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ABSTRACT 
INTRODUCTION 
Porous Sponge-like matrices with a specific 3D structural design resembling the actual extracellular 
matrix (ECM) of a particular tissue show significant potential for the regeneration and repair of a 
broad range of damaged tissues. Generally, the fibrous protein based biomaterials are used for soft 
tissue repair and provides a template for dermal regeneration. These biomaterials have highly 
repetitive amino acid sequences that primarily provide mechanical and architectural functions. Most 
importantly the Collagen Biomaterials are rationally used in the wound healing of burns and as other 
dermal substitutes.  Infection at the site of wound delays regeneration and degrades extra cellular 
matrix in the skin. Normally, Gelatin and Collagen biomaterials are not used  for  the dermal 
regeneration of  the infected wound, because microbial pathogens utilize the proteins present in the 
biomaterials for their microbial growth. The need for incorporation of antimicrobial agents in the  
collagen scaffold stabilizes  the biomaterial at the wound site and eradicates wound pathogens. 
Triphala, chosen as an antimicrobial agent for this study, is a poly herbal drug containing potent 
polyphenol and ascorbic acid as active ingredients. Materials and Methods: A porous collagen 
sponge impregnated with Triphala was prepared. Antibacterial efficacy of drug incorporated collagen 
scaffold (11 mm diameter) was tested on Mueller-Hinton agar (MHA) for wound pathogens following 
Kirby-Bauer disk diffusion test. The animal experiment was performed for testing the biomaterial 
according to the Institute’s ethical committee approval and guidelines (466/01/a/CPCSEA). The 
Histology of granulated tissue taken from the wound site and the sequential extraction of various 
soluble collagen extracted from granulated tissue using neutral salt, acid and pepsin was done. The 
SDS-PAGE analysis of pepsin soluble collagen extracted from granulated tissue was done. The 
aldehyde content in the collagen extracted was determined. Result: The in vivo studies showed that 
the animals treated by Triphala -incorporated collagen scaffold provides 100 % wound contraction 
whereas plain collagen scaffold treated groups showed 85 % wound closure and open wound groups 
showed 70% wound closure at the end of 16th  day. The Triphala -incorporated collagen scaffold has 
shown better wound reduction and improved tissue regeneration. The Masson’s Trichrome staining of 
granulated tissue taken from treated group showed well formed and stretched collagen bundles in the 
tissue. The acid soluble and  pepsin soluble collagen content increased in the tissue taken the treated 
group by triphala-incorporated collagen scaffold and the aldehyde content in the pepsin soluble 
collagen increased in that group. The SDS-PAGE analysis of collagen showed that Type 1 collagen was 
formed in the tissue taken from the treated group and an increased amount of Type I collagen was 
formed rather than Type III collagen in the later days of wound healing.. The Histological analysis of 
granulated tissue by H&E staining  taken from the wound site in the group of Triphala -incorporated 
collagen scaffold showed well formed epidermis and dermis in the skin. Conclusion: Rationally, 
Collagen biomaterials provide better regeneration of skin at the site of injury, Collagen is the major 
role in the wound healing and acts as scaffold for extra cellular matrix in the injured skin. Wound 
pathogens degrade the collagen in the necrotic tissue and delays extra cellular matrix synthesis. The 
incorporation of triphala in collagen scaffold increase bioactivity of dressing for control the infection 
and meantime the active ingredients such as poly phenols and ascorbic acid  in the triphala enhance 
collagen synthesis in the dermal wound  by increasing aldehyde content which shows highly cross 
linking of collagen occurred in the granulated tissue. Masson’s Trichrome staining of the granulated 
tissue proved well formed collagen bundles at the wound site in the treated group. Triphala 
incorporated collagen scaffold effectively regenerates soft tissue and would be valuable biomaterial for 
soft tissue augmentation. 
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INTRODUCTION 
Every tissue and organ has its own 
specific 3-dimensional (3D) extracellular 
matrix structure. Cells in a 3D support for 
tissue engineering (TE) typically align new 
ECM components according to the inner 
architecture of the bioscaffold1-3. 
Therefore, Porous sponge-like matrices 
with a specific 3D structural design 
resembling the actual ECM of a particular 
tissue would show great potential for the 
regeneration and repair of a broad range 
of damaged anisotropic tissues.  Soft 
tissue injury is still challenging in the field 
of medicine. Infection at the site of injury 
delays healing and affect the formation of 
extra cellular matrix in the injured tissue. 
Normal wound healing involves both 
restoration of cover by re-epithelialisation, 
and restoration of support by ingress of 
collagen1. However, in the case of full 
thickness acute burn injuries and chronic 
wounds such as infected wounds 
(pressure ulcers, venous ulcers and 
diabetic foot ulcers), these processes are 
defective and new technologies are being 
developed to improve the healing in these 
conditions2. Formation of extra cellular 
matrix in the damaged tissue could be 
influenced by providing materials as 
scaffolds which act as a template to grow 
the damaged tissue. 
An important consideration in the design 
of scaffolds for soft tissue augmentation is 
their ability to combat microbial wound 
pathogens. Generally, Collagen 
biomaterials were used for the 
manufacture of scaffold for epidermal and 
dermal regeneration. In infected dermal 
wound healing, Collagen itself may not 
facilitate the healing of an infected wound 
because it is protein in nature and bacteria 
can use it as a substrate. At this stage, the 
imbalance between host resistance and 
bacterial growth leads to enhance the 
infection on the wound, and bacterial 
infection impairs healing through several 
mechanisms. So the need of bioactive 
collagen scaffolds is needed for the 
treatment of infected dermal wound 
healing. Collagen scaffold incorporated 
with antimicrobial agents exploit to 

