N HCl). From 2 to 12 hrs 

study percentage of drug release was increased in 
intestinal fluid (pH 6.8 phosphate buffers). In these 
studies F1, F3 and F5 formulations showed better drug 
release in compared to others. These formulations 
showed better drug release than F2, F4 and F6 should 
be because of polymers used in their formulation and 
their drug binding and release properties towards the 
medium used. 

TABLE: 3 %DRUG RELEASE IN IN-VITRO STUDIES 
TIME (hrs) F1%dr F2%dr F3%dr F4%dr F5%dr F6%dr 

0.5hr 1.7370 ± 0.356 2.2430    ± 0.40 1.9061 ± 0.37 2.5245 ± 0.19 1.6812    ± 0.23 3.0866 ± 0.21 
1hr 5.1103 ± 0.93 5.3352    ± 0.90 5.2789 ± 0.73 5.8973 ± 0.91 5.0541    ± 0.75 6.4594 ±0.93 
2hr 8.3707 ±0.42 8.7080 ±0.78 8.6518 ±0.85 9.2139 ±1.34 8.6518 ±0.94 9.2701 ±1.20 

3hr 10.338 ±1.55 10.731 ±1.99 10.113 ±1.24 10.900 ±1.81 10.388 ±0.99 10.956 ±1.94 
4hr 12.924 ±0.83 13.261 ±0.96 13.542 ±1.25 13.767 ±1.30 12.755 ±1.00 14.498±2 

5hr 16.015 ±0.82 16.634 ±0.95 16.521  ±0.72 17.140 ±1.36 16.296 ±0.85 17.702 ±1.14 

6hr 19.725 ±0.85 20.344 ±0.63 19.950 ±1.14 20.512 ±0.25 19.388 ±0.54 21.581 ±0.98 

7hr 23.379 ±0.39 23.885±0.34 23.267 ± 0.67 23.885 ±1.16 22.761 ±1.27 24.953 ±1.34 

8hr 28.382 ±0.29 29.113 ±0.47 28.495 ±0.72 29.507 ±0.16 30.069 ±1.06 31.193 ±1.69 

9hr 33.610 ±0.86 34.172 ±0.59 35.690 ±1.16 34.622 ±0.58 35.690 ±0.25 38.455 ±0.66 

10hr 39.738 ±0.86 39.232 ±0.67 40.750 ±0.93 41.424 ±1.26 40.356 ±0.65 41.874 ±0.99 

11hr 46.821 ±0.59 46.146 ±1.13 48.114 ±0.81 48.619 ±0.94 48.338 ±1.64 48.788 ±0.16 

12hr 53.486 ±0.67 50.992 ±2.19 53.341 ±1.19 52.735 ±1.98 53.892 ±1.35 52.803 ±1.52 

 

 
GRAPH: 1 DISSOLUTION PROFILE OF METOPROLOL SUCCINATE 
FORMULATIONS 

 
GRAPH 2: DISSOLUTION PROFILE OF THE METOPROLOL 
SUCCINATE FORMULATIONS 
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Model Fitting Kinetic: By Higuchi’s zero order and first 
order plot these formulation follow zero order release 
kinetics and diffusion type of release (Graph 3, 4, 5). 

Zero-order plot: 

 
GRAPH 3: ZERO-ORDER PLOT 

 First-Order Plot: 

 
GRAPH 4: FIRST-ORDER PLOT 

Higuchi Plot: 

 
GRAPH 5: HIGUCHI PLOT 

CONCLUSION: The F1, F3 and F5 formulations were the 
optimized formulations for sustained release matrix 
tablets. This was concluded because of the reason F1, 
F3 and F5 formulations showed less drug release in 
0.1N HCl, more drug release in pH 6.8 buffer solutions. 
The higher release of remaining formulations in 0.1N 
HCl may be because of the physicochemical properties 
of excipients used which may increase or decrease the 
drug release from dosage form.  

By swelling index it was concluded that the tablet 
shows matrix type of release in the intestine.  By 
higuchi plot it was concluded that these formulation 
follow zero order release kinetics and diffusion type of 
release. In conclusion HPMC, sodium alginate 
sustained release matrix tablets can drive and make 
available the intact drug for local action for 
hypertension treatment. 
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