DEVELOPMENT AND CHARACTERIZATION OF NOVEL
MEDICATED HYDROGELS FOR WOUND DRESSING

Niladri Roy, Nabanita Saha, Takeshi Kitano, and Petr Saha

O The medicated hydrogels were prepared aseptically under moist heat treatment using polyvi-
nylpyrrolidone (PVP), sodium-carboxymethylcellulose (CMC), polyethyleneglycol (PEG), agar, glycerin
and/or boric acid (BA) and designated as PVP-CMC and PVP-CMC-BA. The aim of this study was to
develop some medicinal values-based hydrogels. BA was used to build up the medicinal values (antiseptic
and antimicrobial properties) within the hydrogels. Optical images, scanning electron microscopy (SEM),
and Fourier transforminfrared (FTIR) spectroscopy of the hydrogels indicated that boric acid is uniformly
dispersed within the crosslinked hydrogel network that may heal and protect the wounds from
infections/sepsis. Swelling study in presence of water and physiological saline solution confirmed its
reasonable absorption capacity. The rheological properties and mechanical properties demonstrated that
the boric acid incorporated hydrogels are quite flexible. Assessment of antimicrobial property study proves
that PVP-CMC-BA (3 % BA) has strong infection protection capacity.
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INTRODUCTION

The medicated hydrogels are the hydrogels thatgssssome medicinal val
within them. They are cross-linked polymeric gélatthave water- holding and non-
adhering properties. Hydrogels can be prepared witnomers, mpolymers, o
existing hydrophilic polymers as starting nréaés. They are generally specified
two component systems. One of the components isopydlic, which has wate
insoluble three-dimensional polymer networks, ahd second component is water
They may swell in water up to a large extent anachethe equilibrium state whi
retaining their original shape (1).



In fact, a hydrogel is considered as a kind of gheeffective, conveient
material for wound dressing, due to its good biopatibility, water absorptiol
ability, moisture retention, and ventilating capggdi2). They are closely resembl
to living tissue in their physical properties besawf their relatively high wat:
content as well as soft and rubbery consistency N8merousesearch studies ha
established that a moist wound emwiment is most favorable for healing (
Hydrogel wound burn dressings were first inventgdRmsiak et al. in 1989, whic
have many interesting properties, such as immediate control, easy pacement
transpaency, absorption, prevention of loss of body flyibarrier against bacteri
good adhesion, easy handling, oxygen permeabiitytrol of drug dosage, and
on (3, 5, 6).

The hydrogel dressings are usually directly appliedthe wands, thus th
biocompatibility and nonexicity factors are required to be taken into ddesation.
Polyvinylpyrrolidone (PVP) is a weknown polymer with good biocompatibilit
hence, this polymer can be used as one of the pwitponents of pseudo hyabel
preparation for temporary skin covers or wound siregs (6, 7). PVP is used
production of medicines and serves as blood suittetdnd blood detoxifier (8). PV
hydrogel itself does not exhibit good swelling peojies but, when blended wi
polysaccharides such as carboxymethylcellulose (CMG,) d@rboxymethylchitosa
(9), or other polysaccharides like agar or algin#éteir swelling properties improv
Agar hydrogel is used as a poroelastic model tlaat $imilar hydration/dehydratic
propertes simulating fluid and ion flow as that of the ramskin (10). Agar acts as
natural cross-linking agent and its lgghj characteristics provide mechani
reinforcement in hydrogels (11). Beside ntomicity and biocompatible properties
polysacchades, they have other advantages, for example, egictiability anc
abundance in availability (2).

Boric acid (BA) is well known for its use as a homenedy to provide fast ai
for example: eye, ear, and skin treatments. liss ased in medicinal pseriptions
because of its antiseptic, antifungal, as well mtghacterial properties. BA shows
preventive actions against skin problems such hletats foot and different kinds 1
fungal and yeast infections of the skin (12).Moreqvuse of BA in he form of
antiseptic cream [Boroline, Boroplus (2.5% BA), BXT(10% BA)] (13415) is well
known, but emploing BA in hydrogel is a new concept in the domafmwdicatec
hydrogels used for wound dressing. From the infaiomain the literature, it give
assurance that the use of BA in health care pradigcsafe up to a certain limit (1t
There are permissible limits of boric acid contastording to the purpose of u:
The European Commission (EC) Directive 76/768/ E€&€s an upper limit of 5¢
boric acid in talcs, 0.5% in oral hygiene produetsd 3% in other products (17).



