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ABSTRACT

Silver sulfadiazine creams or ointments are usedndinicrobial agents in the treatment of second third degree
burns. But application by touching the wounded auefis painful and may spread secondary infectibine
objective of the present study was to formulatécwspray for wound healing to provide more patieampliance
and reduce the chances of further contaminatiorsgnead of infection at the site of wound. An agsespray
formulation of silver sulfadiazine was preparedngsiHPMC E5LV as film forming polymer and PEG 200 as
plasticizer. The concentrations of polymer and fité=er were optimized by?3ull factorial design, considering
film forming time, volume per spray, area of fith,cumulative drug release as dependent factorp(neses). The
optimized batch with drying time 332+4 Sec and %gdrelease 71+1.4% in 270 min., showed comparaipetro
antimicrobial activity and wound healing capacity Wistar rats with marketed formulation. Thus, pital spray

of Silver sulfadiazine can be used for effectieattment of open wounds.
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INTRODUCTION

An open wound is a break in the skin’s surfaceltieguin external bleeding. It may allow bactergadnter to enter
the body, causing an infection [Jtandard burn wound care involves prevention oédtibn by using topical
antimicrobials (bacitracin, neomycin, polymyxin Blfate, and silver sulfadiazine) [2]. Silver sulfazine (SSD) is
a topical antibiotic which is widely used in therfoof cream. There are practical shortcomings efrfedicated
cream, such as: the necessity of wearing sterieegl for its application, applying at least a 1.6tager of cream,
maceration after long usage, soaking to clothiramdage and pain while applying cream on injuree sit. [3].
FDA label also suggest application of SSD topia&lam ‘Silvadene’ under sterile conditions [4]. Tédepical
creams may cause few side effects like itching. Wiswstained release formulations have been deweloper past
two decades to overcome these side effects by stpwown the release rate of formulations, like déls6],
emulgels [7], lipid based gel [8], sprays [9, 16.eA\pplication of spray formulation can also reduhe chances of
secondary contamination of the wound site. Spramfitation for delivery of SSD developed by Foroutral. is
aerosol formulations, where the drug is disperseghi organic solvent acetone [9], whereas a noosakspray gel
has been patented by Lulla et al. [10]. Aerosoirgiations need special containers and gels areulifto spray.
Therefore, present formulation was aimed to devalpgeous spray formulation, which can be easilgyga on the
open wound and also reduce the chances of secoimdacyion. Aqueous spray formulations are alsoaplee and
less likely to produce the stinging action of hyadtooholic sprays. Topical sprays prepared for matiwer drugs by
different scientist also contain propellant or fyydicoholic solvent systems [11-13].
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EXPERIMENTAL SECTION

Materials

Silver Sulfadiazine was gift sample from SKant kezdre Pvt. Ltd., India. Low viscosity Hydroxyprdpyethyl
cellulose (HPMC E5LV) from Ozone International, iad polyethylene glycol (PEG 200) from Loba CherRig.
Ltd, India., ammonia solution from Aatur Instruchdmdia, sodium hydroxide and potassium dihydrogleasphate
from Rankem, India.

M ethods

Preparation of spray

The spray solution was prepared by simple solutiethod. Briefly, the polymer was dissolved in wdtgrconstant
stirring using magnetic stirrer. Drug was dissohiadammonia solution and drug solution was added &
polymeric solution with constant stirring. Then tplasticizer and methyl paraben (0.1%) were addesblution
and a final volume was made upto the mark with wate

Screening of components

Screening of polymer and plasticizer was basedrelininary batches decided using D-optimal desigimgi main
effect model. Eleven batches of SSD spray weregsegpusing different polymers (HPMC E5 and E50, RV
Carbopol 934 and 940) and different plasticizeiSGPPropylene glycol, Honey). The amount of silselfadiazine
was kept constant (1%). The polymer and plasticizere selected depending on their drying time, afefim,
volume per spray.

Optimization

The formulation contains plasticizer and film fongipolymer, which may have impact on properties Itk drying
time, area of film, and volume per spray & % dretgase. Therefore, two independent variables waleeted for
optimization studies. Three levels (coded as -11Q,0f these independent variables were deciddzbtstudied. A
factorial design 3was applied, which resulted into 13 batches (Tahl@hese batches were prepared and evaluated
for dependent variables drying time;fyyarea of film (%), volume per spray (¥, % drug releases (Y.

