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ABSTRACT

Biopolymers are used as basic compounds for design of scaffolds for different tissue
engineering applications. Chitosan and sodium alginate have proven wound healing property
individually. But the scaffolds prepared with single polymer have shown poor physicomechanical
properties which are essential during handling, storage and application. Hence, the present study
focused on development of composite scaffolds using chitosan and different concentrations of sodium
alginate to enhance the physico mechanical properties and also loaded with lentil seed extract (LSE)
to improve its wound healing property with the combination of antioxidant/antibacterial activities of
LSE. The LSE loaded composite scaffolds were prepared with different concentrations of ethanolic
extract of lentil seeds in selected best blank composite scaffolds. All the scaffolds were evaluated
for various in vitro parameters like thickness, folding endurance, equilibrium swelling, antibacterial
activity, tensile and texture parameters to confirm the suitability of prepared external combination. The
wound healing activity was determined by in vivo studies using albino rats by estimating percentage
wound contraction, histopathological properties, biochemical parameters and photography. As
the concentration of sodium alginate was increased the mechanical properties of scaffolds were
remarkably improved. The LSE loaded scaffolds shown significant difference in antibacterial and
wound healing activity when compared to blank composite scaffolds. The present results revealed
that LSE loaded prepared bioscaffolds possessed fast wound healing activity compared to blank
scaffolds without losing its mechanical properties. The present study successfully designed a natural,
biocompatible wound dressing at low cost for fast healing of wounds in animals and human beings.

Keywords: Lentils extract, Chitosan, Sodium alginate, Extract loaded scaffolds,
Wound healing property, tensile and texture parameters.

INTRODUCTION mark on the site of wound'. Currently, there is a

demand for materials for treatment of wound not

Wound is an interruption of continuity  only by closing the wound but also by antimicrobial

of tissues and thus affect physiological functions.  activity for fast wound healing because delay in
The main aim in treatment of wound is to heal healing leads to bacterial infections and damage
the wound fast without much pain, discomfort and  to surrounding tissues. Chitosan and different
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polysaccharides were tried earlier as wound healing
materials?. Polysaccharides are excellent scaffolds
for cutaneous tissue regeneration but their wound
healing application is limited as they are vulnerable
to microbial contaminations. These bio polymers
alone make the scaffolds with poor mechanical
properties such as tensile strength, burst strength
and elongation at break. Chitosan however is
one exception. The cationic surface of chitosan
provides a reasonable surface sterility for tissue
regeneration®5. This work therefore concentrates on
modification of polysaccharide end groups so that
new material surfaces with improved mechanical
properties by designing composite scaffolds with a
blend of chitosan - sodium alginate and incorporating
a natural antimicrobial agent to this blend for
facilitating tissue regeneration in antibacterial
environment during wound management. As LSE
was proved to have good free radical scavenging
activity®”, it was chosen for present work.

MATERIALS AND METHODS

Lentil seeds were procured from general
stores, Tirupati. chitosan, sodium alginate and
ethylene glycol from Himedia laboratory. Agar-
agar from central drug house, Mumbai. Peptone
and beef extract from Qualigens fine chemicals,
Mumbai, India. Glacial acetic acid, hydrochloric
acid, ethanol, citric acid monohydrate, pet ether from
Molychem,pvt.ltd. Sodium chloride, polyvinyl alcohol
from SD fine chemicals Ltd., Mumbai, India.

Preparation of ethanolic extract of lentil seeds

Seeds of Lens Culinaris were collected
from local market and authenticated by botanist
Dr. K. Madhava Chetty (IAAT :357). Seeds of Lens
culinaris were powdered, defatted with petroleum
ether and subjected to distillation under reduced
pressure. The procedure was repeated for 3 times
.Then the obtained marc was macerated with ethanol
for 24 hrs and refluxed for 3 hrs.. Then it was filtered,
dried and stored in a desiccators.

Preparation of chitosan —sodium alginate
scaffolds

Chitosan 1 % (w/v) in 2 % (v/v) acetic
acid solution and 1.5 % of sodium alginate (w/v)
solution in distilled water were prepared after
stirring overnight using a magnetic blender. All the
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chitosan-sodium alginate composite scaffolds (of 6
inches length and 4.5 inches width) were prepared
by solvent casting technique with the following
procedure.

