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ABSTRACT.

This research included the study of different fectihvat may effect on gatifloxacin stability
(anew quinolone synthetic antibacterial agentYsragueous solution in order to develop and
optimize the best delivary of the drug to the ews eye drop) with maximum local
concentration and minimum systemic absorption aodicity.Different formulas of
gatifloxacin  solution for ophthalmic use (0.3%)w/were prepared in citrate,
acetate,citrate/phosphate and phosphate buffarsttimecity adjusted with suitable quantity
of sodium chloride.The effect of different factahst might affectthe stability of gatifloxacin
in its prepared ophthalmic solution was studied dettrmined spectrophotometrically at 287
nm. The results showed that The use of disodiuntaggl@s asequestering agent gave more
stable formula and gatifloxacin undergoes hydralydilow pH with optimum stability at pH
6.0, which is the most suitable pH for this ophthial solution. The type of buffer
significantlyaffects on the rate of hydrolysis dtifjoxacinspecially at low pH and optimum
stability was obtained by using phosphate bufféle €oncentration of phosphate buffer had a
significant effect on the hydrolysis of gatifloxacind the rate of hydrolysis increased as the
concentration buffer increased. lonic strengtlec the hydrolysis rate of gatifloxacin and
the hydrolysis increased as the ionic strengthesed. Light had a significant effect on the
rate of hydrolysis of the drug and the drug losHg% of its potency after 10 monthes of light
exposure at room temperature. The prepared formiula gatifloxacin 0.3% in 0.1M
phosphate buffer with sodium chloride 0.26% , xantan gum 0.2% and disodium
edetate 0.01%)is thebest stable one and had no irritation oreyleeof experimental animals,
and it passes successfully quality control testkiding: drug content, pH, clarity and sterility
test and comply with united state pharmacopoeiaphithalmic solutions.
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1. INTRODUCTION

Medicinal ophthalmic preparations are products i@ppto the eye for the localized
effect of the medication on the surface of the @y act interiory within the eye ball either
for treatment of disease, relief of symptoms, dasgic purposes or as adjuncts to surgical
procedures.

Pharmaceutical preparation areapplied topicallyth® eye to treat surface or intraocular

conditions including: bacterial, fungal and virafactions of the eye; allergic or infectious

conjunctivitis, inflammation; elevated intraocularessure; and dry eye due to in adequate
production of fluids bathing the eye [1].

Ophthalmic preparation may be categorized into remdf groups, which involve
liquid preparation for application to the surfacktbe eye (eye drop and eye lotions),
semisolid dosage forms for application to the nrawgjithe eye lid or for introduction to the
conjuctival sac (ointments, creams and gels), sdtidage form intended to be placed in
contact with the surface of the eye to produce fremtlirelease of medication, devices for
surgical implantation with in the eye to give maelif release of medicament over aprolonged
period, paranteral products for subconjunctivaihtmraocular injection and liquid products for
irrigation of the eye during surgical procedures[2]

Ophthalimic drug delivary is one of the most ingtieg and challenging endeavors
facing the pharmaceutical scientist. The challetgehe formulator is to circumvent the
protective barriers of the eye with outcausing peremt tissue damage. The most common
method of ocular drug delivary is to instillatiohdyops in to the lower cul-de-sac of the eye.
One of the problems associated with the use ofhabimic solutions is the rapid loss of
administered drug due to the blinking of the eye #e flushing effect of lacrimal fluids [3].
Several adjuvants were added to aqueous drop fations to enhance ocular bioavailability
of drug[1], [4].

The model drug in this study is gatifloxacin, whishan antibiotic of fourth generation
fluoroquinolone family, like other members of tHamily, inhibits the bacterial enzymes
DNA gyrase and topoisomerase IV[5].

Gatifloxacin works by stopping the production obg@ins that bacteria need to survive.
So this drug is used for treating infections causgdertian bacteria, like conjunctivitis.

The purpose of this work is to study the effectlibferent factors on gatifloxacin in solution
including: type of buffer, buffer pH, buffer condeation, ionic strength, addition of chelating
agent, addition of thicking agent and effect ohtign order to develop and optimize best
delivary of the drug (as eye drop) with maximumalloconcentration and minimum systemic
absorption and toxicity and apply quality contrtaldyy on the best selected eye drop formula
including:(drug content, clarity, pH and steriliigst) and check its safety together with shelf
life determination.

