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ABSTRACT

Natural polymers have gained profound importance as lead compounds for delivery of drugs in treatment of various
infections. Gelatin and sodium alginate have proven to own wound healing properties individually. Hence the
combination of these two polymers and incorporation of drugs into their matrices may show a synergistic
improvement in wound healing activity. Hence, the objective of this study was to evaluate the efficacy of sustained
release of aminoglycoside antibiotic gentamycin from gelatin-alginate matrix, in order to establish a new delivery
system for local anti-infective therapy. Thus, the drug loaded Gelatin-alginate matrices were prepared with two
different gelatin concentrations (3% and 5%) and evaluated for various in vitro evaluation tests like swelling
capacity, drug loading efficiency, SEM, FT-IR, in- vitro drug release by diffusion studies, antibacterial activity, and
wound healing studies. The obtained matrices were characterized by good sorption properties and integrity. The
release kinetics of the gentamycin followed the pattern of Higuchi kinetics revealing the diffusion controlled release
from the matrix. Thereby, this study confirms that the absorbable gelatin-alginate matrix has potential for use as a
delivery vehicle for aminoglycoside antibiotics. Moreover, the relatively low cost of these commercially-available
products makes them attractive compared with other expensive custom-made delivery matrices.

Keywords: Gelatin-alginate matrix, Aminoglycoside antibasj Localized therapy, Natural polymers, Drug redea
kinetics.

INTRODUCTION

Despite a reduction in the risk of infection dudrtgroved material, implant, and clean room techaigs well as
preoperative antibiotic prophylaxis, still infeat®remain a feared complication in orthopedic,rtratic surgery etc
[1]. Conventional therapy in the form of systemiiranistration of an antibiotic is often ldtleffective and not
free from numerous adverse effects. Moreoveayfiiciency in local blood supply due to post-traatim or post-
operative tissue damage as well as inadequatestfsnetration at bony sites or bacterial resistamoeases the
local ineffectiveness of systemic antibiotic therapoth in terms of preventive or curative drug austration[2].

In order to achieve therapeutic levels a 8ite of infection, topical or localized theydp used alternatively
with relatively good result. The first descriptiohregional antibiotic delivery was by Buchholz aBdglebrecht in
1970, who described the elution of gentamicin atikeo antibiotics from polymethyl methacrylate (PMMA
beadsdramatically decreased the quantity of anitbrequired as compared with systemic adminisirativhich
further facilitates utilization of more expensivatigiotics[3]. But its major drawback was the beddse to be
removed in a second operation which poses addititie of infection[4].

This leads to search for drug carrier that wouldbds prolonged sustained release of the therapkwtids in the
infected tissue and at the same time not evokisgué reaction and undergoing complete bioresorpEon this,
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biomaterials are becoming popular; because biomtteare natural polymers and are biodegradable- no
toxic,have low immunogenicities and in this aspgetatin proved to be advantageous[6]. Gelatin isatural
polymer which is used widely in many pharmaceuteatl medical applications, especially in the preidncof
biocompatible and biodegradable wound dressingsdamgl delivery systems[7]. Due to its easy prodeitibaand
gelation properties, gelatin has been manufactiredrange of shapes including sponges, injectaydieogels and
gelatin microspheres etc. Gelatin showed variotsrésting biological characteristics, since it eamd arginine-
glycine-aspartic acid (RGD)-like sequence whichnpotes cell activities. It also known to have mudussive
properties and is well tolerated on ocular admiat&in and also shown to exhibit activation of negdrages and
high haemostaticeffect[8].

Gelatin sponges or matrices have been utilizedrfany regional drug delivery systems among the ditvens of

gelatin. Absorbable gelatin sponge (AGS) was inioaadl by Correl and Weisman as absorbable hemoatgitt in

1945[9]. Studies have shown that these sponges Inaimimal cytotoxic and genotoxic characteristicsl a
effectively induce platelet adhesion and release-gfanules in the formation of platelet aggregates[The

challenges encountered when using gelatin alortute drugs are excessively rapid release of thg dnd quick
deterioration of the sponge material. The mostcéiffe approach to prolonging drug elution appeardé the

addition of various diffusion restrictors, one suapproach involves crosslinking gelatin with algmala

polysaccharide found in brown algae cell walls),jolihprolonged drug release by decreased spongesipoend

decreased water uptake ability[11]. Both alginasewell as gelatin has been used in a number of dilical

applications such as wound dressings, tissue emgngeand drug delivery. There are reports sugggshiat certain
alginate dressings (e.g. Kaltostat) can enhancenavtealing by the stimulation of human monocyteprimduce

elevated levels of tumor necrosis factors such-edealeukin-6[12]. Addition of glycerol as plasizer provides
elasticity to inserts.