In this article, we are reporting about the prefiara technique of novel
medicated hydrogels (i.e., PVP-CMC and PVP-CMC-BAhese hydrogels were
developed by applying physical (moist heat steaiii@n) cross-linking technology
followed by solution casting under aseptic enviremtn Already, different kinds of
PVP- or PVA-based wound dressing hydrogels haven lreported, but they were
prepared by applying radiation cross-linking tedogy (1, 4, 7). Many physical and
chemical stimuli have been applied to induce respenof the smart hydrogel
systems but for all time it is considered that pbgkstimuli are better than chemical
stimuli. Moreover, it is essential to mention thtysical stimuli included tempera-
ture, electric field, solvent, light, pressure, sduand magnetic field, and so on (18).
Among all physical cross-linking methods, the raidia technology has become
popular for the preparation of hydrogel dressing ttusome advantages: there are no
side products such as wastes, sewage, fumes, dnthealcomponents used to
manufacture the hydrogel dressings are safe ancahdnendly (19); moreover, the
radiation technology is comparatively inexpensine a@oes not need extra laboratory
setup (4). Even though there are many advantagesdiation technology the area of
radiation processing on natural polymeric matddadely remain unexplored as most
of the biopolymers are degraded when exposed t@mtiad (20). Still, the physical
cross-linking methods like heating, drying, andadiation are commonly applied to
biopolymer (21). To overcome this drawback of iiedibn cross-linking method on
biopolymers, the moist heat treatment was appl&?) @s the medicated hydrogel
was prepared in combination with synthetic and rathiopolymers.

The main objective of this study was to producerbgel for health care that
may also comprise the antiseptic and antimicropraperties to improve the rate of
healing of burns and wounds. The PVP-CMC hydrogéth and without BA were
prepared and characterized and their physical appea, physico-chemical
structure, water uptake capacity, rheological, na@étal, and antimicrobial
characteristics are described in this article.

EXPERIMENTAL
Materials

Polyvinylpyrrolidone K 30 (PVP: molecular weight 800), polyethylene glycol
3’000 (PEG: average molecular weight 3,015-3,68%) agar were obtained from
Fluka, Switzerland; sodium carboxymethyl cellulog@MC) was purchased from
Sinopharm Chem. Reagent Co., Ltd, China; boric 484) from Sigma-Aldrich,
USA, and glycerin obtained from Lachema Ltd, CzBapublic.



Preparation of Medicated Hydrogels

The ingredients used for the preparation of meditahydrogels wer PVP
CMC, BA, PEG, agar, and glycerin. Among the compuaegresent in the resulte
hydrogel PVP and CMC function as base polymers, RiBforms as healir
promoter (23), glycerin acts as a humectant (243 agar serves as a gelling ac
that can promote the formation of a hydeb on cooling of the solution since the
is formed due to the formation of helices and issaiation (25). BA acts as
antiseptic and an antigriobial agent (26). It is easily mixed with the wibn of
PVP-CMC-PEG- AgaGlycerin. The polymer solutions were prepared iralese
bottles. Then, after moist heat treatment (15 I#)°C, 20 min) was applied it w
followed by solution casting (20 ml polymer solutwere poured) into Petri dist
(80 mm diameter). The mixte of polymer solution was then allowed to coot@im
temperature (2@2°C) under an aseptic environment to achieve tlesirec
hydrogels. The hydrogel without BA was desighates “@VP-CMC” and the
hydrogels with BA as “PVP- CMC- BA.” The compositiaf the hydrogels is show
in Table 1 where the employed concentration of BAhydrogels is within th
permissible limit for medical application @%) according to the literature. Furth
just after preparation of hydrogel the final protliscdesignateas “fresh” or “befor:

dry” and after drying termed as “dry” and finallyfter swelling named as “swollen.

