Available on lineVWw.jOCpr.com

Journal of Chemical and Pharmaceutical Research

d Ph
y 6\a‘\ ar%
™ (‘Q

2,

J. Chem. Pharm. Res., 2011, 3(3):353-362

o‘nal of Che,

3O
£2) <~
"E'asau \e"‘-"

ISSN No: 0975-7384
CODEN(USA): JCPRC5

Comparison of the dermal wound healing ofCentella asiatica
extract impregnated collagen and crosslinked collagn scaffolds

M. Kishore Babu*, O. 8a Prasadand T. E. G. K. Murthy

Department of Pharmaceutics, Bapatla College ofrRfay, Bapatla, Guntur (Dist), Andhra
Pradesh, India

ABSTRACT

The aim of this study is to hasten and improve wloeind healing activity. Ensuring the
physicochemical compatibility,Centella asiaticaraxt impregnated collagen and cross-linked
collagen scaffolds (CAEICDS &CAEICCDS) were fornedlausing different concentrations.
The formulated scaffolds were subjected to physibachemical and histopathological
examinations. Microshrinkage Temperature of theffetids containing 1%w/v & 1.5%w/v &
2%w/v of CAEICDS & CAEICCDS were found to b8&xa7L’C , 72C & 70°C, 73C,76C
respectively indicating their hydrothermal statyiliwound healing studies on Male Wister Rats
were performed for a period of 7 days and it wasesbed that the 1.5%w/v of both CAEICDS
& CAEICCDS treated wistar rats possessed higheoant of Hydroxy Proline content 72.6%
& 73.6% when compared to that of the existing Meetiformulation (Neu- skiff) (60.7%) .
Further better wound healing activity was observedhe 1.5%w/v CAEICDS & CAEICCDS
treated rats (79.9% & 80.68%).

Keywords: Collagen & cross-linked collagerCentella asiaticaextract, Micro Shrinkage
Temperature, Wound Healing.

INTRODUCTION

Wound healing is a natural retro-active respondbddissue injury restoring cellular structure &
tissue layers which begins with trauma and end& wdar formation. It is related to tissue
reconstitution by which body replenishes cells tha¢ being lost by normal physiologic
events[1]. The steps in the healing of the wound include mffsation, proliferation, and
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migration of different cell types. Inflammation,etliirst phase occurs immediately after injury
and is known as coagulation which results in a dioated influx of neutrophils at the wound
site. These cells which are in the primary phass@ss a respiratory burst mechanism naturally
synthesizing free radicals. These free radicalsgarecauses oxidative stress to the system giving
pavement to lipid peroxidation, DNA breakage andyeme inactivation including the free
radical scavenging enzymes which predominantlyydelaund healing[2].There is a substantial
evidence of antioxidants playing a vital role irefdpy against the pathogenesis of many
diseases caused by oxidants[Bentella asiaticaextract, a naturally occurring extract rich in
tannins and phenolic derivative has shown to passeseral biological properties including
antioxidant property (free radical scavenging at){4,5] which play a vital role in the wound
healing. However the delivery of this extract isnatter of concernCentella asiaticaextract
incorporated Collagen in the form of Scaffold eesuslow release of drug providing the better
therapy by acting as a physical support for cellpieliferation[6]. Moreover, Collagen itself
acts as a wound healing agent possessing biodéjgadad biocompatible properties provide
the synergistic activity in significant wound heajialong with the extract.

EXPERIMENTAL SECTION

Materials:

Collagen (isolated from Achilles tendor@gentella asiaticaextract - gift sample obtained from
Chemiloids —Vijayawada, India, oleic acid, 2, 24bhisisobutyronitrile (AIBN) were purchased
from Merck (India). All other chemicals used inglesearch activity were of analytical grade.

Animals:

Male Wistar rats weighing between 150-200 gramsiobtl from the animal house of Bapatla
College of Pharmacy (1032/ac/07/CPCSEA), Bapattaegwnaintained at a constant temperature
of 26+ Z2c and humidity at 30-40% with 12 h light and dagicle throughout the experiment.
The animals were housed in clean polypropylene agan air-conditioned animal house and
were fed with commercial rat feed and sterile waté@the experiment protocol
IAEC/11/16/BCOP/2009 was approved by the InstitnabAnimal Ethical Committee (IAEC) of
Bapatla College of Pharmacy.

