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Abstract

Context: In traditional medicine propolis is widely used for the treatment of various ailments including ulcer
and wound healing. The phytochemical screening of Indian propolis indicates the presence of biologically
active ingredients in appreciable amounts. In the absence of systematic evaluation of wound healing prop-
erties of Indian propolis in the literature, the present study was undertaken.

Objective: The aim of this study was to evaluate the wound healing potential of Indian propolis on excision
wounds induced in experimental rats.

Materials and methods: Excision wounds were created in male Wistar rats and were treated with Indian propo-
lis ointment (nitrofurazone was used as a reference drug - widely used for wound healing) for a period of 14
days. Control rats were treated with petroleum jelly. The parameters analyzed include wound contraction,
hydroxyproline, hexosamine, uronic acid, total protein, DNA, and RNA.

Results: Topical application of propolis ointment for 14 days significantly improved the wound contraction
when compared to the control group of rats. The determination of hydroxyproline, hexosamine, uronic acid,
DNA, RNA and protein levels in the wound matrix revealed the pro-healing effects of propolis. The results
obtained were comparable with nitrofurazone.

Discussion and conclusion: It appears that the ethanol extract of Indian propolis possesses significant pro-
healing activity by accelerating the healing process at various phases of tissue repair. The presence of bio-
logically active ingredients such as flavonoids, phenolic acids, terpenes, benzoic acids, amino acids and
vitamins, etc. in Indian propolis may readily account for the observed prophylactic action of propolis in

wound healing.
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Introduction

The wound may be defined as a loss or breaking of
cellular and anatomic or functional continuity of liv-
ing tissues. The wound is ischemic in nature. Wounds
cause discomfort and are more prone to infection and
other troublesome complications (Meyer-Ingold, 1993).
Impaired wound healing leads to significant patient
morbidity and mortality. Wound healing, a fundamental
response to tissue injury, is a complex process involving
mechanisms such as coagulation, inflammation, matrix
synthesis and deposition, angiogenesis, fibroplasia,

epithelization, contraction and remodeling. The smooth
progression of these events leads to early completion of
wound closure. Successful wound healing requires coor-
dination and precise signaling from various cells that
produce an array of cytokines, growth factors, ground
substances and collagen.

Wound healing is frequently a therapeutic challenge.
Although there have been some advances in the treat-
ment of wound healing, the best remains undecided. An
ideal therapy should not only promote the rapid heal-
ing process but also act as an anti-scarring therapy. Scar
formation and overproduction of extracellular matrix by
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connective tissue characterize a pathological process
called “fibrosis” which occurs as a result of deranged
healing in response to tissue damage. The molecular
process leading to fibrosis is not different from normal
formation of connective tissue and extracellular matrix
in normal organs. The context, the environment and the
overproduction make the difference (Franklin, 1997).
Many of the synthetic drugs currently used for the treat-
ment of wounds are not only expensive but also pose
problems such as allergy and drug resistance, and this
situation has forced scientists to seek alternative drugs
(Subramanian et al., 2006). Hence, efforts are being made
all over the world to discover an efficacious pro-healing
agent that could obviate the prolonged treatment, cost
and save the patient from severe secondary complica-
tions. A variety of natural products or their derivatives
have been considered as potential candidates for wound
healing as they provide a moist environment to encour-
age the establishment of suitable conditions for wound
healing.

Propolis is a chemically very complex, resinous bee
product collected by worker honeybees from parts of
plants, buds, exudates and secretions in the neighbor-
hood of their hive (Hausen et al., 1987). The bees pack
them on their hind legs and bring them back to their hive
to cover cracks and crevices and reduce the size of the
hive entrance preventing the invasion of large insects like
moths, butterflies, beetles, cicadas, etc. (Daugsch et al.,
2008). More importantly, it is also used as an “embalm-
ing” substance to cover hive invaders which bees have
killed but cannot transport out of the hive (Bankova
etal., 2000).

Propolis, a widely consumed folk medicine in the
traditional medicinal system since ancient times, is a
serious candidate to be added to topical formulations
due to its outstanding biological properties (Ahn et al.,
2004). As the most important “chemical weapon” of bees
against pathogenic microorganisms and its lipophilic
nature, propolis has been widely used as a remedy by
humans, since ancient times. Use of propolis by humans
has a long history predated only by the discovery of
honey (Burdock, 1998; Castaldo & Capasso, 2002). It is
claimed to be useful in cosmetics and prevention against
hyperpigmentation (Shigemi, 2002). Propolis extracts
were reported to have considerable biological attributes
such as anticancer (Grunberger et al., 1988), antioxidant
(Russo et al., 2002; Bhadauria et al., 2007), antimicro-
bial (Koo et al., 2000), anti-inflammatory (Mirzoeva &
Calder, 1996; Sforcin, 2007), antiviral (Kujumgiev et al.,
1999), and hepatoprotective effects (Mahran et al., 1996;
Merino et al., 1996; Shukla et al., 2004).