Because these drugs are eluted regionally, anitbiothich may not have been safe to use systemiba¢ome
viable options with this route. One example is argigcosides which exhibits broad spectrum bactaicactivity
against clinically critical microbes such Bseudomonas aeruginosa, Staphylococcus aureus, Proteus species, and
Enterobacteriacea can be beneficial for multidrug-resistant infen8p but have known systemic limitations due to
renal tubular toxicity and ototoxicity[13].

Based on the tissue repair and hemostatic propestigelatin and alginate matrices, the purpodtisfstudy was to
prepare and evaluate porous gelatin-alginate maixactive substance carrier for sustained in vidlease of
aminoglycoside antibiotic gentamycin for local anfective therapy, and extrapolate this data ttedsine the
feasibility of a future in vivo prospective clinicstudy utilizing a animal model.

MATERIALS AND METHODS

Materials

Gelatin powder and sodium alginate was purchased Molychem, Mumbai. Glycerol was obtained from fai
CHEM limited, Mumbai. Gentamycin was obtained frédmott Company, Mumbai. All other chemicals and rage
used in the work are of analytical grade.

Methods

Preparation of Gelatin-alginate Matrices

The gelatin-alginate matrices were produced by mgixa sterile solution containing 10%w/v, 9%w/v, 8f6w
6%w/v of gelatin with 0%wl/v, 1%wl/v, 2%w/v, 4%w/v lstion of sodium alginate respectively to produoerf
batches. The ratio of gelatin to sodium alginates waintained as 10 parts per weight ratio. The umnis were
produced in triplicate to substantiate reproduitibilThe mixtures thus obtained were subjectedytphilisation
and the dry product was subjected to pulverization.

The required quantity of gelatin-alginate mixturdieh was previously size reduced was allowed tollsime
purified water. The swollen matrix was dissolvedhathe aid of heat and the volume was adjustecptwlid 10%
w/v gelatin concentration. About 1 g of aminoglyides antibioticgentamycin were dissolved individyaih a
portion of water and added to the gelatin-algimatgrices on foaming. Then glycerolwas added tosthiation in
such an amount that their content was 3% and 5pectigely to all the four batches, so eight didtiieemulations
are prepared. The mixture was foamed by high-spedr and was transferred to petri pans and lijize for 24
h. The dried gelatin-alginate matrices were cutoirequal sizes of 4 x 4 matrices and were subjetiedrther
evaluations[14].
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Determination of Drug Content

Drug loaded gelatin alginate matrices were acclyrateighed to an amount equivalent to 50 mg of daungl

transferred into a 100 ml volumetric flask. Theurok was made up to 100 ml with distilled water shdken for 6
hours continuously in an orbital shaker incubatds®strokes per minute. The solution was thearfitl and diluted
with water. The samples were analysed spectropheitarally at 276 nm using water as blank[15]. Adingples
were analyzed in triplicate and the drug conterg ealculated according to the following equation.

Drug loading (%) = Weight of the drug loaded in ge/The total weight of the gel x 100

Swelling Index

The swelling capacity is an important charactarisfiwound healing dressing especially in exudatioginds. Due
to their high fluid holding capacity they can alisar moderate amount of the wound exudates by sgehlvhich
leads to formation of a dry bed of wound which liertaids into healing process. Swelling index determined by
soaking pre-weighed pieces (2 x 2 cm) of gelatgirate matrices in double distilled water. Soakedrives were
removed with blunt forceps and blotted to removeess liquid from the medium at predetermined tirhe (
10,20,30,60,120 min) and their weight was deterthimg using digital weighing balance and % sweliimdex was
calculated by the following equation[16].

% S =W2 -W1*100
w1

Where, S is the percentage water adsorption ofigediginate matrices at equilibrium.
W1 is the initial weight of the gelatin-alginatemat

W2 is the after immersion weight of the gelatiniaéde matrix.

