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Formulation and evaluation of Tenoxicam Gels for Topical Use 
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Tenoxicam is a non-steroidal anti-inflammatory drug that belongs to the oxicam 
class of derivatives. In this study, two different grades of carbopol bases 940 and 
934 at  a concentration of 15 % wlw were used as base. Three different polyols 
namely glycerin, propylene glycol and PEG-400 were added as co-solvents either 
alone o r  in combination at  concentrations of 0 to 4 O h  w/w and using eight treatment 
combinations according to the 2' factorial design,.an experiment was conducted. In 
vitro diffusion characteristics, anti-inflammatow activities and the rheological 
characteristics of finished formulations were studied. The in vitro diffusion studies 
showed that the drug release was faster in formulations containing the co-solvents 
glycerin(G3 and F3) and PEG-400 (G ,  and F,) with carbopol 940 and 934 bases 
respectively. Drug release was faster from carbopol934 gel forming base with all co- 
solvent gel formulations than from the carbopol 940 gel base forniulations. The 
release data obtained for tenoxicam obeyed first order kinetics. The results from the 
study could be useful in preparing a marketable tenoxicam gel formulation with 
maximum drug release for efficacious use in inflammatory conditions a t  the site of 
pain. 
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INTRODUCTION peptic ulcer disease and gastrointestinal 
hemorrhage [8]. 

Gels are semisolid svstems in which the liquid 
phase is constrained within a dimensional 
polymeric matrix consisting of natural or 
s),nthetic gums in which a high degree of 
physical or chemical cross-links has been 
introduced [I]. The controlled delivery of 
drugs to the systemic circulation with the help of 
gel preparation is used to minimize absorption 
and metabolism variability. The gels are easily 
biodegraded and are non-tosic [2-71. 

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
are among the most commonly prescribed drugs 
worldwide and are responsible for 
approximately one quarter of all adverse drug 
reaction reports. NSAIDs are widely prescribed 
for patients with rheumatic disease (a population 
at an increased risk of serious gastrointestinal 
complications). Topical administration of 
NSAIDs offers the advantage of local. enhanced 
drug delivery to affected tissues with a reduced 
incidence of systemic adverse effects. such as 

Topical formulations of NSAIDS have been 
developed. especially for the treatment of minor 
local soft tissue injuries or local rheumatism. 
such as diclofenac [9 ] .  flurbiprofen [lo]. 
indomethacin [I I] and piroxicam [12]. In the 
present stud),. an attempt was made to develop a 
better therapy for Tenosicam. an NSAID. 
Tenosicam is 4-hydroxy-2-methyl-N-(pyridin-2- 
v1)-2 H-thieno-(2-3 el-1.2-thiaxine-3- 
carbosamide I .  I-dioside. It is readily absorbed 
after oral administration and peak plasma 
concentration is observed at between 0.5 and 2 h 
[I 31. The bioavailability of Tenoxicam is about 

'100 % after oral and 80 % after rectal 
administration. Tenoxicam has side effects 
similar to those of the other NSAIDs when 
administered orally. To prevent the side effects. 
topical application of the drug may offer the 
potential advantage of delivering the drug 
directly to the site of action. Hence. this 

* Author to whom the correspondence ma!. be addressed 



15 Maru and Manvi East Cent. Afr. J. Pham. Sci. 8(1) 

reported stud! on formulation and e\.aluation of membrane for drug permeation [14]. An 
teriosicam zels. accuratel}. weighed amount of gel (2 g) was 

uniformlq spread over an area of 3.8 c m  of the 
EXPERIMENTAL cellulose membrane and was fastened to one side 

of a both open ended cylindrical tube. The tube 
Materials was then immersed with the end having the 

Tenosicam B.P. was donated bq Bharat 
Pharmaceutical and Research Laboratories. 
Bangalore. Karnataka State. India. Carbopol 940 
U.S.P and Carbopol 934 U.S.P were bought from 
B.F Goodrich Companq.. UK. Propq,lene glycol 
laboratorq. grade (L.R). pol>.ethylene glq.col - 400 
L.R. and slycerin L.R were purchased from Nice 
Laboratories. Bombaq,. India. Cellulose membrane 
(Sigma Diagnostics. U.S.A.) having pore size of 
0.45 11. \\as used as a diffusion barrier during the 
in \.irro release studies. Phosphate buffer solution 
pH 7.1 (PBS) \\as prepared according to the 
U.S.P. XIX. All other salts and chemicals used 
were of laboraton. grade. 

Equipment 

A Shimadzu Spectropliotometer UV-340 
(Shimadzu Corp.. K>.oto. Japan): \\as used for 
spectrophotometric anal>,sis. Brookfield 
Viscometer Digital L.V model DV - 11 + with 
spindle No. 4 at 30 "C (Brookfield Engineering 
Laboratories Inc.. Middleboro. MA. USA) was 
used for rheological studies. 