Then different ratios of chitosan and
sodium alginate solutions were mixed at high speed
as shown in table no.1. When sodium alginate is
blended with chitosan solution the polycationic
nature of chitosan led to a strong interaction of
alginate carboxylic groups with the chitosan amine
groups resulted in the formation of the membrane®.
The prepared solutions were vigorously mixed by
mechanical stirrers and vaccum filtered for the
removal of any entrapped air bubbles. Then the
solution was cast into the scaffolds on the petri
plates and dried. The extract loaded scaffolds were
prepared similarly, by mixing the ethanolic LSE with
chitosan, sodium alginate mixture in a composition
shown in table no.1. All the scaffolds were prepared
by adding 0.1 ml of poly vinyl alcohol as plasticizer.

Characterization of scaffolds

The prepared scaffolds were characterized
by following methods
Physico - Mechanical properties

All the tests were conducted in triplicate by
random selection of film from three different places
of the prepared scaffolds.
Thickness

The thickness of the scaffolds influence
the amount of active ingredients available and also
the time taken by the polymer to disappear (by
absorbing into body). Thus, it was determined to
find the uniformity of the scaffolds. The thickness of
the scaffolds was measured using screw gauge in
triplicate and the average value was determined.

Folding endurance

This test was used to determine the
flexibility of scaffolds which is required for easy
and comfortable handling and application onto the
wound. It was done by folding the scaffold repeatedly
at same site until it cracks or up to 300folds. The
number of folds can be folded without break was
noted as folding endurance.

% equilibrium swelling (ESw)
The scaffolds were cut into circular shaped
discs of 3cm. diameter . The weight of scaffolds (w,)
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was taken initially, then these were placed in distilled
water for 24hrs. to reach equilibrium swelling . The
swollen scaffolds were taken out and the excess
water was wiped with filter paper and again weight
(w) was taken. The %ESw was calculated using
formula given below.

% Equilibrium swelling = Final weight (w) —initial
weight (w,) x100 / Initial weight (w,)

Tensile and texture parameters

Tensile and texture parameters measure
the capacity of scaffolds to withstand the rupture, and
stress or the force needed to break the scaffolds.
These were determined using the TA-XT PLUS
stable system analyzer and then maximum force (N),
maximum elongation at break(sec), were calculated.
A penetration test using a 5 mm cylinder probe was
used to determine texture parameters i.e the burst
strength (rupture point) and burst time using same
analyzer.

In vitro anti bacterial studies

In vitro antibacterial activity was estimated
by agar disc diffusion method and measuring the
zone of inhibition of two gram positive and two gram
negative bacteria with discs of blank composite
scaffolds and LSE loaded scaffold in sterile media
taken in sterile petri dishes and incubated for 24
hrs at 37+1°C. This was done in triplicate for all the
scaffolds with each bacteria and average diameter
was noted.

In vivo studies

The best selected LSE loaded scaffold,
blank composite scaffold and pure extract were
used to determine the wound healing property in
invivo using rats by “excision” wound method after
obtaining IAEC approval(no 1677/PO/Re/S/2012/
CPCSEA/20,6/5/2016).

Adult female albino rats of weight of
150-200gms were selected and fed with standard
laboratory rat feed and water with12-hour light dark
cycle and were treated as per protocol given below.

Wounds in the normal control group | were
not treated and served with normal diet and water.
Blank composite scaffolds (Sc6) were applied on
wounds in group Il , wounds in group Il were treated
with best selected LSE loaded composite scaffolds
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(Sc10). The group IV animals were treated with only
extract. Excision wound of 2 cm? area was created
after anesthetization and shaving of the fur at the
region of inter scapula on the back of rats. After
confirming the homeostasis, the created fresh
wound was blotted with sterile gauge. Then the
scaffolds were placed on the wounds in groups Il 111,
IV then covered with sterile gauze. Then the different
parameters estimated at specific time periods are
given below.

% wound contraction

It was measured by graphical method to
find the % of decrease in area of wound at specific
periods of treatment i.e on 7",14" day by counting
the number of squares of retraced area of wound
on graph paper. The % wound contraction was
estimated using following formula !

%wound contraction = 1-(A /A;) x100

A, — area of wound on zero day
A,— area of wound on different days.

