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ABSTRACT

Wounds are subjected to infection of many microoigras, so many antimicrobial agents are used tatttieese
chronic wounds. Wafers are being developed as daligery systems that can be applied directly s ghrface of
suppurating wounds. These wafers instantaneousigrad to the surfaces, absorbing water and tramsfog from
glassy, porous solids to highly viscous gels. Wafeere characterized for morphology, mechanical anditro
functional (swelling, adhesion, drug release in ginesence of simulated wound fluid) characteristidse optimized
dressing has the potential to reduce bacterial étiten and can also help to reduce swelling and pEssociated
with injury due to the anti-inflammatory action amelp to achieve more rapid wound healing. Polymherg
interactions and physical form were characterizgdHourier transform infrared spectroscopy (FTIR)daK-ray
diffraction (XRD), respectively, while morpholodicdructure was examined using scanning electroocrascopy
(SEM). Functional characteristics (mechanical haeda and adhesion using texture analyzer, and swelli
capacity) of blank wafers were determined in oribeselect the optimal formulations for drug loadikgnally, the
in vitro drug dissolution properties of two selattérug loaded wafers were investigated. Many wafges also
used in cancer treatment and their toxicity is népd. The new innovative studies of the waferssgareover view
which is used to treat Corneal Cystinosis and atstreat dry eye in order to restore healthy aahsurface. This
review helps to outline the novelty of the wafethie future development of pharmaceutical dosagado

Keywords: Antimicrobials, wafers, glassy, porous, viscousgehti-inflammatory.

INTRODUCTION

A woundis a type of injuryto the skin which happens vepyick where the shin is cut, torn, or punctured
(anopenwound), where blunt force trauma causes a comysiolosedwound). Wounds may also include diabetic
ulcers and burns. Minor wounds are not very seribusit is very important to clean it so that vanqrevent them
from infections. Infection in a wound delays hegland causes the wound to breakdojdi.

It is widely documented that patients with chrowisunds are seen with problems such as leakagesdressings,
malodour, and pain. [2]

Acute wounds: They are disruptions in the integrity of the skimdaunderlying tissues that progress through the
healing process in a timely and uneventful manner.

Chronic wounds: These are those wounds which fail to proceed thr@ugorderly process of healing (restoring the

loss of tissue and skin function) in the expectedaul of time, usually within 30 days and for thegsunds which
do not respond properly for the initial treatmg8&j[9]
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A wound may fail to heal due to the use of cortiecsids leads to formation of squamous cell camiacand
persistent infection. Chronic wounds may includat®tic, Arterial, Venous, Pressure ulcers or “berks” related.

(3]

It has been estimated that more than 23% of abitelsn-patients have a pressure ulcer and masgsure ulcers
which occurs during hospitalization for an acutisege of illness/injury [4]

Types of woundg[5]

1.Lacerations: It is caused due to cut or tearing of the tisssiag local anesthetic is for the closure of theinds.
Sterile dressings are applied for the wound to.HE&jure- 1]

W
p

Laceration

[Figure- 1]
2.Abrasions —Here the superficial layer of tissue is removeacal anesthetic can be used for pain,however the

treatment of the wound is non-surgical, by usingsindressings and a topical antibiotic to protéet twound and
aid healing. [Figure- 2]

\
\
N
Abrasion
[Figure-2]
CONTUSION

Injuries caused by the forceful blow to the skird aoft tissue, keeping the outer layer of the skiact. These
injuries require minimal care because there ispen wound [Figure- 3]

Contusions

[Figure- 3]
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3.Avulsions — Injuries where a section of tissue is torn effier partially or in total. In partial avulsiortbe tissue
is elevated and remains attached to the body. Betakion means that the tissue is completely feom the body
with no point of attachment [Figure- 4]

.

Avulsion
[Figure- 4]

» Miscellaneous wounds may include:[6]

« Thermal wounds. wounds which occur at extreme temperaturesaiy tre either hot or cold and can result in
thermal injuries like( sunburns, burns and frogfpit

« Chemical wounds They are formed in contact with or inhalationobfemical materials that cause lung or skin
damage.

< Stingsand Bites Bites can be from humans, bat ,dogs, rodentsgkestick and scorpions

« Electrical wounds: These are present with superficial burn-like timgslike wounds secondary to the flow of

high-voltage electrical currents are made to passigh the body, and may cause more severe intéanahge.

Diabetic Foot Ulcers:

Many patients with diabetic foot ulcer are due tiwesosclerosis that delays the blood flow [10]sla combination
of vascular and neurological abnormalities of tieedse. Diabetic to the extreme areas and periphesaopathy
which prevents the sensation and discomfort asteatigith mechanical stress or injury to the feeti¢hts develop
an excessive thickness of the basement membrante imuscles. When compared to the healthy pedme t
basement membrane is 2 folds greater in diabefibis may lead to further complications poor blaagoply
(hypoxia) to the blood vessels which lead to thenftion of cell death and necrosis [11].So as sltehe
breakdown of the skin after prolonged pressure imitidtion of trauma leads to ulceration [12]

Diabetic foot ulcers is classified using the Wag@hassification System.[13]This systemis basednigyan wound
depth which consists of six wound grades.

« Grade 0 foot ulcers have dry keratinized skin theteases the potential for ulceration

* Grade 1 consists of ulceration of the dermis

« Grade 2 consists of ulceration of tendons andgpint

¢ Grade 3 extends to the bone and leads to ostedinyeli

e Grade 4 we can see localized gangrene

< Grade 5consists of gangrene involving toa majotipoiof the foot. [14]

Foot care can often help in healing foot ulcersseduby diabetic neuropathy, where as in ischenut dikcers it is
often difficult to heal, unless the underlying valsc problems have been corrected.[10 ,14]

Pressure ulcers:

Pressure ulcers are also called as “bed sorePmssure sores” chronic ulcer is caused by conptassure, due to
a bony prominence which results in destructionrtdeaulying tissue. [15] .These pressure ulcers tesulischemia
leading to tissue necrosis .Ischemic cell deatllt®sn inflammation leading to blood clot furthkrading to

damage of the bones and muscles some of the fatiarsncrease the risk advance age , excessivesaxp to

moisture and impaired nutrition (i.e. wound drgi@a incontinence).[16]
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Generally Pressure ulcers are caused by variohegeas such d@. aeruginosastaphylococci and enterococci and
anaerobes such &lostridium spp. which prolong the delay of wound healing. Rerrtcomplications leads to
osteomyelitis and cellulitis due to bacterial cokation. [17]

WOUND HEALING:
Wound healing is a complex process of replacingtdéxed and missing cellular structures and tidsyers.[18]
Wound healing consists of different phases thelude[7]

INFLAMMATORY PHASE :

In this phase a clot is formed and the cells damimation debride the injured tissue. The inflanonaresponse
causes the release of the plasma and neutrophilsetsurrounding tissue and blood vessels to bedealsy.
Inflammation causes decrease in the host resise@amténcrease in the bacterial burden. It forma asrrier to the
bacterial infections. Inflammation phase is divideid two phases they are:

* Early inflammatory phase

 Late inflammatory phase [19]