2. MATERIALS AND METHODS

Materials
Gatifloxacinpowder(kanawatimedicalproduct,Syria)gssiumdihydrogenphosphate(Flu
kaAG.switzerland),disodium hydrogen phosphate (aaoh chemical

company.U.K.),hydrochloic acid ,methyl cellulosed&im hydroxid ,acetic acid and sodium
acetate (BDH limited pool, England),citric acid asadium citrate both belong to (Seelze-
Hannover), sodium chloride (Fluka - Garantine, A®gnzalkoniumchloride,hydroxy propyl
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methyl cellulose,xanthan gum and disodium edetlitsupplied by samara drug industry

(SDI)Iraq.

All other chemical are of analytical grad.

Methods

Formulation of gatifloxacin eye drop

Different formulas of gatifloxacin solution for oftalmic use (0.3%) w/v were
prepared in citrate, acetate, citrate/phosphatghndphate buffers as shown in table 1 and 2.
Their tonicity adjusted with suitable quantity obdsum chloride using the osmometer
apparatus and then the solution filtered using .@2membrane filters and filled in sterile

containers.

Table 1 : Formulation of gatifloxacin as eye dropn different buffer at different pH.

Formulas 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Citrate buffer Ci Ci Ci Ci Ci
Citrae
phosphate Cilpho.  Cilpho.  Cilpho.  Ci/pho.  Ci/pho.
buffer
Acetate buffer Acet. Acet. Acet. Acet.
Pter Phophe - phe
Distilled
water(D.W) R
pH 4.0 4.6 5.0 5.6 6.0 4.0 4.6 5.0 5.6 6.0 4.0 4.6 5.05.6 5.0 5.6 6.0 6.0
Gatifloxacin
(WN)% 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Disodium
edetate 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.10.1 0.1 0.1 0.1 0.1
(WIV)%
Benzalkonium
chloride 0.01 001 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 o0.01
(WIV)%
Sodium
chloride 0.22 0.2 0.18 0.21 051 0.12 0.02 0.003 0.002 0.0010.49 0.41 0.36 0.31 0.26 0.28 0.26 0.86
(WIV)%
Final volume 100 ml
Table 2: Formulation of gatifloxacin as eye drop inphosphate buffer at pH 6.0.
Formulas A B C D E F G H I J K
Phosphate bufferat Pho. Pho. Pho. Pho. Pho. Pho. Pho. Pho. Pho. Pho. Pho.
pH=6.0
Buffer 0.1 0.2 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
concentration(Molar)
pH 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
lonic strength 0.25 0.25 0.25 0.5 1.0 0.25 0.25 0.25 0.25 0.25 50.2
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Gatifloxacin (W/V)% 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Sodium chloride 0.26  0.002 0.001 1.8 4.68 0.26 0.26 0.26 0.26 0.28.28

(WIV)%
Disodium 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
edetate(W/V)%
Benzalkonium 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01.010
chloride(W/V)%
Methyl cellulose - - - - - 0.3 0.5

(M.C) (W/IV)%

Hydroxy propyl - - - - - - - 1
methyl cellulose
(HPMC) (W/V)%
Xanthan gum = - - - - - - - 0.2 0.2 0.2
(W/V)%

Factors affect the stability of gatifloxacin

In order to study the effect of different factosat might affect the stability of
gatifloxacin in it's prepared ophthalmic solutidhP5 ml of each prepared formula was with
drawn at different time intervals and diluted to RO with citrate, acetate, citrate/phosphate
and phosphate buffer.
The decline in the concentration of gatifloxacinswallowed spectrophotometrically at 287
nm and the observed first order rate constant @3 abtained by linear regression analysis
through utilizing the following equation [6]:-

Log G=Log G — kt/2.303
Where G= Concentration remaining at time (t)
Co= Intial concentration.

