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ABSTRACT 

Sustained release atenolol matrices are used to achieve a prolonged 

therapeutic effect by continuously releasing medication over an 

extended period of time after administration of a single dose for the 

treatment of hypertension. The current study examines the relationship 

between swelling and drug release from the hydrophilic matrices of 

atenolol matrices prepared using combination of different grades of 

hydroxypropyl methylcellulose (HPMC), viz, HPMCK4M, 

HPMCK15M and HPMCK100M. The Degree of Swelling and Percent 

water uptake were determined for the matrices containing different 

concentrations and combinations. The results indicate that swelling and 

release profiles were affected by concentration and viscosity grade of 

the polymer. When the amount of HPMC in the matrix is high, wetting 

improves and water uptake into matrices is enhanced. The higher  

amount of HPMC causes a greater degree of swelling this in turn reduces the drug release, as 

the diffusional path length of drug is now longer. Conversely, reduction in the amount of 

HPMC reduces the degree of swelling and the thickness of gel layer, this enables faster drug 

release. Higher viscosity grades swells to greater extent and has greater intrinsic water uptake 

property than that of the lower viscosity grades. Swelling studies reveals an inverse 

relationship between swelling and drug release in the sustained release atenolol matrices.  
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INTRODUCTION 

Atenolol is a β-blocker, prescribed widely in hypertension, angina pectoris, arrhythmias, and 

myocardial infarction. It has been reported that atenolol undergoes extensive hepatic first-

pass metabolism following oral administration and has a short biological half-life. 

Administration of conventional tablets of atenolol has been reported to exhibit fluctuations in 

the plasma drug levels, results either in manifestation of side effects like nausea, diarrhea, 

ischemic colitis, and mesenteric arterial thrombosis or reduction in drug concentration at the 

receptor site. To reduce the frequency of administration and to improve the patient 

compliance, a once daily sustained release formulation of atenolol is desirable1-2.  

 
Sustained release drug delivery system is designed to achieve a prolonged therapeutic effect 

by continuously releasing medication over an extended period of time after administration of 

a single dose. Hydrophilic matrices devices are one of the least complicated approaches in the 

formulation of sustained release dosage forms and are finding increasing application in the 

pharmaceutical field. The aim of the present study was to investigate relationship between 

swelling and drug release from the sustained release hydrophilic matrices of atenolol 

prepared using combination of different grades of hydroxypropyl methylcellulose (HPMC), 

viz, HPMCK4M, HPMCK15M and HPMCK100M 3-5.  

 
Drug release data from HPMC matrices follows the classical Higuchi dissolution equation, 

relating drug release with square root of time. Swellable systems consisting of hydrophilic 

polymers, in the presence of water, absorb a significant amount of water to form a gel. As the 

dissolution medium penetrates the matrix, polymer material swelling starts and drug 

molecules begin to move out of the system by diffusion. The degree of swelling and percent 

water uptake is determined to find the relationship between the drug release and swelling. 

The release mechanism is obtained from the dissolution data and the value of release rate 

exponent is determined. The value of release rate exponent (n) is a function of geometric 

shape of the drug delivery device. The results indicate that the mechanism of release is 

influenced greatly by the polymer concentration of the formulations as can be seen from 

values of n and generally in accordance with these indications. The release is mainly 

determined by the Fickian diffusion which is also confirmed from the n values6-11. 
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EXPERIMENTAL 

Materials and Methods 

Atenolol was obtained as a gift sample and tablets were prepared by direct compression using 

HPMCK4M and HPMCK15M polymer combinations. Other excipients used were 

Magnesium stearate, Talc, MCC and dibasic calcium phosphate.  

 
Preparation of Matrices 

Nine formulations employed for investigations containing different ratios of HPMC of 

different grades were prepared by direct compression and coded C1, C2, C3, D1, D2, D3, E1, 

E2 and E3. The ratios of different grades of HPMC employed are shown in Table 1. The 

amount of drug, magnesium stearate, MCC and talc were kept constant while dicalcium 

phosphate was taken in sufficient quantity to maintain a constant tablet weight. All the 

products and process variables (other than the concentrations of two polymers) like mixing 

time, compaction force, etc, were kept constant. Ten tablets from each batch were weighed 

individually and subjected to physical evaluation. 