In early inflammatory phase it starts during thte laoagulation where it activates the cascade aitidtes the
molecular events leading to the infiltration of tiweund site with neutrophils whose main functiortasprevent
infections .the neutrophils starts with the phagosis in, order to destroy the bacteria and remtweeforeign
particles and damaged tissues .[20,21,19]

PROLIFERATIVE PHASE:

In this phase on the surface of the wound epidercel$ gets into the mitotic activity leading toopferation
(multiplication of the cells). Then haemostasisaéhieved and an immunological functions [83, 843uscessfully
set into place, the acute wound shifts toward &sgpairing [19,22]

Fibrin and fibronectin is formed, fibroblasts pfefiate into the deeper parts of the wounds theseHiast
synthesizes small amount of collagen which acta ssaffold for the migration and further fibroblgsoliferation
then abundant formation of granulating tissue igns¢his diverse phase takes place in this protifera
process.[23,24]

Angiogenesis and granulation tissue formation lg¢adssue remodeling and gives rise to new bloeskels during
this process various neutrophils, macrophages agidgenic factors helps to promote angiogenesiR27]

REMODELLING PHASE:

Remodeling phase is responsible for the formatbmew epithelium and final scar tissue formatidere’s
synthesis of extracellular matrix along with graatidn tissue development in this phase this phasgtake up to
one or two years for a prolonged period of tir2@,29]

The remodeling of the acute wound leading to mairgadelicate balance between synthesis and degraddong
with collagen bundles, intercellular matrix and wehébronectin and hyaluronic acid are degradealla@en fibers
regains 80% of its original strength with unwoundedues. [24,30,31]Metalloproteinase is an enzgnoeluced by
neutrophils ,macrophages and fibroblasts in a wowhith is responsible for degradation of collagkrading to
formation of new matrix and this will help in noatrwound healing.[31, 31, 33].

HEALING BY PRIMARY AND SECONDARY INTENTIONS:
In the healing process different cells dominateoter phases of repair and the cellular patterng &acording to
the extent of injury and tissue damage.[34,35,36]

During the normal wound healing the ,closed incisi@nd open wound tissues defects progress inea 6ir
molecular and cellular events resulting in tissgygair and regeneration healing of clean woundsfectied surgical
incisions and without loss of tissues this is neférto as primary intentions. [39, 37, 38]

Death due to limited number of epithelial cells amnective tissues occurs cause of small dismpifdoasement
membranes, it is a fast process in deals with finovound with extensive loss of tissue, here tojmrative
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process is more complicated because large tisssehiave to be filled which occurs due to healingsbgondary
intention. [34, 40, 43, 42, 44]

FACTORS AFFECTING WOUND HEALING:

There are many factors leads to impaired woundrgetthey may be categorized into
» Local factors that influence wound healing.

» Systemic factors that influence wound healing.

» Local Factors that Influence Wound Healing:

+OXYGENATION: Oxygen is very important for the cefletabolism where the energy is obtained by ATPiand
very much needed in the wound healing procesindtices angiogenesis sand prevents the wound fréeutions
helps in re- epithelialization, increases fibroblpsoliferation ,collagen synthesis also promotesti@action of the
wound. [45,46]

“+INFECTIONS: Many microorganism obtain access imte tinderlying of the skin causing local infectidhese
microorganisms replicate rapidly with the wound siag injury. [47P. aeruginosaand Staphylococcusare some
common microorganisms which cause bacterial irdedih wounds. Many chronic ulcers do not heal beeaf the
presence of biofilms containiri®gy aeruginosahence shielding the bacteria from the phago@ttosity of invading
polymorph nuclear neutrophils (PMNs). This mechanisan explain why antibiotic failed to treat someanic
wounds. [48]

» Systemic Factors that Influence Wound Healing:

“AGE : Age is one of the unigque that affects the mibhealing process ,increase in the age resuttseimajor
risk in wound healing which is commonly seen inl&dlaging causes temporal delay in wound healimgt actual
impairment in quality wound healing [49]

Delayed wound healing in aged persons is seen @uwelayed T-cell infiltration into wound area cangsithe
chemokine production which reduces phagocytic aadraophage capacity .[50]

+STRESS: Stress causes many cardiovascular disé®#8diabetes ,cancer are comprised wound hgalin
.Many studies have shown that both humans and éideenonstrate physiological stress which causésyde
wound healing .[51,52]

Sex Hormones in Aged Individuals:

Sex hormones have effect on the wound healing psoggompared to females males have showed muchedela
healing in the acute wounds.

A partial explanation is seen that the female gstng (estrone and fi-éstradiol) and male androgens (testosterone
and w-dihydrotestosterone, DHT) and their steroid precudehydroepiandrosterone(DHEA) which appear teha
significant effects in wound-healing process.[33lvas found out that the differences in gene esgiom between
young human and elderly male wounds are almostusixaly estrogen-regulated. Estrogen affects thendo
healing by regulating various genes which is asdedi with regeneration .[54]. Many studies havewshohat
estrogen have the ability to improve the age rdlatgairment of wound healing both in men and wonfig8]

Diabetes

Diabetes causes impairment in wound healing .Maretarge number of people are suffering from DisbEoot
Ulcer (DFU) it causes further complications likeg@rtations [55], venous stasis disease ,DFUs arsspre-related
chronic non-healing wounds, are always accompalyeldypoxia [56]. Hypoxia can increase the levelorygen
radicals which leads to early inflammatory respori5€], hyperglycemia and the interaction with their
receptors(RAGE) is associated with impaired wouealing in diabetic patients.[58]

Medications

Large number of medications may interfere with ttlet formation, anti-inflammatory responses andl cel
proliferation which has the capacity to affect wdumealing process. Many drugs like, anti-inflammatdrugs,
non-steroidal drugs, glucocorticoid steroids anenebtherapeutic drugs.[59,60,61]
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Obesity

Obesity is the main cause for many diseases arthlmanditions like stroke, type 2diabetes, hypesion, cancer,
sleep apnea, dyslipidemia, respiratory problems a@sd impaired wound healing .Obese patients faoand/
complications like hematoma and skin infectiongspure ulcers [62]during surgery in the obese mpiatiat the
surgical site it leads to ischemia and hypo pésfusnd that is seen in subcutaneous adiposeetissualing to
decrease delivery of antibiotics causing slow wbhealing.[62, 63]

Therefore obesity related changes is seen in thiphszal immune function which can be improved bgigit
loss.[64]

Alcohol Consumption

Many evidence have shown that alcohol consumptilmwss the wound healing process and increase the
infection.[65] Ethanol toxicity increases the sustdality to infections. [66]Alcohol levels of 10fhg/dL leads to
angiogenesis, perturbed re-epithelialization, galta production where in acute ethanol causes decrigathe
angiogenic capacity leading to decrease in wourgtularity causing oxidative stress and hypoxiadieg to
impaired wound healing.[67]

Smoking
Smoking causes a various number of complicationeuman health it is well known to cause strokecubs
diseases ,chronic lung diseases the negative éfieatound healing is well known for a long times|6

Persons who smoke tend to show delayed wound lgealih various complications like tissue rapturggttions,
anastomatic leakage, flapnecros is leading to deeren the tensile strength of the wounds whictsesuimpaired
wound healing.[69,70]