Results were averaged on three independent runs.

Surface scanning study

Morphological analysis was carried out by a scagmiectron microscope (SEM) JEOL model JSM-6390L8G0D
and 2000 resolution. Surface morphology of gelatginatematrix can be observed by usingSEM. Gelatin
alginatematrix was mounted on aluminium pin stubsigconductive self-adhesive carbon label. The ispets
were sputter-coated with a layer of gold approxetyeb0 nm thick in a sputtercoater. All samplesevexamined in

a Field emission gun-scanning electron microscapedéel- JSM 7600F)[17].

Fourier Transform Infrared Spectroscopy

The FTIR spectra were recorded using KBr pelled iRT-IR spectrophotometer (Shimadzu IR spectropheter,
model 840, Japan). Gelatin, Sodium alginate, geytamand drug loaded gelatin alginate matrix (F@reveach
separately grounded finely with KBr and FTIR spactere recorded in the range of 4000-400Hd).

Invitro drug release studies

Diffusion Study: Franz Cell Diffusion System

The antibiotic release from gelatin-alginate masiavas determined by using diffusion membrane Hfoeight

formulations. The in-vitro release studies for themulations were performed using Franz diffusi@tiwith the

donor and receptor compartments and a samplingtpdecilitate withdrawal of the sample. Dialysiembrane
(molecular weight cut off 12000-14000 Da) was uaed the membrane was soaked in distilled wated fohrs

before mounting inside. Gel formulations containiiigg equivalent to 50 mg was placed in the dooongartment
and the receptor compartment was filled with diffasmedium (water). The content of the cell wagati with the
aid of magnetic stirrer and the temperature wastagied at 37°C. Sample aliquots (1 mL) were wiladr from

the receptor compartment through the sampling fooranalysis at 0, 1, 2, 4, 6, 8, 10, 12, 16, 2@ a4 hours and
an equivalent amount (1 mL) of fresh diffusion mediwas replaced to maintain constant volume. THiected

samples were diluted and analysed spectrophotarallyriusing water as blank. All samples were aredymn

triplicates[14].

Antibacterial activity

Antibacterial activity of gentamycin impregnatedlajim-alginate matrix was evaluated by agar weffudion
method. The test microorganisms gram posifitephylococcus aureus and gram negativeseudomonas aeruginosa
were inoculated into the Mueller Hinton agar platex density of 1 x f8fu/ml by pour plate method. The zone of
inhibition was determined by placing definite pisad freshly prepared F7 matrix in the inoculatetidsfied agar
medium in a petriplate; incubated at’@7for 48 h. This was done in triplicate for eachamgm and amverage
diameter ofzone of inhibition was noted[17].
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Wound healing activity

In wound healing study, healthy male wistar ratsenselected and divided into six groups. The eanisvounds
were used for the study of rate of contraction af@und on a wistar rat. The wistar rats were amatiged by
giving intraperitoneal ketamine injection dose (8@/kg). The backside area of each wistar rat waseshto create
an excision and excision wound sized 2 cm and 2d@apth was made by cutting out a layer of skin ftbmshaved
area using a surgical scissor. Then 2 x 2 cm afrgglatin alginate matrix was cut and fixed on theision area
with the help of blunt forceps and blank matrix wagd as control. The wound areas were measurddyen3, 12,
15, and 21 for calculation of wound contraction[16]

RESULTS AND DISCUSSION

A method to deliver controlled amounts of medicasian a local environment is desirable for a nundfeeasons.
Decreased systemic side effects, decreased medicaiantities, and potential increased efficacy lmarseen with
such a delivery technique[18].Using biopolymershsas gelatin and sodium alginate, it is possiblettain porous
carriers for drugs which will undergo bioresorptBlending two different polymers cangreatly improtree
functional properties such as gellingand meltimggerature, gel strength and room temperature &jgb4].