Table 1: 32 Design with coded & actual values of independent variables

X1 =Conc. of Xz=Conc. of
Polymer Plasticizer
Coded Actual Coded Actual
Run values values values values
(%) (%)*
1 -1 1.0 -1 30
2 0 1.5 -1 30
3 1 2.0 -1 30
4 -1 1.0 0 40
5 0 15 0 40
6 1 2.0 0 40
7 -1 1.0 1 50
8 0 15 1 50
9 1 2.0 1 50
10 0 15 0 40
11 0 15 0 40
12 0 1.5 0 40
13 0 15 0 40

* 0% of polymer concentration

Characterization of topical spray

Drying Time

Film forming time was determined according to thetmod givenParadka et. al. [11]Briefly, 5 sprays were
actuated into a petridish and the time to formra fvas recorded.

Volume per Spray

Volume of solution delivered upon each actuatiors wig#termined by method suggested by Lu et. al. {d2]
calculate the number of sprays required to adn@nistquired amount of drug. Ten sprays were aaluatea
measuring cylinder and an average was calculatedlame per spray.
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Area of Film

The area of film was also measured by method stegjdsy Paradkat. al [11], with little modification. A water
soluble dye, methylene blue was added to the sglion, and 5 sprays (equivalent to one dosegaetuated on
a paper and then the area of film was calculatedsinyg equatiomr-.

Drug release study

Thein-vitro drug release of silver sulfadiazine from prepa@dhilations was studied using Franz diffusion asl|
suggested by Let. al [11]. A dialysis membrane was sandwiched betweamod and receptor compartment of
Franz diffusion cell. The temperature was kept tammtsat 32+0.2C. One ml of spray solution was taken in the
donor compartment and phosphate buffer pH 7.4 ¢epr compartment. Diffusion medium was continlypus
stirred using magnetic stirrer to avoid diffusicayér effect. Samples were withdrawn at 30 min. riatis till
approx. 90% of the drug is released from at leastaf the formulation. The withdrawn samples wearalgzed by
UV spectrophotometer.

pH

The pH of formulation was determined using calibdatligital pH meter. About 25 ml of spray solutiwas taken
in a small glass beaker and the electrode of pHemeas dipped into it for a minute and the pH wated. The
measurement of pH of each formulation was doneplidate and mean values were calculated.

Drug content

One ml of spray solution was taken and its absadavas determined using UV spectrophotometer atteguate
dilution using water at 256 nm. Concentration wasedmined from the standard plot and the drug ctntas
calculated as % of theoretical value.

Actual Drug content
Drug Content = - X100
Theoretical Drug content

Dose Uniformity

The dosing uniformity of the spray formulation waeasured using method for dose uniformity presdribeEMA
[14] with little modification. Volume of 10 conseiive sprays was measured after every 40 sprayslaBiyn dose
uniformity was performed to check chances of in-tlsgging due to polymer deposition at the spragzie In this
study total 50 sprays were sprayed after an intefyseven days.

Antimicrobial activity

In vitro antimicrobial activity was studied using cup-platethod. The cylinder plate method depends upon
diffusion of antimicrobial drug from a vertical dytier through a solidified agar layer in a pettida plate to an
extent such that growth of added micro-organismpravented entirely in a zone around the cylindert&ioing
antimicrobial agent [15]. Soybean-casein digest agadium was prepared as it is the official nutrieredium for
Staphylococcus aurey46]. Overnight grown culture dbtaphylococcus aurewsas inoculated into the sterilized
petridish containing soybean-casein digest agarianédter 20 minutes, wells were formed in agart@land they
were filled with the optimized formulation. Thenwias incubated at 32.5+2Gfor 24h. After 24h, the diameter of
inhibition zone was noted.

I n-vivo study

For in-vivo wound healing study, 12 healthy Wistar albino @t220 + 20 g were used, after obtaining approval
from CPCSEA 921/AC/05. Animals were maintained temdard animal feed and had free access to waler. T
animals were divided into two groups randomly, wstk animals in each group. The abdominal hairghefrats
were shaved using an electric clipper carefully mrision wound was created with help of steriléteu[17]. The
first group was treated with the optimized formidat spraying 3 sprays, once daily and to the thgyrdup,
equivalent dose of the marketed formulation i.eesisulfadiazine cream U.S.P. (~0.6 g) was apptiaily. Then
wound healing was checked for 14 days.