Nutrition

Nutrition is one of the very important factor foound healing, malnutrition or nutrition deficienbgve an impact
on wound healing nutrients like carbohydrates, fatd proteins are the primary source for the wobedling
process where the glucose is the major fuel toterealular ATP which helps in deposition of thennéssues and
source of energy for the Angiogenesis and use d? AsTalso prevents the depilation of amino acid} @mtein
substrates. [71,72]

Protein

Protein is one of the major component for the wotgphir deficiency of protein can impair capilldgrmation,
proteoglycan synthesis, collagen synthesis, filasthproliferation and wound remodeling. It alsautessin affecting
the immune system and decrease in phagocytosimarghses the susceptibility for microbial infea8d 73]

Collagen
Collagen synthesis requires certain co —factors féerous iron and vitamin C along with hydroxydetiof lysine
and proline hence the deficiency in any of thestactors results in impaired wound healing. [74]

Arginine
Arginine is one of the component which improves iam@ function, and helps in the wound healing inthgaand
il patients.[75]

Glutamine
Glutamine is one of the most abundant amino aciédgot in plasma and it is a major source of métabaergy
for rapidly proliferating cells such as lymphocytepithelial cells macrophages and fibroblasts.yZ4

Oral glutamine supplementation has shown to Impritnee wound breaking strength and also increasdsliexfe
mature collagen.[76]

Lipids
Lipids are used for nutritional support for critigall patients in order to meet the energy regaients which is the

building blocks for tissue repair and wound healingnega-3 fatty acids on wound healing are saithetonot
conclusive. It is said to affect cell metabolismgi@genesis and gene expression at the site afdad.[77]
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Vitamin C
Vitamin C is very potent anti - oxidant and als¢plseén wound healing, deficiency in this leadsrgairment in the
tissue repair and also leads to wound infectior, 74]

Vitamin E

Vitamin E is an antioxidant and maintains cell grity it also has anti - inflammatory response [88H decreases
scar [86] formation in chronic wounds, Vitamin E evhused topically acts as an anti scarring agemhionic
wounds, hence Vitamin E supplements is useful found healing. [78]

Many micronutrient supplements have shown theie inlwound repair like zinc is a cofactor for DNAcGRNA
polymerase and deficiency of this leads to impaisedind healing Hence zinc is very much importamtviound
healing. [71, 72, 74, 89]Therefore high energy $eiments containing arginine, protein enriched semgnts,
vitamin E, vitamin Can improve healing of chroniegsure ulcer [70]Multiple factors can cause ingzhiwound
healing in different phases therefore each fadtax® a influence on the wound healing process] [80

RATIONALE FOR SELECTING:

Some dressings, such as hydrocolloids can causetimris, and open wounds have a high risk of ifdedi.e. up to
6.4%) when it is treated with primary gauze, whiehd to an average hospital stay of 10.6 days [99Rhny
commercial dressings are available that contairesilsuch as Aquacdydrofiber, Acticof absorbent, Urgocell®
silver and Poly Meff silver[96]. Therefore, incorporation of antimicials in lyophilised wafers is essential not
only to promote wound healing but also to preverfedtion from microorganisms. Antimicrobials, suel
neomycin and silver nitrate and sulphacetamideusndire broad spectrum antimicrobials and commogagduto
treat infected wounds. [97]

NEED FOR STUDY

The objective of the invention was therefore tovide thin sheet like pharmaceutical preparatioveférs) for the
administration of active substance which are hawdngunpleasant taste containing at least one mfriring
polymer. The pharmaceutical preparation accordinthé present invention are suitable for a pluraiit different
active substance. [98]

MANUFACTURING METHODS:
1.Solvent casting method:[99,100]
2.Semisolid casting

3.Solid dispersion extrusion[101]
4.Hot melt extrusion[102,103]
5.Rolling Method

1.Solvent casting method

In solvent casting method the water soluble pelgris dissolver in water and drug and other egoigi are
dissolved in suitable solvents and these both ahdiens are mixed and stirred dwell then finathgy are casted in
Petri plate and then dried after drying they areirio desired shapes.

Water soluble polymers are used in this method leygroxyl propyl cellulose (HPC), hydroxyl propgiethyl

cellulose (HPMC), polyvinyl alcohol (PVA), carboxyethyl cellulose(CMC).Solvents used are from travent
list of ICH class 3.Equipment used in large scatalpction is shown below; [Figure- 5]
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[Figure -5]
2.Semisolid casting:
In this technique water soluble hydrocolloids aissdlved in water in order to from viscous homogergesolution,
then later active ingredients and then both that®wis are mixed together and degassed under vaemainhen
obtain this Bubble free solution is then coatednon-treated casting wafer then the coated wafseig into the
oven for drying .wafers is then cut into desireds¥s and sizes.

3.Solid dispersion extrusion:

In this technique the immiscible components areuebe along with the drug, then solid dispersionsrepared. The
obtained solid dispersions are then shaped inteWddy using dies.

4.Hot melt extrusion:

In hot melt extrusion technique [Figure- 6] initjathe drug is mixed with suitable carriers in ddlorm. Then the
extruder having heaters helps to melt the mixteirally the melt is then shaped in to Wafers byuke of dies.

[Figure — 6]
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5.Rolling Method:

In this method a solution or suspension contairirdyug is rolled on a suitable carrier. The soluesgd is mainly
water or mixture of water and alcohol. The actigeras dissolved in small portion of aqueous solusitig a high
shear processor. The Wafer obtained is dried ondllexs and cut in to desired shapes and sizes.

CHARACTERIZATION:

1.Scanning electron microscopy (S.E.M)

A Leo S43igital scanning electron microscope is used totlgetimage of the microstructure of the drug-loaded
wafers. Samples that are for imaging are coatell gotd and palladium for 4 minutes. Images of tlagew surfaces
(Top and Bottom) were taken at 200x and 500x magiibns. [104,105].

SO0

Scanning electron microscopy (S.E.M) images of wafenatrices top surfaces taken at 500x magnificatio{Figure - 8]

2.X-ray diffraction (XRD): [105]
XRD analyses of the wafers were performed using Ad®antage X-Raydiffractometer (Bruker AXS GmbH,
Karlsure, Germany). The lyophilised wafers weret8gpressed to a width size of 0.5 mm using a cfeanof
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compression glasses and was mounted on the sawidier hThe transmission diffractograms were acguirging
DIFFRAC plus XRD Commander over a start to enddiffeaction angle of @ from 5° to 45° step size of 0.02 and

a scan speed of 0.4 sec. X-ray patterns of therwaind the starting materials were obtained WitRFRAC plus
(Bruker Coventry, UK) having an XRD commander peogme. A Goebbel mirror was used as a monochromator
which produced a focused monochromatic GL&2 primary beam)=1.54184A) with an exit slit of 0.6 mm. The
detector used for performing the experiment wasxLigge. The operating condition during the experimeas 40

kV and 40 mA.