promote better dermal regeneration and 
control the infection3. 
 At the present time, wound pathogens 
develop antimicrobial resistance against 
antibiotics. Phytopharmaceuticals derived 
from herbal plants are used as effective 
antimicrobial agents to replace the 
existing antibiotics. We chose, triphala as 
antimicrobial agent is used for the present  
investigation.Triphala, a compound 
formulation of the herb Terminalia 
chebula, Phyllanthus emblica, and 
Terminalia bellerica has been described in 
the Ayurveda (ancient Indian system of 
medicine) as a ‘‘tridoshic rasayan,’’ having 
balancing and rejuvenating effects on the 
three constitutional elements that govern 
human life. Triphala is one of the 
important antioxidant rich rasayana drugs 
that have been reported to treat chronic 
ulcers. Triphala and/or its constituents 
have been reported to possess 
antibacterial, antifungal, antiviral, and anti 
allergic activities. The potential use of 
triphala on infected full-thickness wound 
healing was done in our earlier study. In 
this article, triphala extract was 
incorporated in collagen scaffold and 
evaluated soft tissue augmentation in 
albino rats4,5. 
 
MATERIALS AND METHODS 
 Extraction of Type I Collagen from 
Bovine Tendons 
The preparation of collagen from bovine 
Achilles tendon was done according to the 
method developed by, Bioproducts lab, 
Central Leather Research 
Institute,Chennai,India.  
 
Scaffold Preparation 
1% collagen solution was prepared in 
acidified water using acetic acid. To this 
400 μl of Triton X-100 non-ionic wetting 
agent added and agitated for few minutes 
to attain homegenity.it was poured into the 
trough and allowed to drying in air in a 
dust free chamber.  
 
Incorporation of Triphala to porous 
collagen sponge 
After getting homogenized collagen 
preparation, a known amount of methanol 
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extract of triphala was added and stirred 
well and poured in the trough. The MIC of 
triphala against S. aureus ATCC 29213 & 
and P. aeruginosa ATCC 27853 are 7.8 
mg /mL The amount of drug to be added 
in the collagen scaffold is 10times of MIC 
value of drug per cm2 of the scaffold. 78 
mg triphala was incorporated to ensure 
the availability of minimal inhibitory 
concentration on the wound surface. 
 