Scanning Electron Microscopy (SEM)

Hydrogels interior morphologies were evaluated bgamging electro
microscopy (SEM) analysis (VEGA Il LMU (TESOW operating in the hig
vacuum/secondary electron imaging mode at an aedélg voltage of 320 kV).
The freeze dried samples of before dry PVP-CMC &8wP-CMCBA hydrogels
were analyzed. The hydrogels were frozen undg°C for 72 hours and thi
lyophilized (ALPHA 14 LSC, Labicom s.r.o, Czech Republic) for 24 ho
Thereafter, the samples were sputter coated witliralayer of palladium/gold allc
to improve the surface conductivity and tilted 30 better observation. The surf:
views as well as the crosectional views of the hydrogels were taker
maghnification ofilOOx-10kx.

TABLE 1 Sample Index and Composition of Hydrogeig%)

Samnple PyPp UMC PEG Agar {ilycerin BA

PVP-CMC 0.2 0.8 1 2 1 0
PVP-CMCBA 0.2 0.8 1 2 1 1~ 1




Fourier Transform Infrared (FTIR) Spectroscopy

Pure PVP, CMC, BA, and hydrogels of PVP-CMC and FGRC-BA with 3%
BA (both in before dry and dry condition) were arrad by FTIR, The ATRFTIR
spectroscopic analysis was conducted by using a OMET 320 HIR
Spectrophotometer with “Omnic” software packagerdabve range 4,000-600 crnat
room temperature. A uniform resolution of 2 ¢nvas maintained in all cases.

Measurement of Water Absorptivity

The degree of swelling could be described as walbsorptvity of the hydroge
following Eq. (1) (1, 2V, 28). The dry films of P¥€MC and PVP-CMC-BA (04%
BA) were obtained by drying the hydrogels at roa@mperature until they reach
constant weight. The water absorptivity test wasfgrened at room temperateur
Small pieces (1 cf) from the dry films were weighed and immersed istitled
water as well as in physiological saline solutiarhich contains 0.89% NacCl (2¢
After the specified time intervals the water on #wollen gels was wiped off wi
tissue paper and the weights of specimens wererdigted. In each case, an aver:
value of three samples has been repnged in the graph to minimize error. 7
degree of swelling corresponds to the water abaotptof the material, which i
defined by Eq. (1) where Wand W, are weights of swollen gel and dried ¢
respectively.

Water absorptivity (%) =1 (W, ~W,;)/ W3] x 100

Measurement of Viscoelastic Properties

The dynamic viscoelastic behavior of hydrogels ®PPCMC and PVP- CMC-
BA (0-4% BA) was investigated by using a paralldatp rheometer (ARS;
Rheometries Scientific, USA) testing machine with “®SI Orchestrator” softwar
package. A 25 mm diameter parallel plate meiagugeometry, with a gap of abc
2-3 mm was used for the measments under small strain amplitude (1%)
maintain the rmasurements within the linear viscoelastic regibER). Dynamic
frequency sweep tests were carried out at 28°Chgeive the storage modulus (!
and loss modulus (G”) as a function of a wide ranfjangular frequencies ¢c0.1-
100 rad/s). In each case, three samples from timne s@amposition were measured.



Measurement of Mechanical Properties

The mechanical properties of both before dry anci3® 60 min swdén sample:
were measured by an Instron model 8871, UK in casfion mode at roo
temperature (25°C) and 24% relative humidity withoad cell having a fulkcale
range of 1.0 KN. The before dry and swollen hydtaganples (25 mm diameter,64-
mm thickness ) were placed on the top plate of anmession load cell ar
compressed by a cylindricahaped metal disc at a constant crosshead spe@ed
mm/min until the fracture of the hydrogels occutr@bmpressive modulusyfn the
low range of compressive strain (0-0.1 mm/mm), Ehi@a middle range (0.0-:2 mm/
mm), compressive stress at fracturg &nd compressive strain at fracture were
measured from the stresgain curve and were used to represent the hydl
mechanical pperty. The average value of two measurementeémh sample we
taken.