3.Differential scanning calorimetry (DSC):

DSC analysis of the POL-CAR and POL-SA (BLK and Mgfers and starting materials (drugs) was undertaia
a DSC1 Mettler Toledo instrument (Leicester,211 @Klibrated with indium (based on heating rangejféhé are
cut into small pieces and 3-5 mg of sample waseglainto 4@ aluminum pans with lids (Mettler Toledo,
Leicester, UK) and sealed using crucible sealirespr(Metler Toledo Leicester, UK). An empty alunmmpan
sealed with lid was used as referenceSPAR software program was used to run the samplesnitially cooling
from 25°C to -50°C and then heated from (-50°C30°€) at the rate of 10°C/min under constant pafgatrogen
(100 ml/min) to evaluate the thermal behavior & plolymers and drugs present in the wafers.[105]

4.Attenuated total reflectance Fourier transform infrared spectroscopy (ATR-FTIR):

A FTIR spectrophotometer is used in combinatiorhwithermo Nicolet, Thermoscientific, UK), ZnSe atieted
total reflectance (ATR) accessory to charactetieevtafers. The FTIR was equipped with potassiurmiie (KBr)
beam splitter and MCT detector. The wafers is mlace ZnSe ATR crystal (45°) and maximum pressurs wa
applied by using a pressure clamp accessory inr ¢odallow intimate contact of the wafers with th&R crystal.
Similarly the pure starting materials (drugs) wadgred as controls.

Spectra obtained were recorded at 4 cm-1 resolutittin a range of 650-4000 cm-1 using OMNIC® saite.
True absorbance of each of the sample was obt&ipdzhckground subtracting spectral information tfer ATR
crystal.[105,106]

5. Water uptake:

The water uptake capacity of different lyophilisedntrols and drug loaded wafers when placed onaop
constantly hydrated cellulose membrane for 24 haasspresented in Figure 4.1, was determined. Wiaégghts
were recorded prior to being placed on the membfg%g and after 24 hour of water uptake (Wt), using an
analytical balance, Mettler AE 50. Water uptake (Withs calculated in percentage terms (%) usingstimple
formula: W, = (Wt/ Wp) x 100, where Wt = weight of swollen wafer aftdr t2ours of hydration and y¥ weight of
lyophilised wafer at time zero.[104]

6. Water loss
Wafer lyophilisation involved cooling the gel to0°€ and then heating them in a series of thermal sampoom
temperature (AT) under reduced pressure from 1 atm to 0.001 n{Beanlaf A/S). The entire freeze-drying

process took place over 26 h. Once the freeze-glpincess was completed, the lyophilized wafersswemoved
from the jar, weighed and placed inpolyethylenesbhafjfter that, the wafers were stored in glass abesors
containing silica gel beads prior to testing. Thed gnd wafer were weighed before and after the Hiligaition
process, and the percentage of water loss waslat@ddwsing:

Water loss% = (Wg - Ww) / Wg x100

» Wq is the weight of the hydrogel (before freezehulyy and
» Ww is the weight of the wafer (after freeze dryifi@j]

7. Microscopic examination:

The morphology of the wafer was observed using@aacope (Olympus BX41) and captured with a camEna.
wafer was cut into thin layers using a razor bladaced onto the glass slide and carefully coveriglal a cover slip.
The porous structures of Wafers were observed ut@emagnification.[97]
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8. Thermogravimetric (TGA) analysis of the lyophilsed wafers

Thermogravimetric analysis was undertaken to detexrthe water content of the lyophilized wafersl wWhfer
samples were manually compressed to fit on thetgred platinum sample pan. Powder-free, latex egowere
worn to avoid external contamination form skin nhois/sweat. Mean sample weights of 9.8 + 2.4 mgewsed.
The residual water content of lyophilized waferssvemalyzed as the weight loss of the sample dwihgating
ramp from 25°C — 200°C at a heating rate of 4O/min. A TA Q500 Instrumentwas used for all
measurements.[104]

EVALUATION TESTS:

1.In vitro release of Drug from lyophilised wafers aml gels:

Six identical free standing dissolution rafts (F9@Rs constructed the lyophilised wafers and frephtpared gels
(1.5 £ 0.2 g) was placed on top of the cellulosentmiane (12-14 kDa) kept in contact with the digoh medium
for 24 hours at 36 + 0.8C. The FSDR was placed in 20 + 2 ml of dissolutivedium (NaCl-CaCl2) in a glass
container topped with a lid in order to avoid evapion during the experiment. The enclosed dissmusystem
was placed in an agitating water bath (Fischer rififie) at 145 rpm. Samples (3 ml) was taken, anedyand
returned to the glass container at hourly interf@sight hours and after 24 hours, in order tontaén a constant
volume of dissolution medium with time. The presziof drug was detected by using UV analysis at r@Bsdand
the concentration determined from the regressiamton generated from the calibration curve in N&&LCI2
solution (y = 0.0306x, R2 = 0.9995).

Two controls containing known amounts of the knadvags in the dissolution medium were included. Tihst
contained known concentration of drug and was plageler the same conditions with the tested drugaperic
carriers (36 £ 0.5 0C). The second control conthikieown drug, and a dissolution raft with no drugfers/gel was
placed at 20 + 0.8C. Samples (3 ml) were taken every hour for 8 ham at 24 hours and analyzed as described
above. The absorbance indicated the amount ofidrtige solution over 24 hours. [104]

Lid of container

Antimicrobial wafer/gel ST R —
Cellulose membrane —J—— s e
FSDR device —f—= -

Dissolution medium—f= R T T

Glass container

A
v

Agitating at 145 rpm

Configuration of the free standing dissolution raft(FSDR)
[Figure — 9]

2.Determination of minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC)
of antimicrobials

Antimicrobial susceptibly of MRSA, MSSA. coli andP. aeruginosavere determined by establishing the MIC
using a standard 2-fold macro-broth dilution metlmd 0 ml volumes of nutrient broth inoculated wihx 105
cfu/ml. Suitable controls incorporating a non-inlated bottle of nutrient broth (negative) and aocuated bottle
of nutrient broth (positive) were included in afisays. After 24 hours incubation at %7, the presence or not of
bacterial growth was determined optically compaeagh dilution to the negative and positive costrol

The MBC values were determined by plating duplicateples of 10@l (20 ul x 5 volumes) taken from each MIC
dilution on agar plates and incubated at@7or further 24 hours. The absence of bacteriliries was determined
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as the MBC value of the tested antimicrobial agaihs bacterial strains. All MIC/MBC determinatiofe each
antimicrobial were performed twice in duplicate 4]0

Aerial view of disc diffusion measurements
[Figure -10]

3.Modified disc diffusion assay as a simple model afn exuding surface :

A modified disc diffusion assay was used to deteeminitially the bacterial susceptibility to thetiamcrobial
compounds incorporated within the matrix structoféyophilised wafers. The method was optimizedoadmng to
the protocol of the National Committee of Clinidaboratory Standards (NCCLS) and Barry (1986). [€riented
sterile Petri dishes (90 mm) were prepared by pgu20 ml of molten nutrient agar (1.5 %) containyegst extract
(20 g/L), peptone (5.0 g/L), sodium chloride (5M)g Each plate was inoculated with 5 x 105 cfu/mfleither
MRSA, MSSA, E. coli or P. aeruginosa Individual circular (diameter 20 mm) antimicrobial wafers, including
controls, were placed onto solidified, seeded aggjates and incubated at °87 for 24 hours. The diameter of
inhibition of the antimicrobial wafers was measufesm one edge of the circular zone of inhibitianthe other
zones of inhibition (calculated from the averageved measurements of the diameter of the inhibitione taken at
intervals of 00 and 900) and the swollen diameferafers (Dt) were measured after incubation usimigid steel
engineering rule (Mitutoyo). The initial diametafthe wafers (I were measured with a digital calip@ifutoyo)
prior to being placed on the centre of the seeded plate. Wafer expansion was calculated as tieofDt/Dy[92].
Antimicrobial activity was determined as an inhidmit ratio IR = Di/0}, where Di = mean diameter of inhibition
zone.[104]

4.1In vitro assessment of the efficacy of antimicrobilawafers using a diffusion cell:

The use of a Franz diffusion apparatus was alterentder to assess the antimicrobial activity aided wafers as
they slowly rehydrated in contact with the dissiontmedium. In order to perform the experimentiiadified and

optimized method is referred to as an antimicro@iiision cell (ADC). This original term is used tharacterize
the precise use of the diffusion apparatus, as tleéimbers (donor and receptor) were filled with imédoculated

with known concentrations of MRSA.

