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ABSTRACT

Propolis is a natural resinous mixture produced by honeybees from substances collected from parts of plants, buds and exudates. Due to its waxy
nature and mechanical properties, bees use propolis in the construction and repair of their hives for sealing openings and cracks and smooth out the
internal walls and as a protective barrier against external invaders like snakes, lizards etc. or against weathering threats like wind and rain. Bees
gather propolis from different plants, in the temperate climate zone mainly from poplar. Current antimicrobial applications of propolis includes
formulations for cold syndrome (upper respiratory tract infections, common cold, flu-like infections), wound healing, treatment of burns, acne,
herpes simplex and genitalis, and neurodermatitis. Additionally, propolis is used in mouthwashes and toothpastes to prevent caries and treat
gingivitis and stomatitis. It is also posses the antifungal activities in ocular and vaginal infections. Worldwide propolis has a tremendous popularity;
but in India studies over propolis is not done extensively. The need of the hour is to explore its possibilities as good anti-microbial and anti- fungal

agent.
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INTRODUCTION

Over the last few decades, worldwide increase in the use of natural
products for pharmacological purposes has been observed. Propolis
is a natural resinous mixture produced by honeybees from
substances collected from parts of plants, buds and exudates.
Etymologically the word propolis derived from the Greek pro (for ‘in
front of, ‘at the entrance to’) and polis (for ‘community’ or ‘city’),
meaning that this natural product is used for hive defense. Another
name of propolis is bee glue. Due to its waxy nature and mechanical
properties, bees use propolis in the construction and repair of their
hives,? for sealing openings and cracks and smooth out the internal
walls'3 and as a protective barrier against external invaders likes
snakes, lizards etc. or against weathering threats like wind and rain.
Bees gather propolis from different plants, in the temperate climate
zone mainly from poplar.

Honey and propolis both are very popular because of their beneficial
effect on human health Propolis have been extensively employed by
man since ancient times, especially in folk medicine to treat several
maladies. Egyptians knew very well its anti-putrefactive properties
and used bee glue to embalm their cadavers. Incas employed
propolis as an anti-pyretic agent. Greek and Roman physicians used
it as mouth disinfectant and as an antiseptic and healing product in
wound treatment, prescribed for topical therapy of cutaneous and
mucosal wounds3. These therapeutic applications were perpetuated
in the middle age and among Arab physicians. Listed as an official
drug in the London pharmacopoeias of the 17t century, propolis
became very popular in Europe between the 17t and 20 centuries
due to its antibacterial activity. In Italy, Stradivari used bee glue as a
violin varnishs. In the end of 19t century, propolis was widely used
due to its healing properties and in the Second Global War it was
employed in several Soviet clinics for tuberculosis treatment, due to
the observed decline of lung problems and appetite recovery. In the
Balkan states it was one of the most frequently used remedies,
applied to treat wounds and burns, sore throat and stomach ulcers®.
The first scientific work with propolis, reporting its chemical
properties and composition, was published in 1908, and indexed to
Chemical Abstracts’. Later, in 1968, the first patent® was obtained to
produce bath lotions in Romania.

Nowadays, propolis is a natural remedy found in many health food
stores in different forms for topical use. It is also used in cosmetics
or as popular alternative medicine for self-treatment of various
diseases. Current applications of propolis include formulations for
cold syndrome (upper respiratory tract infections, common cold,
flu-like infections), as well as dermatological preparations useful in

wound healing, treatment of burns, acne, herpes simplex and
genitalis, and neurodermatitis. Additionally, propolis is used in
mouthwashes and toothpastes to prevent caries and treat gingivitis
and stomatitis. It is widely used in cosmetics and in health foods and
beverages. It is commercially available in the form of capsules
(either pure or in extracts), mouthwash solutions (combined with
lemon balm, sage, mallow), creams, throat lozenges, powder and
also in many purified products from which the wax was removed
and it is widely used in human and veterinary medicine,
pharmacology and cosmetics.

Source of propolis in different geographical region

Propolis composition varies according to different geographical
region. Difference shows due to climate and temperature variation
in worldwide in Table.2.