Preparation of gels 

I5 % \\I\\ Carbopol gels 940 and 934 containing 
0.5 % \\I\\ of Tenosicam were prepared ivith the 
co-solvents propylene glycol. gl!.cerin and 
polyeth>.lene gl>.col In combination and alone 
each at a concentration 0-4 % u . 1 ~  using 2: 
factorial designs (Table 1 ). Triethanolamine was 
used to neutralize carbopol. 

Rheological studies 

The rheological behaviour of the formulated. 
sixteen gels was studied using a Brookfield 
Digital Viscometer L.V model DV-I1 + using 
spindle No.4 at 30 'c. 

In  vitro release studies 

In the present work. a pretreated cellulose 
membrane of 3 mm thickness was emploq-ed as the 

cellulose membrane downward i!!to the 
Dissolution Rate equipment ( U S . .  XIX) 
containing 400 ml of PBS. maintained at a 
temperature of 37 'C i 0.1 'c. The conl.el:ts in the 
medium were stirred with an overhead stirrer at 
100 rpm. 2 ml aliquots were withdrawn at 30 min 
intervals and replaced by equal volumes of the 
diffusion medium. The samples were then assayed 
for drug content spectrophotometricaII~~ at a 
wavelength of 362 nm. The Tenosicam content 
released every 30 min was calculated froni the 
absorbance of sample using the standard 
calibration curve. 

Anti-inflammatory activity 

Based on the in rirro evaluation. the gel 
formulations that released the highest quantity of 
drug were selected and tested for anti- 
inflammatory a c t i v i ~  using 1 % carrageenan 
induced pan oedema in Wister Albino rats. The 
animals (\\eiphing 100 - 200 Srn) were randoml> 
divided into 1 groups of 4 animals each. The gels. 
equivalent to 0.5 mg. \\ere applied to the plantar 
surface of the left hind pa\\ b gentl) rubbing 50 
times with the index finger [I 5- 161. Three hours 
after the dose of 0.1 ml. 1 % carraseenan solution 
in normal saline was injected subplantarly. The 
rats of the control group recei\;ed only the base by 
the same mode of application. The volume of one 
pa\\ \vas immediatel!. measured using a 
mercurqlwater displacement plethysmograph for 
both the treated and the control groups. After the 
carrageenan injection. the volume of the pa\\ \\.as 
measured at intervals of 30 min. up to the fifth 
hour. The percentage inhibition was calculated as 
follo~.s: 

% Inhibition = (1 - V,/ V,) s 100' 

Where V, is the mean volume of oedema in drug 
treated groups and V, is the mean volume of 
oedema in the control groups. The results were 
analyzed using the Student's 't' test. 
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Table 1: z3 Factorial design for carbopol940 and 934 using co-solvents 

Formulation Carbopol934 Carbopol940 Propylene glycol a Glycerin b Polyethylene glycol c 
FI control A 
F:! a A + 
F3 b A + 
FJ c A + 
F5 ab A + + 
F6 bc A -& + 
F7 ac A + -+- 

F8 abc A - - + 

G I  control B 
G:! a B + 
G3 b B - 
GJ c B - 
G j  ab B T - 
G6 bc B - - 
G 7  ac B - 7 

G8 abc B 7 - 7 - -  ~~~ 

- : High concentration of co-solvent 4 O/O w \\. : - : Low concentration of co-solvents 0 % w!w 

RESULTS AND DISCUSSION Where H is the amount of drug left in the matrix - 
at time't'. LV, is the initial amount of drug in the 

The in 1.i1t-o release studies were done for 16 gel k is the first order rate constant (hr -1 ) .  is 
for~nulations containing co-solvents either alone the time i n  hours. 
or in con~bination. as per the 2' factorial designs. Nest. an anempt \%as made to see the 
A plot of Percent cumulative drug release would also conform to the diffusion 
release L-ersus time was obtained (Figure 1 ) .  equation proposed by Higuchi [17]. which is 

given by 

Q = (Delr (2C,,, - Cs) C, t)"' 

where Q is the amount of drug released per 
unit area of the matrix exposed to the 
solvents. D is the diffusion co-efficient of the 
drug in  the permeating fluid. e is the porosity 
of the matrix. r is the tortuosi~.. C,,, is the 
concentration of the drug in the matrix. C, is 
the solubility of the drug in the dissolution 
medium and t is time. It was assumed that C,,,> 
C, by a factor of at least 3 or 4. justifying the use 
of this particular equation. Assuming that the 
diffusion co-efficient and other parameters of the 
above equation remain constant during release. 
this equation may be reduced to 

Figure I: In vifro cumulative '10 of tenoxicam 
diffused through carbopol 9341940 gel formulation Q = Kt - I f 2  

F3 & G3 using cellulose membrane 
Where K = \ Dtlr (2 C,,, - C,) C,. 