Mode of Drug Incorporation 
Methanol extract of triphala was 
incorporated in the scaffold by physical 
entrapment method. The methanol extract 
of triphala is dissolved in ethanol .The 
drug in a mobile solvent (ethanol) was 
allowed to diffuse slowly into the collagen 
biomaterial. Drug spread evenly all over 
the material and the solvent was removed 
by evaporation at room temperature. The 
process was carried in laminar airflow to 
ensure dust free environment. After 
incorporation of drug and evaporation, the 
material was stored in moisture free 
environment as it is highly hygroscopic. 
The scaffold without the drug was used as 
control.Triphala incorporated collagen 
scaffold was characterized using 
FTIR,SEM and invitro antimicrobial activity 
 
Sterilization of Plain collagen 
dressings and Triphala incorporated 
collagen dressings 
The sterilization of collagen biomaterials is 
done by the ethylene oxide method. 
 
 
 

 
Animal Model 
Male Wister albino rats weighing 150 to 
200 g were used in this study. The 
animals were fed a commercial pellet diet 
(Hindustan Lever, Bangalore, India) and 
had free access to water. The animal 
experiment was performed according to 
the Institute’s ethical committee approval 
and guidelines (466/01/a/CPCSEA). For 
the study, they were housed individually in 
standardized environmental conditions. A 
total of 72 animals were taken in two 
groups (treatment and two controls for this 
study. The animals were rehabilitated 
following experimentation. 
Group 1 – Open wound covered with 
gauze dressing 
Group 2 – Plain Collagen Scaffold 
Group 3 – Triphala Incorporated collagen 
scaffold  
 
Wound Infection and Dressing 
Full thickness wounds (1.5 x 1.5 cm) were 
created on the shaved dorsal side of rats 
using sterile surgical blade. Wounds were 
inoculated with the test organisms at 106 
CFU (0.1 mL) between thin skin muscle 
and paraspinus muscle and allowed to 
infect for 24 h [24]. All surgical procedures 
were carried out under thiopentone (40 
mg/kg body weight, intramuscularly). The 
infected wounds were covered with 
collagen dressings and outer covered with 
gauze dressings. An infected animal 
without dressings and an animal with 
dressings without drugs were also 
maintained in individual cages.

   
 
Wound Healing Rate 
The percentage of wound closure was 
calculated as follows by using the initial 

and final area drawn on glass slides 
during the experiments 

                                                   Wound area day 0 –wound area day (n) 
% of wound contraction =           ------------------------------------------------ 

                                      Wound Area day 0 
n _ number of days (4th, 8th, 12th, and 16th day). 
 
Collection of Granulated Tissues 
The Granulated tissues from both 
treatment and control groups were 
excised on day 4, 8, 12, and 16 using 
sterile scissors and forceps. 
 

 
 
Histological Analysis 
Granulated tissues collected at different 
intervals were transferred to 10% neutral 
buffered formalin for 24 h at 4°C. The 
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formalin fixed tissues were dehydrated 
through grades of alcohol and cleared in 
xylene and then embedded in paraffin wax 
(58 to 60° mp). The molds were labeled 
and stored until use. The deparaffinized 
sections were stained with hematoxylin 
following counterstained with eosin.  
 
Histological analysis of Granulation 
tissue by Masson’s Trichrome staining  
Granulated tissues were collected at every 
4 days interval and transferred to 10% 
neutral buffered formalin (NBF) for 24 
hours at 4C. The formalin fixed tissues 
were dehydrated through grades of 
alcohol, cleaned in xylene and then 
embedded in paraffin wax (58-60C). The 
molds were labeled and stored for further 
use. A 5-7m section was deparaffinized 
and Masson’s Trichrome Staining was 
performed for the detection of collagen 
deposits and its morphology, in the 
granulation tissue.  
 
Biochemical analysis  
Granulated tissues were collected on the 
4th, 8th, 12th and 16th days for the 
estimation of different types of collagen in 
the granulated tissue. 
 
