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o Hydrogel dressings are being popularized for wound care management because of their softness,
tissue compatibility, and ability to enhance wound healing process. PVP-CMC and PVP-CMC-BA
hydrogels were prepared using polyvinylpyrrolidone (PVP), sodium-carboxymethylcellulose (CMC),
polyethyleneglycol (PEG), agar, glycerine and without/with boric acid (BA). Permeability: water vapor
transmission and microbe penetration and biocompatibility: cytotoxicity, skin irritation, and skin
sensitization tests of hydrogels were performed. Water vapor transmission ability of hydrogels shows
positive response to gas permeability, whereas microbe penetration ability by Staphylococcus aureus
and Escherichia coli shoius negative penetrability; thus these two hydrogel dressings could be
considered as a good barrier against microbes having an excellent oxygen diffusion property. In vitro
assay of cytotoxicity tuas carried out in presence of human immortalized non-tumorigenic keratinocyte
cell line (HaCaT), which was further confirmed with balb/c 3T3 mouse fibroblasts cells. The skin
irritation test was evaluated on albino rabbits and sensitization test was carried out on albino guinea-
pigs under in vivo stale. Both PVP-CMC and PVP-CMC-BA represented mostly negative effect on
cytotoxicity, dermal irritation, and/ or sensitization. All the results indicate that both PVP-CMC and
PVP-CMC-BA hydrogels have great potential for biomedical applications, especially for burn skin
treatment as well as wound dressings materials.
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INTRODUCTION

Hydrogels are well known forheir intensive use for medical purposes,
instance contact lenses, coaling of cathetersfia#i skin, controlled release dri
delivery systems, and so on. Moreover, hydrogebs dnrawng more attention to t
used for the healing of skin lesions in the form



of bandages, adhesives, and burn wound dressing3. \Wound dredag hydrogel:
are cross-linked thredimensional networks of hydrophilic polymers, whidan
absorb substantial amounts of water (4). A hydrodedssing prevents the wou
from microbial contamination, inhibits the loss of boflyids, provides free flow ¢
oxygen to the wound, and gerally accelerates the healing process (5). |
biomaterial, which needs to be in contact with tigiorgans, has to fulfil some ba
requirements like nomexicity, functionality, sterilizability, and biocuopatibility (6,
7). The application of the biomaterials for medipalrposes should not be respdrie
for any adverse reaction in the organism and shawdt cause any danger to !
patient’s life. Biocompatible materials must be romxic, non- allergenic, non-
carcinogenic, nomautagenic, and should not influence the fertilifytbe patient (2)
Biocompatibility of the device is normally inveséited using analytical chemistrin-
vitro teds and animal models. It depends on several factush as: the chemical a
physical nature of its compent materials, the type of patient tissue thatl Wi
exposed to the device and duration of that expas(iee primary purpose
biocompatibility assessment of a device is to protect the patiesdfety as in somr
cases suftances may leach off from the medical device iadfacent tissue while
use. These leachables or extractables are sometioteBiologically safe. Therefor
it is mandatoy to perform a biocompatibility test to assure thafety use of thi
medical device or product (8, 9). Hydrogels are aally considered &
biocompatible materials, because they are soft,op®r and their tissukke
consistency provides minimum friotmal irritation upon implantation (i.e., they
tissue compatible). Moreover, hydrogels are nonenly slightly thrombogenic whe
they get in contact with blood (10).

The remarkable interest in the application of réida techniques to obta
hydrogeb for biomedical purposes began in the late sixtassan evidence of pap
and patents by Japanese and American scientisthyéaetsu in Japan and Hoffm
in the United States demonstrates (6). Since tha¢ tuntil today, various kinds
hydrogelshave been reported and research is still continwangimprovement an
implementation of hydrgels in different ways including using of naturahd
synthetic polymers like polyvinylpyrrolidone (PVP) and sodium-
carboxymethylcellulose (CMC) for the synthesis afumd dressing hydrogels (11).