Propolis in Indian scenario

The extract contains amino acids, phenolic acids, phenolic acid
esters, flavonoids, cinnamic acid, terpenes and caffeic acid and
several constituents which varies due to different geographical
region and climate. It purpose several biological activities3® such as
antimicrobial, antifungal, antiviral, immunostimulatory, anti-
inflammatory, anti-cancer anti-oxidant activity on the basis of their
geographical region. In India the propolis sample shows the
composition mentioned in Table.1.

Wagh et al, studied HPLC identification and antibacterial and
antifungal activity of ethanolic extract (80%) of Indian propolis in
ophthalmic infections, obtained from Shirpur, Maharashtra regionss.
Borkar et al’c. also present paper in conference, the anti-bacterial
activity of Indian propolis collected from Shirpur, Maharashtra region.

Propolis as a drug
Characteristics

Propolis is lipophilic in nature, hard and brittle material when cold;
but when temperature rises it becomes soft, pliable, gummy and
very sticky®. It possesses a characteristic and pleasant aromatic
smell and varies in color from yellow green, to red and to dark
brown depending on its source and age3*°. The color of propolis
ranges from yellow to dark brown depending on the origin of the
resins. But, even transparent propolis has been reported.

Composition

Propolis is a complex mixture made by plant derived and bee
released compounds. The proportion of the various substances
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present in the propolis depend upon its place and time of collection
but, in general, raw propolis is composed of around 50% resins,
30% waxes, 10% essential oils, 5% pollen and 5% of various organic
compounds®!115, The chemical composition of propolis is complex;
flavonoid and (hydroxyl) cinnamic acid derivatives are considered
to be the primary biologically active constituents in propolis
extract!. Furthermore, depending on its geographical origin, its
composition is highly variable*5412, More than 300 constituents
were identified in different samples!?, and new ones are still being
recognized during chemical characterization of new types of
propolis317.50,

Many analytical methods have been used for separation and
identification of propolis constituents and the substances identified
belong to the following groups of chemically similar compounds:
flavonoids; benzoic acids and its derivatives; benzaldehyde
derivatives; cinnamyl alcohol and cinnamic acid and its derivatives;
others are alcohols, Kketones, phenols and heteroaromatic
compounds; terpene and sesquiterpene alcohols and their
derivatives; sesquiterpene and triterpene hydrocarbons; aliphatic
hydrocarbons; minerals; sterols and steroid hydrocarbons; sugars
and amino acids!8. As it may be expected, volatile compounds are
present in low amounts. Sugars are thought to be introduced
accidentally during the elaboration of propolis. Some compounds
are common in all propolis samples and they determine its
characteristics properties. Different origin of propolis sample shows
different constituents others are represented in many samples of
different origins, but a few others only occur in propolis from
particular plant species?°.

Melting point

At temperatures of 25°C to 45°C propolis is a soft, pliable and very
sticky substance. Particularly when frozen or at near freezing, it
becomes hard and brittle. It will remain brittle after such treatment
even at higher temperatures. Above 45°C it will become increasingly
sticky and gummy. Propolis will become liquid at 60°C to 70°C, but
for some samples the melting point may be as high as 100°C.

Solubility of propolis

Propolis cannot be used directly as raw material due to its complex
structure. The most common solvents used for commercial
extraction are as follows water, methanol, ethanol, chloroform,
dichloromethane, ether, and acetone. Many of the bactericidal
components are soluble in water or alcohol*. These solvents
remove the inert material and preserve the desired compounds.
Methods of extraction also affects on propolis activity?°.

Potentials of propolis as an ideal antimicrobial drug
candidature

A. Anti-microbial agent

Anti-microbial nature of propolis shows inhibition to many bacterial
species which are mentioned in Table 2.

1. Oral use

To evaluate the potentials of propolis Koru et al.28 collected propolis
from four different regions in Turkey and from Brazil used against
nine anaerobic strains. EEP (Ethanolic Extract of Propolis)
determined minimum inhibitory concentrations (MIC) and
minimum bactericidal concentrations (MBC) on the growth of test
microorganisms by using agar dilution method. Death was observed
within 4 h of incubation for Peptostreptococcus anaerobius and
p.micros and Lactobacillus acidophilus and Actinomyces naeslundii,
while 8 h for Prevotella oralis and Prevotella melaninogenica and
Porphyromonas gingivalis, 12 h for Fusobacterium nucleatum, 16 h
for Veillonella parvula. 1t was shown that propolis samples were
more effective against Gram positive anaerobic bacteria than Gram
negative ones?8,

2. Dental use

In context to above mentioned uses propolis is also used in treating
dental caries, gingivitis and periodontal disease including
prevention of oral diseases? 34
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I. Dental caries

Dental caries, also known as tooth decay or a cavity, is a disease
where bacterial activity converts carbohydrate like sugar in food left
on teeth to acid that demineralises hard tooth structure (enamel,
dentin and cementum). Two groups of bacteria are responsible for
initiating caries: Streptococcus mutans and Lactobacillus. If left
untreated, the disease can lead to pain, tooth loss and infection?s.