 
Table 1. Different ratios employed in formulations containing HPMC of different 

grades. 
Formulation Code HPMCK4M HPMCK100M ATENOLOL 

C1 1 1 1 

C2 2 2 1 

C3 3 3 1 

Formulation Code HPMCK4M HPMCK15M ATENOLOL 

D1 1 1 1 

D2 2 2 1 

D3 3 3 1 

Formulation Code HPMCK15M HPMCK100M ATENOLOL 

E1 1 1 1 

E2 2 2 1 

E3 3 3 1 

 
Matrix Swelling and Water Uptake Studies 

Swelling was evaluated by weight. The matrices were placed in 900 ml dissolution medium 

pH 6.3, at 370C. At different time intervals, the previously weighed tablets were removed, 

gently wiped with a tissue to remove surface water, and reweighed. The percent water uptake 
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i.e., degree of swelling due to absorbed test liquid, can be estimated at regular time intervals 

using the following equation – 

% water Uptake = (Ws-Wi)/Wp *100 

Where, Ws = Wt. of the swollen matrix at time t, Wi = Initial wt. of the matrix, Wp = wt. of 

the polymer in the matrix. The polymer swelling or water uptake are mean of three 

determinations. The degree of swelling can be calculated by the following formula – 

Degree of swelling   = Ws-Wd/Wd*100            

Where, Wd = Final dry wt. of the matrix, Ws = Swollen wt. of the same matrix at immersion 

time (t). The swelling degree is the mean of at least three determinations. 

 
Dissolution Studies 

Dissolution studies were carried out for all the nine formulations in triplicate, employing 

dissolution apparatus, using distilled water pH 6.3 as the dissolution medium at 50 rpm and 

37  0.50C. An aliquot of sample was periodically withdrawn at suitable time intervals and 

volume replaced with equivalent amounts of plain dissolution medium. The drug was 

analyzed by UV spectrophotometer (UV 1601 Shimadzu, Japan) at 224nm.  

 
Physical Characteristics 

The tablet weights of all the batches vary between 120-126mg, and tablet hardness between 

5.6-5.8kg. The tablet friability ranged between 0.5-0.9%. The physical parameters of the 

manually compressed tablets were found within control.  

 
Table 2. Final dry weight and weight of polymer in matrix tablets of different 
Formulations 
Formulation Code Final Dry weight (Wd) 

(mg) 
Weight of polymer in 

matrix (Wp) (mg) 
C1 120 24 

C2 127 48 

C3 126 72 

D1 124 24 

D2 122 48 

D3 125 72 

E1 122 24 

E2 125 48 

E3 125 72 
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Table 3. Percent water uptake of formulations as a function of time 

TIME 
HRS C1 C2 C3 D1 D2 D3 E1 E2 E3 

0.5 83.33 33.33 45.83 58.33 37.50 41.67 125.00 72.92 69.44 

1 175.00 95.83 81.94 87.50 77.08 55.56 170.83 112.50 97.22 

2 433.33 220.83 168.06 379.17 218.75 176.39 325.00 229.17 206.94 

3 558.33 285.42 215.28 441.67 291.67 201.39 487.50 322.92 256.94 

4 683.33 343.75 256.94 587.50 335.42 250.00 708.33 366.67 312.50 

5 800.00 443.75 315.28 658.33 410.42 284.72 762.50 445.83 333.33 

6 895.83 485.42 347.22 837.50 452.08 309.72 904.17 493.75 361.11 

8 1004.17 541.67 419.44 900.00 487.50 370.83 1025.00 556.25 444.44 

10 1175.00 641.67 505.56 1025.00 602.08 437.50 1125.00 656.25 555.56 

12 1291.67 756.25 588.89 1212.50 725.00 513.89 1320.83 822.92 595.83 

 

