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ABSTRACT

Ofloxacin is a synthetic fluorquinolone (fluoroqalones) antibacterial agent that inhibits the sugeiling
activity of bacterial DNA gyrase, halting DNA regdtion. Topical gel formulations of Ofloxacin wedeveloped
by using gel forming agent like Carbopol B34 Chitosan, Neem, and Turmeric were used as wound
healing modifiers in different concentrations. G&sia was used as humectants. The gel formulatioage w
characterized by IR study suggested that the fatioms prepared are a physical mixture. The prepagel
formulations were evaluated for drug content, pHl aheological parameters like viscosity, spreadipiand
extrudability. The prepared gels were also evaldafer in-vitro diffusion study. The percent releask
Ofloxacin from plain gel containing alone Ofloxaciras slow as compared to other gel formulationstaiomg
different wound healing modifiers. The formulati®2) containing 1% Ofloxacin along with 2% chitossmowed
maximum percent release (96.48%). The gels were esluated for in vivo wound healing activity. &le gel
formulations showed more than 89% reduction in webufhe gel formulation (F7) containing Ofloxacinoag
with 1% chitosan and 1% turmeric showed 99.1% réidncdn wound area after I®lay. Hence, from the overall
study it was concluded that Ofloxacin gels alonthwiound healing modifiers would be promising ia #ifective
management of wounds.

Keywords: Ofloxacin, Turmeric, Neem, Chitosan, Aloevera, @gtl 934P.

INTRODUCTION

Semisolids constitute a significant proportion @fapmaceutical dosage forms [1]. They serve asearaior drugs
that are topically delivered by way of the skinyreea, rectal tissue, nasal mucosa, vagina, buissalet urethral
membrane and external ear lining [2]. Because @if gheculiar behavior, semisolids can adhere toath@ication
surface for sufficient long period before they amshed off. This property helps to prolong drugiveely at
the application site [3]. A semisolid dosage form advantageous in terms of its easy applicatiopidra
formulation and ability to topically deliver a wideriety of drug molecules. Semisolids are avédlalas a wide
range of dosage forms each having uniquerackexistics [4].

Ointments are semisolid preparation for externglliagtion to skin or mucous membranes. Their coritjoos
softens but does not melt upon application to tia. sTherapeutically, ointment function as skin teive and
emollients, but they are used primarily as vehiotetopical application of drug substances. Creames semisolid
dosage forms that contain one or more drug subssadissolved or dispersed in a suitable base. lysaal oil-
in-water emulsion or aqueous micro crystalline disppn of long chain fatty acids or alcohol tha¢ avater
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washable and cosmetically acceptable. Gels areseithisystems that consist of either suspensionsro@ll in
organic particles or large organic molecules irgegirated by dquid. Gel can be either water based (aqueous
gels) or organic solvent based (organo gels) [5].

Pastes are semisolid dosage forms that containoomaore drug substances incorporated in a base laithe
proportions of finely dispersed solids [3]. Semidobosage forms usually are intended for localizkdg
delivery. Localized drug delivery by semisolid dge form constitutes to be a major area of research
Advances in formulation approach have led to ireeedrug stability as well as improvement in aegthegbpeal

of semisolid dosage form. Turmeri€frcuma longais also known as Indian saffron. It belongs te tamily of
zingiberaceae. It has been traditionally used andirinflammatory, anticancer and antiseptic agéht

Chitosan is currently receiving a great deal oérton for medical and pharmaceuticalapplicationg do its
beneficial intrinsic properties. Chitosan is a daglated chitin derivative containing amino sudahitosan possess
many properties that are advantageous for wounsbohg, biocompatibility, biodegradability, haemdistactivity,
anti-infection and wound acceleration propertielgifate is another polymer which is biodegradalsid abtained
from natural origin having wound healing propentg aood bio-adhesion which is necessary for marpasties.
Ofloxacin is a synthetic fluoroquinolone antiba@keagent that inhibits the super-coiling activitiybacterial DNA
gyrase, halting DNA replication [7]. Commerciallyi$ available in the form of solution 0.3% (eadaye drops),
tablets (200-400mg).