The composition of propolis varies according to the
plant sources, local flora, regional vegetation and season
of collection by the bees (Banskota et al., 2001; Bankova,
2005a). So far, more than 300 constituents have been
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identified in different propolis samples, with more than
150 being present in any given sample, including flavo-
noids, cinnamic acid derivatives, benzoic acids, amino
acids, phenolic acids, phenolic aldehydes, polyphenols,
steroids, terpenes and inorganic compounds (Salatino
et al., 2005; Khalil, 2006). However, most of the phar-
macological properties of propolis are principally attrib-
uted to the presence of flavonoids (Mirzoeva & Calder,
1996), which constitute more than 50% of its total weight.
However, the plant origin and region of collection bear
great significance with respect to biological activity of
propolis (Christov et al., 2006; Mani et al., 2006). The bio-
logical properties of propolis are not only beneficial to
bees but have general pharmacological value as a natural
mixture (Teixeira et al., 2005). The distinct chemistry of
propolis from different origins leads to the expectation
that the biological properties of different propolis types
will be dissimilar. However, in most cases, this is not true
(Bankova, 2005b). Propolis samples from Brazil, Peru,
the Netherlands and China showed similar biological
activities (Banskota et al., 2000).

In India, there has been a growing interest in the
potential of natural products obtained from plants and
animals for development of drugs with wound healing
properties as taught in a popular form of Indian medi-
cine known as Ayurveda (Biswas & Mukherjee, 2003).
Propolis was selected for the present study because it is
widely used and easily available throughout the subcon-
tinent, and is also cost effective. Further, literature survey
revealed that no systematic scientific investigation has
been made with regard to the wound healing activity of
Indian propolis.

Hence, the present work was aimed to evaluate the
wound healing potential of propolis on excision wounds
induced in Wistar rat models. The extract in the form of
an ointment was topically applied and the efficacy was
compared with a standard drug formulation.

Methods and materials

Preparation of ethanol extract of propolis

The raw propolis samples were collected in September
2008 in Mudivaithanendal, Tuticorin, Tamil Nadu, using
propolis traps to minimize their contamination with for-
eign substances from hives. They were kept desiccated
and in the dark until their processing. Propolis powder
(100g) was extracted in 500mL ethanol (95% v/v) by
stirring overnight and centrifuged at 27,000 g for 15 min
(Gekker et al., 2005). The supernatant was then concen-
trated in a rotary evaporator under reduced pressure
450 mmHg at 40°C and the residue was stored in the dark
at room temperature until use. The yield of the ethanol
extract was 16.5% w/w. The dried extract was used for the
preparation of propolis ointment.
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Qualitative phytochemical analysis of propolis

The ethanol extract of propolis was subjected to qualita-
tive phytochemical analysis as described by Harborne
(1998) and Kokate (2001) for the presence of flavonoids,
phenolic compounds, terpenes, steroids, proteins, amino
acids and glycosides.

Determination of total polyphenol content

Total polyphenol contents in ethanol extract of propo-
lis were determined according to the Folin-Ciocalteu
colorimetric method (Singleton et al., 1999; Kumazawa
etal., 2002). A standard curve was built with gallic acid
reference solutions. Aliquots ranging from 2 to 10 mL
of standard aqueous gallic acid solution (100 pg/mL)
were pipetted in to 100 mL volumetric flasks contain-
ing 70 mL of distilled water. Folin-Ciocalteu reagent
(5mL) and 10mL of saturated sodium carbonate
solution were added, and the volume was made up
to 100 mL with distilled water. The solution was thor-
oughly mixed. The blank was prepared in the same
manner, but without gallic acid. After 1 h of incubation
atroom temperature, the absorbance was measured at
760 nm. For determination of the total phenolic content
of propolis, aqueous solutions at the final concentra-
tion of 20 pg/mL were used, proceeding in the same
manner described for the reference solutions and the
total polyphenolic content was expressed as mg per g
of gallic acid equivalents.

