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ABSTRACT 

Losartan bioadhesive tablets were prepared by direct compression method. The tablets were evaluated for pre 

compression and post compression parameters, swelling studies and in-vitro drug release. The formulation with 

desired drug release was tested for stability. The formulation F8 was selected as the best formulation, as the release 

of Losartan from the formulation was found to be zero order kinetics and Korsmeyer-Peppas model. The optimized 

formulation was found to have good mucoadhesive strength in sheep gastric mucosa and showed drug release up to 

12 hours (99.8 %).Therefore, bimodal drug release pattern was successfully achieved through the formulation of 

bioadhesive tablets in this study. Formulating bioadhesive tablets of losartan increased the bioavailability to 99.8 % 

with the use of polymer carbopol. 

Keywords: Gastro retentive, Bioadhesive, HPMC K4M, Carbopol 974 P, Losartan, zero order kinetics and 

Korsmeyer-Peppas model. 

  

 

INTRODUCTION 

Historically, oral drug administration has been the 

predominant route for drug delivery due to the ease of 

administration, patient convenience and flexibility in 

formulations [3]. However, it is a well-accepted fact 

today that drug absorption throughout the GI tract is 

not uniform. Using currently utilized release 

technology, oral drug delivery for 12 or even 24 hours 

is possible for many drugs that are absorbed uniformly 

from GI tract [5]. Nevertheless this approach is not 

suitable for a variety of important drugs characterized 

by narrow absorption window in the upper part of GI 

tract i.e., stomach and small intestine [1]. The design 

of oral controlled drug delivery systems (OCDDS) 

should be primarily aimed to achieve the more 

predictability and reproducibility to control the drug 

release [6], drug concentration in the target tissue and 

optimization of the therapeutic effect of a drug by 

controlling its release in the body with lower and less 

frequent dose [2].
 

Controlled release system 

Controlled release dosage forms cover a wide 

range of prolonged action formulations which provide 

continuous release of their active ingredients at a 

predetermined rate and predetermined time [7]. The 

most important objective for the development of these 

systems is to furnish an extended duration of action 

and thus assure greater patient compliance [8]. Ideally, 
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the optimization of therapeutic efficacy and safety 

may be attained as a result of providing nearly a 

constant pharmacological response [9], thereby 

avoiding the normal peak and valley pattern associated 

with multiple dosing of conventional drug products 

[4]. To improve the efficacy of oral administration, 

some recent studies have reported that controlled oral 

drug delivery system with prolonged gastric residence 

time [10], such as bioadhesive dosage system have 

been proved to be advantages. Approaches to gastric 

retention [11].  

1. Floating Systems 

2. Bio/Muco-adhesive Systems 

3. Swelling and Expanding Systems 

4. High Density Systems 

5. Incorporation of Passage Delaying Food Agents 

6. Ion Exchange Resins 

7. Osmotic Regulated Systems 

 

Losartan is a selective, competitive angiotensin II 

receptor type 1 (AT1) receptor antagonist [12], 

reducing the end organ responses to angiotensin II. 

Losartan administration results in a decrease in total 

peripheral resistance (afterload) and cardiac venous 

return (preload) [13]. All of the physiological effects 

of angiotensin II, including release of aldosterone, are 

antagonized in the presence of losartan [14]. 

Reduction in blood pressure occurs independently of 

the status of the renin-angiotensin system [15]. As a 

result of losartan dosing, plasma renin activity 

increases due to removal of the angiotensin II 

feedback [16]. 

 

MATERIALS AND METHODS 

Losartan USP grade, Lactose monohydrate, Micro 

crystalline cellulose, HPMC K4M, ethyl cellulose, 

Carbopol 974 P and Magnesium stearate [17]. 

Formulation of bioadhesive tablet of Losartan 

Potassium  

The bioadhesive tablets of losartan potassium was 

prepared by blending the drug with different 

concentrations of polymers [18], physical mixture was 

then compressed by direct compression method. Nine 

formulations were prepared [19].  