Figure 1: Blank and drug loaded gelatin-alginate marices

All the prepared gelatin-alginate matrices wereaorg white in colour and had distinct porous strret{Figure 1).
Impregnating gelatin-alginate matrices with antiizi® may be possible for placement within an irddctvound
environment or a location where systemically adst@ried antibiotics may not penetrate well. Thughis study, a
total of eight formulations were prepared with genycin incorporated gelatin alginate matrices chranghe
concentration of gelatin and alginate using 3% %%dglycerol. F1 has 10% gelatin with 3% glycerd, fras 10%
gelatin with 5% glycerol, F3 has 9% gelatin, 1%irzdde with 3% glycerol, F4 has 9% gelatin, 1% adgénwith 5%
glycerol, F5 has 8% gelatin, 2% alginate with 3%cglol, F6 has 8% gelatin, 2% alginate with 5% ghpt, F7 has
6% gelatin, 4% alginate with 3% glycerol, F8 has @®&#atin, 4% alginate with 5% glycerol and evaldate
ascertain the applicability of prepared combinafmmwound management.

Table 1: composition and evaluation parameters ofrilg loaded gelatin-alginate matrices

Batch code | Gelatin| alginate| Glycerol| Drug content elling index
F1 10 0 3 76 482
F2 10 0 5 65 465
F3 9 1 3 81 652
F4 9 1 5 73 635
F5 8 2 3 88 843
F6 8 2 5 75 821
F7 6 4 3 97 1012
F8 6 4 5 86 995

The results of Drug content were given in Tabl&rbm the results, drug loading was good for thenfdations F5,
F6, F7 and F8. The high drug loading efficiencyffomulations containing gentamycin could be dubydrophilic

nature of the drug, sorption capabilities, intggaf the drug in matrix and polymer regularity o&imtaining porous
structure.

Swelling Tests
The prepared matrices were subjected to swellindystvhich ranged from 482 % to 1012 %.Water absompt
capacity is an important factor for biological paegtions and wound healing. It presents the capa€imatrix to
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absorb wound exudates. As the gelatin contenteoptiepared matrices were increased, the water elgbhacities
were significantly decreased. The maximum sweléibdity increases with increase in sodium algiradetent.

Figure 2: Swelling studies for diffusion using 3 %&and 5% glycerol gel matrices
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The matrices appear as a very porous structureramghness of the surface decreased with increadmigate
content. The large pores were observed in the SEMyés and the pore sizes were 29.8 pm for blankixaatd

31.5 um for drug loaded matrix. The matrix with Igedatin level represent regular pore size andjifiag pore size
was observed with high gelatin content.

Figure 3: SEM images of Blank gelatin-alginate maix and gentamycin loaded matrix
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The chemical structures of the matrices were exathby FTIR spectrazurthermore, the band of gelatin centered
at about 3400cm, which was the stretching vibration, broadened @upled with —OH band of sodium alginate at
3450 cm?, included by the addition of sodium alginate tdatje, implied the occurrence of hydrogen bonds
between —OH groups of sodium alginate and —NH gsaiffgelatin molecules. FTIR spectra of pure dmd drug
loaded matrices revealed the principle peaks a2 84i'and 3321 ciicorresponding to the amine stretch and —OH
stretch, respectively. The IR spectrum of gelatgirate matrices also presented the peak charstitsriof the
drug, indicating no interaction between the drud e polymer matrix.

The diffusion of drug from different formulation$ gelatin-alginate matrices were carried out ugtngnz diffusion
cells in water. The in-vitro release of gentamyfcom the prepared gelatin-alginate matrix was stddiy diffusion
method. The release from the matrices varied betwake91 to 97.83 at the end of 24 hours. The releds
gentamycin was found to be dictated by the comjposdf the matrices, wherein the increase in theceatration of

149
Scholar Research Library



S. Princelyet al Der Pharmacia Lettre, 2015, 7 (1):145-153

alginate in the matrices led to a faster releabés @bservation is in correlation with the swelliagd rate retarding
abilities of alginate and gelatin respectively. Tihelusion of glycerine as the elasticizing agentveo different

concentrations such as 3% and 5% tend to influémeeelease in a timid manner. The formulationpared with

higher concentration of glycerine proved to deczetie release of gentamycin. This could be atwithidue to
increase in the sorption capabilities with the éase in glycerin concentration. Thus formulationpF@pared with
gelatin and alginate in the ratio 6:4 containing 82@glycerin could release the entire amount ofgdatithe end of
24h in a controlled fashion.

