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ABSTRACT 
This work aims at investigating different types and levels of hydrophilic matrixing agents, like HPMC K4 & HPMC K 15, in an attempt to formulate bi-layer 
matrix tablets containing Lornoxicam. Lornoxicam is weak acidic in nature, so its release from SR delivery systems is limited to the lower gastrointestinal 
tract which consequently leads to a delayed onset of its analgesic action. To provide complete drug release that starts in the stomach to rapidly alleviate the 
painful symptoms and continues in the intestine to maintain protracted analgesic effect, use basic pH modifiers like sodium bicarbonate & magnesium oxide to 
create basic micro-environmental pH inside &give a favorable acidic condition for  tablets to release the drug . The tablets were prepared by wet granulation. 
In-Vitro drug release study was carried out for different formulations. 
Key words: Lornoxicam, bi-layer tablets, hydrophilic matrix, basic pH modifier. 
 
INTRODUCTION 
Lornoxicam is a Non-Steroidal Anti-inflammatory Drug 
(NSAID) of the oxicam class. It has analgesic, anti-
inflammatory and antipyretic properties. Lornoxicam is also 
as a NSAID in relieving symptoms of osteoarthritis, 
rheumatoid arthritis, ankylosing spondylitis, acute sciatica 
and low back pain. It inhibits prostaglandin biosynthesis by 
blocking the enzyme cyclooxygenase (both COX-1 and 
COX-2). Maximum plasma concentrations are achieved after 
approximately 1 to 2 hours. The absolute bioavailability of 
Lornoxicam is 90- 100%. After administration, Lornoxicam 
is found in the plasma in unchanged form and as its 
hydroxylated metabolite. Sustained release formulation is 
needed for Lornoxicam because of its short biological half-
life of 3.0-5.0 h and also to minimize the G.I. disturbances 
such as peptic ulceration with or without bleeding if present 
in larger concentration in G.I.tract.3 
In the pharmaceutical dosage forms several approaches are 
available to include the loading dose of a drug to the 
maintenance dose of a drug for sustained action. A novel 
approach for having the loading dose and maintenance dose 
in a tablet is the formulation of drugs in a 
multilayered/bilayer tablet. By using multilayer or bilayer 
tablet system, it makes possible to design extended release 
preparations with an immediate release quantity in one layer 
and an extended release portion in the second, thus 
maintaining a prolonged blood level. The immediate release 
portion will disintegrate rapidly after ingestion, thus 
providing the initial dose of medication for immediate onset 
of action where as the matrix layer remain intact during most 
of the time of its passage through the intestine, while 
dissolving slowly from its exposed faces in this passage, 
which helps to maintain the blood level that initially reached. 
Similarly, one drug can be administered for immediate 
release and another drug can be an immediate release layer 
for sustained release.4,5 