FTIR studies of losartan with excipients 

Infrared spectrum of losartan, excipients was 

determined by Fourier transform infrared 

spectrophotometer using KBr pellet method [20].  

 

Table 1: Formulation of Losartan Bioadhesive tablets 

Ingredients 

(mg) 

Losartan Lactose 

monohydrate 

Micro 

crystalline 

cellulose 

HPMCK4 

M 

Ethyl 

cellulose 

Carbopol  Mg. 

stearate 

Total 

F1 25 86.25 86.25 50      -      - 2.5 250 

F2 25 61.25 61.25 100      -      - 2.5 250 

F3 25 36.25 36.25 150      -      - 2.5 250 

F4 25 86.25 86.25     - 50      - 2.5 250 

F5 25 61.25 61.25      - 100      - 2.5 250 

F6 25 36.25 36.25      - 150      - 2.5 250 

F7 25 86.25 86.25      -      - 50 2.5 250 

F8 25 61.25 61.25      -      - 100 2.5 250 

F9 25 36.25 36.25      -      -   150 2.5 250 

 

Post formulation studies 

The tablets of the proposed formulations F1 to F9 

were evaluated for hardness by using Monsanto 

hardness tester [21], weight variation, and thickness by 

using Vernier calipers, friability by using Roche 

friabilator and drug content. Losartan tablets should 

contain not less than 90.0 percent and not more than 

110.0 percent [22, 23].  

In-vitro drug release studies 

The USP II dissolution test apparatus is used. The 

whole assembly is kept in a jacketed vessel of water 

maintained at 37± 1
0 

C. Bio adhesive tablet is stuck on 

to the bottom of the flask (so as to allow one sided 

release from the tablet).The beaker is filled with 

900ml of phosphate buffer. The vessel is maintained at 

100 rpm under stirring conditions by means of a 
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paddle fabricated for the purpose in a dissolution 

apparatus [24, 25]. At various time intervals samples 

of dissolution medium are withdrawn and filtered 

through whatman filter paper. It is replaced 

immediately with an equal amount of fresh buffer. The 

samples are then analyzed in UV spectrophotometer at 

234 nm. Absorbance measured and % drug release is 

determined. 

Swelling studies 

The tablets of each formulation were weighed 

individually (designated as W1) and placed separately 

in petri dishes containing 2 % agar gel. At regular 

intervals of 1, 2, 3, 4, 5, 6, 7 and 8 hours, the tablets 

were removed from the petri dishes and excess water 

was removed carefully by using filter paper. The 

swollen tablets were reweighed (W2), the swelling 

index of each formulation was calculated using the 

formula, 

 

 

 

Evaluation of bioadhesive strength 

Detachment force measurement 

Method 

Immediately after slaughter, the intestines was 

removed from the goat and transported to laboratory in 

tyrode solution is (g/litre); (sodium chloride 8 gm; 

potassium chloride 0.2 gm; calcium chloride 2H2O 

0.134 gm; sodium bicarbonate 1.0 gm; sodium 

dihydrogen phosphate 0.05 gm and glucose H2O 1gm). 

During this experiment take the intestine in a specified 

area and place it on one glass slide and tie it. The glass 

slide with the intestine was affixed on one side floor 

below the modified physical balance. Already 

prepared 200 mg plain polymer tablet was pasted in 

another glass slide and it balanced in the assembled 

physical balance with a beaker in other side which is 

used to hold the water. Now the balance was 

calibrated. 

 

                                                         

                                                       
 

RESULTS AND DISCUSSION 

Pre-formulation studies 

The loose bulk density and tapped bulk density of 

all the batches  varied from 0.343±0.030 to 

0.446±0.006g/ml and 0.372±0.012 to 0.507±0.010 

g/ml. Carr’s consolidation index ranged from 

4.76±0.001to 13.63±0.005. Results clearly showed 

that flow- ability of all the formulations is good and 

has good compressibility (Table 2). 