Hayacibara reported in his recent studies that propolis show
potential effect on the dental caries!4. In this 12 distinct types of
Brazilian propolis have been chemically characterized and classified
from type-1 to -1211, shown the anti-caries potential of propolis
from the Southern (type-3) and Southeastern (type-12) regions of
Brazil!3 3034, Propolis samples lower the intensity of caries and
dental plaque accumulation in vivo3*. Propolis is associated with two
mechanisms of action, i.e., anti-caries/anti-plaque properties: (1) It
shows anti-microbial activity against cariogenic bacteria, and (2) it
inhibites glucosyltransferase enzymes (GTFs) activity3!. However, all
the studies were conducted by using raw propolis extract and a very
little is known about the putative anti-caries compounds in the EEP.
Considering that propolis fractionation is the first step in identifying
the active compounds of this natural product, the study aims to
evaluate the influence of isolated fractions of propolis type-3 and -
12 on streptococcus mutans and GTF activity in vitro, and on caries
development in vivo. At the end of the experiment they concluded
that the EEP and H-fr type-3 and 12 were equally effective in
reducing dental caries in rats. The data suggest that the putative
cariostatic compounds of propolis type-3 and 12 are mostly non-
polar; and H-fr should be the fraction of choice for identifying
further potentially novel anti-caries agents.

Duarte, et al., has done work on effect of ethanolic extract of a novel
type of Brazilians propolis (EEP) and its purified hexane fraction
(EEH) on Streptococcus mutans biofilms and the development of
dental caries in rats3. The chemical composition of the propolis
extracts were examined by gas chromatography/mass spectrometry.
The effects of EEP and EEH on Streptococcus mutans UA159 and
Streptococcus sobrinus 6715 biofilms were analyzed by using time-kill
and glycolytic pH drop assays. Their effect on proton-translocating F-
ATPase activity was also tested. In the animal study, the infected rats
with Streptococcus sobrinus 6715 strain and fed with cariogenic diet
2000. The rats were treated topically twice a day with each of the
extracts or control sample also used for 5 weeks. The compounds
present in EEP and EEH extract were unable to show major effects on
the viability of Streptococcus mutans biofilms. However, both extract
significantly reduced acid production by the biofilms and also reduced
the activity of F-ATPase (60-65%). Furthermore, both extracts
effectively reduced the incidence of smooth surface caries in vivo
without displaying an inhibition of the percentage of Streptococcus
sobrinus in the animal’s plaque (P < 0.05). However, only EEH was able
to reduce the incidence and severity of sulcal surface caries (P < 0.05).
The data suggest that the cariostatic properties of propolis type 6 are
related to its effect on acid production and acid lower the acid
secretion; as it is used in dental plaque due to its fatty acid content. In
addition, Duarte et al. showed that in vitro the non-polar hexane
fraction of propolis type 6 also showed its activity against
Streptococcus mutans3. Thus, propolis contains mainly biological
compounds diterpenic acids and phenolic compounds, such as
flavonoid aglycones and (hydroxyl) cinnamic acid derivatives.