Aloe Vera is a complex plant containing biologiga#ictive substance. Is effective in wound healing and
inflammation reduction. This is attributed to a\gth factor like substances in aloe that activatesind healing
and inflammation reduction process [8].

Neem Azadirachta indicis indigenous to India and is cultivated in mauayts of the world because its plethora of
medicinal use. The alcoholic extract of neem hanhmoved to be useful in eczema, ringworm andissall he
extract of neem leaf and oil from seeds has pravirmicrobial effects. They are helpful in preventof any
secondary infection microorganism [6].

Topical application of antimicrobial agent is udefool for the therapy of skin and soft tissue oifens. It has
several potential merits compared with systemicapg Firstly it avoid an unnecessary exposure haf gut
flora (e.g. by the oral route), which may exertesébn for resistance. Secondly it is expected that high
local drug concentration in topical application ghib overwhelm many nutritional resistance. Thirdbpical
applications ardess like than systemic therapy to cause sidectsff®]. At present there are several kirads
antimicrobial agent used in topical applicationsltswas B-lactams, quinolones, aminoglycosides, macrolides,
tetracycline and fusidic acid. Hence, in the préseork an attempt will be made to prepare and eateldopical
gel of Ofloxacin containing turmeric, neem oil aalbe vera for the effective management of differigpes of
wounds.

MATERIALSAND METHODS

Materials:

Chitosan was obtained as gift sample from India Beads, Cochin, Kerala and Ofloxacin was obtaingedyiét
sample from Macleods Pharmaceuticals Ltd, Mumbainiric and Neem oil was obtained from the Jajer Sy,
Gulbarga. Aloe vera was obtained from the Rajeskmibals, Mumbai. Carbopol 934 was obtained from
Lobachem Pvt Ltd, Mumbai. All other chemical usegrevof analytical grade.

M ethod:

For mulation of Ofloxacin gels

Different gel formulations were prepared containibgw/w of Ofloxacin using Carbopol 934P as gel base
according to the formula mentioned in the tablend 2.

Procedure:

The gels were prepared by soaking 1% carbopol ml28 water for 24hrs and then neutralized withfisignt
amount of triethanolamine, mixed well with glassdrand kept for 15 minutes. The drug was dissolved i
sufficient quantity of methanol. Accurately weighedantity of turmeric (2%) was dissolved in sufict
quantity of distilled water and then added to trutralized carbopol with continuous stirring. Flgathe drug
solution was added to the neutralized carbopoltewluwith continuous stirring for about 30 mins get a
sparkling clear gel. Finally the volume was made twp50ml with distilled water with continuous stirg.
The stirring was stopped periodically to expel #ie entrapped during the process of stirring. Sanoeedure
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was followed for other remaining formulations caniag different wound healing modifiers like chitog aloe
vera and neem.

Tablel: Formulation details of Ofloxacin gelswith different wound healing modifiers

Ingredienfel | F2| F3| F4] F5 Fg§ FJ FB

(Yow/w)

- 1 1 1 1 1 1 1 1

- 1 1 1 1 1 1 1 1

- 2 - - - 1 1 1
Neem - 2 - 1 - -
[Turmeric - - 2 - - 1 -
Aloevera| - - - - 2 - 1
Methanol2.5 |25 | 25 25 2% 2pb 2|5 25
TriethandR.S |Q.S| Q.S| Q.5 Q.$ Q.5 qEBS

amine
Glycering2.5 |25 | 25 25 2% 2p 255 25
Methyl 0.0480.0480.0480.0%80.0480.p480/0480.048
paraben
Propyl  0.0800.0800.0800.0800.0800.p800/0800.080
paraben
Water |42.8p42.8242.8242|8242.824P.8242.8242.82

Table2: Formulation details of Ofloxacin gelswith different wound healing modifiers

IngredienF9 |F10 | F11| F1#13 |F14|F15| F16

(Yow/w)