In the present study, we have prepared FONPE hydrogels without and wi
boric acid (BA) by moist heat treatment, a physistnulation technique (12, 13) a
designated the novel hydrogels as “PVP-CMC” and PPEMC-BA,” respectively
BA was incorporated to develop antimicrobial prapes within the hydrogel. Use
BA for medical purposes, such as in creams andnents has already been repot
(14, 15) but incorporation of BA in hydrogel to ingve its medicinalalue is a nove
approach



that was reported in our previous article (13). Wkso thoroughly studied ti
properties of PVP-CMC hydrogels (12).as well as PRMRAC-BA hydrogels (13)
which were prepared containing 0-4% of BA. The PERIC-BA hydrogel contaiimg
3% BA showed reasonably good performance in watbsogption, elasticity
mechanical, and antibacterial properties point @w Moreover, 3% BA maintair
the permissible limit of dose of BA from the healtlare point of view (15). Tt
development ohydrogel is intended for its use as wound dressiagerial for healt
care application. Thus, considering the limitatiohBA in health care applicatio
PVP-CMCBA hydrogel was prepared with 3% BA and examineditipermeability
as well as biocompatibility: cytotoxicity (in vitjoand skin irritation and skin sen-
sitization tests (in vivo). Water vapor transmissi{l6, 17) and microbe penetrat
tests (18, 19) of hydrogels were also performethase tests are very essential be
recommending to use hydrogel as a wound dressingnaé In-vitro studies of th
PVP-CMC and PVP-CM@A hydrogels were conducted on human immortal
non-tumorigenic keratinocyte cell line (HaCaT) (2B1). Furthermore, the PVP-
CMC-BA hydrogel was confirmed bin-vitro cytotoxicity study on balb/c 3T3 mou
fibroblasts cells (22, 23), as well &s-vivo skin irritation tests on rabbits and s
sensitization test on guinea-pigs.

EXPERIMENTAL

Permeability of hydrogel by means of water vapansmission and microl
penetration assessment and biocompatibility of bget by means of cytotoxicitfin-
vitro), skin irritation and sensitizatiorninfvivo) studies on animals were carried ou
evaluate its potential as medical device for healthre application. TF
biocompatibilty confirmation tests on balb/c 3T3 mouse fibrobdasells and o
animals were carried out at National Institute afbRc Health (accredited laboratc
No 1206.3) Prague, Czech Republic.

Materials

Hydrogel

Polyvinylpyrrolidone K30 (PVP: molecular weigh,000), polyethylene glyc
3,000 (PEG: average molecular weight 3,8.,685) and agar were obtained fr
Fluka, Switzerland; sodium carboxymethyl celluloMC) was purchased fro
Sinopharm Chem. Reagent Co., Ltd., China; boriadg®8A) from Sigma-Aldich,
USA and glycerin obtained from Lachema Ltd., Cz&dpublic.



Cytotoxicity Assay

The cytotoxic effect of hydrogel was investigataed presence of two kinds
cells, that is (i) Human immortalized ndamorigenic keratinocyte cell line (HaCa
and (i) Balb/c 3T3 mouse fibroblasts. The materials regadito conduct these te:
are mentioned below.

i. Extract of PVP-CMC and PVP-CMC-BA hydrogels, humiammortalized non-
tumorigenic keratinocyte cell line (HaCaT) suppligy Cell Lines Service
Germany. Dullkecco’s Modified Eagle Medium (DMEM; Invitrogen, U$/
containing 4,500 mg/L D-glucose, glutamine, and 110 mg/L sodium pyruv
supplemented with 2 mM I[glutamine, 10% fetal bovine serum (FBS) i
penicillin-streptomycin (100 U/ml -0.1 mg/ml) wassed asthe cell culture
medium. As a positive control dodecyl sulfate sadigalt (SDS, Signia) havir
the final concentration of 1, 10, 2&y/ml DMEM and as a negative cont
medical polyethylene were used.

ii. Extract of PVP-CMC-BA hydrogel, Balb/c 3T3 mousebrbblasts. DMEM
(Dulbecco’s Minimum Essential Medium, Sevapharmaze¢h Republic
supplemented with antibiotics (penicillin; 100 IU/nstreptomycin; 100Qig/ml)
and 10% of inactivated calf serum (Vyroba ser aHustoopece na Hane), |
7.2, was used athe culture medium. l)odecyisulphate sodium sal@$S$ Sigma
having the final concentration of 1, 10, 20g/ml DMEM without serum wa
used as positive control (PC). Hydron (poly Hgdroxyethyl) methacrylate
(Institute of Macromolecular Chemistry, Ademy of Sciences of the Cze
Republic, Prague) was used for negative control (NThe extraction vehicl
without test material subjected to extract condifcand test procedures: cult
medium without serum was designated as reagent@o(®C). Cellcontrol (C)
was the culture medium without serum.