The effect of different factors includes:
« Effect of buffer type and water
Three types of buffers were used to study the efiebuffer type and water on the

rate of hydrolysis of gatifloxacin, these are ddraacetate, citrate/phosphate and
phosphate buffers. The concentration of bufferddtiems was 0.1M at pH 6.0 (citrate,
citrate/phosphate, phosphate and water) and pkthréte, acetate, citrate/phosphate and
phosphate).
The solutions were stored at°60for 120 days and assayed for their content ahlsiei
time intervals[7].

» Effect of pH

The effect of pH on the rate of hydrolysis of dattacinin formula 1,2,3,4 and 5 was

studied at pH 4.0, 4.6, 5.0, 5.6 and 6.0 using Ccithte buffer.
Formula 6,7,8,9 and 10 was studied at pH 4.0, 8.6, 5.6 and 6.0 using 0.1M
citrate/phosphate buffer.
Formula 11, 12, 13 and 14 was studied at pH 46), 310 and 5.6 using 0.1M acetate
buffer.
Formula 15, 16, 17 was studied at pH 5.0,5.6 a@dising 0.1M phosphate buffer.
The solutions were kept at ®D for 120 days and assayed for their content aalsiai
time intervals.

» Effect of buffer concentration
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The effect of buffer concentration on the stabibifygatifloxacin was studied at pH
6.0, using phosphate buffer.

The buffer concentration was 0.1, 0.2 and 0.3M sthlation were stored at 8D for 120
days and assayed for their content at suitable itibeevals[8].
« Effect of disodium edetate (chelating agent)

The effect of disodium edelate (0.1% wi/v) as a &ty agent on the stability of
gatifloxacin solution was studied using formula i@)comparison with formula (k) in
phosphate buffer at pH 6.0 and the ionic strengis wdjusted at 0.25 using sodium
chloride.

The sample kept at B0 for 120 days and assayed for their content dalsiei time
intervals [8].
» Effect of ionic strength

The effect of ionic strength on the stability oftilexacin solution (formula A, D
and E) was studied at pH 6.0, using 0.1M phospatter.

The ionic strength was adjusted to 0.25, 0.5, ¥.@ddition of sodium chloride as shown
in table 2.
The solutions were stored at®@0for 120 days and assayed for their content aalsiai
time intervals.

» Effect of thickening agent

Methyl cellulose (0.3 and 0.5% wi/v)[9], hydroxy pxd methyl cellulose (1%
w/Vv)[9], and xanthan gum (0.2% wi/v) [10] were addedathickening agent to formula
F,G,H,I and J in phosphate buffer to study its &ffen the stability of gatifloxacin
solution.

The solutions were prepared by adding part of léfieb solution (pH 6.0, ionic strength
0.25) to methyl cellulose, hydroxypropyl methyllao#se and xanthan gum, disperse the
mixture then cool.
The content of the formulas were dissolved in #@ad part of the buffer solutions, and
then added to the mixture of methylcellulose, hygrpropylmethylcellulose and xanthan
gum solutions withcontinous mixing.
The pH of the final formula were adjusted to pH,lten the volumes were adjusted,
their viscosity were measured using viscomete5a02°C.

» Effect of light

The effect of light was studied for formula (J)ghosphate buffer by placing it in a
clear and ambered container then put close to dbenrwindow for sun light for 10
month.Samples were taken every month to be asdayéukir drug content.

Preservative efficacy (challenge test)

This test is applied to the formulated medicintgfinal container to determine whether
it is adequantely protected against microbial syl
The test was done for formula J according to U>SXRI procedure.

[rritation test

The test was done by taking three adult albinoitatdighing 2-2.5kg.
Animals were individually hosed in standard laborgtcages, at first each rabbit was
examined specially the eye which was examined reaapically under a source of light to
check the general condition of the eye at zero.time
Right eye of each rabbit was participated in thielgt While the left eye serves as a control.
Formula J in phosphate buffer was tested and appiéefollows: the lower lid was gently
pulled away from the eye globe to form a pocket @iidml was instilled.
The procedure was repeated three times a dayree thays. At various post instillation time,
rabbits eye was examined under light for any chasrgeeaction in the eye tissue that may
result from the instillation of the test solutioh[Z1] and these changes include:
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Redness of the eye that may result from irritation.
Lacrimation that may result from irritation or faga bodies.
Purulent discharge, which may result from infection

Quiality control
Quality control of the eye drop includes checkifighe following points:

* Drug content
Concentration of the active ingredients of the Ifilmamula was checked by using HPLC
method for the assay of gatifloxacin[12].

e pH: The final product pH was measured by using pH-metbich is previously
caliberated using stander buffer pH 4.01 and pH?7.

o Clarity test: This test was done by shining focused beam dit ligrough the solution,
where undissolved particles scatter the light &edsblution appears hazy.

