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ABSTRACT

Monophenylbutazone and flufenamic acid are two non
steroidal anti-infalmmatory drugs. They were formulated in
carbopol 940 hydrogel. The effect of drug concentration anc
ageing on the 1in vitro release characteristics was stu-
died. The release profile agreed with the partition cont-
rolled mechanism. Increasing drug concentration accompanied
by a decrease in the release rate. Ageing affected the
release rate to varing degrees depending on the incorporated
drug and 1its concentration. The prepared hydrogels were

evaluated for their healing activities on induced corneal
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ulcers on rabbit's eye. The tested preparations brought about
a significant healing effect on the induced ulcers . The
healing activity of the monophenylbutazone gel preparations was

found to be higher than that in case of the flufenamic acid

INTRODUCTION

Ophthalmic drugs are usually administrated in the
form of eyedrops; a dosaée form consisting of buffered
isotonic aqueous solutions or suspensions of the drug.
These medications present the inconvenience of a low
bicavailability(only 0.5-2.0% of the applied drug penet-
rates the cornea), and of pulsed drug delivery ( The
concentration of the drug available for penetration
decreases exponentially, as the medication is diluted
by the tears and is eliminated from the eye yvia the

lacrimal drainage system(l-4)

. The bioavailability of
these medications can be enhanced by increasing thevehicle
viscosity up to a gel-like consistency. Owing to the
unsatisfactory bioavailabilities obtained with the con-
ventional eye drops, viscous liquids and semisolid pre-
parations were utilized as an alternative therapeutic
(5-7) .
systems . Also, it has been suggested by several

authors that the use of ophthalmic vehicles based on

natural, semisynthetic or synthetic hydrogels may be
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advantageous. The use of such vehicles proved to en-
hance the ocular bioavailability or the therapeutic
efficacy of the applied drugs, prolong the drug dura-
. . . (8-12)
tion and reduce the patient noncompliance problems .
Crosslinked ethyleneoxides, hydroxyethylmethacrylate
crosslinked with different agents, crosslinked polyvinyl-
alcohol and polyethylene glycols are just few examples of
. (13-16)
the widely employed hydrogels . However,many of the
investigated ophthalmic gels have been formulated with
either carbopols, polyalkylene oxide copolymers or cellu-

(11,17-19)

lose derivatives

Non steroidal anti-inflammatory drugs have been shown
to inhibit protein synthesis on ribosomes thus,inhibiting
the formation of different enzymes involved in the healing
process of cormneal epithelium(ZO). Monophenbutazone (mofe:
butazone); an anti-inflammatory drug, was found to inhibit
the lipoxygenase and cycloxygenase enzyme systems.Lipoxy-
genase products have been identified in inflammed ocular
tissues and reported to impair the clarity of the optical

(21).F1ufenamic acid is also an anti-infla-

media of the eye
mmatory drug , similar to mefenamic and tolfenamic acids.
The latter was established to inhibit the biosynthesis of
prostaglandins and thus moderates the inflammatory process.
Morover, fenamates exert an inhibitory effect on prosta-

glandin receptors(22).
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The purpose of the work hereby described is therfore ,
to formulate each of monophenbutazone and flufenamic acid
in an ophthalmic hydrogel vehicle, to study the release
characteristics of the medicaments from the prepared
vehicles and evaluate the ocular healing activities
of these preparations. Carbopol 940 was used at 2%

concentration to prepare the employed ophthalmic gel.

MATERIALS AND METHODS

Carbopol 940(Goodrich Chem .Co.Cleveland, OHIO ),
flufenamic acid (The Nile Co.for Pharmaceuticals and
Chem. ind, Cairo, Egypt),and monophenbutazone (Kahira
Pharm.and Chem.ind.Co.,Cairo, Egypt). All the other
chemicals were analytical grade and were used as

received.

A total of 12 nature albino type rabbits was used,

body weights ranged from 1.9 to 2.3 kg.