Skin Irritation

Healthy young adult albino rabbits (single outbrettain, females, avera
weight 2-3 kg) were considered as model animalsPOMC-BA hydrogel was use
as test material (TM), distilled water as negatoatrol (NC), also ascorbic aci
gauze, semocclusive bandages were used to perform the tdwt.t&st was preforme
according to ISO- 10993-10: 2003 (24).

Skin Sensitization

Healthy young adult guinea-pigs (single outbredaistr (Dunkin Hartley),
females, average weight 25820 g, nulliparous, not pregnant), were used aseat
animals. PVP-CM@A hydrogel was used as test material (TM), andngasolutior
was used as extraction vehicle. Extraction vehicle



without PVP-CMC-BA hydrogel waconsidered as reagent control (RC). The tesi
preformed according to ISO- 10993-10:2003 (24).

Methods

Preparation of Hydrogels

The ingredients used for the preparation of hydfrageund dresigs were PVF
CMC, BA, PEG, agar, and glycerin. The polynmspolutions were prepared in sea
bottles by dissolving weighed components in waféren, moist heat treatment |
Ibs (107 kPa) pressure, 120°C, 20 minutes] wasia@pb the solutions followed t
solution casting in petri dishes of 85 mm diamefére polymer solutions were th
allowed to cool at room temperature (222C) under an aseptic environment
achieve the desired hydrogels (12, 13, 25). Therdgel without BA was designat:
as “PVP- CMC” and the hydrogel with BA was desigthias “PVP-CMCBA.” The
composition of PVP-CMC and PVP-CMC-BA hydrogels Heeen shown in Table 1.

Water Vapor Transmission Test

The water vapor permeability (WVT) of the hydrodiins (PVP-CMC and PVP-
CMC-BA) was determined gravimetrically (16, 17).dhaaluminum fdli dish (interna
diameter of 5.5 cm and height 1 cm) was filled with ml of distilled water (100¢
RH). A circular piece of dry hydrogel film was pkdt on the dish and sealed w
glue. Another circular piece of the same film wase@ on another dish whout wate
as a reference. Both samples and references wergaely weighed and then plac
in a desiccator containing calcium chloride (CaCéy) a desiccant, and filled w
silica gel (0% RH). At specific intervals (24, 482, and 96 hours) the diss wer:
weighed and the profile of mass change was plov@dus time, for each film. F
each hydrogel experiments were conducted in triggtés. The amounts of water va,
transmission through the films were measured ustiegfollowing Eq. 1 (17).
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In this equation, WVT is the water vapor transmissi W/t is the mass chan
(flux, g/h) resulted from the slope of profile dfe mass change versus time; x is
thickness of the film used in the scale of mm. Alie area of the film inhe scale o
m?, which is equal to the surface of the dish. Pahis vapor pressure of pure wa
vapor transmission that is equal to 3.159 kpa atC25RH:-RHo) is the relative
humidity gradient of the inside and outside moistaontact of the examined dish.

Microbe Penetration Test

The bacterial penetration ability in hydrogels (RZMC and PVP-CMC-BA)
was examined in presence 8&hphylococcus aureus and Escherichia coli. The hydrogel:
were first made into rectangular pieces of sizex3®0 mnf and ~25 mm thickness
The upper surface of hydrogel was contaminated Wih2 ml of culture inoculun
(10" CFU/mI). Contaminated hydrogels were then placedtlm surface of steri
nutrient agar plate in the petri dish (diameterr8) and then incubated a?3C for
24 hours. After that, the hydrogels were removed axamined the formation
colony on the surface where the contaminated hyelsogere placed (18, 19).