» Sterility test: This test was carried out by using the directoictlation method. The
following culture media have been found to be $Uéafor sterility test: Fluid
thioglycollate medium is primarily intended for tbelture of anaerobic bacteria; however,
it will also detect aerobic bacteria.The second was soya-beancasein digest medium is
suitable for the culture of both fungi and aerobiacteria. Gatifloxacinwas directly
inoculated in the above culture media. The preparatas diluted ten fold in these media
and inoculation process has been done in astarmehr flow cabinet[12]. Media intended
for the growth of bacteria was incubated at 36c3%hen samples was incubated for 14
days and examined for their sterility at differé@nte intervals during incubation period.

Statistical analysis
Student’s t-test was used to examine the differancéhe means of the results of
parameters tested.A (P-value) of less than 0.5ceasidered significant.

3. RESULTS and DISCUSSION
This study indicated that the minimum rate of hygks of gatifloxacin was
achieved using 0.1M phosphate buffer, since itlbagr rate constant (0.075x3@ay?) in
comparsion to that in citrate/phosphate buffer§01D° day') and citrate buffer (0.166x10
3 day?) and water (0.1xI®day?) as shown in table 3.

Table 3: Effect of buffer type and water on the degedation rate of gatifloxcin solution at
pH 6.0 and 60°c.

Type of buffer Kx102 day
Citrate 0.166
Citrate /Phosphate 0.15
Phosphate 0.075
D.W 0.1

This may suggest that phosphate buffer is a seithbiffer to be used to prepare
gatifloxacin solution, hence neither citrate narate/phosphate buffer can be used since a
significant difference is obtained and this is agrevith the previous reported d&fA.

Table 4, figure 1,2,3 and 4 show the effect of pil tbhe rate of hydrolysis of
gatifloxacin in formula (1,2,3,4,5,6,7,8,9,10,11,1214,15,16 and 17) at pH 4,4.6,5.0,5.6,6.0
respectively in 0.1M citrate buffer and pH 4.0,,48, 5.6 in 0.1M acetate buffer and pH 5.0,
5.6 and 6.0 in 0.1M citrate/phosphate buffer kegpthe ionic strength 0.25 and the
temperature 6.
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The results from the data indicated that the optinpH for gatifloxacin was pH 6.0 where
minimum rate of hydrolysis was obtained with ranstant of 0.166x1® day for 0.1M
citrate buffer,0.15x18 day for 0.1M citrate/phosphate buffer and 0.075%X&ay for 0.1M

phosphate buffer.

The data indicates that any change in pH leadighbtsthange in the rate constant of
hydrolysis of gatifloxacin and the hydrolysis cae described in terms of acid catalyzed

reaction[13].

The stability of the drug in phosphate buffer waghbr than that in citrate, acetate,
citrate/phosphate buffers for all the studied pH.

Table 4: Effect of pH on the degredation rate of gi@floxacin solution in formulas from 1
to 17 at pH rang( 4.0 -6.0) and ionic strength 0.2&t 60°c.