Estimation of Total collagen content in 
Granulation Tissue 
Weighed granulation tissue was first 
hydrolyzed in 6.0 N HCl for 8 hr at 110° C, 
evaporated to dryness and then made up 
with a known volume of water .The 
collagen content was determined by the 
estimation of hydroxyproline, as described 
in the paper7. 
 
Solubility pattern of tissue collagen 
The solubility pattern of tissue collagen 
was determined as described by Miller 
and Rhodes8. 
 
Extraction of Neutral salt soluble 
collagen 
Granulation tissue was minced well, 
homogenized in 10 vol of neutral salt 
solvent (1.0M NaCl, 0.05 M Tris, pH 7.5) 
containing 20mM EDTA and 2.0 mM N-

ethyl maleimide and stirred for 24hr. The 
suspension was then centrifuged at 
35,000g for 1hr at 4°C and the extraction 
was repeated with the pellet .The 
supernatants were pooled and an assay of 
hyroxyproline was done from an aliquot. 
 
Extraction of acid soluble collagen 
The residue obtained was resuspended in 
10 vol of 0.5 M acetic acid and extracted 
for 24 hrs and was centrifuged .The pellet 
was extracted with acetic acid, 
supernatants were pooled and an aliquot 
was used for the determination of 
hydroxyproline. A part of the remaining 
pellet was used for the study of 
susceptibility to denaturing agents. 
 
 Extraction of Pepsin soluble collagen 
The residue obtained after acid extraction 
was resuspended in 0.5M acetic acid 
containing 100 mg pepsin per g of wet 
tissue. Digestion was carried out for 24 hr 
followed by centrifugation and re-
extraction. Aliquots of pooled supernatant 
were used for hydroxyproline 
measurement and aldehyde content in the 
collagen.  
 
1.1.1. Insoluble collagen 
The residue after pepsin digestion was 
referred to as insoluble collagen. It was 
hydrolyzed in 6.0 N HCl and assayed for 
hydroxyproline content. 
 
1.1.2. SDS-PAGE Analysis of Acid 
soluble Collagen and Pepsin soluble 
collagen 
Acid soluble and pepsin soluble collagen 
was prepared from wound tissue as 
described by Miller and Rhodes et al. The 
 1(III) chains were resolved from the  
1(I) chains on a 8% separating gel with 
5% stacking gel by interrupted 
electrophoreses with delayed reduction of 
the disulfide bonds type (III) collagen. 
(Sykes B et al ,1976, Clore J. N et al 
1979) 
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Result 

Scaffold 

SEM studies of scaffold morphology 

 
The methnolic extract of triphala was incorporated to porous collagen scaffold. The Scaffold 
acts as drug reservoir. 
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Fig. 1: Biomimetic Porous Collagen Scaffold 

 
The macro porous collagen scaffold was 
prepared. The Scanning electron studies 
of collagen scaffold proved that the 
scaffold contains interconnectivity pores 
and the size of pores varies from 400 

microns to 600 microns. The different 
sections of collagen scaffold proved that it 
has improper uniform size in pores. 
 

 

 

FTIR studies 
 
 

 
Fig. 3: FTIR Studies of Triphala Incorporated Collagen Agar Diffusion 

 
Samples Amide I (Cm-1) Amide II (Cm-1) Amide III(Cm-1) 

Native collagen 
Drug Bound collagen 

1657.82 
1660.05 

1552.71 
1555.30 

1241.24 
1239.29 

 
Samples Band around 3300 Cm-1 

Native collagen 
Drug Bound collagen 

3328.26 
3338.05 
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In this study, Polyphenols present in 
triphala slightly affect the triple helix 
conformation of collagen. The FT-IR 
Spectra of the untreated collagen film and 
drug-incorporated film are shown in 
Fig1.The major feature of the IR spectrum 
of collagen film is the amide I band 
between 1640 -1660 1/cm, which arises 
from the stretching vibration of C = O 
(carbonyl) groups of amide groups in the 
protein .The intense absorption between 
1500 - 1600 1/cm is due to the amide II 
mode, observed at 1550 1/cm in the 
spectrum of collagen, which arises from 
N-H stretching vibration strongly coupled 
to the C-N stretching vibration of collagen 
amide groups.Collagen has high content 
in glycine and proline, which makes it 
unique, compared to other proteins. These 

two amino acids might be responsible for 
some of the spectral characteristics 
between 1200 – 1400 1/cm. Signals in the 
spectral region of 1200 – 1400 1/cm 
absorption are generally attributed to the 
amide III, arising due to the C-N stretching 
and N-H in a plane bending from the 
amide linkages. 
 