Evaluation of Cytotoxicity (In-Vitro)

Extract preparation. The PVP-CMC and PVP-CMC-BA hydrets were extracte
according to ISO 10993-12 in the ratio of 0.1 gtteé hydrayel per 1 ml of extractio
vehicle (DMEM without serum) in chemically inertoded containers by using ase|
techniques. The individual hydrogel of PVP-CMC aPdP-CMC-BA wa incubate:
in DMEM medium at 37°C with stirring for 24 hour¥he hydrogel extract was th
diluted in culture medium DMEM without serum to &be the final concentration
100, 50, 25, 10, 5, and 1%.

Test on HaCaT cells. Cells were preincubated in petridishes (9.Z)cusing 2.5 m
of DMEM medium having the concentration of cell 2L8°/pe tridishes (26, 27). Tl
final concentration of extract 100, 50, and 10 weested on HaCaT cell
Subsequently, the culture medium of HaCaT cell ivation was repdced with thi
extraction fluids of hydrogels and as a control, s®ily extract medium (DMEM
FBS) was treated under same conditions. To as$essytotoxic effect of PVRGMC
and PVP-CMC-BA hydrogels oHaCaT cell culture, the MTT assay (22, 28, 29) v
performed. Two variants of test were performed.fact, the effects of hydrog
extract on cell were tested either by short ternbylong term. The “short term” wi
consisted from 1 day precultivation; 1 day cultieat in extracts and MTT test. Tl
“long term” consisted from 1 day precultivation, 3 sgagultivation in extrac
following by 3 days cultivation in medium and MT&st.



Cdll viability of HaCaT. Tetrazolium (Vybrant, MTT cell proliferation assyt)
was used to determine cell viability. Tleell viability of HaCaT cells was assess
after cell cultivation in hydrogel extracts (1000,510, and 0%) by MTT ass:
[reduction of 3-(4, 5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide, whic
turns from yellow to a purple formazan productP)2The absorbance value of t
medium without cells was stifacted as background. The cell viability (%) of Gl
cells was presented compared to cells cultivateshédium without hydrogel extracts.

Cell morphology of HaCaT. The morphology of HaCaT wasssessed aft
cultivation of cells in hydrogel extracts (100, 5@, and 0%) from 24 hours until 1:
hours. The morphology of HaCaT cells from each w@tplates was observed usi
an inverted phase contrast microscope (Olympus)ppga with an objectie of 40x
magnification.

Test on Balb/ ¢ 3T3 mouse fibroblasts cells. The Balb/c 3T3 mouse fibrddsts cells
were seeded into individual wells of ¥6ell microtitre tissue culture plates. The c
suspension of 1 x f@ells/ml DMEM was inoculated in the volume of 0l (1 x 1¢
cells) per well. After 24 hours of precubation, the medium was removed ¢
replaced by 0.2 ml of liquid extracts of hydrogééqt material, TM) and contro
(positive controls (PC), negative control (NC), geat control (R or culture
medium (C)). At the end of 24 hours treatment (377G% CQ), the medium wa
removed and the cells were stained by Neutral Red dccording to INVITTOX
Protocol No. 46 (0.2 ml Neutral Red solution perllw8 hours incubation, Neutr:
Red desorb solutioethanol/acetic acid). The test was carried outampgliance witr
SOP 2/13 tests fdn- vitro cytotoxicity and test on extract (ISO 10993-5) 30

The cell viability was quantitatively determined &se Neutral Red uptak
measured by fluorescenteminescence reader FLX800TBI (Bio Tech). 1
evaluation of cytotoxicity by means of cold lightuérimetry is based on tt
incorporation of a vital dye (Neutral Red) intoilig cells (Neutral Red Uptake) al
detection of fluorescence in the system of &ttdon (530 nm) and emission (590 ri
filters. The results (Fluorescence Units, FSU) aidd for wells treated with th
PVP-CMCBA were compared to untreated control wells (cudtunedium, 1009
viability) and converted to a percentage value (3MHe mean FSU value of eig
blank wells (comaining only Neutral red desorb solution) was sabted from th¢
mean FSU value of four treated wells (treated wiith test material, PC, NC, RC, a
C). The cytotoxic effect of hydrogel extract on B&l 3T3 mouse fibroblasts cel
was evaluated on the basis of ISO 10®3828). The cell viability was calculate
following Eq. 2:

o Mean FSU of test wells - Mean FSU of blanks
Vl&l])l]]l‘y"(?’f;) = .- e i - - w100
’ Mean FSU ol cell control wells — Meun FSU of blanks )




All the test samples on HaCaT as well as Balb/c 3h8 controls were run in
guadruplicates.