Saavedra et al5?, studied that the anti-microbial property of the six
ethanolic extract of propolis against Lactobacillus fermentum. This
bacterium was isolated after its identification by polymerase chain
reaction using species specific primers, and after growing
microbiological samples from cavities of patients diagnosed with
dental caries and with indication of tooth extraction. The
susceptibility study, carried out by micro plate dilution, found the
antimicrobial activity in four of the six ethanolic extract of propolis.
This differs in the effective concentration against the microorganism
due to geographical region, origin and time of collection. The
concentration of polyphenols ranging between 9+0.3 and 85+2.1
mg/ml The chromatographic analysis allowed the identification of
caffeic acid, myricetin, quercetin, kaempherol, apigenin,
pinocembrin, galangin and caffeic acid phenethyl ester (CAPE)52
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Victorino et al.56, evaluated the antibacterial activity of propolis-based
toothpastes used as intracanal medication in endodontic treatment.
The propolis-based toothpaste was prepared using a propolis extract;
it was employed in Streptococcus mutans, Staphylococcus aureus,
Staphylococcus  aureus, Kocuria rhizophila, Escherichia coli,
Pseudomonas aeruginosa, Enterococcus hirae and Streptococcus
mutans. Five field strains isolated from saliva were used. The diffusion-
well method on double-layer agar was used in a culture medium of
Tryptic Soy Agar. The results were analyzed by analysis of variance,
followed by the Tukey test at p<0.05. The propolis-based toothpastes
presented antibacterial activity against 83.3% of the analyzed bacteria.
For 66.7% of these bacteria, the propolis-based toothpastes exhibited
greater antibacterial activity than calcium hydroxide. The present
results allow us to conclude that the experimental pastes A70D and
D70D showed good activity against aerobic bacteria, proving more
effective than calcium hydroxidese.

IL. Root canal

Propolis has been used in intracanal medications against Escherichia
coli and endotoxins in root canals3¢. Forty-eight dental roots were
contaminated with Escheria coli. According to intracanal medication
root canal were grouped into different type such as: Ca(OH),
polymyxin B, or Ca(OH)2 2% chlorhexidine gel. Without application
of intracanal medication saline solution was used as a control group,
Colony-forming units counts were carried out and the endotoxin
was calculated quantitatively by the chromogenic limulus
amobocyte lysate assay (Cambrex Bio Ciéncia Brasil, Sdo Paulo,
Brazil). The results were comparatively evaluated by analysis of
variance and the Dunn test (5%). Escherichia coli were completely
eliminated by root canal after application of propolis effectively and
endotoxins amount was reduced. Only intracanal medications may
reduce the amount of endotoxins in the root canals. The medications
containing Ca(OH)2 showed the greatest efficacy3®.

Qatham et al55, studied Sodium hypochlorite as an endodontic
irrigant, possesses problems of toxicity, odor and discoloration of
operatory items. An equally effective, but safe irrigant is desirable.
The purpose of this study was to compare the anti-microbial activity
of propolis with that of sodium hypochlorite in a root canal system.
Forty-nine extracted human teeth with large carious lesions
reaching the pulp were instrumented using step-back technique.
Propolis, sodium hypochlorite and saline were used as irrigants.
Microbiological samples were taken from the teeth immediately
after accessing the canal, and after instrumentation and irrigation.
The results of this study indicated that the propolis has
antimicrobial activity equal to that of sodium hypochloritess.

I1I. Gingivitis

Gingivitis is characterized by larger plaque and tarter on teeth which is
harmful for teeth. The bacteria cause inflammation to gums that is
called gingivitis. In gingivitis the gums become red and can bleed
easily. Gingivitis is mild type of gums that can be recovered with daily
brushing and regular cleaning by a dentist or dental hygienist.
According to Sonmez et al, the antimicrobial property of six propolis
sample and cytotoxicity study on gingival fibroblasts at different
dilutions?”. Two different solutions of powder propolis (Sigma) and
Turkish propolis were prepared and propylene glycol and alcohol
were used as solvents for each propolis sample. In addition to the four
propolis solutions, two other propolis samples of far geographic
regions (USA and Australia) were included in the study. The
antibacterial effects of six solutions on oral pathogen microorganisms
were tested and their cytotoxic effects on human gingival fibroblasts
were  evaluated by  MTT [3-(4,5-  dimethylthiazol-2,5-
diphenyltetrazolium bromide yellow tetrazol test) assay. The effective
dilutions of the six propolis samples on periodontopathogen
microorganisms were found to be cytotoxic to gingival fibroblasts
(Porphyromonas gingivalis, Prevotella intermedia, Campylobacter
rectus, Fusobacterium nucleatum). All solutions showed strong
antifungal activity (Candida albicans, Candida parapsilosis and Candida
krusei) and the effective dilutions were safe for gingival fibroblasts.