The effective diffusion area of the receptor chamiyas 3.46 cf matching perfectly with the surfaces of
lyophilized formulations and had a total volume26fmL. The receptor chamber kept at 25 £0.@as inoculated
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to yield a final bacterial cell density of 5x105uthl of MRSA An antimicrobial wafer was placed on top of a
cellulose membrane (12 - 14 kDa) in contact wite thoculated medium. The system was sealed in daer
maintain a continuous volume of medium in the rémephamber (20 mL) and to keep the membrane aridrwa
constantly hydrated. A maximal volume of 2(Dwas withdrawn at each time point in order to miize the
introduction of untreated bacterial cells into theeptor chamber.

The sample was withdrawn using a sterile syringa m@edle. Samples (2Q0) of the dissolution medium were
taken at 0, 2, 4, 6, 8 and 24 hour intervals armth elluted to sub-inhibitory levels, ten-fold dowm 10-5, in 0.9%
(w/v) NaCl solution. Dilutions were plated in dugdte on nutrient agar platesybx 20 volumes) and incubated at
37°C for 24 hours. After incubation, bacterial colanieere counted and the original cell count (cfu/callculated.
The lowest detectable limit of the method was 1fd@nalL.

Different dissolution media were used and inocularéth the same MRSA densities, in order to comphee
activity of released antimicrobials from the re-taigd matrices of antimicrobial wafers. The dissolu media of
the chambers were stirred at 1200 rpm and consisteither:

a) Phosphate buffer solution (PBS) containing 0.2 %agsium chloride (KCI) and 0.8 % sodium chlorideaQ\)
(pH 7.4).

b) Sodium/calcium chloride solution (pH 6.5) containil42 mol/litre of sodium ions (0.82 %) and 2.5/fitce of
calcium ions (0.027 %), typical of those found ioumd exudate Thomas (2007),

C) Pseudo-exudate containing sodium/calcium chloraeti®n enriched with 3 % (w/v) BSA (pH 7.4), similto
protein levels found in wound exudate (Clought Biadble 2003).[104]

Donor chamber——

Lyophilised wafer

=
S

Cellulose membrane § )

Receptor chamber —s \
Magnstiesiner TR0 2 Sampling port

Schematic of antimicrobial diffusion cell (ADC) asembly used for in vitro determination of antimicrobial measurements
[Figure -11]

5.A modified disc diffusion method was used to inigste the performance and antimicrobial Propertés
irradiated wafers. Measurements of the of initimnoeter of the wafers (DO), the swollen diameteth&f wafers
(Dt) and diameter of the inhibition zone (Di) weeken at intervals of 00 and 900 using a digitdipea and steel
engineering rulerMitutojo). The wafers was taken (with and without antimiitad), was the swollen diameter (Dt)
and diameter of the inhibition zone (Di) measumeaie direction as indicated in Figure, due total terosion of
the disc shape of wafers after 24 hours incubattdi 0C. Expansion and inhibition ratios were alaied as ER =
Dt/Do and IR = Di/DO0, respectively.
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Typical images taken after 24 hours incubation
A - Non-irradiated and B - irradiated antimicrobial wafer.
[Figure -12]

PROPERTIES THAT HELPS IN WOUND HEALING ACTIVITY:

The wound healing process is a complex phenomemuh imvolves different phases such as haemostasis,
inflammation, proliferation, remodeling and scartanation. [107,108] based on the nature of the irgpacess,
wounds are classified as acute and chronic. Cordpaith acute wounds, chronic wounds represent aicakd
challenge due to various complicating factors idelg diabetes and malignancies, chronic systenfianmmation,
persistent infection, destruction of neighborirgsties, poor primary treatment and other patieata@lfactors such

as poor nutrition.[109]

Lyophilised wafers can be suitable formulations tigpical drug delivery on every moist biological mierane as
they can be self-adhesive. Adhesion at the sitelaivery can provide targeted delivery of the ajppiate
therapeutic compounds. Porosity and hydrophilibiye been considered as the most dominant paranveléch
govern the swelling behavior of drug loaded, hytiitip polymers as the drug is being released asptiigmer
swells. [110]

Lyophilised wafers are produced by freeze-dryintyper solutions and gels to yieldsolid porous dtites that can
easily be applied to exuding wound surfaces. [90]

It is anticipated that a lyophilised polymer matwwuld preserve the size, shape and form of coatgompounds
unlike a conventional gel suspension, where crystaning, agglomeration and polymorphic changesy ma
occur.[111]Their physical architecture resemblesséhof foam dressings which are made of porousupetlyane
drug stability is better in a lyophilised dosagariccompared to a semi-solid hydrogel based forrariafl112]

Lyophilized wafers provide a potential means ofwdging pharmacological agents to wound surfacesddealing
they have the ability to incorporate soluble anslolable antimicrobial compounds greater than tigimimum
bactericidal concentration for antibacterial a¢ivagainst pathogenic bacteria. The wafer absodosnal exudates
and transforms into a gel, thus providing a maistirmnment which is essential for wound healing,|94]

Lyophilised wafers can be considered as ideal @arof therapeutic agents, including antimicrobéaisl therefore
are thought to be efficient systems to deliver raitiiobial treatment on a wide range of suppuratihgonic
wounds.[104]

WAFERS USED IN PLASMID DELIVERY:

Plasmid DNA delivery by physical methods genera#igults in low but sustained expression in vivo,jclhs
limited by poor uptake due to factors such as digjien and clearance.[113,114] Physical (e.g.asdtund,
hydrodynamic injection) methods are continuallyngeimproved to enhance cellular uptake of DNA Hgrahg cell
permeability. [113,115]Plasmid uptake may involvgrinsic cellular processes, but the processes rgowg
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intracellular transport remain elusive. Followinglidery to the nucleus, expression can typicallguscover time
scales of days to weeks or months.[115]

Plasmid DNA interacts weakly with many polymersadang to in vitro release from the vehicle with esat
modulated by the polymer properties. Many synthatid natural polymers are negatively charged, and the
weak interactions likely result from repulsive afparinteractions between plasmid and polymer. Cehabased
materials release plasmid DNA for times rangingrfioours to days. [116,117]

Carmustine wafer:

Wafer implants are a way of giving chemotherapytfi@in tumours into the area of the tumour. Theewaf made

of gel that contains a chemotherapy drug. Duriragrbsurgery to remove some or all of tumors, thetatoputs up

to 8 wafers in the space where the tumour was dbher next few days, the wafers slowly release
a chemotherapy drug called carmustine (BCNU) ihte &rea. The wafers dissolve over 2 to 3 weeks.