Evaluation of Skin Irritation (In-Vivo)

The skin irritation test was carried out on albirabbits (Fig. 8) following 1SO
standard (SOP 3/13 tests for irritation and delagygmk hypersensitivity) (24). Three
healthy albino rabbits were employed for this taatl they were kept in individual
cages under 20°C =L 2°C, 55% dt 10% relative hutgjdnatural illumination,
conventional diet and water, with sufficient quayf ascorbic acid to adjust them to
this environment. After being acclimatized for 5Sydasingle exposure test was carried
out. The fur on the backs of the rabbits was clipfarea approx. 10 x 25 én
smoothly in a sufficient distance on right sidetbé spine. The hydrogel was applied
on one of the clipped part of skin, and a gauzestemied with 0.5 ml distilled water
(negative control) was applied to another part. @pgelication sites were covered by
semi occlusive bandages for 4 hours, so that th@ieg hydrogel and gauze would
not move from their places. After 4 hours, the pat were removed and the
application sites were observed at 1 hour, 24 ho#@shours, and 72 hours. The skin
reactions for erythema and oedema were describddewaaluated according to the ISO
norm of classification system for skin reactiondeTirritation response of PVP-CMC-
BA hydrogel categories follow the response categdepicted in Table 4. The
preliminary Irritation Index (Pn) was determineding the Primary Irritation Scores
(Pis) for each animal at each time interval of albaton (24, 48, and 72 hours after
removal of the patches). The Pis for both erythemd oedema at each specified time
were added arid divided by the total number of ebatons (24).

Evaluation of Sensitization (I n-Vivo)

The test was carried out on healthy albino guingg-p(Fig. 9) following ISO

standard (SOP 3/13 Tests for irritation and delagguok hypersensitivity) (24).
Fifteen healthy albino guinea-pigs were considefi@dsensitization test which were
kept in individual cages for 14 days under 20°C #*C, 55% =h 10% relative
humidity, natural illumination, conventional diehc water, with sufficient quantity
of ascorbic acid to adjust themselves to the saMdrenment. The acclimatized albino
guinea-pigs were divided into two groups: the tgsiup (10) and the control group
(5). The experiment was carried out in several pba§.e., Intradermal induction
phase, Topical induction phase, and Challenge phdse initial day was considered
as day-0, and termed as “Intradermal induction gghd Three pairs of intradermal
injections of 0.1 ml volume were injected in theoghder region, that is,



intrascapular region of the test group animals,A&0:50 (V/V) mixture of Freund’s
complete adjuvant mixed with the extraction vehidaline solution), (b) The extract
at the concentration 100%. The extract was prepasiug 6 cr hydrogel per 1 ml of
saline solution, incubated at 37°C for 72 hours) {the extract at the concentration
used in (b), emulsified in a 50:50 (V/V) mixture Bfeund’s complete adjuvant and
the extraction vehicle. Similarly, three pairs otradermal injections 0.1 ml volume
were also given to the animals from control grompthie same sites as in the test
animals, containing (a) A 50:50 (V/V) mixture ofédemd’s complete adjuvant mixed
with the extraction vehicle (saline solution), (A@he extraction vehicle (saline
solution), (c) The extraction vehicle mixed/emuisd with the mixture prepared
according to (a). Then, all the test and contrdk s animals were incubated for 6
days in the same environment where they were aatized earlier.

On the 6th day, all the animals were massaged % 5@dium lauryl sulfate
mixed with petroleum, in the intrascapular regigkfter 24 hours, a piece of filter
paper (20 x 40 mA) soaked in the 100% hydrogel extract was applied the
intrascapular region of the each tested animal. dtwtrol animals were also treated
in the same way but except 100% hydrogel extratte Extraction vehicle (saline
solution) was applied to control set of animalsdtly, all the patches of filter papers
were held tightly with occlusive dressings until B8urs and then removed. These 6-7
days are termed as “Topical induction phase.” Sgbsatly, all the animals were then
again incubated for 14 days at the former enviromtak condition. After 14 days,
both test and control animals were treated with%0& hydrogel extract. The filter
papers were soaked with hydrogel extract and agpieeone clipped flank of each
animal. The patches were again covered with ocetusiressings and after 24 hours
both dressings and patches were removed. Day 2B&-2%lled “Challenge phase.”
Afterward, the appearance of any erythema/oedemathen challenged skin was
observed up to 72 hours in every 24-hour intervals.