Figure 4: FTIR spectra of alginate (A),gelatin (B),gentamycin (C) and gentamycin loaded gelatin-algate matrix (D)
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Figure 5:Comparative Release Profile of Gentamycifrom 3% and 5% Gelatin-Alginate Matrices
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The release profile of formulations was treatechgisvarious kinetic models including zero orderstfiorder,
Higuchi and Peppas. The mechanism of drug relemse the matrix formulation was found to follow Highu
pattern revealing diffusion as the prominent metmarof drug release{= 0.9903).

Release Kinetic Studies
The release data from gentamycin aminoglycosidiiatits were fitted to various kinetic equatiomsdarom the
regression @) values the possible release kinetics mechanissndedved.
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Table 2: Release Kinetics of Gelatin-Alginate Matices

Formulation Zero (r?) First (r® Higuchi (r) Peppa’s (F)

F1 0.9417 0.9814 0.9675 0.8937
F2 0.9334 0.9702 0.9595 0.9119
F3 0.9367 0.9855 0.9681 0.8311
F4 0.9442 0.9876 0.9656 0.8796
F5 0.9248 0.9953 0.9926 0.7493
F6 0.9219 0.9911 0.982 0.7881
F7 0.9136 0.9459 0.9903 0.7064
F8 0.9216 0.9619 0.9862 0.745

From the table 2, the release of drug from all efghmulations was observed to follow first ordeferase pattern
revealing the diffusion controlled release from mhatrix.

Bactericidal efficacy of drug incorporated geladiiginate matrix (F7) was examined. Two strains Udsedhe study
were Pseudomonas aeruginosa and Staphylococcus aureus. The matrices having the same composition, butowit
the drug was used as the control. The Muller Hindgar was used for antibacterial activity testing Agar
diffusion method. Figure 6 [A&B] depict the actiyiexhibited by blank, control and drug loaded nxa&gainst
gram negativeP. aeruginosa and Figure 6 [C&DJ]against gram positi&aureus. The zone of inhibition of.

aeruginosa was approximately 30 mm diameter while &eaureus it was 29 mm.

Figure 6: Antibacterial activity of prepared matric es against Pseudomonas aeruginosa (A) & (B) and Bteylococcus aureus (C) & (D) [B
— Blank matrix, C — Control, F7 — Drug loaded matri]

The optimised formulation was subjected to the vebinealing study onmale wistar rats. The rate of wadbu
contraction was taken as ameasure of the woundngeatocess. A fresh batch of F7 wasprepared angpaced
with commercially available povidone-iodine solutiand blank matrix. The F7 gelatin alginate masrishowed
excellent antimicrobial, anti-inflammatory activignd substantial sign of amendment in woundheaéni0.61%
within 12 days.The mean healingtimeof 12daysand %owund contraction were shown in table 3. The eration
and findings depicted that when compared to comialéravailable product, gelatin-alginate matrixosred better
epithellization and granulation of woundafter tt{eday.
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Table 3: Wound closure of animal treated with blankmatrix and gentamicin loaded matrix

Wound closure (%)
Time 3%day Tday T5day Zlday
Control 14.56 27.11 45.64 90.43
Blank matrix 12.68 42.73 77.35 93.56
F7 25.87 70.61 88.96 99.37

Figure 7: Wound healing study on male wistar rat
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CONCLUSION

Despite various applications of Gelatin-alginateaadrug vehicle reported in the literature, it ddobe noted,
however, that only a few drug delivery products goeng in to clinical trials or are currently mat&d. The use of
gelatin and alginate in pharmaceutical and bionsda&pplications is particularly attractive becausk its

biocompatibility and biodegradability, together kwithe total absence of toxicity or allergic probsegenerally
associated with the use of synthetic polymers. @Hesnefits will carry the future developments arsgsuas
indicated by intensified studies to utilize gelaiginate matrix in the growing field of tissue @mepring, for
delivery of growth factors or cells and as a fabteamatrix for on-site drug delivery. The relativdbw cost of
these products makes them attractive comparedottitr expensive commercially-available delivery nicat.

Currently, drug delivery systems containing onlgiagle antibiotic drug are available on the markéie next
generation of gelatin-alginate matrix drug deliveggstem will be focused on both drug combinatiod different
release profiles which will lead to better infectioontrol. Moreover, together with this developmant better
understanding of benefits coming from local dru§veéey, this delivery system may, in selected iradions, even
replace current standard of systemic antibiotiattreent.
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