Agar Diffusion Test for In vitro 
antimicrobial activity: Fig 2 
The activity of the released drug from the 
scaffold shows a clear zone of inhibition 
controlling the growth of both 
staphylococcus aureus and pseudomonas 
aeroginosa inoculated separately. 
Triphala-incorporated collagen scaffold 
showed a bacterial free zone of 25 ± 2 
mm.  

 

 

 
Antimicrobial activity of Triphala incorporated collagen scaffold 
against Pseudomonas aeruginosa and Staphylococcus aureus 
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In-vivo wound healing activity of triphala incorporated collagen scaffold 
Wound contraction on 12th Day  Fig 6. 

 
 

 Open Wound Group,        Plain collagen scaffold group           Triphala incorporated 
collagen scaffold.          

 
Increased wound contraction in the animal 
group treated by triphala incorporated 
collagen scaffold was observed. The slow 
rate of wound contraction in rats treated 
with collagen scaffold and open wound 

may be attributable to the presence of 
microorganisms and their metabolites, 
which affects and inhibits wound 
contraction and impairs healing.  

 

Histological Analysis by H & E staining 
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Group 1 
Open Wound - fig 3 
In the Day 4, Heavy neutrophilic infiltration 
was observed in the surface of the wound 
(Figure 3 A). A fewer macrophages were 
also seen.  Bacterial colonies were found 
over the granulation tissue. Bacterial 
infection was still persistent along with 
heavy neutrophilic infiltration with mild 
angiogenesis in the day 8.In the Day 12, 
Bacterial infection was still prominent 
along with invading neutrophils in the 
granulation tissue (Figure 3 C).  
Macrophages were also seen along with 
fibroblastic cells below the neutrophilic 
infiltration. ECM formation at the dermal 
region was seen. Bridging of the wound 
surface was observed. In the Day 16, 
Tissue remodeling was seen (Figure 3 D).  
Epithelial proliferation with well-formed 
collagen bundles but healing was 
incomplete.  Dermal region has mature 
fibroblasts i.e. surface of the wound was 
not covered by epithelium.   
 
Group 2 
Collagen scaffold – Fig 4 
 In Day 4, Heavy neutrophilic infiltration 
was seen on the surface of the wound 
(Figure 4 E). Wound margin was open. 

Angiogenesis could be seen.  Wound was 
open. Bacterial infection was seen on the 
granulation tissue along with neutrophilic 
infiltration in the day 8 (Figure 4 F).  Mild 
angiogenesis was observed in the same 
day. In Day 12, Epithelial cell proliferation 
was seen (Figure 4 G). Bacterial infection 
was lesser.  The granulation tissue was 
well formed with collagen bundles. In Day 
16 ,Complete epithelialization was seen 
(Figure 4 H). Mature fibroblastic cells were 
seen in the dermal region with collagen 
deposition. 
 
Group 3 
Triphala Incorporated collagen scaffold 
–Fig 5 
In Day 4, Heavy neutrophilic infiltration 
was seen on the surface of the wound 
(Figure 5 I). Wound margin was open. 
Angiogenesis could be seen.  In Day 8, 
Epithelialization was seen (Figure 5 J). 
Prominent angiogenesis was seen in the 
dermal region. Mature collagen bundles 
along with fibroblastic cells were found. In 
Day 12, complete healing was seen with 
good epithelialization (Figure 5 K). Dermal 
layer was seen to have mature fibroblasts 
with deposited collagen. 