1- Gel Preparation: The gel was prepared adopting a

(23)

as follows: Carbopol

previously mentioned procedures
940 was dissolved in a mixture of cold water and pro-
pylene glycol(4:1). Sodium hydroxide solution(0.1 N)was
added to neutralize the prepared polymers solution.To
the formed gel were added:Sodium edetate(37 as stabilizer)

and sodium metabisulphite (5% as antioxidant). The gel
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was allowed to stand for 24 hours before the inclusion of
drugs. FEach drug was incorporated,at 0.1,0.5 and 1.0%
concentrations, into the prepared gel. After inclusion
of flufenamic acid, the gel lost its consistency. To
retain gel consistency sodium hydroxide was added ( to
adjust the pH value to about 7). The final products were
clear and their colour was yellowish in case of flufena-
mic acid and colourless with monophenylbutazone. The
prepared gels were packaged in small collapsible tubes

and stored at room temperature.

(24)
w

2- Release Studies: A dialysis method as used as

follows: the gel(l gm)was placed on a semipermeable cel-
lophane membrane. The loaded membrane was streched over
an end of an open glass cylinder( 14.14 cmz) crossec-
tional area)and tied firmly with a cotton thread .The dia-
lysing chamber was then suspended into a 250 ml - beaker
containing 50 ml of isotonic phosphate buffer(pH 6.8).The systen
was adjusted so that the membrane might be just below the
surface of the dialysis medium. Samples each of 5 ml were
withdrawn from the dialysis medium after 0.5,1,2,3,4,5and
6 hours. The 5 ml aliquots were replaced with fresh iso-
tonic buffer immediately after each sample was removed.The
amount of drug released in each sample was spectrophotomet-

rically determined at 285 nm and 287 nm for monophenbutazone
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and flufenamic acid respectively. The test was done on
the gel immediately after preparation and after one and
two months of storage.

Kinetic Studies: The release data were analysed according

to zero order, first order kinetics and the diffusion-

controlled release mechanism(Higuchi’s model).

3- Evaluation of the Healing Activity:

Test Animals: The tested rabbits were divided into two

treatment groups,each of 6 rabbits. One group was used
for monophenbutazone and the other for flufenamic acid
gel preparations. For each rabbit, the left eye served as

the test while the right one served as the control.

Induction of Corneal Ulcers: Two drops of xylocaine hydro-

chloride solution(2% solution in freshly boiled and cooled
water) were instilled in each eye. One to twc minutes
post instillation, 4 ulcers were thermally induced on the
corneal surface away from the pupil. The ulcers had a cir-
cular shape(about 2 mm in diameter) and reached in depth
the corneal epithelium. This was confirmed by the corneal
staining with fluorescin. Two drops of sterile chloramph-
enicol solution(0.5%)were immediately instilled after in-

duction of ulcers.
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Treatments:

a- Antibiosis: All rabbits, in the two groups,
received 2 drops of chloramphenicol solution (0.5%)
every morning through out the observation period

(4 weeks) in both eyes.

b- Gel preparations: Smear of the medicated gel
preparation(0.5%)was applied thrice daily,to the left
eye of each rabbit, through out the observation period.
Also, smear of the non-medicated gel preparation(pla-

cebo)was similarly applied but to the right eye.

Observations: Observations were made daily,by the
same investigator,for both control and test treatments.
Fluorescin solution(0.2% as the sodium salt)was instilled
in the eye and the ulcers aquired green fluorescnce were

couktad.

Statistical Analysis: The healing activity of the tested

preparations in terms of residual ulcers was subject to stat-

. . . . 2
istical analysis according to the student t-test( 7).

RESULTS AND DISCUSSION

Carbopol 940; synthetic carboxyvinyl polymer crosslinked
with allyl sucrose, thickens at relatively low concentrations

i.e 0.5 to 5.02(28). This hydrophilic polymer was used 1in this
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Table 1I: Kinetic Assessment of Release Data

. . Calculated Correlation Coefficient Values
Kinetic

Model Monophenylbutazone Flufenamic Acid

0.1% 0.52 1.0% 0.12 0.5% 1.0%

A} 0.9972 0.9787 0.9904 0.9936 0.9986 0.9874
Zero Order B| 0.9751 0.9838 0.9959 0.9939 0.9953 0.9902
Q—> t ¢c| 0.9595 0.9873 0.9872 0.9893 0.9783 0.9941