Determination of total flavonoid content

Total flavonoid contents in the ethanol extract of propo-
lis were determined according to the method of Woisky
and Salatino (1998) with minor modifications. A stand-
ard curve was built with quercetin reference solutions.
Aliquots ranging from 2 to 8 mL of standard quercetin
ethanol extract solution (50 pg/mL) were pipetted in to
25 mL volumetric flasks containing 1 mL aqueous alu-
minum chloride solution at 2.5% (w/v) and the volume
was made up with ethanol. The blank was prepared by
diluting 1 mL of aluminum chloride solution in a 25 mL
volumetric flask with ethanol. After 1 h at room tempera-
ture, the absorbance was measured at 420 nm. Propolis
samples were evaluated at a final concentration of
20 pg/mlL, proceeding in the same manner described for
the reference solutions and the total flavonoid content
was calculated as quercetin equivalents (mg/g) from a
calibration curve.

Preparation of propolis ointment

The ethanol extract of propolis was prepared as an oint-
ment using petroleum jelly (melting point 60-65°C) at a

concentration of 10% (w/w) and the ointment was kept
in sterile glass container, properly sealed and preserved
at 4°C and used for topical application.

Animals

Six-week old, Male Wistar rats weighing 150-170 g were
used in the study. They were individually housed and
maintained in a laboratory environment in a 12h dark-
light cycle. Animals were fed with standard pellet diet and
water ad libitum. The experiments were conducted under
the protocols approved by the Institutional Animal Ethics
Committee (IAEC No. 01/031/08). The Organization for
Economic Co-operation and Development (OECD)
guidelines for the testing of chemicals such as available
information on the test substance, selection of animal
species, housing and feeding conditions, number of
animals, dosage fixation, route of administration, toxi-
cological parameters, data and reporting, etc. were fol-
lowed prior to conduct the experiments.

Wound creation

The animals were fasted overnight and anesthetized with
1mL intravenous thiopentone sodium (40 mg/kg b.w.)
(Perez Gutierrez & Vargas, 2006). A wide area of the
dorsum of each rat was depilated using toothed forceps,
sterile pointed scissors and a scalpel blade. The area was
then cleaned with 70% ethanol to maintain aseptic con-
ditions. An excision wound was created according to the
Morton and Malone method (1972). A full thickness of
the excision wound of circular area 300 mm and 2mm
depth was inflicted on either side of the depilated dor-
sum of each rat. Excess bleeding was mopped using ster-
ile gauze. The entire wound was left open (Diwan et al.,
1982). Animals were closely observed for any infection,
and those that showed signs of infection were separated
and excluded from the study. Animals were euthanized
after completion of the study.

Experimental design

The animals were divided into three groups each com-
prising of a minimum of six rats as follows.

Group 1: Excision wound-induced rats were treated
with petroleum jelly and considered as the control;
Group 2: Excision wound-induced rats treated with
propolis ointment (10% w/w) for 14 days;

Group 3: Excision wound-induced rats treated with
standard drug ointment (0.2% w/w nitrofurazone
ointment) for 14 days (Harish et al., 2008).

The treatment schedule was twice daily with topical
application of the formulated ointment as well as the
standard drug ointment, while the control group was
dressed with ointment base containing same quantity



of petroleum gel. Sterile cotton swabs were used for uni-
form application of ointments.

Wounds were traced on 1 mm? graph paper on the day
of wounding and subsequently on alternate days until
healing was complete. Changes in wound area were
calculated, giving an indication of the rate of wound
contraction. The period of epithelization was calculated
as the number of days required for falling off the dead
tissue remnants without any residual raw wound. The
percentage reduction in wound size was calculated using
the following equation:

Wound size reduction (%) =[A, —A,]/A, %100

where A and A, are initial wound area and wound area
after time interval “t” The distance from the right wound
margin to the left wound margin was measured. The
length of new generated epithelium across the surface
of the wound was determined as the sum of the new
epidermis growing from the right and left margin of the
wound (Balakrishnan et al., 2006).

Biochemical estimations

On postoperative days 7 and 14, an appreciable amount
of granulation tissue formed on the wound, which was
excised and its weight recorded. The tissues were dried
in an oven at 60°C for 72 h and the dry weight was again
noted. The dried tissue was added with 5mL of 6 N HCI
and kept at 110°C for 24 h in sealed tubes. The hydrolysate
was neutralized to pH 7. The neutralized acid hydrolysate
of the dry tissue was used for the determination of colla-
gen by the estimation of hydroxyproline as described by
Woessner (1961). The collagen content can be calculated
by multiplying the hydroxyproline content by the factor
7.46 (Neuman & Logan, 1950). Hexosamine content was
estimated according to the method of Adamsons (1964).
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80 1 @Wound + Nitrofurazone
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Figure 1. Effect of Indian propolis on the level of percentage wound
contraction in the excision wound model. Values are mean + SEM;
n=6in each group. *Significant at p <0.05 as compared with the con-
trol group of rats.