When chemotherapy wafer implants are used:

Using chemotherapy wafers as well as surgery atidtteerapy can help some people with glioma to loreger. At
the moment wafers are licensed for people withegjth

» High grade malignant glioma

* Glioblastoma multiform which has come back afteatment.[118]

Malignant gliomas are the most aggressive typerainbtumor, with poor prognosis after recurrencke Thost
common site of recurrence is within two centimetefshe resection margin. BCNU (1,3-bis(2-chlorg##i-
nitrosourea) wafers (“BNCU wafers”) are used tawdllocal high dose chemotherapy around the resechvity,
and serve as a treatment option for treating mafiggliomas in an effort to delay tumor recurrerjt&9]

Gliadel Wafer:

Two unique features set the Gliadel wafer apannfrather drug delivery systems. First, it is a logad drug
delivery system that delivers high concentratiohthe chemotherapeutic agent directly to the tuoamity, thereby
overcoming the adverse side effects associatedowithientional systemic administration. Secondlya@l wafers
are biodegradable and dissolve slowly over timeashg high concentrations of the drug in a susthiiashion
over an extended time interval.

Carmustine is a nitrosourea that is commonly used alliative therapy. It is also an antineoptaatient. It is used
in combination with other approved chemotherapeatients for treating brain tumors, multiple myeloma
Hodgkin's disease, and non-Hodglanlymphomas. It is homogeneously distributed in togolymer matrix.
Carmustine is highly lipophilic, and thus crosdes blood-brain barrier readily. Carmustine leadth®inhibition

of DNA synthesis, RNA production and protein symsikeby cross linking with DNA and RNA. It also
carbamoylates proteins, including DNA repair enzgmresulting in an enhanced cytotoxic effect. [120]

TOXICITY REPORTED:

Gliadel wafer treatment cannot be used on patiehts are allergic to carmustine. Animal studies hslvewn that
carmustine in other dosage forms causes birth tefacd other problems, hence can cause fetal hdmenw
administered to a pregnant woman. The presencetltdr omedical problems may also affect the use of
carmustine.[121]

Carmustine wafers have been reported to increasggmessive sarcoma developed in the patient’s Bapevhich
eroded rapidly through the scalp and leads to d¢bi9]

Antiseptics are antimicrobial compounds usuallyitén to external application which possess a bigttrum of
activity against pathogens and often demonstratdta@yicity against main cell mediators of the hegli
process.[104]

Nanowafer Drug Delivery for Corneal Cystinosis:

Alternative drug delivery have mainly focused opital formulations, with the negative impact oneeffveness.
To overcome these issues, the development of aamlancdted drug delivery system that can deliverdhg in a
controlled release fashion for prolonged periodere¢by enhancing the drug efficacy and patient diaimge.
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Current nanofabrication technologies is to createantrolled drug delivery technology to developragrammable
nanowaferfor sustained-release delivery of cysteamine,gugiaterials like polyvinyl alcohol (PVA), cystearain
PLGA, and collagen that are already in clinicad.us

The nanowafers are fabricated into hydrogel wafersch is filled with cysteamine-PLGA matrix whicls i
fabricated using a hydrogel template which aregiexdi to deliver the drug in controlled release fdif2]

Eye injuries are treated with topical eye drop &pgrdue to ocular surface barrier eye drops musapgmied

frequently which cause side effects like catargtaucoma. Therefore development of nanowafer costdrug

loaded Nano reservoirslowly the drug release ftbennanowafer increases the drug residence tinteocular

surface and its absorption into the surroundindasdissue. At the end of the stipulated periodiafg release, the
nanowafer will dissolve and fade away. [122]

[Figure-13]

Dry eye disease is one of the major public healtblem that affects many of people. It is presettbated with
artificial tear and anti-inflammatory eye dropsttlase administered several times a day which ma tianited
therapeutic efficacy. Hence Dexamethasone nanousafigveloped for the release of the drug on thdaosurface
for a longer period of time [124]

<TIIRZZ TR
S = ;ﬁ;“" =
S & : : - <=

C WY ’N’\““‘m\ o

Dry eye Dry eye instilled with a Restoration of a
dexamethasone nanowafer healthy ocular surface
[Figure-14]
CONCLUSION

With the development of wafer by incorporating mamgimicrobial agents which helps in wound healimgcess,
now many innovative ideas have been used in oweaute brain tumors like Malignant gliomas usingaGél
wafer, wafers are also used in nanaoforms whictuseel in various ocular preparations for the Cdr@satinosis
and also for the treatment of dry eyes using Dexhas®one which prevents dry eyes and healthy re&ioraf the
ocular surface. Therefore the wafers are made tfralamaterials showing most promising compatipiliThis
review aimed at providing an insight to the devetept of an idealized wound healing device whiclhasing
capacity to overcome all the current challenges.

Acknowledgement

The authors express their gratitude to the JSSddsity and JSS College of Pharmacy for providingessary
support in due course of the work.

465



Sharon Fredric et al J. Chem. Pharm. Res., 2015, 7(9):450-468

REFERENCES

[1] Shittu A.O, Kolawole D.O. and Oyedepo E.ARfrican Journal of Biomedical Resear¢p002: Vol. 5,97 —
102

[2] Franks PJ, Moffatt CJdnt J Low Extrem Wound008 5(4): 236-43.

[3] Jennifer A. Thackham, BSc1 ; D.L. Sean McElwainDBh Robert J. Long, M® Wound Rep Re(2008 16
321-330 ¢ 2008 by the Wound Healing Society.

[4] European Pressure Ulcer Advisory Panel, summanyrtem the prevalence of pressure ulcers. EPUAReRev
2002 4: 2, 49-57.

[5] http://www.medstudentlc.com/page.php?id=65

[6] http://www.woundcarecenters.org/article/wound-bsisiiéferent-types-of-wounds

[7] http://www.med.muni.cz/patfyz/pdf/new/Wound2004.pdf

[8] Lazarus GS, Cooper DM, Knighton DR, etatch Dermatol1994 Apr;130(4):489-93.

[9] American Society of Plastic Surgeons. Evidence-hatieical practice guideline: chronic wounds oé tlower
extremity. Arlington Heights (IL): American Societyf Plastic Surgeons2007 May. 21 p. Also available:
http://www.guideline.gov.

[10]Laing P.Am J Surdl994Jan;167(1A):31S-6S. PMID: 8109682

[11]Falanga, V.1993 The Journal of Investigative Dermatolody00 (3), pp. 721-725 FALANGA

[12]Falanga, V.2005 Lancet 366 (12), pp. 1736-43

[13]Frykberg RG, Armstrong DG, Giurini J, et al.Foot Ankle Sur@00039(5 Suppl):S1-60. PMID: 11280471
[14] Stadelmann WK, Digenis AG, Tobin GRm J Surdl998Aug;176(2A Suppl):26S-38S.