The purpose of this study was to formulate bilayer matrix 
tablets of Lornoxicam (Lor) by using different hydrophilic 
carriers to study their effect on drug retardant behavior of 
polymers. 
MATERIALS AND METHOD: 
Lornoxicam was obtained as a gift sample from Glenmark 
Pharmaceuticals Ltd. (Baddi, India) and PVP K30, MCC-
102, hpmc k4 & hpmc k15 was obtained from Indoco 
Remedies Limited (Baddi, India).   Magnesium stearate and 
talk were purchased from Chemdies chemicals pvt.ltd 
(Ahemdbad, India). All other reagents used in this 
experiment were analytical grades. 
PREPARATION AND CHARACTERIZATION OF 
BILAYER TABLETS: 
The bilayer tablets of Lornoxicam were prepared by the wet 
granulation method. The drug and polymers for both fast 
release and sustaining layer were passed through an 80-µm 
sieve before their use in the formulation.9 
Calculation of Theoretical Release Profile of Lornoxicam 
from Sustained-Release Formulations:11,12 
The total dose of Lornoxicam for a once-daily sustained 
release formulation was calculated by the following available 
pharmacokinetic data. 
Volume of distribution of Lor (Vd) = 0.2 Liter per kg 
By taking average body weight of 60 kg. 
Then, 
Vd = 0.2x60=12 liter 
Cmax =maximum plasma concentration of Lornoxicam 
 = 270 µg per liter 
 = 0.270 mg per liter 
There fore, loading dose (DL) can be calculated by 
DL = Cmax X Vd 
DL = 0.270 X 12 
 =3.24 mg 
Calculation of maintenance dose: 
Dt = DL (1+0.693X t / t1/2) 
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Where 
Dt = total dose 
DL =loading dose 
t1/2 = half life of drug 
t    = time during which sustained release is desired 
Dt = 3.24 (1+ (0.693x24/4) 
 = 16 mg is total dose 
DL = 3.24 (Loading dose) 
Dm = 12.76 mg (Maintenance dose) 
Hence, the formulation should release 3.24mg in 1 hour like 
conventional tablets and 12.76 mg up to 12 hours thereafter. 
Formulation of the fast release layer: 
The dose in the formulation for fast release was 2.5 mg; the 
maintenance dose or sustained dose (13.5mg) of Lornoxicam 
was calculated as per the reported method. The fast release 
layer prepared by direct compression technique the granules 
were mixed with talc and magnesium stearate. 
Formulation of sustaining layer: 
Granules for sustaining layer were prepared by mixing 
calculated dose of drug with matrix materials. Two different 
classes of basic pH-modifiers, water-soluble, namely sodium 
bicarbonate versus water-insoluble, namely magnesium 
oxide, were incorporated into matrix tablets at concentrations 
of either 5% by weight. Each modifier was co ground with 
lornoxicam for 30 min in a glass mortar using a pestle. Then 
the powder was mixed with other excipients, sufficient 
quantity of 4% w/v of PVP in alcohol use to formed wet 
mass. The cohesive mass obtained was passed through sieve 
no. 12 and the granules were dried in an oven at 45 °C for 
half an hour. The dried granules were again sieved by passing 
through sieve no. 16. The granules were mixed with required 
quantities of talc and magnesium stearate. The required 
amount of granules for sustained release layer was 
compressed into tablets on a single punch tablet machine 
using 8 mm round and convex punches. Over this 
compressed layer, required quantity of fast release layer 
granules was placed and compressed to form a bi-layered 
tablet.13 
 Evaluation of Granules: 
Angle of Repose: 
Static angle of repose was determined according to the fixed 
funnel method, where by accurately weighed granules (3 g) 
were carefully poured through the funnel with its tip at 2-cm 
height, H, until the apex of the conical heap so formed just 
reached the tip of the funnel. The mean diameter, 2R, of the 
base for the powder cone was measured and the angle of 
repose (Ɵ) was calculated using the following equation: 
TanƟ = H/ R 
 
 
 

Bulk Density: 
Both poured bulk and tapped bulk densities were determined, 
whereby a quantity (3 g) of granules from each formula, 
previously lightly shaken to break any agglomerates formed, 
was introduced into a 10-mL measuring cylinder. After the 
initial volume was observed, the cylinder was allowed to fall 
under its own weight onto a hard surface from the height of 
2.5 cm at 2-second intervals. The tapping was continued until 
no further change in the volume was noted. 
Compressibility Index: 
The compressibility index of the granules was determined by 
Carr’s compressibility index: Carr’s index (%) = [(TBD – 
LBD) × 100]/TBD. 
Evaluation of Tablets: 
Thickness:  
The thickness of the tablets was determined; ten tablets from 
each batch were used. Thickness values were reported in 
Millimeters. Mean and SD were calculated. 
Average Weight of the Dosage Unite: 
To study weight variation, 10 tablets of each formulation 
were weighed using an electronic balance. Weight values 
were reported in milligrams. Mean and SD were calculated. 
Uniformity of Drug Content: 
Ten tablets were accurately weighed and powdered 
individually. Contents of each tablet were taken into ten 
separate 50 ml volumetric flask and 20 ml of methanol was 
added to each volumetric flask. The mixture was shaken 
thoroughly for about 30 min. These were kept in hot water 
bath to dissolve the Lornoxicam and the solution was made 
up to volume with methanol and mixed well, and then the 
solution was filtered through Whatmann filter paper. From 
the filtrate 1 ml was pipetted out and diluted with 10 ml of 
phosphate buffer of pH 6.8. The resulting solution from each 
sample was measured at 376 nm for the drug content.14 
Hardness Test: 
For each formulation, the hardness of 6 tablets was 
determined using a hardness tester. Hardness values were 
reported in kilograms (kg). Mean and SD were calculated. 
Friability Test; 
For each formulation, 6 tablets were weighed. The tablets 
were placed in a friabilator and subjected to 100 rotations in 4 
minutes. The tablets were then dedusted and reweighed. The 
friability was calculated as the percentage weight loss. 
In Vitro Release Studies: 
The in vitro dissolution studies were carried out using USP 
apparatus type II at 50rpm. The dissolution medium consisted 
of 0.1N hydrochloric acid for the first 2 hours and the 
phosphate buffer pH 6.8 from 3 to 24 hours (900 ml), 
maintained at 37°C ± 0.5°C. The drug release at different 
time intervals was measured by UV-visible 
spectrophotometer at 376 nm. 
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Table 1: Formulations for Lornoxicam Bilayer Tablet 
Ingredients 
(mg/tablets) 