IV. Perodontitis

When gingivitis is not treated, it can advance to Perodontitis (which
means inflammation around the tooth or pyorrhea). In Perodontitis
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gums pull away from the teeth and form ‘pockets’ that are infected.
The body immune system fights the bacteria as the plaque spreads
and goes below the gums line. Bacterial toxin and body’s enzymes
fighting the infection actually start to breakdown the bone and
connective tissue that hold teeth in place. If not treated, the bones
gums and connective tissue that support the teeth are destroyed.
The teeth may become loose and have to remove. For the treatment
of Perodontitis systemic antibiotic has shown some beneficiall%20;
however, in recent years systemic antibiotics are only recommended
for the treatment of rapidly progressing or refractory
Perodontitis2122, Multiple systemic doses of antibiotics have shown
several drawbacks including: inadequate antibiotic concentration at
the site of the periodontal pocket?3.

There are many dosage forms used in Perodontitis such as fibre,
strip, films, gels, micro-particals, nano-particals, vesicular system
and their application. For the treatment of Tetracycline-loaded
bioadhesive semisolid, polymeric system based upon hydroxyethyl
cellulose and polyvinylpyrrolidone2* and metronidazole-loaded
systems based upon Carbopol 974P, hydroxyethyl cellulose and
polycarbophil?s are reported. Another such system composed gel
form of Poloxamer 407 and Carbopol 934P and containing propolis
extract were designed for the treatment of periodontal disease
through intra-pocket delivery systems. The release of the propolis
was controlled by the relaxation of polymer chains and the greatest
mucoadhesion was noted for the formulation containing 60:1 ratio
of Poloxamer 407: Carbopol 934P26,

3. Ocular use

Oksuz et al,, studied the anti-bacterial activity of ethanolic extract of
propolis in the treatment of experimental Staphylococcus aureus
keratitis in rabbits and to determine the synergistic activity between
ciprofloxacin and propolis. The result was observed that there was
no significant difference in eyes treated with ciprofloxacin and
propolis (p=0.38). From this study ethanolic extract of propolis
showed anti-microbial and anti-inflammatory properties for
Staphylococcus aureuss3.

Anti-fungal agent
Vaginal use

Dota et al.>4, studied in vitro antifungal activity of propolis ethanol
extract (PEE) and propolis micro particles (PMs) obtained from a
sample of Brazilian propolis against clinical yeast isolates of
importance in the vulvovaginal candidiasis (VVC). PEE was used to
prepare the micro particles. Yeast isolates (n=89), obtained from
vaginal exudates of patients with VVC, were exposed to the PE and
the PMs. Moreover, the main antifungal drugs used in the treatment
of VVC (Fluconazole, Voriconazole, Itraconazole, Ketoconazole,
Miconazole and Amphotericin B) were also tested. MIC was
determined according to the standard broth micro dilution method.
Some Candida albicans isolates showed resistance or dose-
dependent susceptibility for the azolic drugs and Amphotericin B.
Non-Candida albicans isolates showed more resistance and dose-
dependent susceptibility for the azolic drugs than Candida albicans.
However, all of them were sensitive or dose-dependent susceptible
for Amphotericin B. All yeasts were inhibited by PEE and PMs, with
small variation, independent of the species of yeast5+.

Buccal wound healing agent

Propolis is used in wound healing. Magro-Filho and Carvalho, were
reported that the effects of propolis mouth rinse on the repair of
surgical wounds after sulcoplasty by the modified Kazanjian
technique’s. Patients returned 7, 14, 30 and 45 days after surgery for
cytological and clinical evaluation. It was concluded that:

a. The mouth rinse containing propolis in aqueous alcohol
solution aided repair of intra-buccal surgical wounds and
exerted a small pain killing and anti-inflammatory effect.

b.  The vehicle employed had a minor irritant effect on infra-
buccal surgical wounds.

c.  Exfoliative cytology showed epithelization of infra-buccal
surgical wounds.
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Table 1: Geographic origin, main plant sources and chemical compounds worldwide 1°

S. Geographic origin Plant source Main-bioactive compounds References

No.

1. Europe, North America, Populus spp., most Flavones, flavanones, phenolic acids and their esters 5

non-tropic regions of Asia often P. nigra L.
2. Russia Betula verrucosa Ehrh. Flavones and flavonols (different from poplar propolis) 5
3. Brazil Baccharis spp., predominantly ~ Prenylated p-coumaric acids, diterpenic acids 10
B. dracunculifolia DC.