Al 0.9488 0.9413 0.9627 0.9981 0.9949 0.9817
First Order| B | 0.9635 0.9749 0.9432 0.9964 0.9964 0.9729
log Q— t| €] 0.9294 0.9442 0.9486 0.9570 0.9570 0.9696

Diffusion A} 0,9673 0.9558 0.9682 0.9959 0.9901 0.9549
Q— V't B| 0.9808 0.9759 0.9596 0.9924 0.9903 0.9887
0.9862 0.9983 0.9962 0.9633 0.9439 0.9717

A: Immediately after preparation
B: After storage for 1 month

C: After storage for 2 months

study at¢ 2% concentration to prepare the hydrogel. The poly-
mer solution was neutralized with sodium hydroxide to in-
crease the consistency and to produce the gel. Sodium edetate

was used as a gel stabilizer(zg).

Drug release from the gels was studied immediately after
preparation and after storage of one and two months. The in
vitro release data were kinetically analysed according to
zero order, first order and the diffusion-controlled mechan-

ism (Table I). The linear regression analysis of data was
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3 . - .
adopted( O). The low correlation coefficient values obtained

in the analysis of log amount released versus time(logQ—st)
excluded the first-order dependency. The high values in the
analysis of amount released versus time attest to the zero
order kinetic model i.e the drug release profile follows a
Q——> t linearity. Thus, the release can be described as a
parition-controlled process. A result which is in agood agree-
. . . (31
ment with the assumption of Roseman and Higuchi that the rate of

diffusion from the surface of a polymeric matrix to the sur-

rounding bulk solution makes a significant contribution to

the total diffusional process, and of Haleblian et al.(32)

that the rate of solute transfer across the matrix-solution
interface may control the release. Hence, it can be conclu-
ded that drug solubility in the elution medium, the parti-
tion coefficient of the solution-polymer system and the thick-
ness of hydrodynamic diffusion layer are highly signifi-
cant in determining the magnitude of drug release.Also,from
the linear regression analysis of the in vitro release data,
a relatively high correlation coefficient values were obtained
on applying the Q———;V? model. A result which suggest that
the diffusion-controlled mechanism may be operative. The
release data were plotted‘according to both Q— ¢t and
Q—> V? (Figures 1 & 2) relationship. It 1s obvious that
the over-all release profile can be best described as a parti-

tion-controlled process. However, the diffusion-controlled or
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Fig.|: Release of Flufenamic Acid and
Monophenylbutazone From
Carbopol Hydrogel .

matrik-controlled mechanism if it is operative, it may be
only applicable after an initial release phase. A finding

which can not be attributed to the actual release pattern of
drug from the matrix but may reflect the use of a diffusion

barrier (dialysis membrane).
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Amount Released. mg

2K

(A) Filutenamic Acid
—x | %

——e 0.59%
& ——4 0,19%

(B8) Monophenylbutazone
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Time (Minutes)?

Fig 2 :Release of Filufenamic Acid and

Monophenyibutazone From Carbopol
Hydrogel.

The drug release rate constant (K)and the drug diffusion

coefficient (D) were calculated from the Q~—> t and Q—-—)ﬂ

relationships respectively. The two parameters were calculated

for both drugs as function of drug concentration and ageing.

The

the

was

release rate constant (K) was calculated as the slope of
linear relation Q—>» t. The diffusion coefficient (D)

calculated using the equation:
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b: Slope of the linear relation Q———»Vf:
At Area of diffusion (l4.14 cm?).

Cc : Initial drug concentration.