 
Histological analysis of Granulation tissue by Masson’s Trichrome staining 

 

 

On the 4th and 8th day in the open wound 
group, (Fig 4) neutrophils and bacterial 

colonies were found in the injured area. 
Complete loss of epithelium with 
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inflammatory infiltrates was observed and 
less amount of collagen was seen due to 
infection. On the 12th day and 16th day (Fig 
4), epidermis was formed partially and a 
loose collagen fiber was observed.  
On the 4th day in the triphala incorporated 
collagen scaffold  treated group, (Fig 5), 
neutrophils and bacterial colonies were 
found in the injured area. Complete loss of 
epithelium with inflammatory infiltrates 
was observed and less amount of 
collagen was seen due to infection. On 8th 
day, (Fig 5), epidermis was formed 
partially and stretched bundles of collagen 

fibers were observed in the dermis. On the 
12th, day (Fig 5) the sample showed a 
well-formed epidermis, with the dermis 
visible and stretched collagen bundles 
forming in the tissue. In Masson’s 
Trichrome stained histological sections of  
treated on 12th and 16th days by triphala 
ointment, bluish violet colored regions 
were observed, indicating staining of well 
stretched and deposited collagen bundles 
formed in the tissue. In the case of open 
wound at the end of 12th and 16th days, 
the loose collagenous matrix was seen.  

 

Table 1: Total Collagen Content 
Group 4th Day 8th Day 12th Day 16th Day 

Open Wound 1.23± 0.08 3.36 ± 0.12 3.97± 0.15 6.64 ± 0.24 
Plain Collagen 

Scaffold 3.1±0.2 4.86 ± 0.18* 5.79 ± 0.19* 8.6 ± 0.28* 

Triphala Incorporated 
Collagen scaffold 4.65 ± 0.16* 5.76 ± 0.15* 6.059 ± 0.14 8.9 ± 0.25* 

 
 

Table 2: Solubility Patterns of Different Collagen 

Groups 
Types of Collagen in the granulated tissue 

Neutral Soluble 
Collagen 

Acid Soluble 
Collagen 

Pepsin Soluble 
Collagen 

Insoluble 
Collagen 

Open Wound 308.19± 20.61 2169.44± 141.11 3510.98± 125.01 54.39± 7.32 
Plain Collagen Scaffold 222.91± 11.11* 3625.19± 236.36* 7731.39± 245.72* 152.52±25.33* 
Triphala Incorporated 

Collagen scaffold 308.19± 20.61 2169.44± 141.11 3510.98± 125.01 54.39± 7.32 

 

Table 2 and 3 confirm that the total collagen content in granulation tissue and various types 
of collagen is increased in Groups treated by triphala ointment. 
 

Aldehyde Content 
in the pepsin 

Collagen 
 

 

Nanomoles of malondialdehyde 
   

 

8th Day 12th Day 16th Day 
Open Wound Group 605± 20.61 

 

768± 10 
 

1053± 8 
 

Plain Collagen Scaffold 2286± 12 
 

2756± 12 
 

2926± 7 
 

Triphala Collagen 
Scafolld 2646± 12 

 

2980± 5 
 

3120± 8 
 

Table 4: shows the aldehyde content of pepsin soluble collagen of all the two groups. From 
the table, it showed that the group treated by triphala ointment has higher aldehyde content 

than in the case of open wound group 
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8th Day  12th Day 16th Day   8th Day 12th Day 16th Day           8th Day      12th 16th 

 
Open Wound Group                                  Plain Collagen Scaffold   Triphala 

 

Impregnated Collagen 
The SDS PAGE analysis of collagen in the 
granulated tissue confirms that the 
quantity of collagen in tissue increased in 
the treated group. 
 