Kx102 day
Citrate buffer Citrate /Phosphate buffe Acetate buffer Phosphate buffer
1 2 3 4 5| 6 7 8 9 10 1 12 13 14 15 16 17
6.1 1.66 1.8
5.7 0.66 0.33
0.3 0.3 0.166 0.167
2.3 0.16 0.13 0.16
0.166 0.15 0.075
0.000 -
-1.000 -
z
3
< -2.000 -
oo
S
-3.000 -
¢
‘4.000 T T T T T 1
3.5 4 4.5 5 5.5 6 6.5
pH

Figure 1. pH — degredation rate of gatifloxacin shution in citrate buffer for formula
1,2,3,4 and 5 at pH rang (4.0-6.0) and 0.25 ionitrength at 60°C.
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-6.000 -

'7.000 T T T T T 1
3.5 4 4.5 5 5.5 6 6.5

Figure 2: pH-degredation rate of gatifloxacin soluton in citrate/phosphate buffer for
formula 6,7,8,9 and 10, at pH rang (4.0-6.0) and 26 ionic strength at 60C.

-2.000

-3.000

:

-4.000

Log K (day-)

-5.000 -

-6.000 -

_7.000 T T T T 1
3.5 4 4.5 5 5.5 6
pH

Figure 3: pH-degredation rateof gatifloxacin soluton in acetate buffer for formula
11,12,13 and 14 at pH rang (4.0-5.6) and 0.25 ioritrength at 6(°C.
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Figure 4. pH-degredation rateof gatifloxacin soluton in phosphate buffer for formula
15,16 and 17 at pH rang (5.0-6.0) and 0.25 ioniashgth at 6(°C.

The effect of buffer concentration on the rate pdrolysis of gatifloxacin for formula (A,B
and C) in phosphate buffer is shown in figure 5pldt6.0, 66C and ionic strength 0.25, the
result indicates that the rate of hydrolysis ofifgatacin increases as the concentration of
buffer increases and the optimum stability was iokethat 0.1M phosphate buffer where the
rate constantof degredationis equal to 0.07%xd@y'and this is agreed with Naaijkens and
van [14].

The effect of disodium edetate (0.1%w/v) on thebiitg of gatifloxacin solution using
formula J and K in phosphate buffer is shown infeg6.

The result indicates that the rate of hydrolysisgatifloxacin in the presence of
disodium edetate formula J decreases in compatsadhat of formula K where no edetate
added and this agreed with reported data [15].

Effect of ionic strength on the rate of hydrolysisgatifloxacin in formula (A,D and
E) was studied at pH 6.0 using 0.1M phosphate budfe shown in table 5. The result
indicated that as the ionic strength increaseddtesof hydrolysis is increased.

Therefore the lowest value of ionic strength (0.28f chosen to be used in all the prepared
formulas.
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Phosphate buffer concentration at pH 6 and 60°C

Figure 5: Effect of buffer concentration on the rat of hydrolysis of gatifloxacin solution
in formula (A,B and C) in phosphate buffer at pH 60 and 60C.
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Figure 6 : Effect of chelating agent (disodium edete) on the rate of hydrolysis of
gatifloxacin eye drop for formula (J and K).

Table 5: Effect of ionic strength on the rate of fidrolysis of gatifloxacin in formula (A,D
and E) in phosphate buffer at pH 6.0, 0.1M and 6.

Formula in phosphate

buffer lonic strength Kx103 day
A 0.25 0.075
D 0.5 0.105
E 1.0 0.12

The effect of addition of thickening agent on thscwsity of gatifloxacin ophthalmic
solution is shown in table 6, the results showed the viscosity of formula H is significantly
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higher than that of formula A(P<0.05), where naitlgdroxy propyl methyl cellulose,
methylcellulose nor xanthan gum added.

Table 6: Effect of thickening agents [M.C(0.3%, (&%), HPMC 1% and xanthan gum
0.2%] on the viscosity and the rate of hydrolysis fogatifloxacin in formula (F, G, H, |
and J) in phosphate buffer, 0.1M at pH 6.0 and 6.

Formula Viscosity (mpa.s) Kx1@® (day)
A 1 0.075
F (0.3%M.C) 6.4 0.078
G (0.5% M.C) 14 0.088
H (1% HPMC) 20 0.081
I (0.2% xanthan gum) 19.6 0.08
J (0.2% xanthan gum) 23.3 0.07

In addition to that the addition of methyl cellubog¢as in formula F and G) also
increases the viscosity of the solution but to sslextent than hydroxy propyl methyl
cellulose and xanthan gum this is due to the ch&imature of the two polymers.