Methods

Investigation of physicochemical compatibility of Centella asiatica root Extract and
collagen:

The physicochemical compatibility betwe@entella asiaticaroot Extract and Collagen was
studied by using Fourier Transform Infrared Spesttopy. The infrared spectra were recorded
using Perkin Elmer Fourier Transform Infrared Spmahotometer, Shelton, USA by using KBr
pellet method and spectra were recorded in the leagth region between 4000 and 400tm
The spectra obtained f@entella asiaticaroot Extract, Collagen, physical mixture Géntella
asiaticaroot Extract & collagen form were compared.

Development of Centella asiatica extract Impregnated Collagen Based Dermal Scaffokl
(CAEICDS):

Collagen was soaked in 0.05M glacial acetic aci@sanhg/ml concentration for 24 hrs &iC4
The obtained viscous solution was homogenized fainb deaerated for 15 min by using
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sonicator and squeezed through a muslin cloth torigeof undissolved solid traces if any.
Various solutions with different concentrations ©éntella asiaticaroot Extract (1% w/v,
1.5%w/v & 2 % w/v were dissolved in 2ml of alcholsg@parately) were prepared. Each of the
prepared solutions was mixed with 40ml of the abGwélagen solution separately. The obtained
mixture was casted in Petri plate (64%aving polyethylene membrane base and placed in
incubator at 3%C until dried. The scaffold thus obtained was il under UV Radiation for a
period of 18 hours and subjected to Microbiologstaldies

Development of Centella asiatica Extract Glutaraldehyde Cross linked Collagen Based
Dermal Scaffolds (CAEICCDS):

Collagen was soaked in 0.05M glacial acetic aci@sanhg/ml concentration for 24 hrs &iC4
The obtained viscous solution was homogenized fainb deaerated for 15 min by using
sonicator and squeezed through a muslin cloth taigeof undissolved solid traces if any. To
this 0.8 ml of 25% LR Glutaraldehyde was added. iddex solutions with different
concentrations o€entella asiaticaoot Extract (1% w/v, 1.5%w/v & 2 % w/v were disgetl in
2ml of alchohol separately) were prepared. Eadhefprepared solutions was mixed with 40ml
of the above Cross-linked Collagen solution sepéyalhe obtained mixture was casted in Petri
plate (64crf) having polyethylene membrane base and placedcimbator at 3°C until dried.
The scaffold thus obtained was sterilized under +£RAdiation for a period of 18 hours and
subjected to Microbiological studies.

Microbiological Test[7]:

The presence of micro organisms in the scaffold tesied by the direct inoculation method. For
this, Nutrient Agar Media and Czapek’s Dox Mediarevprepared, sterilized and transferred to
16 Petri plates, containing 25ml separately. The&i R¢ates were numbered from 1 to 16
respectively. Plate 1 was maintained as controNutrient Agar Media, Plates 2, 3, 4, 5,6,7,8
were inoculated with plain collagen scaffold anffedent concentrations of (1%w/v, 1.5%w/v &
2%wi/v) CAEICDS and different concentrations of (1Awl.5%w/v & 2%w/v) CAEICCDS in
Nutrient Agar Media respectively. Plate 9 was nmaimed as control for Czapek’s Dox Media,
Plates 10,11,12,13,14,15& 16were inoculated withinplcollagen scaffold and different
concentrations of ( 1%wi/v, 1.5%w/v & 2%w/v) CAEICC#Sd CAEICCDS in Czapek's Dox
Medium respectively. All the 16 Petri plates wemetbated at 3T for 24 hours and observed
for the growth of micro organisms

Evaluation of scaffolds:

Thickness

The thickness of the Collagen plain and Cross-linkend different concentrations of CAEICDS
& CAEICCDS was measured by a screw gauge (LINKERX2@/100 mm). The mean of 3
observations were calculated.