[15]de Leon JOstomy Wound Manad®05Feb;51(2A Suppl):3-8. PMID: 15699557

[16] Folkedahl BA, Frantz R. Treatment of pressure slcéowa City (IA): University of lowa Gerontologica
Nursing Interventions Research Center, ResearcseBimation Core2002Aug. 30 p.

[17]DHARMARAJAN, T. S and UGALINO, T, J2002 Hospital Physicianpp. 64-71

[18] Diegelmann RF, Evans ME&ront Biosci2004 1: 283-289.

[19]Hart J:J Wound Car@002 11: 205 —209.

[20]Robson MC, Steed DL, Franz MGurrProblSurg2003; 38: 72 — 140.

[21]Robson MC:SurgClin North An1997 77:637 — 650.

[22]Richardson MNurs Time<004 100:50 — 53.

[23]Glat PM, Longaker MT: Wound healing. I@rabb and Smith’s Plastic Surgeryth edn (Aston SJ, Beasley
RW, Thorne CH, eds). Philadelphia: Lippincott—RavE397 pp 3 — 12.

[24]Hunt TK: AnnEmerg Med 998 17: 1265 — 1273.

[25] Servold SA:ClinPodiatr Med Surdl991 8: 937 — 953.

[26]Pierce GF, Vande Berg J, RudolpheRat Am J Pathofl991; 138: 629 — 646.

[27] Takeshita S, Zheng LP, Brogi &, at J Clin InvestL994 93: 662 — 670.

[28] Witte MB, Barbul A:SurgClin North An1997 77: 509 — 528.

[29]Ramasastry SElinPlastSurg2005 32: 195 — 208.

[30]Baum CL, Arpey CJDermatolSurg2005 31: 674 — 686.

[31]Clark RA:Am J Med Sc1993 306:42 — 48.

[32] Toy LW: J Wound Car005 14: 20 — 22.

[33]Mulder GD, Vande Berg J9:Am Podiatr Med Ass®002 92: 34 — 37.

[34]Robson MC, Steed DL, Franz M@GtrProblSurg2001; 38: 72 — 140.

[35] Attinger CE, Bulan EJFoot Ankle Clin2001; 6: 627 — 660.

[36]1zadi K, Ganchi P: Chronic woundSlinPlastSurg2005 32: 209 — 222.

[37]Labler L, Mica L, Harter Let at ZentralblChir2006 131(suppl 1)S62 — S67 [in German].

[38] Attinger CE, Janis JE, Steinberged at PlastReconstrSurg008 117(7 suppl)72S — 109S.

[39] Greenhalgh DGInt J Biochem Cell Bio1998 30: 1019 — 1030.

[40]Rivera AE, Spencer JMClinDermatol2007, 25: 39 — 48.

[41]Witte MB, Barbul A:SurgClin North An1997 77: 509 — 528.

[42]Hsu S, Thakar R, Li Svethods Mol Me@®007, 139: 237 — 250.

[43]Phillips SJASAIO J200Q 46: S2 — S5.

[44]Rice J:Collegian200Q 7: 40 — 41.

[45]Bishop A 008. J Wound Care 7:399-402.

[46]Rodriguez PG, Felix FN, Woodley DT, Shim EROQY. DermatolSur§4:1159-1169.

[47]Edwards R, Harding KG2004). CurrOpin Infect Dis17:91-96.

466



Sharon Fredric et al J. Chem. Pharm. Res., 2015, 7(9):450-468

[48]Bjarnsholt T, Kirketerp-Moller K, Jensen P, Kit Mrogfelt K, Phipps Ret al. (2008. Wound Repair Regen
1:2-10.

[49]Gosain A, DiPietro LA 2004). World J Sur@8:321-326.

[50]Swift ME, Burns AL, Gray KL, DiPietro LAZ00J). J Invest Dermatdl17:1027-1035.

[51]Kiecolt-Glaser JK, Marucha PT, Malarkey WB, Merca&ld, Glaser R 1995. Lancet346:1194-1196.
[52]Marucha PT, Kiecolt-Glaser JK, Favagehi 498. Psychosom Me@0:362-365.

[53] Gilliver SC, Ashworth JJ, Ashcroft G2F07). ClinDermatoR5:56-62.

[54]Hardman MJ, Ashcroft G2008. Genome Bid@:R80.

[55]Brem H, Tomic-Canic MZ007). JCIin Invest117:1219-1222.

[56] Tandara AA, Mustoe TA2004). World J Sur@8:294-300.

[57]Mathieu D, Linke J-C, Wattel F2006. Non-healing wounds. Indandbook on hyperbaric medicin®lathieu
DE, editor. Netherlands: Springer, pp. 401-427.

[58]Huijberts MS, Schaper NC, Schalkwijk C&008. Diabetes Metab Res R2¢(Suppl 1):S19-S24.

[59]Franz MG, Steed DL, Robson M@Q07. CurrProblSurgt4:691-763.

[60]Wagner AE, Huck G, Stiehl DP, Jelkmann W, Hellwigegel T Q008. Biochem Biophys Res Commun
372:336-340.

[61]Hofman D, Moore K, Cooper R, Eagle M, Coope28(Q). J Wound Card 6:227-230.

[62]Wilson JA, Clark JJZ004. Adv Skin Wound Cark7:426-435.

[63]Anaya DA, Dellinger EPZ006). Surg Infect (Larchmt}:473-480.

[64]Nieman DC, Henson DA, Nehlsen-Cannarella SL, EkkdndJtter AC,Butterworth DEgt al. (1999. J Am
Diet Ass069:294-299.

[65] Gentilello LM, Cobean RA, Walker AP, Moore EE, WeklJ, Dellinger EP1993. J Trauma34:669-674.

[66] Choudhry MA, Chaudry IHZ006. Front BiosciL1:998-1005.

[67]Radek KA, Kovacs EJ, Gallo RL, DiPietro LRAF08. Am J Physiol Heart CircPhysi®95:H174-H184.
[68]Siana JE, Rex S, Gottrup F989. Scand J PlastReconstrSurg Hand S138@07-209.

[69] Chan LK, Withey S, Butler P2006. Ann PlastSur§6:111-115.

[70]Levin L, Schwartz-Arad DZ005. Implant Dentl4:357-361.

[71] Shepherd AAZ003. Nurs Standl8:55-58.

[72] Arnold M, Barbul A 006. PlastReconstrSuddl7 (7 Suppl):42S-58S.

[73]Gogia PP 1999. Physiology of wound healing. Ii€linical wound managemenGogia PP, editor. Thorofare,
NJ: Slack Incorporated pp 8-12.

[74] Campos AC, Groth AK, Branco ARQ08. CurrOpinClinNutrMetab Carel1:281-288.

[75] Tong BC, Barbul A2004. Mini Rev Med Cherh823-832.

[76]Da Costa MA, Campos AC, Coelho JC, de Barros AMtsMiaoto HM 003. JPEN J Parenter Enteral
Nutr27:182-185.

[77]McDaniel JC, Belury M, Ahijevych K, Blakely W2008. Wound Repair Reger6:337-345.

[78]Khoosal D, Goldman RD2006. Can Fam Physicia®2:855-856.