Assay of Antimicrobial Property

The antimicrobial properties of PVP-CMC and PVP-CIB& hydrogels wert
investigated by agar diffusion method (30, 31). ifmtrobial characteristicsfahese
hydrogels were examined on the basis of the dinoenef inhibition zone generat
in the presence and absence of pathogenic bacték&a Escherichia coli,
Saphylococcus aureus, Klebsiella pneumoniae, and Pseudomonas aeruginosa and fungi
like Candida albicans and Candida parapsi- losis.TYve antibacterial assay wi
conducted in a sterile nutrient agar (2%) mediumat tivas inoculated with tt
aforementioned bacterial strains under aseptic itiomd After solidification of
nutrient agar, a piece dfydrogel (15 mm diameter) was placed on the suréddbe
medium. The testing plates were then incubatedtemperaturezontrolled incubato
at 37°C to observe the effect of PVP-CMC and PVPEGERBKA hydrogels on th
growth of individual bacteria. The afithgal assay was conducted at 30°C using |
extract agar (2%) medium in the same manner usiagptocedure described earlier.

RESULTS AND DISCUSSION

Optical View

Figure 1 shows the physical appearance (opticaw)yief the medicate
hydrogels of PVP-CMC and PVP-CMBA before and after drying. It can be s¢
from Fig. 1 (a) and (b) that during the fresh stdtefore drying) both the hydroge
PVP-CMC and PVP-CM@A look similar in shape, size, and texture (i.@aund,
whitish, semitransparent, soft rubber- like). Buhen
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FIGURE 1 Optical view of medicated hydrogels PVP-CNg, before drying and c, dry) and PVP-CMREA (b, before dryin
and d, dry).

they are dried, their appearance is changed asrshiowrig. 1 (c) and (d). Afte
drying the PVP-CMC hydrogel becomes almost likénia,ttranspagnt, and flexibl
film but maintaining its own shape. On the othendhathe presencef BA is clearly
visible as white dots all over the film of PVP- CMEA although othe
characteristics are not very much affected. Theeamnce of white dots, whi
exhibits the presence of BA in hydrogel, variescading to the concentration
BA%. Boric acid (BA) is white cryslline solid material. It is soluble in hot watep
to a certain limit. In our case, the polymer salatiwith BA is prepared under mo
heat condition with 3% BA, which is easily dissalvén the solution. As a fini
produd of hydrogel (before drying), it contains more th@0% of water, so B,
remains dissolved in water and forms some hydrogends too. But, when ti
hydrogel is allowed to dry, the water evaporatesrdudrying process



and the BA reaches to its saturation and gestailizes, which appears as white d
The optical view of the medicated hydrogels hasnberamined to understand -
changes in physical appearance between fresh @dfying) and dry states.

SEM Micrographs

Figure 2 represents the interior morphologies ofliv&ted hydrogels PVEMC
and PVP-CMC-BA (3% BA). Figure 2 (a) and (b) shole tsurface and cross-
sectional SEM views of PVP-CMC and Fig. 2 (c) adyghow the surface and cross-
sectional SEM views of PVP-CMC-BA, respectively.ofr all the imags, it is
clearly understandable that both PVP-CMC and PVPE&EBA blend materials ar
hydrogels having three- dimensional network streetdn comparison to PVEMC,
PVP-CMC-BA contains denser poronstwork structure (Fig. 2 (c) and (d)). Tl
differene in morphology between the two hydrogels could dxplained as th
influence of BA. Here, BA is performing the role pfrtial cross-linking agent
which causes denser cross-linking network struciiifeVP-CMC-BA.