The calculated values appear in Table I1. It is obvious
that the release rate of drug from the prepared gels decreased
by increasing the initial drug concentration. An effect which
may be attributed to the limited capacity of the dialysis mem-
brane towards the diffusing drug in addition to the limited
movement of the drug molecules within the gel preparation due
to the increased concentration. Ageing was found to be accom-
panied by an increase in the drug release rate. The effect was
more pronouncved at the C.l% drug lcading and after the second
month of storage as well as with the monophenylbutazone pre-
parations. In this respect, 0.5% drug leading gave the most
stable release profile. The increased in the release rate with

azeing may be attributed to a reduction in the gel consistency.
S y 2 y

The anti-inlfammatory effect of the gel peparations
was assessed DY measuring their healing activities on the
induced corneal ulcers. The number of residual ulcers
(after healing) over an observation period of 4 weeks after

control (placeboland test treatments were counted for each
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Table II: Effect of Initial Concentration and Ageing on

the Release Pattern of Drug from Carbopol 940 gel.

N

— . .

e Initial Drug Monophenylbutazdne Flufenamic Acid
3 . 3 7 3 6
= Concentration Kx107, Dx10 Kx107, Dx10",
é (2) mg.nin-}mg‘l cm?.sec™! mg.min-:!'mg-1 cm?.sec”!
]

=

8

o}

2

<c(rs A 3.1 1.3 2.7 3.8
3

3 0.1 B 5.3 13.7 4.2 5.4
=]

“; C 12.6 19.4 7.9 33.0
o]

£

3

g A 1.6 0.3 3.1 1.7
£

32 0.5 B 1.6 3.6 2.1 1.4
g0

Ed c 7.3 4.8 2.2 2.5
EZ

58

=2 A 1.1 0.1 1.6 0.6
ks

3 1.0 B 3.1 1.9 1.2 0.7
[=

2

a c 6.5 4.3 3.0 4.6
% A, B, & : As in Table 1

[

= K: Zero order release constant.

g

=] D: Diffusion coefficient.

j=

-

®

©

1S

Qo

[=)

T

g

g individual rabbit. Statistical analysis of the differences
[a)

between the control and test treatments was done according
to t-test (Table III). It is evident that the treatment
involving flufenamic acid brings about a singificant diff-

erence after the elapse of two weeks treatment period.How-
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Table 1I1-a:
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Significance of Differences Between Test{Mono-

phenylbutazone) and Control Treatment.

Type of Treatment t
Weeks
Test Control Calc. '.__132_._“_
Mean 2 Mean 2
No. S.E. S No. S.E. S . P=0.05 P=0.01
1 3,16 0.307 0.472 4,00 0.000 0.000 2.73 2,228 3.169
*
2 2.16 0.307 0.472 3.50 0.223 0.250 3.53
. *
3 1.50 0.223 0.250 3.16 0.166 0.138 5.97
4 0.50 0.223 0.250 3.00 0.000 0.000 11.21*

Table III-b:

Significance of Differences Between Test(Flufenamic

Acid) and Control Treatment.

Weeks Type of Treatment t
Test Control Cale. " Tab.
Hean 5. g, g2 Mean g, g? P=0.05 P-0.01
No. No.
1 3.83 0.167 0.138 4.00 0.000 0.000 1.02 2,228 3.169
2 2.50 0.224 0.250 2.50 0.224 0.250 3.16*
3 1.66 0.211 0.220 3.16 0.167 0.138 5.58*
4 1.16 0.307 0.472 3.00 0.000 0.000 5.99*
d.F =10
* = Significant difference.

ever,

ficant difference after the first week of treatment.Figures

treatment with monophenylbutazone exhibited a signi-

3 and 4 depict the comparison of control and test treat-

ment with the hydrogel preparations.

control treatment was very slow.

The response to th:

With monophenylbutazone
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Fig. 3 : Effect of Flufenamic acid on the Healing Rate
ot Inflammatory Areas (Ulcers)in Rabbits Eye.
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Fig. 4 : Effect of Monophenylbutazone on the Healing
Rate of Inflammatory Areas (Ulcers)in Rabbits

Evye.
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the healing process involved 2 distinct phases proceded by

a lag phase extending 3-4 days. The healing rate was higher
in the second phase than the first one.With flufenamic acid
the healing process followed a nearly constant rate-single
phase profile. The healing rate of monophenylbutazone gel
preparations was found to be higher. The higher activity of
the monophenylbutazone preparations may be attributed to the

higher release rate of the drug from the gel.
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