[79]Heyman H, Van De Looverbosch DE, Meijer EP, ScliMs(2008. J Wound Card 7:476-478, 480.

[80]S. Guo and L.A. DiPietro* Center for Wound Healiagd Tissue Regeneration, Department of Periodgntic
College of Dentistry (MC 859), University of lllin® at Chicago, 801 S. Paulina Ave., Chicago,IL 6)81SA;J
Dent Res89(3):219-229201Q

[81]Posnett, J and Franks, P2D08 Nursing Times104 (3), pp. 44-45.

[82] Franks, J. P., and Moffatt, J. @999 British Journal of Community Nursing (6), pp. 283-289.

[83] Church, D., et al2006 Clinical Microbiology Reviewl9 (2), pp. 403-434.

[84]Williams, A., 2003 Transdermal and topical drug delivery: from thedry to the clinical practice. 1st ed.
Pharmaceutical Press. pp. 1.1-1.2.3.

[85]Keller, L. K. and Fenske, A. N1,998 Journal of the American Academy of Dermatold§/ (1), pp. 611-25.
[86] Boateng, S. J., et aRP07. Journal of Pharmaceutical Scienc®7 (8), pp. 2892-2923.

[87]Kwakman, P. H., et al201Q Federation of American Societies for Experimenialdyy, 24 (7), pp. 2576-82.
[88]Molan, C. P.,2001 Honey as a topical antimicrobial agent for treatimof infective woundsWorld Wide
Wounds www.worldwildwounds.com.

[89]Mackay, D. and Miller, L. A.2003 Alternative Medicine Review (4), 359-377.

[90] Thomas, S.199Q Wound management and dressings. The Pharmaddtéss, pp. 20-42.

[91] Matthews, K.H., Stevens, H.N.E., Auffret, A.D., Hphrey, M.J., Eccleston, G.M2005 Int. J. Pharm 289,
51-62.

[92]Boateng, S. J., et aP1Q International Journal of Pharmaceutic389 (1-2), pp. 24-31

467



Sharon Fredric et al J. Chem. Pharm. Res., 2015, 7(9):450-468

[93]G Anu ; V Kant; AGopalakrishnan; S K.Tandan ; DkuntzurJ pharmacology2014 ,3, 8-19.

[94]Recent Developments in Topical Wound Therapy: Impééntimicrobiological Changes and Rebalancing th
Wound Milieu.

[95]Stashak, T.S., Farstvedt, E., Othic, 2004 Clin.Tech. Equine PracB, 148-163.

[96]Gaisford, S., Beezer, A.E., Bishop, A.H., Walker,, Farsons, D2009 Int. J. Pharm 366, 111-116.

[97] Carboxymethyl cellulose wafers containing antimiats: A modern drug delivery system for wound
infections Shiow-Fern Ng, NafisahJum&atropean Journal of Pharmaceutical Scienb&s2014 173-179.
[98]United States Patent Rademancher et.al Patent NgBWS5,235,B2.Date of Patent : Nov.10,2009.

[99]Mooter G.V.D.,Drug Discovery Today: Technologie® 975-981.2011).

[LO0]Maniruzzaman, M., Boateng, J., Bonnefille, M., Ayas, A., Mitchell, J. and Douroumis. DEuropean
Journal of Pharmaceutics and Biopharmaceuyti3, 433-442.2012

[101]Kolter, K., Maschke, AExAct; 22:2-5. 2009

[L02]Repka, M. A., Battu, S. K., Upadhay, S. B., TumiBa,Crowley and M. M., Zhang, FOrug Dev Ind pharm,
33(10) 909-926.2007)

[103]Kate ,V., K., Payghan, S., A., Shinde, A.,ldyenti Rapid NDDS, 013 .

[1L04]Labovitiadi, O.,2011 Antimicrobial wafers as a novel technology fdieiction control in chronic wounds.
[L05]Pawar, Harshavardhan V., Boateng, Joshua $ensdl, Isaac and Tetteh, Jo201(4) Multifunctional
medicated lyophilised wafer dressing for effectikeonic wound healinglournal of Pharmaceutical.

[LO6]Prabhu Narayan Yadav ,PriyankaBhat, Shashank8brid. Pharm. Med. Re2014 2(2):58-67

[107]Boateng JS, Matthews KH, Stevens HNE, Eccleston2ZBBB J Pharm Sci97(8):2892-2923.

[108]Enoch S, Leaper DA008 Basic science of wound healing. Surgery (Oxf@®6{R):31- 37.
[109]Kirketerp-Moller K, Zulkowski K, James @011 Chronic Wound Colonization, Infection, and Biafs. In
Bjarnsholt T, Jensen P@, Moser C, Hgiby N, editBrsfiim Infections, ed.: Springer New York. p 1%-2
[1L10]Vlachou, M., et al.2001 Journal of Biomaterials Application46 (2), pp. 125-138

[111]Ayensu |, Mitchell JC, Boateng ZB12 Colloids Surf B Biointerface91:258-265

[112]Matthews KH, Stevens HNE, Auffret AD, Humphrey MeLcleston GM2008 Int. J. Pharm.356(1-2):110-
120.

[113]Niidome, T., and Huang, L2002. Gene Ther9:1647 — 1652.

[114]Nishikawa, M., and Huang, L2001). Hum. Gene Ther12:861 — 870

[L15]Herweijer, H., and Wolff, J. A.2003. Gene Ther10:453 — 458.

[116]Scherer, F., Schillinger, U., Putz, U., Stembergerand Plank, C.2002.. J. Gene Med4:634 — 643
[117]Samuel, R. E., et al2002. Hum. Gene Therl3:791 — 802.
[118]http://www.cancerresearchuk.org/about-cancer/carcegeneral/cancer-questions/chemotherapy-wafer-
implants

[1L19]Daniela Alexandru, Mark E Linskey, Ronald C Kim,dela BotaJournal of InterdisciplinaryHistopathology
2013 1(3): 163-167 doi: 10.5455/jihp.20130116012102

[120]PK Das, M Panigrahi, PM Parikidian Journal of Cancer, Vol. 48, No. 1, Januargiieh, 2011, pp. 11-17
[121]Sustained-Release Cysteamine Nanowafer Drug Dglifer Corneal CystinosissSemi-Annual Progress
Report Cystinosis Research sFoundation.

[122]Ocular Drug Delivery Nanowafer with Enhanced Thet#tit Efficacy Xiaoyong Yuan, Daniela C.
Marcano, Crystal S. Shin, Xia Hua, Lucas C. Isenl8tephen C. Pflugfelder, and Ghanashyam Ach@nyalar
Surface Center, Cullen Eye Institute, Department @phthalmology, Baylor College of Medicide&CS
Nanqg 2015 9 (2), pp 1749-1758 DOI: 10.1021/nn506599f Publaradate (Web): January 22015
[123]Dexamethasone nanowafer as an effective therapy digyr eye diseaseTerry G. Coursey, Johanna
Tukler Henriksson, Daniela C. Marcano, Crystal Bng.ucas

[124]C. Isenhart, Faheem Ahmed, CintiaS. De Paiva, 8tepliC. Pflugfelder,Ghanashyam Achary#urnal of
Controlled Releas2015213(), 168-174

468