Biochemical studies

Tissue was collected from all groups at site
of wound on 0 and 11" day and cleaned with saline to
wash off the blood clots and stored in normal saline
at-20°C for further estimation of hydroxyproline (mg/
gm) and hexosamine(pug/gm) as both amino acids
are present in collagen fiber of granulation tissue
during healing.

Hydroxy proline was determined after acid
hydrolysis of tissue and neutralization of excess acid.
The absorbance of purple colour formed by treating
with Chloramine —T solution and para dimethyl
amino benzaldehyde was measured at 557 nm using
colorimetry. The amount of hydroxy proline was
expressed in mg/gm. wt of tissue using a standard
curve'.

Hexosamine is an amino sugar forms a
chromogen on heating in an alkaline solution, which
further produces a purple coloured compound when
reacted with N, N-dimethyl-p-aminobenzaldehyde
(Ehrlich reagent) and its intensity was measured
using a colorimeter at 530nm™. The amount of
hexosamine was determined in ig / gm wt. of the
tissue by comparing with a standard curve.
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Histopathological studies

Biopsy specimens for histopathological
examination were collected at 7",14" day post
treatment from all the groups and stored in buffered
10%formalin. These were treated by paraffin
embedding technique. preserved in 10% buffered
formalin. They were processed by routine paraffin
embedding technique. Then 5 to 6 microns thick
sections were cut and stained with haematoxylin
and eosin' and microphotographs were taken.

Photography
The images of wounds of rats of different
groups were taken for visual comparison.

Tensile strength

The tensile strength of healthy skin and
healing skin was determined to find the extent
of healing in terms of strength of treated skin in
comparison with normal skin

Statistical analysis
The results were compared using paired
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t-test and ANOVA test . Statistical confidence levels
were set at p =0.05.

RESULTS AND DISCUSSION

The natural polymers are preferred,
as these overcome the drawbacks of synthetic
polymers and degrade into biologically accepted
compounds™®. Natural polymers are useful in
controlled release systems, tissue engineering and
wound healing. Many wound dressings for closing
and treating wounds were developed such as
fibrin glue™, sheets of gelatin'®, films of chitosan?,
collagen are commonly used for fast healing of
wound. The polymers in combination like gelatin-
fibrin, chitosan-fibrin'> shown improved results when
compared to treatment with single polymer.

Biopolymers are used as basic compounds
for design of scaffolds for different tissue engineering
applications. Chitosan and sodium alginate have
proven wound healing property individually. But
the scaffolds prepared with single polymer have

Table 1: Composition and results of physico mechanical parameters of different

scaffolds

S. Code of Ratio of Thickness Folding %ESW
no scaffold Chitosan - (pm.)(Mean endurance (Mean

Sodium +S.D.) (Mean +S.D.) +S.D.)

alginate
Blank (un loaded) scaffolds
1 Sc1 1:0 52+1.42 202 £17.79 39.549.1
2 Sc2 0:10 56.6+0.5 209+14.66 43.4+8.32
3 Sc3 1:10 57.6+0.3 23244.32 82+0.6
4 Sc4 1:20 61.3 +0.44 25646.35 84.2+0.16
5 Sch 1:30 63+0.78 270+12.61 85.7+0.14
6 Sc6 1:40 64.4+1.05 284+17.96 175.1£18.04
LSE loaded Ratioof = Amount of
composite chitosan, LSE (gms)
scaffolds sodium

alginate

7 Sc7 1:40 0.25 66.6+6.93 285+15.12 174+24.6
8 Sc8 1:40 0.5 70+5.8 285+5.34 177+0.35
9 Sc9 1:40 1.0 90+0.86 282+4.47 177+8.31
10 Sc10 1:40 1.5 124.5+11.96  281.3£16.02 177+16.7
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shown poor physico mechanical properties which are
essential during handling, storage and application.
Hence, the present study focused on development
of composite scaffolds using chitosan and different
concentrations of sodium alginate to enhance the
physico mechanical properties and also loaded with
lentil seed extract (LSE) to improve its wound healing
activity with its anti oxidant /anti bacterial properties.