FTIR Spectroscopy

FTIR spectra of pure BA, PVP, CMC and fresh hydtegef PVPCMC and
PVP-CMCBA are shown in Fig. 3 (a). The FTIR spectra ofastkomponents a
not mentioned for the sake of simplicity. Some @ugaristic peaks in PVP spectrL
can be ascribed as: 1,281 trfor C-N stretching vibration, 1,658 ¢hfor C = O
vibration (2). In the case of PVP-CMC hydrogel, th€58 cm peak of PVP, an
1,588 cm' peak of CMC become a single broad peak (1,628)cifhis suggests th
there is cross-linking of CMC or grafting of CMCdnthe ingredients of hydroge
are linked with PVP chains in PVEMC blend matrix. Pure BA shows two lar
peaks at 1,401 cthand 1,189 cm (Fig. 3 (a)). Subsmiently, to compare tt
interaction of BA with the PVP-CMC blend matrix, IR spectra of PVP-CMCral
PVP-CMC-BA (both in before digg and dry) are represented in Fig. 3 (b). F
these FTIR spectra of hydrogels presented in Fi¢p)3 it is impossible to justif
whether there is some interaction of BA with PZRAC polymer blend as there is
significant new peak appeared in PVP-CNB@-hydrogel, neither in before dry n
in dry state. Only, the existence of BA in PVP-CNB®@- hydrogel is established t
FTIR study. The peak characteristic of BA at 14@i'and 1189 cil appears almo:
at the same position in the FTIR spectra PVP-CBKCas of pure BA despite tt
intensity of peaks are reduced.
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FIGURE 2 SEM image of freeze dried medicated hydteda) PVP-CMC (surface view), (b) PVP-CMC (cressstional view!
(c) PVP-CMC-BA (surface view), and (d) PVP-CMC-BAr¢ss-sectional view).

Factors Affecting on Swelling

One of the main characteristics of wound dressindrdigels is the capacity to
absorb fluids (blood plasma or serum) from wourttss, it is important to know the
factors affecting the swelling behavior and degmfe swelling of any newly
developed hydrogels. Fluid absorption capacity adepends on composition of
hydrogel, external physical influences like tempere, pH, time, types of fluids, and
so on. The ability to swell and the extent of singl of hydrogels are mainly
governed by two factors: the hydrophilicity of ipolymer chains and the cross-
linking density (2). Swelling behavior of the hydmds was measured using distilled
water instead of
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FIGURE 3 (a) FTIR spectra of pure (1) BA, (2) PB) CMC, (4) PVP-CMC-BA (3%, before drying),

(5) PVP-CMC (before drying).
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FIGURE 3 (b) FTIR spectra of (1) PVP-CMC (beforgidg), (2) PVP-CMC-BA (3%, before drying, (3) PVBPMC (dry), (4

PVP-CMC-BA (3%, dry).

blood (as blood plasma contains about92% of water) and in physiological sal
solution (0.89% NaCl), whose osmotic pressure ipraximately equal to that
human tissue fluid (32, 33). The swelling behawbdry PVP-CMC and PVP-CMC-
BA hydrogels in distilled water and in physiolodicaline soltion is represented
Fig. 4. It can be seen from this figure that typé$luid and composition of hydrog
have great influence on degree of swelling. PMRAC hydrogel always shows t
higher degree of swelling compared to PVP-CBE&: The noticeable difference
water uptake capacity was because of the incorporatf BA in hydrogel and se

concentration

Wavenumber (em™)
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FIGURE 4 Swelling behavior of PVP-CMC and PVP-CNB2- hydrogels (dry) in distilled water and in phykigical salin
solution.
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FIGURE 5 Effect of BA on swelling behavior of P-CMC-BA hydrogels (dry) in distilled wate

gradient in fluids. BA increases the cross-linkiahgnsity in PVP-CMC-BA, which in
turn decreases the swelling property of the hydimage

Figure 5 represents the effect of BA on the swgllehavior of dry PVP- CMC-
BA hydrogels in distilled water. The swelling stughas performed up to 360 min
and the result showed that the PVP-CMC-BA hydrogih 0% BA demonstrated
significantly higher water absorption property thdre PVP-CMC-BA (1-4% BA)
hydrogels. In each case, the swelling property of



the hydrogels increases with time. The PVP-CMC bget without BA reaches to
equilibrium condition within 90 min, whereas in tlrase of each PVP-CMC-BA
hydrogel the degree of swelling value reaches talidbgium condition after around
180 min. On the other hand, it is noticeable thet tlegree of swelling decreases
gradually with the increasing concentration of BA hydrogels. That may be
explained as the concentration of BA increasesraates more cross-linking into the
hydrogels, which causes lowering in degree of sngllBecause some amount of
intermolecular hydrogen bonding of this componerst broken by water,
intramolecular hydrogen bonds are formed in appeatersequences together with
cross- linking with boric acid (34).