Drug 1 1 1 1 1 1 1 1
Carbopol| 1 1 1 1 1 1 1 1
Chitosan| - - -1 05 05 0pb 0.45
Neem 1 1 -1 08 -| 05 0b 0.25
Turmeric| - 1 1 - | 05/ 0.5 0.5 0.2b
Aloevera| 1 - 1| 05 0.1 0.6 0.25
Ethanol [25| 25 2% 2b 25 2|5 25 25
TriethandR.S |Q.S| Q.S| Q.®W.S [Q.S|Q.S| Q.S

amine
Glycering2.5 | 25| 25 285 2% 2p 25 25
Methyl [0.0480.0480.0480.0%80.0480.p480/0480.048
paraben
Propyl (0.08(0.0800.0800.0800.0800.p800/0800.080
paraben
\Water 42.8P42.8242.8242(82423.8242.8242.8242.82

Analytical method

Fourier-transfor mation infrared spectr oscopy (FTIR)

The drug-polymer and polymer-polymer interaction revestudied using FTIR spectrometer (Perkin-Elmer
(spectrum-100) Japan) by taking 2%w/w of the samptk respect to potassium bromide disc, grountbia fine
powder and then compressed in to a discs in a bidrpress. Each disc was scanned 16 times at 2ecnafsa
resolution of 4 cil using adoptization. The characterization peak reasrded.

Evaluation of Ofloxacin gels:
1) Appearance:
Gel formulations were visually inspected for clgritolour, homogeneity, presence of particles abndrs.

2) Determination of pH:
1 gm of the gel formulation was dispersed in 10ofndistilled water and the pH was determined byitdlgoen

pH meter [10].

3) Drug content:

Drug content was determined by accurately weighifigm g gel and transferring to 100ml volumetricskla
containing 7.4 pH phosphate buffer, which was thenicated and filtered, from which 1 ml of aliquags
pipette out and diluted to 10 ml. The content olo®dcin was determined by using Shimadzu UV-visible
spectrophotometer at 293.0 nm against blank. Ttent@s carried out in triplicate [11].

3) Rheological properties
a) Viscosity:
The viscosity was determined using Brookfield LVDN ultra programmable rheometer. The spindle roP{52)

228
Scholar Research Library



M. A. Saleem et al Der Pharmacia Lettre, 2015, 7 (10):226-233

was used for the measurement. An optimum speepnfRwas used to measure the viscosity of the pagipar

b) Spreadability:

Spreadability of the formulations was determined duy apparatus suggested by Mutimer et al, which was
suitably modified in the laboratory and used foe siudy. It consists of a wooden block whiesfas provided
by a pulley at one end. A rectangular groulagplate was fixed on the block. An excess ¢ (mbout 2
gm) under study was placed on the lower plate. gk was then sandwiched between lower glass plade a
another upper glass plate having the same dimes)sravided with the hook. A 1 Kg weight was plaaad the
top of the two plates for 5 minutes to expel aid @ provide a uniform film of the gel between thites.
Excess of gel was scrapped off from the edges.upper plate was then subjected to a pull of 50 \gfith the
help of a string attached to the hook and the tfmesec) required by the upper plate to cover tadie of 10
cm was noted. A shorter the time interval indicdietter spreadability. The spreadability was calimd using the
formula:

S=m.li.

Where, S = spreadability

m = weight tide to upper side

I = length moved on the glass slide
t = time taken in seconds.

¢) Extrudability:

In the present study, the method adopted demluating gel formulation for extrudabilitwas based
upon the quantity in percentage of gel alddi from tube on application of certain loadlore the
quantity extruded better was extrudability. Thenfafation under study was filled in a dean, lacgdere
aluminum collapsible one- ounce tube with a nagalof 5 mm opening. It was then placed in betwésno
glass slides and was clamped. Extrudability waerdgned by weighing the amount of gels extrudedufh the
tip when a constant load of 1 Kg was placed on dliges and gel extruded was collected and weighad.
percentage of gel extruded was calculated and graeee allotted (+++ good; ++ fair and + poor) [12]

4) In vitro Diffusion Study
In vitro release of Ofloxacin from gel was doneusyng modified apparatus.