 

Pre-compression parameters of Losartan tablets blend 

Table 3: Pre-compression parameters of Losartan tablets blend F1-F9 

F. 

code 

Angle of Repose 

(
0
) 

Bulk 

Density 

(gm / ml ) 

Tapped 

Density 

(gm / ml ) 

Compressbility Index 

(%) 

Hausner 

Ratio 

F1 19.77±1.04 0.394±0.00 0.416±0.01 5.263±3.29 1.055±0.03 

F2 20.01±0.87 0.399±0.00 0.446±0.00 10.526±0.42 1.117±0.00 

F3 20.54±0.41 0.357±0.02 0.375±0.04 4.761±3.65 1.050±0.04 

F4 19.35±1.34 0.375±0.01 0.416±0.01 10.000±0.05 1.111±0.00 

F5 22.86±1.13 0.340±0.03 0.394±0.03 13.636±2.62 1.157±0.03 

F6 21.53±0.19 0.441±0.03 0.500±0.04 11.764±1.29 1.133±0.01 

F7 21.37±0.08 0.416±0.01 0.468±0.02 11.111±0.83 1.125±0.00 

F8 22.53±0.73 0.441±0.03 0.500±0.04 11.764±1.29 1.133±0.015 

F9 23.32±1.46 0.394±0.00 0.441±0.00 10.526±0.42 1.117±0.00 
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Standard curve of losartan potassium in 0.1 N HCL 

Table 4: Standard curve of Losartan 

Concentration  (µg/ml)  Absorbance at 234 nm 

0 0 

10 0.1414 

20 0.2968 

30 0.4539 

40 0.6085 

50 0.7686 

 

 
 

Fig. 1: Standard calibration curve of Losartan 

 

Post formulation studies 

The tablets of the proposed formulations F1 to F9 

were evaluated for hardness, weight variation, 

thickness, friability and drug content. The thickness 

for tablets (n=3, mean ± SD) ranged from 4.0 ± 0.04 to 

4.10 ± 0.02 mm. The hardness and friability (n=3, 

mean ± SD) of the tablets was found to be ranging 

from 4.7±0.20 to 6.5±0.20 kg/cm
2 

respectively. All the 

tablets passed the weight variation test i.e., they were 

within the Pharmacopoeia limits of ±5%. Content 

uniformity ranged from 99.0±0.54to 100.47±0.34, 

meets the USP specification of 90-100 %. All the 

batches of the fabricated tablets were of good quality 

with regard to hardness, friability and drug content 

(Table 5). 

 

Table 5: Post formulation studies of F1-F9 

Form. Weight variation 

(mg) 

Thickness 

(mm) 

Hardness 

(Kg/cm
2
) 

Friability 

(%) 

Drug content 

(%) 

Muco adhesion 

force 

F1 248±0.02 4.1±0.10 4.7±0.06 0.17±0.0001 99±0.157 1.867±0.022 

F2 249±0.74 4.2±0.03 5.4±0.47 0.20±0.0003 100±0.549 2.060±0.114 

F3 248±0.96 4.2±0.17 6.5±0.58 0.14±0.0001 99±0.157 2.142±0.172 

F4 251±0.14 4.1±0.17 5.5±0.12 0.14±0.0001 100±0.549 1.968±0.048 

F5 250±0.46 4.3±0.10 6.2±0.22 0.36±0.0014 99±0.157 2.130±0.183 

F6 250±0.72 4.4±0.25 5.1±0.47 0.21±0.0009 99±0.157 2.158±0.183 

F7 250±0.51 4.2±0.39 6.1±0.72 0.19±0.0002 98±0.864 1.569±0.233 

0 

0.1414 

0.2968 

0.4539 

0.6085 

0.7686 
y = 0.0154x - 0.0076 

R² = 0.9997 
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F8 251±0.12 4.1±0.10 5.2±0.01 0.18±0.0005 100±0.549 1.573±0.230 

F9 251±0.71 4.1±0.10 6.2±0.22 0.19±0.0004 99±0.157 1.621±0.196 

 

In vitro drug release study 

F8 was selected as optimized formulation since it 

released maximum amount of the drug in 12 hours 

compared to other batch formulations. The mechanism 

of drug release of F8 was found to be non Fickian 

diffusion, zero order as evident from release exponent 

(n) value (Table 6, fig.2). 