Wound healing properties of Indian propolis 1201

Uronic acid content was estimated by the method of
Bitter and Muir (1962). The DNA and RNA contents were
assayed by the methods of Burton (1966) and Almog and
Shirey (1978), respectively. The protein content in the
tissue extract was estimated by Lowry et al. (1951).

Statistical analysis

Data analysis was done by an investigator who was
“pblinded” to the treatment. Results, expressed as
mean+SEM, were evaluated by one-way analysis of
variance (ANOVA) using SPSS (version 15.0) program
followed by LSD. Values were considered statistically
significant when P <0.05.

Results

Qualitative analysis of propolis revealed the presence of
flavonoids, polyphenols, steroids, triterpenes, phenolic
compounds, glycosides, vitamins and amino acids. The
amount of total polyphenol and flavonoid contents in
the ethanol extract of Indian propolis were found to
be 238+5.4mg/g and 168+ 6.5mg/g, respectively. The
wounds treated with propolis as well as the standard
drug formulation exhibited marked dryness of wound
edges with a regeneration of healing tissue. Figure 1
depicts the percentage wound contraction in excision
wounds of control and experimental groups of rats. The
topical application of propolis as well as the standard
drug formulation significantly (P<0.05) improved the
rate of wound contraction throughout the experimental
period. The treated wounds were found to contract much
faster than control wounds.

The hydroxyproline content in the granulation tissue
of control and experimental groups of rats is presented
in Figure 2. The hydroxyproline level in the granulation
tissue was significantly (P <0.05) increased throughout
the experimental period in both propolis-treated as well
as nitrofurazone-treated groups of rats when compared
with control rats.

Figures 3 and 4 show the levels of hexosamine and
uronic acid in the granulation tissue of control and
experimental groups of rats, respectively. The levels of
hexosamine and uronic acid were significantly (P <0.05)
increased during the early stages of wound healing, i.e.,
day 7 and subsequently, the degree of elevation was
decreased on postoperative day 14 in both control and
experimental groups of rats.

The amount of DNA, RNA and protein in the granula-
tion tissue of control and experimental groups of rats are
shown in Figures 5, 6 and 7, respectively. There was a sig-
nificant (P <0.05) increase in the levels of DNA, RNA and
protein content on postoperative day 7 in both propolis-
treated as well as standard drug-treated groups when
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compared to control group of rats. However, the levels
of DNA and RNA were decreased and the total protein
content was increased thereafter on day 14.

Discussion

Wound healing is the physiological response to the tis-
sue injury that results in the replacement of destroyed
tissue by living tissue and thus restoration of tissue
integrity. It involves a highly coordinated cascade of cel-
lular responses encompassing the interaction of many
cell types over long periods of time. Wound contracture
occurs throughout the healing process and it mainly
depends on the extent of tissue damage, repairing ability
and general state of the health of the tissue.

Although there have been some advances in the
wound healing processes, the duration could not be
shortened. The present study was aimed to evaluate the
wound healing potential of ethanol extract of propolis
at the wound site of excision wounds in experimen-
tal rats. Alcoholic extracts of propolis are assumed to
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Figure 2. Effect of Indian propolis on the level of hydroxyproline in the
excision wound model. Values are mean + SEM; n=6 in each group.
*Significant at p <0.05 as compared with the control group of rats.
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Figure 3. Effect of Indian propolis on the level of hexosamine in the
excision wound model. Values are mean + SEM; n=6 in each group.
*Significant at p <0.05 as compared with the control group of rats.

contain almost all biologically active propolis constitu-
ents and for this reason are commonly used in practice
(Ghisalberti, 1979; Hayashi et al., 1999). The extract in
the form of an ointment was topically applied and the
efficacy was compared with a standard drug ointment.
The parameters analyzed include percentage wound
contraction, hydroxyproline (collagen), hexosamine,
uronic acid, DNA, RNA, and protein.