By using Cellophane Membrane:

The apparatus consists of cylindrical glass tubth Wdmm internal diameter and 62 mm height opented a
both ends. The gels formulation equivalent to b of Ofloxacin was spread uniformly ore tsurface of
cellophane membrane (previously soaked in distilleater for overnight) and was fixed to the one efidhe
tube such that preparation occupies inner circuenigg of the tube. The whole assembly was fixedadoing gel
was touched (1-2 mm deep) the surface of diffusizedium i.e., 100 ml of 7.4 pH phosphate buffer and
maintained temperature 37+2°C. The cellophane mangbracted as barrier between the gel and 7.4 pH
phosphate buffer. The medium were stirred usingnagg stirrer at 505 rpm. A quantity of 5 ml samplas
withdrawn from receptor fluid at a time interval dbfhr and replaced at each time with 7.4 pH phaspbaffer
[13]. The study was carried to 8 hrs. The releade drug was estimated by using Shimadzu Wiible
spectrophotometer at 293.0 nm. The study wagdaout in triplicate.

5) In vivo wound healing activity:

Male Wister albino rat§150-250gm) were used in the study. A total 1dugs of each having three animals were
used. Animals were housed under standard conditéfgboratory. In vivo wound healing activity waarried
out by excision wound model for gel formulations.adeted soframycin was used as a standard. ERcisio
wounds were inflicted under light ether anesthbsiaxcising a circular piece of (18 mmof full thickness skin
from the dorsal interscapular region. Wound conivac was monitored b y measuring wound area
planimetrically, every alernate day til the woundas completely healed [14], [15], [16], [17]. Walun
contraction was calculated as percent red uctioroinnd.

6) Stability studies:

The stability of selected formulation was studiesl er ICH guidelines. The gel formulation was packe
container and kept at temperature 30+2°C and veldatumidity 65+5% for 3 months [18]. Stability Stes
were carried out for the drug content, viscosityd aH of the formulations.
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RESULTSAND DISCUSSION

The FTIR spectra of drug mixtures which containsepdrug Oflaxacin and polymers were shown in figiire
The FTIR study of Oflaxacin and polymers revealeat @ll the peaks with respected wave numbers & pinug
are retained and showed no significant shift oucéidn in intensity of peaks of Oflaxacin. Hence,is clear
that the drug has not undergone any type of straictlhange or any chemical reaction with the poigmand
other excipients used.
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Fig 1: IR spectra of (A) Ofloxacin (B) Drug + Polymers + Wound healing modifiers

All the gels were evaluated for appearance, pH @ment uniformity and data is present in tableérBe drug
content was found in the range of 95.43 to 99.390%all gel formulations suggested uniform disttibn of
Ofloxacin in gels. The pH of all gel formulation svanore than 6. The gels were subjected to logmal
studies and various rheological parameters pegsented in table 3. Viscosity is an importantapeeter for
characterizing the gel as it affects the spreaitgbibxtrudability and release of drug. All the foulations
showed good viscosity between (5329.43 to 7800.%pjeadability is important property of gel formida. A
good gel takes less time to spread. The spreatjabfiliall the gels was found between 11.21 to 4@2B8cm/sec.
All the gels were easily extruded out from the tshggested that the gel have good consistency.
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Table 3: Evaluation of Ofloxacin gel formulations

\Viscosity]