Folding Endurance:

Folding endurance was measured manually for thpapeel scaffolds. For this a strip of film
(2x2 cnf) was cut evenly and repeatedly folded at the splauge until it broke. The number of
times the film could be folded at the same placthout breakage gave the exact value of
Folding Endurance. The mean of 3 observations wemilated.
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Water Vapor Transmission Test[8]:

For this study Glass vials of equal diameter weseduas transmission cells. These cells were
washed thoroughly and dried in an oven. About Ingod fused calcium chloride was placed in
the cells and the scaffold measuring 2.836 evas fixed over the brim with the help of an
adhesive. The cells were weighed accurately arthlimeight was recorded and then kept in
closed desiccators containing the saturated solutiopotassium chloride (200 ml).Then the
cells were taken out and weighed after 6, 12, 34add 72 hours. From the increase in the
weights the amount of the water vapor transmittetirate at which water vapor transmitted was
calculated using the formula,

Q =WL/S

Q = Water vapor transmission coefficient (gm/cmir2}
W = Weight of water vapor transmitted (gm / 24hrs)
L = Thickness of the patch (mm)

S = Exposed surface area of the patch)cm

Micro Shrinkage Temperature Studies

The Micro Shrinkage Temperature measurements veereed out for the Plain Collagen, Cross-
linked Collagen and different concentrations of GBES & CAEICCDS. For this, the Collagen
scaffolds were stage fitted to an optical microgcop small piece of Collagen scaffold was
moistened with a drop of water on a glass slidelseated constantly with the help of a tungsten
lamp. The temperature at which the scaffolds Hatte shrink was viewed through the
microscope and was noted as the Micro Shrinkagep€&eature.

Equilibrium Swelling Ratio Determination[9]

The equilibrium swelling ratidks) was measured by the conventional gravimetric metibe

dry weight of different scaffolds was measured befionmersing in 0.05 M Phosphate buffer
saline (PBS) pH 7.4 at a temperature of @7and excess surface Phosphate buffer saline was
blotted out with absorbent paper. The wet weighf) @Ythe scaffold was determined after being
incubated for 24 hours. The equilibrium swellingogaf the scaffolds was defined as the ratio of
weight increase (W Wy) with respect to the initial weight (yYWof dry samples. Each value was
averaged from three parallel measuremeniwals calculated using the following equations:

Ws—-Wd

£ Wa
Where W.and Widenote the weights of swollen and dry samples ectggly.

Antioxidant Efficiency[10]:

Cellulose paper was dipped in a boiling tube cormai oleic acid in hexane (0.1 M) solution.
After adding the initiator AIBN into the above bat tube, the oxidation of Oleic acid was
monitored for the absorbance at ,3,for 30 min, and the tube was plugged tightly tovprd the
evaporation of hexane. The CAEICDS & CAEICCDS wetaced over the cellulose paper
separately containing Oleic acid by repeatireggeéxperiment for different concentrations.
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Wound Healing Studies on Male Wistar Rats[1]:

Male Wistar rats weighing 1-200g obtained from the animal house of the Bapadkege of
Pharmacy (1032/ac/07/CPCSEA), Bapatla, were maiedaat constant temperature of 26°C
and humidity at 3&0% with 12hrs light and dark cycle through ole experiment. The anime
were housed in clean polypropylene cages in e-conditioned animal house were fed w
commercial rat feed and sterile water. The expartnprotocol IAEC/11/16/BCOP/2009 we
approved by Institutional Animal Ethical CommittélAEC) of Bapatla College of Pharmac
Animals were divided into thirteen groups, eachugreomprising of six rats and the followi
groups were made.

Group 1: Rats treated as control.

Group 2: Rats treated with Marketed Formulation ¢- skin™)

Group 3: Rats treated with Plain collagen scaffc

Group 4: Rats treated with 10 n@entella asiatic extract only

Group 5: Rats treated with 15 n@entella asiatic extract only

Group 6: Rats treated with 20 n@gntella isiatica extract only

Group 7: Rats treated with 1%w@entella asiatica extra impregnated collagen scaffo

Group 8: Rats treated with 1.5%wCentella asiatica extradhcorporated collagen scaffol

Group 9: Rats treated with 2% wCentella asiatica extraghcorporated collagen scaffol

Group 10: Rats treated with 1%w/v Centella asiatedract incorporated cro-linked collagen scaffolr
Groupll: Rats treated with 1.5%w/v Centella asextract incorporated cro-linked collagen dermescaffolds
Groupl2: Rats treated with 2%w/v Centella asiaéedract incorporated cro-linked collagen dermal scaffol