 

Table 6: In vitro drug release study of Formulations F1-F9 

 

Time 

(hrs.) 

F1 F2 F3 F4 F5 F6 F7 F8 F9 

0 0±23.03 0±32.2 0±30.9 0±35.0 0±32.3 0±33.9 0±35.35 0±34.64 0±34.04 

2 10±15.9 21±17.3 19±17.4 24±18.0 13±23.1 23±17.6 28±15.55 20±20.50 21±19.19 

4 17±11.0 27±13.1 29±10.4 31±13.1 33±8.99 44±2.82 34±11.31 38±7.77 36±8.58 

6 22±7.47 51±3.8 45±0.90 53±2.42 50±3.03 48±0.98 52±1.41 54±3.53 55±4.84 

8 39±4.54 61±10.9 59±10.8 72±15.85 65±13.6 63±10.60 66±11.31 62±9.19 60±8.38 

10 66±23.63 73±19.3 71±19.2 78±20.1 72±18.5 70±15.55 77±19.09 84±17.67 75±18.9 

12 74±29.29 86±28.5 83±27.7 89±27.8 87±29.1 88±28.28 93±30.40 99±32.52 90±29.59 

 

 

 
 

Fig 2: In vitro drug release study of formulations F1-F9 
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Swelling studies 

The swelling index of bioadhesive tablets for a 

period of 8 hours was studied.  The values obtained 

are shown in table.  It is evident that an increase 

amount of HPMC K 4 M , Carbopol causes increase in 

swelling index and depending on the concentration the 

drug release will vary. Among all the formulation 

carbapol showed highest and HPMC K 4 M and ethyl 

cellulose showed lowest swelling index value (Table 

7). 

 

Table 7: Swelling studies of formulations F1-F9 

Time 

(hrs.) 

F1 F2 F3 F4 F5 F6 F7 F8 F9 

1 51.38±

6.3 

30.14±13

.92 

24.54±11

.16 

49.27±7.

32 

30.06±1

3.6 

32.55±19

.0 

43.15±1

1.8 

29.06±14

.9 

31.15±19.7 

2 61.77±

0.9 

47.33±1.

76 

32.51±5.

52 

60.51±0.

62 

44.18±3.

69 

49.92±6.

71 

62.30±1.

65 

45.12±3.

61 

48.21±7.70 

3 79.56±

13.5 

54.83±3.

53 

39.83±0.

35 

76.81±1

2.1 

51.34±1.

37 

67.37±5.

62 

77.74±1

2.5 

52.39±1.

52 

66.72±5.38 

4 89.92±

20.8 

65.44±11

.03 

46.41±4.

30 

88.56±2

0.4 

64.29±1

0.5 

77.11±12

.0 

89.28±2

0.7 

66.30±11

.35 

78.29±13.5 

5 88.21±

19.6 

78.33±20

.15 

50.10±6.

911 

88.17±2

0.1 

76.14±1

8.9 

82.54±16

.3 

88.41±2

0.1 

78.52±19

.9 

83.45±17.2

1 

6 63.11±

1.90 

55.42±3.

95 

48.23±5.

58 

63.43±2.

6 

57.55±5.

7 

76.44±12

.03 

66.40±4.

55 

59.21±6.

34 

71.30±8.62 

7 32.15±

19.98 

39.22±7.

50 

41.11±0.

55 

32.98±1

8.8 

42.18±5.

10 

59.15±0.

19 

34.12±1

8.2 

43.15±5.

01 

62.26±2.23 

8 17.18±

30.5 

27.93±15

.4 

39.87±0.