Formulations for Lornoxicam Bilayer Tablet (mg/tab) 

LR1 LR2 LR3 LR4 LR5 LR6 LR7 LR8 LR9 LR10 LR11 LR12 

Formulation for Immidiate release layer  
Lornoxicam 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

MCC 46 46 46 46 46 46 46 46 46 46 46 46 
Mg. stearate 01 01 01 01 01 01 01 01 01 01 01 01 

Talc 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Total wt 50 50 50 50 50 50 50 50 50 50 50 50 

 Formulation of the sustained release layer 

Lornoxicam 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 
MCC-102 68 45.5 23 82.5 60 37.5 68 45.5 23 82.5 60 37.5 

HPMC K-4 52.5 75 97.5 _ _ _ 52.5 75 97.5 _ _ _ 
HPMC K-15 _ _ _ 37.5 60 82.5 _ _ _ 37.5 60 82.5 

PVP K-30 6 6 6 6 6 6 6 6 6 6 6 6 
Ethanol q.s q.s q.s q.s q.s q.s q.s q.s q.s q.s q.s q.s 

Sod.bicarbonate 7.5 7.5 7.5 7.5 7.5 7.5 _ _ _ _ _ _ 
MgO _ _ _ _ _ _ 7.5 7.5 7.5 7.5 7.5 7.5 
Talc 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

Mg.stearate 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
Total wt 150 150 150 150 150 150 150 150 150 150 150 150 

 
RESULTS AND DISCUSSION: 
The granules of different formulations were evaluated for 
angle of repose, LBD, TBD, compressibility index, the 
results of angle of repose and compressibility index (%)  
LBD and TBD are shown in Table 2.The tablets of different 
formulations were evaluated for hardness, friability(%), 
thickness, weight, drug content (%) & dissolution studies, the 
results of  hardness, friability(%), thickness, weight, drug 
content (%) are shown in table 3. The results of dissolution 
studies of formulations LR-1, LR-2, LR-3, LR-4, LR-5 & 
LR-6 composed of different hydrophilic polymers like (hpmc 
k4 & hpmc k15) with ph modifier sodium bicarbonate  are 
shown in Figure 1. Dissolution studies of formulations LR-7, 
LR-8, LR-9, LR-10, LR-11 & LR-12 composed of different 
hydrophilic polymers like (hpmc k4 & hpmc k15) with ph 
modifier magnesium oxide are shown in Figure 2. 
Formulations LR-3, LR-6, LR-9 were showed the best result. 
The hardness, friability, weight variation, thickness, layer 
separation, assay and content uniformity were found to be 
within the limits. 

 
CONCLUSION: 
From the result we concluded that hydrophilic polymers like 
(hpmc k4 & hpmc k15) with ph modifier sodium bicarbonate 
& magnesium oxide could control the Lornoxicam release 
effectively for 24 hours.  

 
Table 2: Pre-Compression Studies 

Formulations Angle of 
repose 

Lose bulk 
density(g/ml) 

Tapped bulk 
density(g/ml) 

Compressibility 
index(%) 

F1 23.50 0.470 0.548 14.23 
F2 23.12 0.495 0.601 17.63 
F3 24.01 0.535 0.611 12.43 
F4 21.20 0.515 0.598 13.87 
F5 22.67 0.502 0.622 19.29 
F6 22.96 0.481 0.581 17.21 
F7 21.59 0.490 0.600 18.33 
F8 24.20 0.499 0.591 15.56 
F9 23.38 0.545 0.701 22.25 