RESULTSAND DISCUSSION

Screening Studies

The results of screening batches indicated thabbdifferent batches, the preliminary trial bat8hO, containing
HPMC E5 and PEG200, exhibited least drying timghbst volume per spray and area of film as comparether
batches (Table 2). The results indicate that uddRNIC as film forming polymer forms least viscowsdusion. This
is evident from the fact that 1% HPMC solutions dngveater area than 0.1% carbopol and takes tasstdi dry as
film. So, HPMC E5 LV was selected as film forminglymer and PEG 200 as plasticizer.
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Table 2: Screening for Film forming Polymer and Plasticizer

Ingredients S1 S2 S3 A S5 S6 S7 S8 9 S10 S11
Silver Sulfadiazine (%) 1.0 1.0 1.0 1.0 1.0 1. 1. 1.0 1.0 1.0 1.0
Film forming polymers
Carbopol 940 (%) 0.1 - - - - 0.1 0.1 0.1 0.1 - -
Carbopol 934 (%) - 0.1 - - - - - - - - -
HPMC E5 LV (%) - - 1.0 - - - - - - 1.0 1.0
PVP K 30 (%) - - - 1.0 - - - - - B -
HPMC E 50 LV (%) - - - 1.0 - - - - - -
Plasticizer (% of polymer concentration)

PEG 600 40 40 40 - - - - - - - -
PEG 400 - - - 40 - - 40 - - -- -
Propylene Glycol - - - - 40 40 - - - - 40
PEG 200 - - - - - - 40 - 40 -
Honey - - - - - - - - 40 - -
390+ | 330+ 230+ | 310+ | 290+ | 340+ | 350+ | 330+ | 370+ | 270+ 320+
2.02 2.05 2.07 3.04 3.02 3.89 2.98 2.96 2.87 2.98 2.76
78.5+ | 176.6+ | 162.7+ | 153.8+ | 226.8+ | 153.8+ | 200.9+ | 226.8+ | 176.6+ | 283.3+ | 226.8+
1.25 1.98 1.65 1.47 1.32 1.62 1.54 1.54 1.38 174 1.62
0.16+ | 0.18+ | 0.18+ | 0.20+ | 0.18+ | 0.18+ | 0.19+ | 0.20+ | 0.16+ | 019+ | 0.20+
0.02 0.04 0.03 0.04 0.05 0.07 0.05 0.03 0.04 0.04 0.07

Drying time (sec)

Area of Film (crd)

Volume per Spray (ml)

Optimization

Optimization was done by using Bactorial design. Concentration of polymer (HPMELE/) and concentration of
plasticizer (PEG 200) was the independent variabsesl. Responses considered were drying time, cirébm,
volume per spray, % vitro drug release at 270 min.

Drying time

Drying time of formulations varied from 270 sec380 sec (Table 3). With an increase in concentmadioHPMC
and PEG 200, increase in drying time was obserVhd.batch F1 showed the lowest drying time i.e. 286 and
batch F9 showed highest drying time i.e. 330 Sée. Viariation in a drying time may due to the HPMELE as it
is a viscosity enhancing agent and also PEG 28Gssviscosity enhancing agent so due to this tisea@ increase
in drying time with the increase in concentratidtH®MC E5 LV and PEG 200.

Concentration of PEG showed greater impact on drifime. The data obtained were treated using S&ta¢ Besign
Expert Software (DX7) and analysed statisticallingsanalysis of variance (ANOVA). Significant effeaf the
conc. of HPMC E5 LV & PEG 200 were observed on migytime (p value <0.05). No interaction was found
between the two independent variables (p value8).9herefore, the equation was further reduced to:

Y; = +289.31 + 9.16A4 + 20.00B + 12.41B*

Areaof film

Area of film of formulations varied from 140.95 € 186.17 crh With an increase in concentration of HPMC and
PEG 200, decrease in area of film was obsefVadtle 3). These may be due to the viscous naturflP®C E5LV
and PEG 200. As the concentration of HPMC E5 LV BEd5 200 increase, the viscosity of solution atsmaase
and due to that there is a less volume of sprayaseti so area of film is also decreasing with iaseein the
concentration of polymer and plasticizer.