The swelling behavior of the polymeric hydrogelshigsed on the theory that
there is a network of chains of polyelectrolyte t@ining ionizable groups, and the
mobile counterions in the gels develop a large Bmglpressure due to some
intermolecular non-covalent interaction, such as-clmmbic repulsion, hydrogen-
bonding, and polar forces (2, 35). Thus, the polymimteractions increase and cause
a very high sorption rate.

Viscoelastic Properties

Viscoelasticity denotes the combination of viscam elastic properties in a
material with the relative contribution of each mgidependent on time, temperature,
stress, and strain rate (36). It has been repadtiad the viscoelastic properties of
hydrogels correlate strongly with their microsturets and can provide useful
information for modulating strongly with their permance characteristics (36, 37).
Moreover, in the swollen state the mass fractionwater in a hydrogel is much
higher than the mass fraction of the polymer (2hjolw may affect the rheological
behavior of hydrogels in the swollen state. In AR&P-CMC-BA hydrogel, BA plays
significant roles in the absorption of secreteddlfrom the wound, maintaining the
elasticity of the hydrogels besides inhibiting fethogens, which is one of its usual
characteristics. Thus, the effect of BA on viscsélaproperties of PVYP-CMC-BA
has been evaluated.

Figure 6 represents the effect of BA concentrai{idm%) on storage modulus
(G®, unfilled symbols), which denotes elastic propeand loss modulus (G”, filled
symbols) which represents viscous property of hgdte with respect to angular
frequency(u>) for fresh samples. From Fig. 6, it is clear thah@entration of BA in
hydrogel also has a significant influence on rhgadal properties. The hydrogel
without BA shows the lowest values in G’ and G”,tlibhe values of G’ and G”
increase as the concentration of BA increases ugp?toand then starts to decrease,
which may be due to the action of residual BA, whiacts as a lubricant. This
indicates that the PVP-CMC-BA with 3% BA is the madastic among the other
BA-based hydrogels.
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FIGURE 6 Effect of boric acid (BA) concentration-406) on storage modulus (@Wnfilled symbols) and loss modulus (t
filled symbols) for fresh PVP-CMC-BA hydrogels (loeé drying) with respect to angular frequer(ay.

From the aforementioned explanation, it is undedtdle that 3% BA willbe
ideal for PVP-CMCBA hydrogel preparation. Thus, the rest of the Btigation:
were carried out using PVP-CMC-BA hydrogel with BA.

It is expected that when a material absorbs wateany liquid its property i
changed. Similarly, when a dry hydmdgs absorbing water it starts to swell anc
viscoelastic property changes gradually with titAs. mentioned before, the store
modulus (G’) provides information about elastic peoty and loss modulus (C
gives information about viscous property lofdrogel. Fig. 7 shows the comparat
effect between two hydrogels: PVP-CMC and PVP-CBIE-with 3% BA of theil
state (fresh/before dry and after swelling) on @Gnf{lled symbols) and G” (fille
symbols) with respect to angular frequeni@yJ) . In each ad every state of tt
samples of PVP-CMC and PVP- CMEA, the values of G’ are higher than G” in~
whole range of angular frequency. Figure 7 (a) shevgcoelastic properties of t
fresh hydrogels, whereas Figs. 7 (b-d) displaysvibeoelastic propdies of the sam
hydrogels when they are swelled in distilled water frdny state for 15, 30, and !
min. From Fig. 7 (a), it is clearly visible thatthathe hydrogels are elastic in natt
PVP-CMC-BA is more elastic than PVP-CMC becauseoiporation of BA is
responsible to develop more cross-linking in thdrogels.