Studies on acute wounds in animal models shows
that the wound healing process can be broadly catego-
rized into three stages: inflammatory phase comprising
establishment of hemostasis and inflammation, prolif-
erative phase consisting of granulation, contraction and
epithelization, and finally the remodeling phase which
ultimately determines the strength and the appearance
of the healed tissue (Peacock, 1984). The normal healing
cascade begins with an orderly process of hemostasis,
which leads to an inflammatory cell cascade (Broughton
et al., 2006). Hemostasis occurs within minutes of the
initial injury unless there are underlying clotting disor-
ders. The platelets seals off the damaged blood vessels
by secreting vasoconstrictive substances. They also
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Figure 4. Effect of Indian propolis on the level of uronic acid in
excision wound model. Values are mean+SEM; n=6 in each group.
*Significant at p <0.05 as compared with the control group of rats.
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Figure 5. Effect of Indian propolis on the level of DNA in excision
wound model. Values are mean + SEM; n=6 in each group. *Significant
at p<0.05 as compared with the control group of rats.
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Figure 6. Effect of Indian propolis on the level of RNA in excision
wound model. Values are mean = SEM; n=6 in each group. * Significant
at p<0.05 is compared with the control group of rats.

secrete factors which interact with and stimulate the
intrinsic clotting cascade through the production of
thrombin, which in turn initiates the formation of fibrin
from fibrinogen. The fibrin mesh strengthens the platelet
aggregate into a stable hemostatic plug. Finally, platelets
also secrete cytokines such as platelet-derived growth
factor (PDGF) which is recognized as one of the first fac-
tors secreted in initiating subsequent steps.

The inflammatory cells invade the wound site within
a few hours after injury. Neutrophils arrive first, fol-
lowed by monocytes, macrophages, fibroblasts and
lymphocytes (Li et al., 2007). This stage usually lasts up
to 4 days post injury. The inflammatory response causes
the blood vessels to become leaky releasing plasma and
polymorphonucleocytes into the surrounding tissue. The
neutrophils, with the aid of mast cells, phagocytize debris
and microorganisms and provide the first line of defense
against infection. Macrophages are able to phagocytize
bacteria and provide a second line of defense. They also
secrete a variety of chemotactic and growth factors such
as fibroblast growth factor (FGF), epidermal growth fac-
tor (EGF), transforming growth factor beta (TGF-3) and
interleukins-I (IL-1) which initiates the formation of
granulation tissue (Broughton et al., 2006).

The granulation phase is characterized clinically by
the presence of pebbled red tissue in the wound base and
involves replacement of dermal tissues and sometimes
sub-dermal tissues in deeper wounds as well as contrac-
tion of the wound. As the granulation phase progresses,
the predominant cells in the wound site are reparatory
cells such as fibroblasts, endothelial cells, pericytes,
keratinocytes, which are responsible for the formation
of new matrix needed for structure and function repair
of injured tissue (Diegelmann & Evans, 2004; Whitney,
2005). In the remodeling or maturation phase, the fibrob-
lasts promote tensile strength which sometimes may take
up to two years after wounding. The data obtained in the
present study are in line with the above findings.
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Figure 7. Effect of Indian propolis on the level of protein in excision
wound model. Values are mean + SEM; n =6 in each group. *Significant
at p<0.05 as compared with the control group of rats.

The time required for complete epithelization of the
excision wound is an important parameter to assess the
wound healing process. The pro-healing activity of prop-
olis was conspicuous as the healing parameters analyzed
were significantly altered. By comparison, the propolis
as well as standard drug ointment-treated wounds were
clean with healthy granulation tissue. In control wounds,
epithelial reorganization was very slow. The results of
the study have shown that propolis accelerated wound
closure from the initial stage and wound contraction was
nearly 90% for both ointments in 14 days. Thus, topical
application of propolis extract at the wound site elicited
significant wound healing activity which may be due to
its angiogenic and mitogenic potential.

Wound contraction begins almost concurrently with
collagen synthesis. The rate of contraction depends
on the degree of tissue laxity and shape of the wound.
Humans have tight skin, and this difference makes com-
parison with loose skinned animals such as rats difficult.
Although there are inherent drawbacks in using rats for
comparisons with human skin wound healing, there are
also advantages in the use of rats as a research model,
such as the availability of a broad knowledge based on rat
wound healing gained from years for previous research
(Cross et al., 1995).