A probability F 0.0006, which is less than 0.05igated that the model is significant. P value rafependent
factors A & B were also less than 0.05. Thus sigaift effect of the conc. of HPMCES LV & Conc. o8 200
was observed on the area of film. Similar to dryiimge, area of film is independent of interactidnralependent
variables. Therefore, the equation was further ceduo:

Y, = +163.82 — 10.494 — 11.32B
The negative coefficients of HPMC E5LV and PEG 2B0wed that as the concentration of HPMC E5LV aB&G P

200 increases, area of film decreases. Responfaaeyslot (Fig. 1b) graphically shows that with ianrease in
concentration of HPMC E5LV and PEG 200, area of filecreases.
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Table 3: Characteristics of Optimization batchesF1to F13

Batch HPMC PEG conc. _Drying Areaof film Volume %CDR at
conc. (%) (%) time (Sec) (cm?) of spray (ml) 270 min
F1 1.0 30 270 +3.02 186.17 +1.65] 0.19+0.02] 91.27 + 1.54
F2 15 30 285+2.78 171.94+1.62] 0.18 +0.07] 86.27 + 1.23
F3 2.0 30 290 +2.96 162.77 +1.74] 0.16 + 0.06] 77.27 + 1.51
F4 1.0 40 280 +2.89 176.00 + 1.53| 0.18 +0.06 | 89.51 +1.42
F5 15 40 290 +2.87 162.77 +1.78] 0.17+0.04 | 84.71+1.84
F6 2.0 40 300 + 3.54 158.28 +1.85| 0.16 + 0.03 | 76.13 + 1.62
F7 1.0 50 315 +3.27 162.77 +1.06| 0.17+0.08 | 85.73 +1.51
F8 1.5 50 320 +3.84 149.19 +1.42| 0.16 + 0.02 | 83.59 + 1.86
F9 2.0 50 330 +3.42 140.95+1.74] 0.15+0.04 | 70.91 +1.53
F10 1.5 40 285 +3.7% 162.77 + 1.27| 0.18+0.05 | 84.91 + 1.96
F11 1.5 40 295 +3.14 171.94 + 1.85 0.18+0.08 | 85.94 + 1.72
F12 1.5 40 290 + 3.68 162.77 +1.98| 0.16 +0.06 | 83.24 +1.24
F13 1.5 40 295 +3.41 158.28 + 1.62| 0.17 +0.09 | 85.96 + 1.37

* 0% of Polymer Concentration

Volume per spray

Volume per spray of formulations was found to b@nfr0.15 ml to 0.19 ml. With an increase in concaidn of
HPMC and PEG 200 it was found that there was dsergavolume per spray. The batch F1 showed higlusine
per spray i.e. 0.19 ml and batch F9 showed lowektnve per spray i.e. 0.15 ml (Table 3). All thettas showed
similar impact on vol. of spray as on area of filfherefore, the equation was further reduced to

Y; = +0.17 — 0.0114 — 8.33B

Increase in both independent factors cause a derinavolume of spray, with conc. of plasticizepwing more
negative impact on volume of spray.

Invitro drug release
In vitro release of formulations was found to be variednfrt0.91% to 91.27% in 270 mins. With an increase in
concentration of HPMC and PEG 200 it was found thate was decrease in drug release. The batclhdvies
highest drug release i.e. 91.27% in 4 hours anchbé® showed lowest % in vitro drug release i.®X% in 270
mins. There was decrease in drug release withasera concentration of HPMC E5 LV and PEG 200.seheffect
is been obtained due to the viscosity property BME E5 LV and PEG 200. As the viscosity of solutinoreases
the drug releases decreases, according to folloadpgtion:

Y, = +85.15 —7.034 — 2.43B — 2.85A%
Evaluation of Optimized Batch
The optimized batch was selected using Stat-Eas&@ [Xé€eping the goal of minimum drying time andceeale rate
and maximum area of film and volume of delivery.ti@yzed formulation, containing 2% HPMC E5LV and%0
PEG, was clear and transparent homogeneous soldtienpH was found to be 7.6+0.3, drying time 332#&¢,
volume per spray 0.15+0.01 ml, Area of film 142.@@nf, drug content 95-100% and in vitro drug release
71+1.4% in 270 min.