From Figs. 7 (bd), it is clear that after swelling the elastic mbd(G’) are
lowered for both hydrogels. PVP-CMRBA still keeps up its predominating rubb:
nature as G’ are about one decade higher than @t, iB the case of PVEMC,
after swelling G” values reach near to the G’ valughifing toward viscous natur
During swelling some bonds in the hydrogel



45 _ 4.0 — — = =,
- {a} = (h) R A_aA_dA-A
[ Ay
: e | ‘L-"J. gREEA=§E000 co0vo00000
(g, 4.0 4 D 354 asdaa P O e TN
o B g 2 B ALl Aol Bl BoAAA L Bl b=
ca-pvpomc 1 | —a—PVP-LMC
: o F'\.-‘P-CMC-BAi —o— PVP-CMC-BA
Before drying . . A PYP-CMG 30 v -4 - PVYP-CMC
& 3.5 - ~# - PVP-CMG-BA & i —*— PVP-CMC-BA
i » o Y e i s,
rga }‘*\m. sennertt? [ . r.’._.--‘ |
7] & "y 2 cugnpnet® ’
- e TP = 25 !
3.0 T T T T b T T v T T
-1 O 1 2 —f 0 1 2
log w{radfs} log w(radis)
4.0 -+ — A0 4 e e —
(C) A =y (d) _‘-_\4.-&'4‘3 |
w 0000 0-0-0-0-0-0-G-0- 0O o—ng:g;u-oﬂo o .y !
L X A_Z_ PO L oo podt iR S5 0000000000 |
P s At i P
D35 & 2 35
a 3/‘%1.,._‘_‘_ hdd kAR A & L . £
—a—FYP.CMC | ; ]
P . | - K e
T | e BA L SO minswelling ] | __ ~° - PYP-GMOC-BA | 80 min sweiling |
GIEGE DR F 304 —a— PVP-CMC
= . -e— FVP-CMC-BAJ ot = .\.: % - PVYP-CMG-BA e s ®?
i - : — — — T e
@ —oa v *,o-uw" - té, "'\.rﬂ"“"“*"
25 T v T ——g T 2.5 T T T T
-1 0 1 2 —1 o 1 2
log wirad!s) log w{radis}
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cross-linking network are broken by hydration ewyefgr both the hydrgels, anc
also BA starts to diffuse from hydrogels in wat8o the G’ values deease afte
swelling. The presence of BA in PVP-CMEBA helps the hydrogel to remain st
elastic after swelling, whereas more structuralnges occur for PVEEGMC. From
these Figs. 7 (b-d), it is clear that swvmdl time does not affect much on
viscoelastic behavior of PVP-CMC and PVP-CNB@- hydrogels. These types
curves are typical for gels, which have been alsgeoved for other types of gels (:
38).

Furthermore, there are several factors that atfeetviscoelastic property of ge
such as the composition and the concentration efdibpersed matexiis and the la
time between preparation and measurement (39). Ashale, the viscoelast
behavior of the gels depends strongly on the mesharof gel formation. Th
formation of the three-dimmsional network structure and its mechanical propes
influenced by covalent bonding, crystallizationdan



molecular secondary forceskd hydrogen bonding, molecular entangleme
and hydrophobic interactions (37). From this podaitview of storage and lo:
moduli, where the dependence of swelling time amgu#ar frequency on bo
moduli are different, it is considered that theluehce of the mecmésm of
structural change by the reduction of créis&ing density with the existence of B
is also different in case of both moduli.

Mechanical Properties

The comparison of mechanical properties betweeshfi@efore dring) and 3(
and 60 min swollen samples of PVP-CMC and PVP-CBKChydrogels are show
in Table 2. The initial thickness of before dryihgdrogel samples was 6 mm. Th
6 mm thick hydrogels were dried and used to ingedé the effects of swelling aft
30 and 60 min on compreise properties of hydrogel. It can be seen fromhl&&
that in case of before drying samples the compvessiodulus & and E of PVP-
CMC-BA is higher than those values of P\IMC. But, after swelling (30 and |
min) PVP-CMC hydrogel shows higher values of bothaBd E than those of PVP-
CMC-BA. These results can be explained this way; BArdasponsible for th
development of more cross-linking in hydrogel asdts as a partial crosinking
agent too. Those condense cross-linking struct(fes. 2 (c) and
(d) ) influence to exhibit better mechanical properiiedefore drying samples
PVP-CMCBA. But, when the thick hydrogels (about 6 mm) argrogress to swe
after drying, BA starts to diffuse from the surfabeit not diffuse from the inmeart
of the hydrogel completely within the observed dimgl time (30 and 60 mir
because PVP-CM@®A hydrogel is not swelled up to its equilibriummaition. Fol
this reason, it is impossible to determine the alctnechanical properties of swoll
PVP-CMC-BA hydrogel. An example of compressive bebaof PVP-CMCBA is
shown in Fig. 8 by plotting a stress-strain curpeta fracture.