RESULTS AMD DISCUSSIOW

Water Vapor Transmission

A wound dressing should be capable of free flowwxygen to the wound. Oxygen
is essential for cell growth, which can make thealhreg process faster. So, it is
desirable that the wound dressing hydrogels shcwdgde oxygen/gas permeable
property. Thus, the oxygen diffusion property ofdnggels was confirmed by
measuring water vapor transmission (WVT) rate aogslof water in time under
controlled environment and the results are preskimieFig. 1 and Table 2. It can be
seen from the Fig. 1 that rate of
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FIGURE 1 Profile of watr vapor transmission th rough P-CMC and PVI-CMC-BA hydrogel films

TABLE 2 Water Vapor Transmission of P~CMC and PVI-CMC-BA Hydrogels

Fitrn thekness (oean =+ W/ Mass change WYL {mean — S0
Swaple index S51% 0 = 15k um) img/hy n =3} (mg mm;’m2 h kpa)
VPO O 182 £ 2 950 16,74 o .23
PWPAC MO 13A 44 1- 28 G445 792 A8

water vapor permeation was constant for both PVP&Cahd PVP-CMCBA hydrogel
films. It is well known that increasing the hydrdpd nature of a polymer membrane
induces water vapor tendency and as a result iseewater vapor permeation (16).
Both PVP-CMC and PVP-CMC-BA contain a combinatidrhgdrophilic polymers,
that is, PVP, CMC, PEG, and agar, which are resipbd@dor high rate of water vapor
transmission through the hydrogels. On the othexdhaue to the presence of
moisture absorbing materials §Ck, silica gel) in the desiccators, the water maoles
come out of the other side of the film are absorbgdhe water absorbing materials
(17). This indicates that the hydrogels are porasisvell as permeable for
oxygen/gas.

Further, it can be observed from the Table 2 thatTWwalue of the PVP- CMC-
BA is 5 times higher than the value for PVP-CMC.isThccurs may be due to the
following reasons: PVP-CMC hydrogel in dry statesimooth, transparent, and
flexible film like but the surface of dry film of \FP-CMC- BA hydrogel is not smoot
and thickness becomes about 4-5 times higher



than the dry PVP-CMC film due to the presence ofibacid which is rerystallizec
and appears as small white dots throughout the.flWhen water vapor transm
through the films the mass change (W/t) valuesvary close for both PVREMC anc
PVP-CMC-BA as shown in Fig. 1. But, as the thickned PVP-CMCBA film is
about 5 times higher, and WVT is directly propon#b to the thickness of ti
hydrogel film, thus the WVT value of the PVP-CMBA hydrogel becomes 5 tim
higher than the value for PVEMC hydrogel. It also signifies that incorporatiofi
boric acid not only provides antimicrobial propertyhydrogel but also enhances
water vapor transmission capacitytbe hydrogel, which is very important for wot
dressing purposes.

Microbe Penetration

One of the important characteristics of wound dirggsmaterial is that th
dressing material must have adequate bacteriaidraproperty to prtect the woun
from bacterial infection. The goal of wound therajgyto keep the wound micro-
organism content as low as possible in order tosgme infection and accordingly
stimulate the wound healing process faster (18 anGpositiveStaphylococcus aureus
(S aureus) and gram negativ&scherichia coli (E. coli) bacteria were used to cond
microbe penetration test of hydrogels as shown ig. R. After removing th
hydrogels from the surface of nutrient agar (NAatek it was visible that there w
no growth of
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FIGURE 2 Visual imageof microbe penetration test with Staphylococcus aureosl Escherichia coli (;
nutrient, agar (NA) plates without hydrogells) NA plates (initial) with hydrogcls, upper suck contaminate
with bacterial strain (c) NA plates (aft@d hours) with hydrogcls, upper surface with bactegadwth (cl) NA
plates after removal of hydrogels from the surfgatier 24 hours).