LSE was proved to have more free radical
scavenging activity and antioxidant activity thus
selected for present work to test wound healing
activity by loading into best selected blank scaffolds.
All the scaffolds were evaluated for different
physicomechanical properties, in vitro antibacterial
activity and in vivo wound healing activity. The
thickness, folding endurance and equilibrium
swelling of different blank composite scaffolds
(Sc1-Sc6) was significantly different (p<0.05)
(table no.1) and were increased with increase in
concentration of sodium alginate. Which indicated
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that the sodium alginate increasing the flexibility
of scaffolds. Increased equilibrium swelling might
be due to hydrophilicity and swelling property of
sodium alginate ['-'8 which is consistent with results
of chitosan& gelatin®'”. It was also observed that
the tensile and texture parameters were increased
with increase in sodium alginate concentration (table
no 2) which confirmed the enhanced mechanical
property by composite scaffolds. Then, Sc6 was
selected for loading the extract, as it has the
maximum tensile strength, high equilibrium swelling
and folding endurance. The extract was loaded into
Sc6 scaffolds at a concentration of 0.25, 0.5,1.0,1.5
gm./0.1 sq.cms. of scaffold as shown in table
no.1. A significant difference in thickness of LSE
loaded scaffolds (p<0.05) was observed at different
concentrations of extract when compared with blank
composite scaffold. It indicated that the loading of
extract added the thickness to scaffold.

The folding endurance, % equilibrium
swelling and tensile parameters of LSE loaded

Table 2: The results of tensile and texture parameters of scaffolds

S. Code of Maximum Maximum Tensile Burst Burst
No scaffold force (N) elongation  strength strength time
at break (sec) (mpa) (kg) (sec)
Blank scaffold
1 Sc1 0.082 2 0.084 0.0098 0.9
2 Sc2 1.569 2.5 1.765 0.0759 1.0
3 Sc3 2.15 2.32 2.25 0.15 1.9
4 Sc4 2.45 2.6 25 0.20 2.8
5 Sc5 4.61 2.46 4.31 0.20 2.85
6 Sc6 5.29 2.49 5.59 0.238 29
Table 3: Antibacterial activity against different organisms with best selected
blank scaffold and all LSE loaded scaffolds

Name of Diameter of zone of inhibition (in cm) (Mean+S.D.)

scaffold B. subtilis Staph. aureus E.coli  Pseud. aeruginosa

Sc 6 0.67+0.13 0.85+0.16 0.98+0.15 0.76+0.14

Sc7 1.210.2 1.24+0.58 1.54+0.34 1.72+0.16

Sc8 1.4+0.05 1.89+0.20 1.72+0.23 1.96+0.02

Sc9 1.5+0.00 2.54+0.16 2.05+0.08 2.07+0.04

Sc10 2.2+0.40 3.34+0.62 3.24+0.64 2.48+0.27
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scaffolds was not significantly changed (p<0.05) as
the composition of polymers is same.

The inhibition of growth of selected bacteria
in agar disc diffusion technique with different LSE
loaded scaffolds was different. As the quantity of
extract in the scaffold was increased, the diameter
of zone of inhibition was also significantly increased
with all LSE loaded scaffolds (table no.3) and also
compared to blank scaffolds. Among LSE loaded

scaffolds, Sc10 has shown highest zone of inhibition
against selected bacteria hence it was confirmed
that LSE has anti bacterial activity as LSE loaded
scaffolds shown more antibacterial activity than
blank scaffolds.

From the invitro anti bacterial studies, Sc10
has shown maximum inhibitory action against all
selected organisms, so, Sc10 was selected for in
vivo studies.

Table 4: % wound contraction in different groups

Group (%)Wound contraction(Mean= S.D.)

On 7* day On 14™ day On 21t day On 28" day
| Group (untreated) 12.28+10.23 64.9+6.56 82.8+3.75 97.9+0.5
Il Group (treated with 29.82+4.23 82.42+0.73 95.2+2.55 Completely
blank scaffold) Sc6 healed
11l Group (treated with extract 73.68+10.23 100+5.13 Completely Completely
loaded scaffold) Sc10 (completely healed healed

healed)
IV Group (treated with 56.14+4.38 84.6+2.2 93.1£1.5 Completely
pure extract) healed

Table 5: Hydroxyproline and hexosamine quantities in different groups

Groups Quantity of Hydroxyproline Quantity of Hexosaminemg/gm
mg/gm (Mean +S.D.) (Mean +S.D.)
Day 0 Day 11t Day 0 Day 11t
Group | 3.84+0.01 14.72+0.64 3.46+0.04 11.42+0.40
Group I 3.92+0.01 12.82+0.006 3.54+0.01 10.54+0.11
Group I 3.98+0.03 10.68+0.70 3.98+0.13 8.96+0.41
‘Group IV 3.74+0.04 13.03+0.07 3.36+0.07 9.93+0.09