TABLE 2 Mechanical Properties of P-CMC and PVI-CMC-BA Hydrogel:

PVP-OMC PVP-CMC-BA
Swallen Swollen
Belore ———————— DBelore
Mechanicul paramcter drying 30 min 60 min driving 30 min 60 min

Compressive modulus Ey at 0-0.1 mm /ram 0.1025 0765 01295 01215 01250 0.0790
strain (MPa}

Compressive modulus Fat 0.1-02 mmy/mm (L1285 03478 02825 001365 02750 (L1625
strain (MPa}

Compressive stress 4, at fracture (MPa) 00293 00650 00417 00250 0.0700 00425

Compressive strain ~, at fracture {mm/mm)  0.2150 01682 01810 01585 0.2400  0.2875
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FIGURE 8 Mechanical property of before drying ar@ahd 60 min swelled P\-CMC-BA hydrogel

Antimicrobial Property

The antimicrobial property of hydrogel is necesstwybe determined before
recommending the hydrogels for health care appticads the presence of pathogenic
microbes like bacteria Saphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa, and Klebsiella pneumonia) and fungi Candida albicans and Candida
parapsilosis), which are quite common on wound infection, woumoin, or on sudden
injuries. Fig. 9 shows antibacterial effects of tharogels on various bacteria: (a)
Saphylococcus aureus, (b) Escherichia coli, (c¢) Pseudomonas aeruginosa, and (d)
Klebsiella pneumonia,whereas, Fig. 10 represents the antifungal effentfungi like
(a) Candida albicans and (b)Candida parapsilosis through the formation of zone of
inhibition. It can also be seen from Figs. 9 andti@& PVP-CMC hydrogel does not
have antimicrobial effect but PVP-CMC-BA hydrogdiosvs strong antimicrobial
effect in the presence of both bacteria and fuBgi.shows significant influence in
achieving antimicrobial property within PVP-CMC-BRAydrogel. Incorporation of
BA (3%) in hydrogel is proven to be an effectivencentration to develop
antimicrobial property in the hydrogel, which comeghin the permissible limit
from the health care point of view (16).

CONCLUSIONS

The objective of the study was to develop a novetlimated hydrogel dressing
based on boric acid. Incorporation of BA, havingtiseptic, antibacterial, and
antifungal properties, in hydrogel is an innovatateempt
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FIGURE 9 Image of antibacterial effects of PYRAC hydrogels without and with 3% boric acid (BA) presence of sk

infection causing common bacteria; @faphylococcus aureugp) Escherichia coli, (3 Pseudomonas aeruginosgd) Klebsielle
pneumoniat.
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FIGURE 10 Image of antifungal effects of PM\GMC hydrogels without and with 3% boric acid (BA) presence of sk
infection causing common fungi; (&andida albicansand (b) Candida parapsilosis.

for application in medical devices. Hydrogel wit63BA has been select
considering its penissible limit of dose as a medicine (16). Frora #xperimente

results of SEM microstructure, swelling propertyisooelastic, and mechanic
properties, it was confirmed that BA in current warot



only acts as an antimicrobial agent but also figifppartially the role of a “cross-
linker.” It can be assumed that the acid groupdOH) of CMC may react wit
hydroxyl group (OH) of boric acid and glycerin, as a result forne thhelate
structure through ester linkages, which exhibits tkense porous neork structure
The PVPCMC hydrogel having the permissible limit of bomdcid (3%) for healtl
care application, demonstrated quite a good antobial property in presence
skin infection causing bacteria and fungi, thuss thydrogel could be reconmendec
for its appliance as a wound dressing materialriitgqet and prevent wounds frc
infections. All the experimental results suggestttthe hydrogel of PVP-CMBA
will be an ideal wound dressing material compae®YP-CMC.
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