bacteria on NA plates after 24-hour incubation #@. This indicates that neith&
aureus nor E. coli passed through the hydrogels. Some bacterial drd®t aureus
andE. coli) was noticed on the surface of PVP-CMC hygkh but these were not at
to penetrate through the hydrogel of PXZRAC to grow on the surface of NA plate
It happened probably due to the composition of RMRE hydrogel, which is fre
from any antimicrobial agents, thus maybe it wasyet® consume nutrients from t
said hydrogel by th& aureus andE. coli, which was allowed to grow on it. But, in t
case of PVP-CM@A hydrogel, BA is functioning as an antibacteradent, whict
neither allows microbes to sustain on the surfatehydrogel nor to grow on i
Therefore, PVP-CMC and PVP-CMBA hydrogel dressings could be considered .
good barrier against the microbes.

Biocompatibility

The biocompatibility test of any medical productes is essential to assure -
safety use of it. The primary purpose of a devieecbmpatibility assessment is -
protect the patient’'s safety. Biocompatibility dfet device is normally investigat:
using analytical chemistryp-vitro test, and animal models. Here, the biocompatib
of hydrogels is evaluated by cytotoxicitin{vitro cell culture model), skin irritation
and skin sensitization tests were performed on ahimodels.

The evaluation of cytotoxicity is very importantrfaydrogels that will be use
for wound dressing applications (22)n-vitro methods of cytotoxity can
demonstra¢ the occurrence of changes within the cells, nagdgrom cell death t
very subtle alterations of certain cellular funciso The assessment of cell death
be based in the integrity of cell membrane, asteeth by the uptake of foreic
molecules (e.g neutral red) into the cell (2). MTT assay isasftused to evaluate tl
in-vitro cytotoxicity of polymeric components as it is a gi effective method fc
testing mitewhondrial impairment and correlates quite well waéll proliferation. It
is based on the use of tétrazolium salt 3-[4,5-dimkhiazolyl-2]-2,5diphenyl
tétrazoliumbromide (MTT), which can be converted to an insdééublue formazal
product by mitochondrial enzymes in viable cell2)2

HaCaT cell line is often used to evaluate cyiitity of hydrogels as ski
consists of different types of cells: keratinocyteselanocytes, and fibrddsts (29
32, 33). Further, it is well established that HaCe&lls play a crucial role i
epidermal tissue regeneration. Hence, in our studlyman skin ker-atinocites
(HaCaT) cell line and Balb/c 3T3 mouse fibroblasédls were exploited as @n-vitro
model for cytotoxicity assay. The cytotoxic effecn cell viability and cel
morphology was depicted in Figs. 3-7.
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FIGURE 3 Cell viability of human skin keratinocit¢slaCaT) in presence of hydrogel extracts (24 hour)
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FIGURE 4 Cell viability of human skin keratinocitéslaCaT) in presence of hydrogcl extracts (120 hour



FIGURE 5 Optical micrograph of human skin (HaCaT)lcgrowth after 24 hour cultivation in absence
presence of hydrogels extract: (a) control (b) PRC 10% (c) PVP-CMC 50% (d) PVP-CMC 100% (c) PVP-
CMC-BA 10% (f) PVP-CMC-BA 50% (g) PVP-CMC-BA 100%.

It is clear from Figs. 3, 4, and 7 that both PVP-CNMnd PVP-CMC-BA do not
have much cytotoxic effect, as they show high ceihbility in all extract
concentrations. Furthermore, it is understandaldenfFigs. 5 and 6 that there was no
significant difference in the morphology of the HalC cells after 24 hours cell
culturing in DMEM medium with hydrogel extract ofViP-CMC and PVP-CMC-BA.
Even after 120 hours not much significant differercccurred on cell morphology of
HaCaT cells that were grown within the extract 0fFRCMC even though some
notable differences in cell morphology and appeeeanf few vacuoles have been
found in case of



FIGURE 6 Optical micrograph of human skin (HaCaTE)lagrowth after 120 hours cultivation in absenced
presence of hydrogels extract: (a) control (b) P€RC 10% (c) PVP-GMC 50% (d) PVP-CMC 100% (c) PVP-
CMC-BA 10% (f) PVP-CMC-BA 50% (g) PVP-CMC-BA 100%.