DISCUSSION 
Collagen is a potentially useful biomaterial 
that has biocompatible and non-toxic in 
most tissues and also promotes cellular 
mobility and growth. The polyphenol in the 
triphala bound to collagen scaffold forms 
cross-linking in the collagen molecule. 
Conventional cross-linked collagen 
biomaterial shows poor fibroblast 
proliferation than collagen without 
chemical cross-linking.  Collagen has a 
high level of molecular organization, with 
repeating triplet Gly – X-Y sequence in the 
main chain of each molecule. About one– 
third of the amino acid residues 
correspond to glycine. Another unique 
characteristic of collagen is the 
characteristic occurrence of 
hydroxyproline. Collagen assemblies are 
stabilized by covalent and non- covalent 
interactions. The hydrogen bonding plays 
a decisive role in the long–range ordering 
of collagen molecule. The literature shows 
that triphala is rich in polyphenols like 
gallic acid and ellagic acid that are 
responsible for antimicrobial activity. The 
gallic acid in triphala may stabiles the 
collagen molecule. The functional groups 
Para OH (p-OH), meta –OH (m-OH) and 
COOH of gallic acid have been assumed 

to act as a hydrogen bond donor/ acceptor 
for different side chain groups of amino 
acids, namely, hydroxylproline (Hyp), 
serine, glutamic acid, and argnine. The 
side chains of amino acid residues such 
as hydroxylproline, serine, glutamic acid 
and argnine have been identified as the 
possible binding sites for gallic acid or 
polyphenol..7 

The side chains hydroxyl group of the 
amino acids serine and hydroxyproline, 
carboxyl group of aspartic acid, amino 
group of lysine and amide group of 
aspargine are considered as the potential 
interacting sites for the formation of 
hydrogen bonds with the polyphenols7. 
Polyphenol of vegetable tannin extracts 
are capable of cross-linking with collagen 
through the formation of multiple hydrogen 
bonds.From FTIR Spectrum, a change in 
values of IR spectrum of native collagen 
and drug-incorporated collagen is due to 
the polyphenols I such as catechin, gallic 
acid etc, as main constituents of triphala 
interact with basic amino acids in the 
collagen. The band around 3338.05Cm-1 
appears to be broadened compared to 
native collagen. The shift of the bands 
derived from the groups which can be 
involved to hydrogen bonds, suggests that 
the hydrogen bond interactions can occur 
between collagen and polyphenols.The 
hydroxyls are the main functional groups 
of interaction for these polyphenols. These 
hydroxyl groups might be formed by 
hydrogen bonds with the side chain of 



INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES         ISSN: 22775005 
 

Vol. 1 (4) Oct-Dec 2012                                   www.ijpcsonline.com                             1854 
 

groups of polar amino-acids like 
hydroxylproline, lysine, arginine, aspartic 
acid, glutamic acid and serine, theronine. 
All these amino acids residues can act as 
hydrogen bond donors and acceptors. 
Polyphenolics have several hydroxyl and 
carboxyl groups, and can form hydrogen 
bonds at multiple points, imparting 
additional stability to the fiber matrix 

.Maintaining the triple helical structure in 
the preparation of collagen-based 
biomaterials is important in eliciting the 
desired biological functions of collagen. 
This is because triple helix structure 
interacts with wide range of growth– 
induced receptors in the regenerative 
cells. .In triphala incorporated collagen 
film of FTIR spectrum, integrity of triple 
helix structure is also indicated by the 
absorbance ratio from bands at 1239.29 
and 1454.89 Cm-1 is 0.851. For pure 
collagen, absorbance ratio is one, where 
as gelatin membrane (denatured collagen) 
was reported to have this ratio as 0.59 
indicating the loss of triple helicity. In 
present studies, Polyphenols present in   
the triphala slightly affects the triple helix 
conformation. 
In the histological studies, Triphala  
incorporated collagen scaffold treated 
group shows epithelialization with 
moderate extra cellular matrix on the day 
8 and  the day 12 whereas in the control 
group, incomplete epithelialization with 
less extra cellular matrix synthesis and 
persistence of inflammatory exudates in 
the upper dermis with loss of epidermis 
were observed up to day 16. 
The triphala incorporated porous collagen 
scaffold for treating infected dermal wound 
application was developed and the wound 
healing was observed  in a shorter time 
compared with other control scaffold that 
lacks triphala. 
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