Table 6: The results of tensile parameters
of normal and treated skin

Parameters Normal Treated
skin skin
Maximum force (N) 0.35 0.15

Maximum elongation 3.2 3.5
at break (sec)
Tensile strength(mpa)

3.43 1.569

In vivo studies were conducted with best
blank composite scaffolds (Sc6) and selected LSE
loaded scaffolds (Sc10). The % wound contraction
represent the reduction in the wound area (table
no.4). There was a significant (p<0.05) between
untreated (group |) and treated groups (Group-II
L 1V) and also between wounds treated with blank
scaffolds and treated with LSE loaded scaffolds.
100% of wound contraction was observed in groups
Il treated with LSE loaded scaffolds (Sc10) within
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14 days. It revealed that blank scaffolds and LSE
loaded scaffolds have more wound healing property
than extract alone (group 1V).

As per table no.5, the hydroxyproline
and hexosamine values in the present study were
increased significantly from the base value to
day-7 and day-11 in group-l, group-ll and group-
IV animals which indicated increased amount of
collagen deposition. Increased collagen content
at wound site is directly correlated with number of
accumulated fibroblasts and suggested early healing
process. But in group-lll, hydroxyproline value was
increased significantly from the base value to day-
7 only followed by significant decrease on day-11
which indicated early completion of healing process.
These results are in accordance with the results of
other scaffolds reported %20,

Group-1

T day 14" day

Group-11

T day 14 day

Group-111

Group-1V

T day 14 day

Fig.1: Photomicrographs of wounds
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The wound healing efficacy can also be
supported by observations of microscopic changes.
The histo pathological characteristics were studied
using skinn samples collected from different groups
at different periods.

On 7% day, photomicrographs shown
destructed cells in epidermis and surrounding the
wound in untreated wounds and treated wounds as
wound was fresh one (fig.no.1). Untreated wounds,
wounds treated with blank scaffolds and extract have
shown edema of dermis and infiltration of neutrophils
and on 7" day. But presence of numerous fibroblasts
and fibrous tissue on 7" day in wounds treated with
LSE loaded scaffolds indicated fast regeneration of
tissue and negligible presence of neutrophils and
necrosis on 14" day indicated complete healing
wound. This suggested that LSE loaded scaffolds
might possess high ability to heal the wound fast and
rapid epithelialization, as wounds in other groups
shown delay in wound healing. It might be due to
its action against bacteria which do not cause further
damage by infections, hence supported for rapid
growth of epithelial tissue and fast wound healing.

In the process wound healing the damaged
tissue will rebuilt to normal tissue and shrinks the
area of the wound which depends on the restoring
ability of tissue. Sometimes, it may be delated or
stopped due to bacterial attack. Thus, the increased
repairing ability of tissues by LSE loaded scaffolds
is proved in present study.

Based on the photography, the wound
size was reduced in all groups on 7™ day, 14" day
when compared to 0 day. (fig .no.2). The wound was
completely healed by 14" day in group Ill, confirmed
the early healing of wound by LSE loaded scaffolds.

The tensile parameters were measured
for the samples of normal skin and treated skin.
(table no.6) which revealed the positive results for
treated skin. Maximum force and tensile strength
of treated skin was less than normal skin indicated
that the strength of treated skin is slowly increasing
/ changing near to normal skin.

The early wound healing by LSE loaded
scaffolds supported that the loading of extract
into composite scaffolds enhanced the healing
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Ciroip-1

Group-111

0 day

o1k gy

Fig.2: Photographs of wounds

of wound might be due to presence antioxidants
in lentil extract, which scavenge the free radicals
to large extent and thus improved the healing of
wound. But extract alone could not cover wound in
absence of scaffold might lead to delay in wound
healing whereas, blank scaffolds can support only
the regeneration tissue.

T day

T day

14 day

14% day

144

CONCLUSION

The present study successfully designed
an effective extract loaded medicated scaffolds for
early wound healing and better wound management
by ease of application externally on wounds without
the need of further removal of scaffold after healing.
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