The results also show that the viscosity of formidlegs no significantly differences than that
of formula I but significantly differences to forau (P<0.05).

The addition of xanthan gum to the gatifloxacin teamng ophthalmic aqueous liquid
preparation having improved the viscosity that gaes enough contact time of the drug with
the eye and so improving it's ocular bioavailalilits well as the intraocular peneteration of
gatifloxacin can be provided [16].

When sodium chloride is added to the aqueous ligtegaration, the formation of any
precipitate and the reduction in viscosity in thqueous liquid preparation can be
suppressed[10].

The effect of light on the hydrolysis of gatifloxacwas studied by placing the
selected formula (formula J) in clear, dark corgesnat room temperature for 10 months.

As shown in figure 7, there is a linear relatiopstior logarithmic plot of the percent
remaining of gatifloxacin versus time when the dmwgs stored in a clear containers
indicating that gatifloxacin follows first ordernetics.

The observed rate constant (k) was calculated traslop of the line was found to be 0.015
month?, accordingly, theity of gatifloxacinis equall to 7.0 months.
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== clear containor
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Figure 7: Effect of light on the rate of hydrolysis of gatifloxacin on formula J in
phosphate buffer at pH 6.0 and room temperature.

On the other hand, the formula which stored in davktainers showed no detectable
changes in the percent remaining when exposedet@sdime condition. The results suggest
that gatifloxacin solution should be kept in dadntainer since the drug affected by light
[17].

The results of preservative efficacy on formulandicated that the preservative used
benzalkonium chloride was very effective and itsead00% reduction in the growth of all
tested micro-organisms after 15 minutes of theutaimon.

The same results were obtained after 14 and 28wdaigs fit the U.S.P requirements [18].

The results showed that there are no signs foraoduitation, lacrimation or redness of the

eye of the tested animals, also there is no sifrey® infection or purulent discharge after

three consecutive days of instillation of gatiflokato the rabbits eyes and this indicates that
the additives used were compatible with the eysuéisand the formula free from foreign

particles or fibers which may cause irritation a@dmess of the eye may stimulate

lacrimation[19].

The best selected formula J passed all qualityrebtest including drug content, pH,
clarity and sterility test and complied with theSLP requirements as shown in table7.

Table 7: Results of quality control tests for the slected (formula J in phosphate buffer)
of gatifloxacin.

Type of test Results ,
Formula J U.S.P requirements
Drug contents 98% 90-110%
pH 6.0 6.0-7.5
Clarity test The solution was very _clear and no (comply)
particles were detected in the product.
Sterility test The product was steril no growth of (comply)

micro-organism was seen after 14 days.

The overall results suggested that gatifloxacin banoptimized in it's aqueous solution
inorder to develop stable formulation that compties non-official and official requirements
in order to be used as effective non irritant ophthic eye drops.

4. CONCLUSION
After conducting this investigation on gatifloxa@a an aqueous ophthalmic solution,
one canconclude the following:-

1. It was found that there was an effect of bufferetygn the rate of hydrolysis of this
drug.On the other hand,the buffer concentratioro dlad an effect on the rate of
hydrolysis of drug.Maximum stability was achievey bsing phosphate as buffering
agent with concentration 0.1 M.

2. The optimum stability of gatifloxacin aqueous smotwas obtained at pH 6.0 and it was

found that the rate of hydrolysis icreased at lomt Bigh pH.

The use of disodium edetate as asequestering ggeatmore stable formula.

The addition of methyl cellulose to the gatifloxadphthalmic solution (formula F&G)

increases the viscosity but to aless extent thaimoxyl propyl methyl cellulose(formula

H) and xanthan gum(formula 1&J).

how
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5.

5.

The addition of xanthan gum to the gatifloxacin tathmic solution(formula 1&J) having
improved the viscosity that can give enough contee to the eye and so improved
ocular bioavailability.

When sodium chloride is added to the aqueous ligugparation (formula J 0.9%),the
formation of any precipitate and the reductionhia viscosity can be suppressed.

Light had an effect on the hydrolysis of gatiflokaophthalmic solution (formula J) so
shoud be kept in dark containor.

The selected formula J passes all the quality obtésts successfully.
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