For mulation code pH Drug content% (9 ExtrudabilitySpreadib“ity gm-cm/seg
F1 6.8+0.15 99.13+0.44 | 7800.1p  +++ 11.21
F2 6.5+0.10 95.43+0.38 | 7158.18 +++ 14.65
F3 7.1+0.13 95.65+0.49 | 6983.3[L  +++ 19.23
F4 6.840.13 95.48+0.70 | 5912.64 ++ 26.13
F5 7.4+0.15 98.13+0.88 | 6143.64  +++ 24.88
F6 6.8+0.20 99.39+0.35 | 6945.36  +++ 19.86
F7 7.140.12 97.77+0.49 | 5486.5[l +++ 35.28
F8 6.23+0.1p 98.88+0.19| 6143.p4 +++ 24.88
F9 7.240.10 97.99+0.23 | 6435.76  +++ 22.12
F10 6.9+0.1¢ 98.99+0.15 | 5087.20  +++ 40.23
F11 7.20+0.12 98.33+0.13] 5426.21 ++ 38.21
F12 7.00+0.14 98.33+0.33] 583213 +++ 28.00
F13 6.5+0.1% 96.66+0.72 | 5646.3[l +++ 32.16
F14 6.00+0.10 98.83+0.77| 532443 +++ 24.12
F15 6.92+0.1]7 97.30+0.42| 5333.57 +++ 36.98
F16 6.55+0.22 98.99+0.33] 581299 +++ 29.12

(meansSD, n=3)

The gels were evaluated for in vitro diffusistudy using cellophane membrane in phospbatér pH
7.4. Hence, from over all invitro percentffuion study it can be concluded that therfulation (F2)
containing 1% Ofloxacin along with 2% chitosan skodwhighest (96.48) in vitro percent diffusion ofl@d&cin
compared to formulation (F1) containing alone O#loix and other formulations containing differentund healing
modifiers. Figure 2 shows the graphical in vitréfuiion data.
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Fig 2: In vitro drug release profile of Formulations (F1-F16)

Wound healing is a process by which damaged tigssvestored as closely as possible to its nornake stWound
contraction is the process of shrinkage of arethefwound. It mainly depends on the repairing Bbilif tissue,
which may be reduced due to infection. The reswkse expressed in percent contraction in wound aned
represented in bar-graph in figure 3. All the gefniulations showed more than 85% reduction in wound
contraction.

Hence, from overall in vivo wound healing studywiis concluded that the geirmulation (F7) containing 1%
Ofloxacin along with 1% chitosan and 1% Turmeriowhd 99.1% reduction in wound area after 12th day a
compared to control showed (46.55%), standard 80)1 The formulation containing (F8) 1% Ofloxaciloray
with 1% Chitosan and 1% aloe vera showed 98.1%ct&duin wound area after 12th day. Addition ofnbaric

to the formulation (F11) containing 1% Ofloxacinomad) with 1% aloe vera and 1% turmeric showed
improvement in the reduction of wound area to 97.4%e formulation (F10) containing 1% Ofloxacin r=dp
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with 1% turmeric and 1% neem showed 96.9% redudtiowound area after 12th day.
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Fig 3: Wound healing activity of Ofloxacin gel with wound healing modifiers
The stability study of selected gel formulation vpasformed for a period of 3 month at 30+20°C wRH 65+5%.

The gels were checked periodically for the pH, deogtent and viscosity and the result was depittedble 4.
The stability study performed for a period of 3 riomdicated that the prepared gel formulationsséable.

Table4: Stability studiesof sdected Ofloxacin gel formulations (F2, F8, and F12)

. F2 F8 F12
Time Interval Viscosity Viscosity IJ Viscosity
(months) pH | %Drug content| (cps) pH | %Drug content (cps) pH | %Drug conten (cps)
0 6.5 95.43 7158.18] 6.2B 98.88 6143.24 7|00 98.33| 83233
1 6.4 95.40 715799 6.2D 98.88 6143.22 699 98.31| 83231
2 6.5 95.38 7157.97] 6.2 98.85 6143.20 6|97 98.30 83231
3 6.4 95.38 7157.99] 6.1p 98.83 61430 697 98.30 3258

Hence, from the overall study it can be concludet Ofloxacin gels along with different wound heglimodifiers
would be promising in the effective management ofiads.

CONCLUSION

In a successful attempt to develop topical gel @bxacin along with different wound healing modifieit was
observed that the topical gel of Ofloxacin alonghwivound healing modifiers from natural source paavide
clinicians with a new choice of topical deliverystggm for the effective management of wound. Howethare is
further scope of pharmacokinetic and pharmacodyoaweluation.
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