Table 4. Degree of swelling of different formulations as a function of time 

TIME 
HRS C1 C2 C3 D1 D2 D3 E1 E2 E3 

0.5 16.67 12.60 26.19 15.00 10.24 23.02 24.59 28 41.67 

1 35.00 36.22 46.83 20.83 25.20 30.95 33.61 43.2 58.33 

2 86.67 83.46 96.03 79.17 78.74 100.00 63.93 88 124.17 

3 111.67 107.87 123.02 91.67 106.30 114.29 95.90 124 154.17 

4 136.67 129.92 146.83 120.83 122.83 142.06 139.34 140.8 187.50 

5 160.00 167.72 180.16 135.00 151.18 161.90 150.00 171.2 200.00 

6 179.17 183.46 198.41 170.83 166.93 176.19 177.87 189.6 216.67 

8 200.83 204.72 239.68 183.33 180.31 211.11 201.64 213.6 266.67 

10 235.00 242.52 288.89 208.33 223.62 249.21 221.31 252 333.33 

12 258.33 285.83 336.51 245.83 270.08 292.86 259.84 316 357.50 

 
RESULTS AND DISCUSSION 

The weight of the polymer in the matrix (Wp) and final dry weight of the matrix (Wd) are 

shown in Table 2. The percent water uptake and degree of swelling as a function of time is 

reported in Table 3and Table 4 respectively. The results of swelling studies are shown 

graphically for different formulations. Fig1a shows the plot for water uptake as a function of 

time for formulation codes C1, C2, C3 containing HPMC K4M and K100M combinations 
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with different ratios and Fig1b shows plot for degree of swelling as a function of time for 

formulation codes C1, C2, C3. Similar plots are shown in Fig 2a and Fig 2b for formulation 

codes D1, D2, D3, containing HPMC K4M and K15M combinations with different ratios and 

Fig 3a and Fig 3b for formulation codes E1, E2, E3, containing HPMC K15M and K100M 

combinations with different ratios. The dissolution parameters of varied formulation with 

different ratios of polymer combinations obtained during studies are shown in Table 5.  

 
Formulation C1 has n= 0.502, C2 has n=0.451 and C3 has n=0.442 indicating that the release 

mechanism is very close to Fickian transport i.e. belong to the Higuchi model. Similar results 

are observed with formulations D1, D2, D3 as well as with formulations E1, E2 and E3. In 

this investigation it has been clearly demonstrated that an inverse relationship exists between 

the drug release rate and matrix-swelling rate. When the amount of HPMC in the matrix is 

high, wetting improves and water uptake into matrices is enhanced. The higher amount of 

HPMC irrespective of different grades causes a greater degree of swelling. This in turn 

reduces the drug release, as the diffusional path length of drug is now longer. Conversely, 

reduction in the amount of HPMC reduces the degree of swelling and the thickness of gel 

layer and thus enables faster drug release. It is also demonstrated that HPMC of higher 

viscosity grades swells to greater extent and has greater intrinsic water uptake property than 

that of the lower viscosity grades. 

 
Table 5. Dissolution parameters of different formulations 

Formulation 
Code 

Release at 
12 hr n Degree of Swelling 

(%) 
Percent of water 

uptake 
C1 96.14 0.502 258.33 1291.67 

C2 83.86 0.451 285.83 756.25 

C3 74.5 0.442 336.51 588.89 

D1 103.5 0.548 245.83 1212.50 

D2 102.2 0.545 270.08 725.00 

D3 85.5 0.456 292.86 513.89 

E1 93.6 0.506 259.84 1320.83 

E2 74.6 0.442 316 822.92 

E3 64.1 0.439 357.50 595.83 
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CONCLUSION 

Swelling studies reveals an inverse relationship between swelling and drug release in the 

sustained release atenolol matrices. The rational combination of different grades of HPMC 

can be used satisfactorily to regulate the release of drug for extended period of time in such 

matrices.  
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