For this purpose the area was cleared off from Ihyausing a depletory and anaesthetized u
chloroform. A metal template meastg 1x1 cm (0.785cfarea) was placed on the stretcl
skin and an outline of the template was tracedhenskin using a fine tipped pen. The wolt
was made by excision wound technique. The plaitageh scaffold, Collagen crc¢linked
scaffold, Marketed (Ne®kin™), CAEICDS & CAEICCDS of different concentrationsere
applied separately on the excised wounds of thieyeanimals of different groug

Figure: 1: FT-IR of Centella asiatica extract

JASCO FT/IR-5300 o8/05/08 14: 08 ‘ﬁ;

File Name H Sample Name @ SAMPLE/V/KBR
Resolution @ 4 Scans : 16 Gain ©: 20 Apodization ! CS
3I6. 14 ) =
1 —
L Al
F
foid
M - P
il
L "'\4\_\ /f i \ r l{'\
%T A / l;! . f14 \(\‘
L \ | R !,f\\ | 12 ij‘\/f\\H: )
S : L { ] *
| =} { i
| /J ;(\\/“\ \\ / 14 |
= \ \3 L‘\f\} \ |
2 10
9.16 Lo 0 1. N — 7 A, . I . . I
<600.0 3000.0C 2000.0 1000.0 “400.0

wWavenumber
Condition -
upper 36 .13 lower 9.16 depth 2.00

Peak table

4] 3414 .31 ( 11.4) =2 2926 .28 ( 13._4) 3: 2854 .90 ( 16 .2) 4z 2361.08( 26.3
= 1741.88( 20.9) 6: 1691 .72 ( 17 .8) i 1485 .32 ( 12.5) 8: 1423 .59 ( 12.1)
9: 1271.20( 20.2) 10: 1653 .23 ( 13.6) 11z ava.e2( 25. 1) 12: 800.53( 23. 1)
piEC BE3.57 ( 21.3) 14: 590 .27 {( 19.0)

357



M. Kishore Babu et al J. Chem. Pharm. Res., 2011, 3(3):353-362

Figure: 2: FT-IR of plain collagen
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Figure: 3: FT-IR graph of physical mixture of Centella asiatica extract and Collagen
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RESULTS AND DISCUSSION

Physicochemical compatibity oiCentella asiatica extract and collagen

The FT- IR ofCentella asiaticeextractalone showed the principal peaks at wave nun3414
cm?, 2926 crit, 1230 cnit, 1691 cn™, 1485 cnt confirming the purity of th Centella asiatica
extract. In the FTIRS of physical mixture ofCentella asiaticeextractand collagen the majc
peaks ofCentella asiaticaextrac were observed atave numbers 341cm™, 2926cnt, 1696
cm?, 1485 crit .However, some additional peaks were observed thighphysical mixture
possibly because of the presence of collagen. Tiessdts suggested that tCentella asiatica
extractand collagen were compatik
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Microbiological studies:

The microbial tests conducted on various collageaffslds by direct inoculation method
showed no growth of microorganisms in Nutrient Addedium & Czapek's Dox Medium
indicating that the extract lodged scaffold wasilgt@nd safe to use.

Evaluation of scaffolds

Table 1: Physicochemical Properties of CAEICDSndCAEICCDS

E Type O.f Thickness (um) Folding Endurance Cx\éf\f/i;:—e.nt M'OS'T' E.SR A(.O%E
ormulation (Q.glcm/day) ("C) | [(mg/mg)/24 hrs]
Plain scaffold 36.61+0.4 410+0.81 3.90x10" 64 4.85+0.42 89.72
1% CAEICDS 36.98+0.5 393+0.43 3.94x16 69 4.92+0.32 96.31
1.5% CAEICDS 37.1240.6 390+0.38 4.20x10 71 4.98+0.32 98.79
2% CAEICDS 37.29+0.4 388+0.28 4.73x10 72 5.0410.38 98.05
1% CAEICCDS 37.8410.5 409+0.56 2.89 x 10 70 4.01+0.38 97.00
1.5% CAEICCDS 38.31+0.7 405+0.43 3.06 x 10 73 4.03+0.38 98.94
2% CAEICCDS 39.01+0.8 399+0.27 3.15x 10 76 4.09+0.38 98.52