Dose unifor mity

The dose uniformity was performed to check chamfes-use clogging due to polymer deposition at speay-
nozzle by checking the volume of spray after aaridl of seven days. The average volume per spesyfaund to
be 0.16 ml initially, and after 7 days it was foundoe 0.15 ml. So, it can be assumed that polysneot deposited
in the nozzle during in-use storage.

Antimicrobial activity

The zone of inhibition was found to be 24 mm inirardrobial activity for optimized batch. The zon&iohibition
was equivalent or more than plain drug suspendiaimglar concentration (Fig. 1). This proves ttiz¢ formulation
components do not cause adverse effect on theeffiof silver sulfadiazine.
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Dl‘%

Figure 1: Comparison of antimicrobial activity of suspension (D) and spray formulation (F) of silver sulfadiazine

I n-vivo study

The wound healing activity conducted on albino rateealed that the optimized formulation was edenato the
marketed formulation in wound healing activity (F&).

Figure 2: Effect of a) optimized spray formulation and b) marketed formulation of SSD

CONCLUSION

The present study showed that silver sulfadiazprayscould be used because of its advantages suefuavalent
microbial activity compare to marketed formulatiand more, eliminating potential contamination amdagly
reducing pain associated with dressing changesepneg a good physical and chemical stability,idvgy the need
for rubbing the product on the skin, and guaranggebntent sterility through application, over thieam form.

497



Bhadra Sulekha and Gajera Avin J. Chem. Pharm. Res., 2016, 8(7):492-498

Acknowledgment
The authors acknowledge SKant healthcare for piogithe gift sample of the active moiety. Authors also
grateful to the management of the host institutetfie facilities provided for the successful corthre of the
current project work.

REFERENCES

[1] Wounds, in: AL Thygerson; SM Thygerson; B Gulli;RGazza. Advanced First Aid, CPR, and AE, églition,
Jones & Bartlett Publishers, Lond@@11, 109.

[2] KQ Bernabe; TJ Desmarais; MS Kell&dvances in Wound Carg014, 3(4), 335-343.

[3] FDA label ‘Silvadene’. Accessed on December 2014.
http://www.accessdata.fda.gov/drugsatfda_docsH20&8/017381s050Ibl.pdf

[4] Silver sulfadiazine topical. Drug prescription inftation. Accessed on Decemta@i4.
http://www.drugs.com/mtm/silver-sulfadiazine-todibaml|

[5] AJ Gear; TB Hellewell; HR Wright; PM Mazzarese; RBiold; GT Rodeheaver; RF EdlicBurns 1997, 23(5):
387-91.

[6] EG Nascimento; TB Sampaio; A.C Medeiros; EP Azevéata Cir. Bras, 2009, 24(6), 460-465.

[7]1 SV Ghodekar; SP Chaudhari; MP Ratnapardkii.J. Pharm. Pharm. Sc2012, 4(4), 305-316.

[8] P Mehta; D Sharma; A Dashora; D Sahu; RK Garg; Patgl; DN Kapoor,lnnovare Journal of Life Science,
2013, 1(1), 38- 44.

[9] SM Foroutan; HA Ettehadi; HR Torabiianian J. of Pharm. Res2002, 1, 47-49.

[10]A Lulla; G Malhotra; P Raut. Topical spray compimsis. United States Patent2000, US 6962691.

[11]M Paradka; V Thakkar; T Soni; T Gandhi; M GoHefug Dev. Ind. Pharm 2015, 41(10), 1718-25.

[12]W Lu; H Luo; Y Wu; Z Zhu; H WangActa Pharmaceutica Sinica, B013, 3(6), 392-399.

[13]W Lu; H Luo; Z Zhu; Y Wu; J Luo; H Wangl. Drug Deliv.,2014, 697434, 1-12.

[14]Guideline on the Pharmaceutical Quality of Inhalatand Nasal Products, Committee for Medicinal Betsl
for Human Use (CHMP), European Medicines Agencyydan, UK,2006, 8.

[15]C Kokare. Pharmaceutical Microbiology Principles pplications; 8 Edition; Nirali Prakashan, Pun213,
194.

[16]Antimicrobial Effectiveness testing/ Microbiologicdests, The United States Pharmacopeia-32 and The
National Formulary-27, Vol. 1, United States Phazopmoeial conventior2009, 68.

[17]NM Morsi; GA Abdelbary; MA AhmedEuropean J. Pharm. Biopharn2014, 86 (2), 178-189.

498