F10 22.65 0.539 0.619 12.92 
F11 23.08 0.520 0.602 13.62 
F12 23.55 0.550 0.635 13.38 

 
Table 3: Post-Compression Studies 

Formulations Hardness(kg) Friability (%) Thickness(mm) Weight(mg) Drug content (%) 
F1 6.00±0.05 0.37 3.32±0.05 201±0.99 99.92 
F2 5.98±0.21 0.56 3.82±0.03 203±0.86 98.99 
F3 6.20±0.11 0.29 2.98±0.08 199±1.20 99.45 
F4 7.01±0.98 0.44 3.56±0.10 200±0.86 99.82 
F5 5.82±0.56 0.14 3.11±0.25 200±1.01 99.68 
F6 7.53±0.33 0.21 2.76±0.32 202±0.72 98.89 
F7 8.20±0.67 0.28 2.50±0.08 200±1.56 98.88 
F8 8.05±0.86 0.32 3.89±0.28 201±0.82 99.20 
F9 7.33±0.74 0.48 2.88±0.18 199±1.05 99.39 
F10 6.46±0.39 0.15 3.05±0.05 199±1.00 99.85 
F11 6.99±0.68 0.19 4.01±0.03 200±0.05 98.99 
F12 6.82±0.23 0.30 3.05±0.06 200±0.02 99.19 
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Figure 1: In-vitro drug release profile of Formulations LR-1, LR-2, LR-3, LR-4, LR-5 ,LR-6. 

 

 
Figure 2: In-vitro drug release profile of Formulations LR-7, LR-8, LR-9, LR-10, LR-11, LR- 12. 

 
REFERENCES: 
1. Bingxin Li, Jing He, David G. Evans, Xue Duan. Enteric-coated layered 

double hydroxides as a controlled release drug delivery system 
International Journal of Pharmaceutics 287 (2004):89–95. 

2. Cheong-Weon Choa, Jun-Shik Choi b, Sang-Chul Shin c,Controlled 
release of furosemide from the ethylene-vinyl acetate matrix 
International Journal of Pharmaceutics 299 (2005):127–133. 

3. Yicheng Wang, Chi H. Lee. Effects of intrinsic variables on release of 
sodium dodecyl sulfate from a female controlled drug delivery system 
International Journal of Pharmaceutics 282 (2004):173–181. 

4. Hiroyuki Aoshima, Atsuo Miyagisnima, Yasuo Nozawa, Yasuyuki 
Sadzuka, Takashi Sonobe. Glycerin fatty acid esters as a new lubricant 
of tablets International Journal of Pharmaceutics 293 (2005):25–34. 

5. Kenneth C. Waterman, Roger C. Adami. Accelerated aging: Prediction 
of chemical stability of pharmaceuticals International Journal of 
Pharmaceutics 293 (2005): 101–125. 

6. Dennis R. Jenke, Jill M. Jene 1, Mitchell Poss 2, James Story,Tom 
Tsilipetros, Alex Odufu, William Terbush. Accumulation of extractables 
in buffer solutions from a polyolefin plastic container International 
Journal of Pharmaceutics 297 (2005):120–133. 

7. Theeuwes F. Oros osmotic system development. Drug Dev Ind Pharm. 
1983; 9:1331-1357. 

8. Prasad BDS, Medhi B, Prakash A, Patyar S and Wadhwa S. 
Lornoxicam: A Newer NSAID. Ind J of Phys Med and Rehabil. 2009; 
20(1): 27-31. 

9. Abraham M. A., Shirwaikar A., Indian J. Pharm. Sci., 1997; 68: 312—
315. 

10. Gunsel W. C., Bunsel R. G., “Pharmaceutical Dosage Forms: Tablets,” 
ed. By Liebermann L. A., Lachman L., Schwartz J. B., 1989;Vol. 2, 
Marcel Dekker, Inc., N.Y; 274. 

11. Ballard B. E., “Remington’s Pharmaceutical Sciences,” 16th ed., Easton, 
Mack Publishing Company1990;1600. 

12. Ohmori S., Makino T., Chem. Pharm. Bull 2000; 272, 673—677. 
13.  Desai K. G. H., Pramod T. M., AAPS Pharm. Sci. Tech., 2004; 5: 1—9. 
14. Rawlins EA. Bentley’s Text Book of Pharmaceutics. London, England: 

Cassell and Collier MacMillan; 1977; 376 
15. Shobha R. Text Book of Pharmaceutics and PharmacokineticsMumbai, 

India: Prism Book Pvt. Lmt. 2000; 176. 
16. Raghuram RK, Srinivas M, Srinivas R. Once-daily sustained-release 

matrix tablets of nicorandil: formulation and in vitro evaluation AAPS 
Pharm Sci Tech. 2003; 4: 61. 

17. Lachman L, Lieberman HA, Kanig JL. The Theory and Practice of 
Idustrial Pharmacy. Philadelphia, PA: Lea and Febiger; 1987;317-318. 

18.  Indian Pharmacopoeia. Controller of publications New Delhi 1996. 
19. Paulo C, Jose MSL. Modeling and comparison of dissolution profiles. 

Eur J Pharm 
 
 
 

Source of support: Nil, Conflict of interest: None Declared 
 