The quantitative measurement of hydroxyproline,
an amino acid found only in collagen, is directly pro-
portional to the formation of collagen and its estima-
tion helps clinically to understand the progress rate
at which healing process ensues in the wound tissue
(Gardner, 1967). It is known that collagen accumula-
tion is the sum of synthesis and destruction and both
occur simultaneously during the wound healing process
(Minor, 1980). Significantly (P <0.05) elevated levels of
hydroxyproline observed in both propolis-treated as well
as standard drug ointment-treated groups of rats indi-
cate the wound healing potential of propolis (Figure 2).
Higher concentration of hydroxyproline observed in
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the propolis-treated group of rats indicates faster rate
of wound healing and the results are comparable with
the standard drug formulation-treated group of rats. This
observation is also consistent with the rate of wound
contraction. Collagen not only confers strength and
integrity to the tissue matrix but also plays an important
role in homeostasis and epithelization which take part in
the latter phases of wound healing. Thus, the observed
increase in collagen synthesis in the propolis-treated rats
may significantly contribute to healing and also provide
strength to the repaired tissue.

Hexosamine and uronic acid, the matrix molecules,
which act as ground substratum for the synthesis of new
extracellular matrix, are increased during the early stages
of wound healing and the degree of synthesis is decreased
thereafter. Collagen content of the wound increases rap-
idly following the lag period and as the collagen content
increases the hexosamine content of the tissue declines
(Alitalo et al., 1980). The decrease in hexosamine and
the uronic acid content was associated with concomi-
tant increase in collagen content (Dunphy & Udupa,
1955). Uronic acid in the wound attracts fibroblasts and
stimulates collagen synthesis by providing more fluid
that facilitates greater cell mobility, early remodeling
and helps the wound to heal without scar formation
(Hu et al., 2003; Tomlinson & Ferguson, 2003).

The increase in DNA, RNA and protein contents of
treated wounds indicates hyperplasia of cells. The ele-
vated levels of DNA, RNA and protein contents of the
granulation tissue of propolis as well as the standard
drug formulation group of rats indicate their prophylactic
action on protein synthesis. Nayak et al. (2006) reported
that the increase in the weight of the granulation tissue
during wound healing is due to the presence of a higher
content of protein.

Exposed subcutaneous tissues often provide a favo-
rable substratum for a wide variety of microorganisms
to contaminate and colonize. Wound contaminants are
likely to originate from three main sources, namely the
environment, the surrounding skin and endogenous
sources involving mucous membranes (Duerden, 1994).
Bonvehi et al. (1994) reported that the minimum inhibi-
tory concentration of propolis is about 400 times higher
than that reported for tetracyclines against E. coli and
about 53 times higher against B. subtilis and S. aureus.

In recent years oxidative stress has been implicated in
a variety of degenerative processes and diseases. These
mainly include acute and chronic inflammatory condi-
tions like wound healing (Maier & Chan, 2002). Propolis
has been shown to possess antioxidant properties (Ahn
etal., 2004). The flavonoids which are responsible for the
free radical scavenging activity are believed to be one
of the important components involved in wound heal-
ing. Phytochemical screening revealed the presence of
appreciable amounts of flavonoids in propolis (Volpi &

Bergonzini, 2006) and this could be the reason for its
pro-healing activity.

Flavonoids are known to reduce lipid peroxidation
not only by preventing or slowing the onset of cell necro-
sis but also by improving vascularity. Hence any drug
that inhibits lipid peroxidation is believed to increase
the viability of collagen fibrils by increasing the strength
of collagen fibrils, increasing the circulation, preventing
the cell damage and by promoting DNA synthesis (Getie
etal., 2002). Flavonoids (Tsuchiya et al., 1996) and triter-
penoids (Scortichini & Pia Rossi, 1991) are also known to
promote the wound healing process mainly due to their
astringent and antimicrobial properties which seem to
be responsible for wound contraction and increased rate
of epithelization.

The complete isolation and identification of the active
ingredients in the Indian propolis extract falls beyond the
scope of the study. However, quantitative estimation of
flavonoids and polyphenols along with the qualitative
analysis of other phytochemicals suggest that these are
responsible for the observed wound healing properties of
Indian propolis. Further studies are in progress to isolate
and quantify the individual active principle(s) responsi-
ble for the wound healing properties of Indian propolis.

The results in the healing and sealing of wounds
makes Indian propolis as an important natural product
for assistance in the process of wound healing which may
be due to the synergistic actions of biologically active
ingredients present in the propolis ointment. In conclu-
sion, the present study provides a rational basis for the
beneficial usage of Indian propolis as folk medicine since
ancient times and also confirms that propolis or its con-
stituents can be considered as suitable, powerful, natural
wound healing medicine, perhaps in overcoming defects
associated with healing failure in chronic wounds.
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