* All Values are expressed as mean + SD (n=10). [CAES indicates Centella asiatica extract incorpamst
collagen dermal scaffolds; CAEICCDS indicates Ckmesiatica extract incorporated crosslinked leglen
dermal scaffolds;W.V.T, Water Vapour TransmissMI8.T, Microshrinkage Temperature; E.S.R, Equilibri
swelling ratio; A.O.E, Antioxidant Efficienc

Physicochemical characterization of scaffolds:

The results of the physicochemical characterizadbtihe scaffolds are tabulated (Table 1). The
thickness of the scaffolds was found to be slighttyreased with the increase in concentration.
Folding endurance study indicated that the scadfaduld withstand rupture. Swelling index

study results revealed that the scaffolds had aifgignt impact on the absorption of wound

exudates. The increased hydrophilic concentratioth® extract in the scaffold increased the
water vapor transmission rate. The higher shrinkag®gerature of different CAEICDS scaffolds

suggested increased hydrothermal stability whenpewed to plain collagen scaffold.

Antioxidant efficiency:

The scavenging action dfentella asiaticaroot extract was well established against peroxy
radicals when subjected to time dependent absoebstucly. When CAEICDS were placed on
cellulose paper, sudden decrease in absorbance weals observed. This might be due to the
reaction ofCentella asiaticaextract and collagen with free radicals preventing thenmfiforther
peroxidation. The slight increase in the antioxidafficiency value of CAEICCDS over the
CAEICDS suggested the more controlled action of diess-linked scaffolds in releasing the
extract which gradually increased the antioxiddintiency
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Figure 4: Wound Healing Studies (After 7 Days)

ON DAY (0) ONDAY (7

G;- Control Group

Gg.1.5%w/v CAEICDS treated group
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Gy, 1.5%w/v CAEICCDS treated group

Table 2.1 Observed Wound Reduction

Group G, G, Gs G, Gs Gs
Wound Day 0 0.78¢ 0.785 0.785 0.785 0.78¢ 0.785
Area (Cnf) Day 7| 0.458 £ 0.0 | 0.351+ 0.05| 0.350 +0.02| 0.368+0.04| 0.347+0.0: | 0.348+ 0.01

% Wound reduction 41 55.7 55.4 53 55.7 55.6

Table 2.2 Observed Wound Reduction

Group G Gg Gy Gy Gy Gz
wound Day 0 0.78¢ 0.785 0.785 0.785 0.78¢ 0.785
Area (C?) | Day 7 0.217 0.157 + 0.163 0.205+ 0.151 : 0.152+
+0.02 0.04 0.02 0.03 0.04 0.02
% Wound reduction| 72.2¢ 79.99 79.21 73.79 80.6¢ 80.59

All values are expressed as mean = SD(n=10).Graupdicates control;Group 2: Rats treated with Maré&d
Formulation (NeuSkinTM); Group 3: Rats treated with Plain Collagecaffolds; Group 4: Rats treated with
mg Centella asiatic&xtract only; Groip 5: Rats treated with 15 n@lycyrrhiza glabraroot Extract only; Group
6: Rats treated with 20 m@lycyrrhiza glabraroot Extract only;Group 7: Rats treated with 5% CAEICB&up
8: Rats treated with 10% CAEICDS ;Group 9: Ratsteel with 15% CAEICD<Group 10: Rats treated with 5¢

CAEICCDS; Group 11: Rats treated with 10% CAEICCB$yup 12: Rats treated with 15% CAEICC

Wound Healing Studies:

Wound healing studies when performed indicateduféigl) that there was a significant wot
healing in theCentella asiatic treated groups and highest wound healing was obddn/the
1.5% Centella asiaticareated group both Plain and Cr-linked whencompared to the wour
healing of other groups including the marketed @rable.2). This could be where the releas
the extract from the Collagen is much approprigigotimum concentration) resulting in t
maximum action against free radicals by enging them.

CONCLUSION

Thus the developed 1.5% CAEICDS and CAEICCDS wddd feasible, productive & nov
approach in improving the quality of wound heal
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