To ascertain whether the drug release obeys first 
order rate kinetics. the in \.itro data bas  plotted The results indicated that the drug release was 
according to equation 

Log H = kt12.303 + Log w,. 

faster in formulations containing glycerin (F? and 
G:) and PEG-400 (F4and G,) with carbopol 934 
and 940. respectively. F7 had 96.8 % and G: 66.4 
% cumulative release of tenoxicam for the 
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carbopol 934 and 940 gels respectivel).. On the co-solvents of carbopol 934 gel base was a!sn 
other hand F, had 96.8 % and GJ 61.8 % found to be 96.5 % effective in inhibiting paw 
cumulative release of tenosicam for carbopol 934 oedema for up to 5 h (Table 3). 
and 940 gels respectivel). Carpobol 934 gel 
forming base released drug faster nith all co- 
solvent gel formulations as compared to carbopol 
940 (Figure 1) .  Addition of propylene glycol 
alone had no effect in improving the release rate 
of drug when compared with the formulation 
without any co-solvents. In the other five 
formulations. the possibilih of a synergistic effect 
on the release kinetics cannot be ruled out. These 
formulations also gave better release than the 
formulations containing no co-solvents. The 
results obtained showed that the release of 
tenosicam obeyed first order kinetics by giving 
two linear segments up to 120 min when log 
cumulative percent release was plotted against 
time (Figure 2). thereby showing that diffusion of 
the drug from the gel matris is initiall!. fast and 
stead!. in the first 120 rnin and then s l o ~ s  down. 
The release data obtained for both t).pes of 
polymers when plotted according to Higuchi's Figure 2: first order diffusion of tenoxicam from 
square root time dependent diffusion equation carbopol 9341940 gel formulation F3 & G3 using 
[I 71 gave linear graphs up to a period of 120 min cellulose membrane 
and then showed deviation from linearih which 
indicated that there was slower drug release from Table 4 shows mean \,iscosit). values of 

the gel matrix. The release kinetic data according formulations of carbopol 934 and 940. It was 

to Higuchi's square root time dependent diffusion found from the rheolopical studies. that pel 

equation for the tenosicam gel formulations using formulations prepared n i t h  carbopol 940 were 

carbopol 934 and 940 are shown in Table 2. In more viscous than those prepared \ \ i th  carbopol 

the anti-inflammatory activity studies all 934. The total drug release rate from the 

formulations exhibited a time dependent carbopol 940 gels uas  slo\s. which could be clue 

inhibition of paw oedema from the jrd hour. to the high viscosi~,. resulting in the drug 

Carbopol 934 and glycerin (F:) was found to be molecules probably being unable to diffuse 

superior to the other formulations producing a from the viscous gel matrix fast enough and 

masimum of 78.26 % inhibition of pa\\ oedema ultimately resulting in lower anti-inflammatory 

(p<0.0 1 ) till 5 h. F8 with a combination of all the activi?. 

Table 2: Kinetic values of Higuchi's equation for the in vitro diffusion of tenoxicam from carbopols 934 (F) 
and 940 ( G )  through gel formulations 

Formulation Higuchi's diffusion equation Diffusion coefficient Regression coefficient (r) 
Q = kt-"' slope K (3 mg min - I 1 ' )  

Carbopol Carbopol Carbopol Carbopol Carbopol Carbopol 
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Table 3: Comparative table showing the anti-inflammatory activity as indicated by % inhibition of paw 
oedema for formulations of carbopol934 and 940 at the end of 5Ih hour. 

Formulation O h  lnhibition in paw oedema at the Formulation % lnhibition in paw oedema at the 
end of 5Ih hr for cabopol934-A end of 5Ih hr  for cabopol940-B 

F I 2.  1 7% G I  17.39% 
F: 1 6.74'/0 G I  Not significant 
F3 78.26% G3 65.27O/o 
FJ 5.8% G, Not significant 
F5 76.08% c5 Not significant 
F6 7 1.74% G6 60.22% 
F7 43.47% G7 2 1.74% 
F* 96.5% Cs 43.48% 

Table 4: Cnmparative table showing the Mean viscosity values for gel formulations made with carbopol 934 
and 940. 

CARBOPOL 934 A, CARBOPOL 940 
FORMULATION MEAN s D FORMULATION ~ E A N  SD 

F I 46500.0 60.00 G I  47636.67 366.92 

CONCLUSION 

All the carbopol formulations showed 
encouraging results. Conclusively. carbopol 
934 proved to have better drug releasing 
properties than carbopol 940 in topical gel 
formulations of tenoxicarn. Among the co- 
solvents. glycerin proved to be the most 
effective. folloked by PEG-400 and propylene 
glycol. Topical tenoxicarn preparations are 
possible using carbopol 934 as the gel base and 
glycerine as a co-solvent to give better drug 
release and greater anti-inflammatory activity. 
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