32 

17.26±2

9.9 

29.46±1

4.0 

30.29±20

.5 

18.31±2

9.4 

28.16±15

.6 

31.42±19.5 

 

 

 

Fig 3: Swelling studies of formulations F1-F9 
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Fourier transform infrared spectroscopy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  

                      

Fig 4: FTIR spectra of pure drug Losart 

 

 

 

 

 

 

 

                           

 

 

 

 

 

 

 

 

Fig 5: FTIR spectra of micro crystalline cellulose 
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Fig 6: FTIR spectra of Drug + Carbopol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7: FTIR spectra of drug + HPMC K4M 

 

The FTIR spectra of pure losartan and optimized 

formulation does not show any significant changes in 

peaks, indicating no incompatibility. Thus, confirms 

the structure of Losartan drug. 

Stability study 

It was done only for selected formulation F8. The 

storage conditions were at 40
O
C2

 O
C / 75% RH5% 

for 30 days. The friability was 0.09% and hardness 4.5 

± 0.1 Kg/cm
2 

after 30 days, indicating no significant 

changes. Dissolution study also showed no significant 

changes in drug release (Table 8). 

 

Table 8: Dissolution studies after stability studies for F8 

Time in             Hours % of drug release of F8 

Day 1 After 30 days  

 

3897.14 3736.96 

3643.75 

3478.44 

2975.68 

2877.38 

2312.53 1481.57 

1449.84 1376.03 

1311.98 

1270.72 
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918.70 
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2 23 22 

4 30 28 

6 48 45 

8 56 59 

10 77 82 

12 94 92 

 

Drug release kinetics 

To investigate the mechanism of drug release from 

tablets, various kinetic models like zero order, first 

order, Higuchi, Korsmeyer- Peppas equations were 

applied to the in vitro release data obtained from 

different formulations. Diffusion exponents (n) were 

determined for all the formulations. From the 

observations it was concluded that the optimized 

formulation F8 was best explained by zero order 

(R
2
=0.990) and Korsmeyer - Peppas (R

2
=0.995). The 

drug release was proportional to the square root of 

time indicating that the drug release was diffusion 

controlled. The kinetic release data also suggest the 

diffusion mechanism to be non Fickian diffusion since 

it indicates a good linearity (Table 9 and fig. 8, 9, 10 

and 11). 

 

Table 9: Kinetics of drug release for F8 

Time Log 

Time 

Square 

root of 

Time 

Cumulative % 

Drug Released 

Log Cumulative 

%Drug Released 

Cumulative 

%Drug 

Remained 

Log Cumulative 

%Drug Remained 

0         0 1 - 1 100 2 

2 1.414214 0.30103 20 1.30103 80 1.903089987 

4 2 0.60206 38 1.5797836 62 1.792391689 

6 2.44949 0.778151 50 1.69897 50 1.698970004 

8 2.828427 0.90309 72 1.8573325 28 1.447158031 

10 3.162278 1 80 1.90309 20 1.301029996 

12 3.464102 1.079181 95 1.9777236 5 0.698970004 
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Fig 8: Zero order plot for F8 

 

 
 

Fig 9: First order plot for F8 
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Fig 10: Higuchi plot for F8 

 
 

Fig 11: Korsmeyer - Peppa's plot for F8 

 

CONCLUSION  

The present study was conducted to develop gastro 

retentive bioadhesive tablets of Losartan containing 

HPMC K4M, ethyl cellulose, Carbopol polymers in 

different concentrations along with the excepients 

lactose monohydrate and magnesium stearate. The 

polymers were used in the ratio of 2:4:6. Formulation 

noF8 sowed optimum release upto 12 hours (99%) 

with the polymer cabopol. Optimized formulation F8 

showed an excellent bimodal drug release pattern. This 

could be advantageous in terms of increased 

bioavailability. The drug release from the formulation 

followed both zero order and kormeyer peppas model 

which indicates anamolous fickian diffusion. Stability 

studies were conducted which revelead that no 

significant changes occurred in the formulation. 
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