PVP-CMCBA (Fig. 6). The appearance of these vacuoles meayue to the fusion
multiple membranes of HaCaT cells.

The skin irritation and sensitization response o/PPCMC-BA hydrogel wa
tested on the animal skin on albino rabbits andnallguineapigs, respectively, ar
observed data illustrated in Table 3 and Fig. 8 gkin irritation and in Table 4 ai
Fig. 9 for skin sensitization. Skin irriian is a locally arising inflammatory reactic
which appears shortly after stimulation. Its maimaracteristics are the developmr
of transient inflarmatory reactions as evident by clinical signs oitation: erythem
(redness), oedema (swelling), itching, and paineYeéhs, skin sensitization
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FIGURE 7 Cell viability (Balb/c 3TB mouse fibroblts) in presence of hydrogel extracts (24 ho

means an allergic reaction to a particular irritémat results in the devgbment o
skin inflammation and itchiness. Unlike skin irtitan, skin becomes increasing
reactive to the substance as a result of subseqgsures.

It can be made out from Tables 3 and 4 that unfil hours, there was 1
appearance of erythema and oedema in presencetoimggerial (i.e., either hydrog
or hydrogel extract) which was applied on the stfralbino rabbits (K. 8) and skit
of albino guinea-pigs (Fig. 9). All the results indted positive response concern
skin irritation and sensitization points of viewhds, animal model tests confirm
that the medicated hydrogels (PVP-CMC and PVP-CM&-Bo not have ay advers:
effect on the skin cells and they are biocompatible

TABLE 3 Irritation Respons

Erythoma/oedema {scoves)

Observiaon e Dyistelled warer { NC) PO BA
I heabter pateh removal nit 0
24 b alter patch remowil 070 ()
AR Iafuer patch removal 070 {1;/0
20 after palch renaval /0 (170

1}y = a0
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1. Healthy young adult aloino rabbits ffemale, 2-3 kgy
were asclimatized tor 5 days in individual cages at
APCE2C, 55% 2105 elative lonidivy, anid under
ratural illuminatkon, provided with conventional
dizl, waler, und suflewnn ascorbic acid.

.v.
1. Furanvhe Bucks of the rabbas was closely clipped
(ursicappros. s 15 e I Iyelrogel
e
11 A piece ol hydroge: was applied enoone ol the

chpped part. A patch el gawge momlened with 0.5
ml distilled wiler (negatve control) was applicd
o another gl

1V, The application sites of hydroge] and mioge were
sectrod with sesd ocolusive omlagess e d bosres,

V. Patches wore remowve:] sowd observed e T 2dh,
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formation wus vhserved 1003 72 hours, H

FIGURE 8 Scheme of skin irritation test on albinabbits (Experiment, conducted at National Instituf
Public Health, accredited laboratory No. 1206.3adre.

TABLE 4 Sensitization Rspons:i

Reaetion erythema/ocdena (scores)

Crhservation e

24 h 44 h 72N
Saline Saling Suline
solution PVIP-UMC- A solutian solution
Aninl no. (IR extract {RIC PVP-OMO-BA (R PYI-CMC-BA

1 040 070 01 URLH] /0 (1)
2 /1 070 070 0 /0 10
% 071 (71 070 [IREY] 070 UFL]
& 07 40 G40 [UFL4] 070 /0

3 070 i 041 i) /0 (71
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FIGURE 9 Schemc of sensitization test on albinongaipigs (Experiment conducted at National Institute
Public Health, accredited laboratory No. 1206.3adue).

CONCLUSION

PVP-CMC and PVP-CM@A, hydrogels showing a high rate of water va
permeability also performed as a good barrier factbrial peetration. Furthermort
these hydrogels exhibit mostly negative effect oypiotoxicity, dermal irritatio,
and/or sensitization during studies iofvitro cell culture andin-vivo animal models
Therefore, it can be concluded that both PVP-CM@ BVP-CMCBA hydrogels ar
human/animal friendly bimaterials, have great potential for biomedical &mtions,
and could be recommended for burn skin treatmentwal as wound dressini
materials.
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