4. Cuba, Venezuela Clusia spp. Polyprenylated benzophenones 40

5. Pacific region (Okinawa, Taiwan) ~ Unknown C-prenylflavanones Furofuran lignans 41

6. Canary Islands Unknown Furofuran lignans 38

7. Keniya Unknown Polyphenols, Flavonoids 51

8. Grees and Cyprus Unknown Flavonoids, terpenes, 43

Table 2: Geographic origin, activity, chemical compounds in Indian scenario

S. Geographic Region Activity Solvent used in extraction Reference

No.

1. Karnataka Antibacterial Petroleum ether, chloroform, ethanol, methanol and 40% methanol 39

2. West Bengal Anti-oxidant Ethanol and water 47

3. Gujarat Antioxidant, antimicrobial Ethanol, water, petroleum ether, chloroform, 44

ethanol, methanol and 40% methanol
4, Madhya Pradesh Anti-microbial, Ethanol 48
Hepatoprotective
5. Maharashtra Anti-microbial Ethanol, Mthanol 58,76
anti-bacterial
Table 3: Bacteria used in identification of anti-bacterial activity 57

Gram-positive References Gram-negative References

*Bacillus cereus 42,59 *Aeromonas hydrophila 62

*Bacillus subtili 59 *Brucella abortus 68

*Enterococcus spp. 42,59 *Corynebacterium sp. 62

(Enterococcus faecalis) (C. pseudotuberculosis)

*Micrococcus luteus 60 *Escherichia coli 62-69, 38, 64,66, 59,
60, 68

*Nocardia asteroids 61 *Helicobacter pylori 70,71

*Rhodococcus equi.

*Staphylococcus aureus 62-63, 38, 64, 65, 66, 59, *Klebsiella pneumoniae 64, 42

*Staphylococcus spp.
(S. auricularis, S. capitis, S.

60, 67, 68

63, 64,59, 60, 67

epidermidis, S. haemolyticus, S hominis, S. mutans, S.

warnerii)
**Streptococcus spp.
(S. cricetus, S. faecalis, S.

62,63,13,59,61, 67,2

pneumioniae S. pyogenes, S. f-haemolyticus, S. mutans,

S. sobrinus, S. viridians)
**Actinomyces naeslundii
**Lactobacillus acidophilus

**Peptostreptococcus micros

28

28

*Salmonella sp

(S. enteritidis, S. typhi, S. 62,66,61,68,72

typhimurium)

**Pseudomonas aeruginosa 73, 64,42,66,59-61
Proteus mirabilis 61

Proteus vulgaris 64

Shigella dysenteriae 68

**Actinobacillus

**Actinomycetemcomitans 74

**Capnocytophaga gingivalis
**Porphyromonas anaerobius
**Prevotella intermedia
**Fusobacterium nucleatum

**Porphyromonas gingivalis 28,74
**Prevotella melaninogenica

**Prevotella oralis

**Veillonella parvula 28

* Aerobic bacteria; ** Anaerobic bacteria

They also examined histologically the effects of propolis topical
application to dental sockets and skin wounds. It was concluded that
topical application of propolis hydro-alcoholic solution accelerated
epithelial repair after tooth extraction but had no effect on socket
wound healing.

CONCLUSION

Propolis is having a composition more than 300 phytocompounds.
These compounds are collected from different leguminous plants by
flies, and collectively termed as propolis. Plants contain thousands of

constituents and are valuable sources of new and biologically active
molecules possessing antimicrobial property. Thousands of
phytochemicals which have inhibitory effects on all types of
microorganisms in vitro should be subjected in vivo testing to
evaluate the efficacy in controlling the incidence of disease in crops,
plants, and humans. Propolis proven the best antimicrobial agent
world widely by different scientists. In India propolis is in its
budding stages. Efficient collaborations with pharmacologists and
medical doctors, plant pathologists and microbiologists are crucial
to see the complete development of an interesting lead compound
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into an exploitable product. Its need of hour to explore Indian
propolis and its antimicrobial possibilities to be a good
antimicrobial /antifungal agent.

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Burdock GA, Review of the biological properties and toxicity of
bee propolis, Food Chem Toxicol 1998;36:347-363.

Ikeno K, Ikeno T & Miyazawa C, Effects of propolis on dental
caries in rats, Caries Res 1991;25:347-351.

Bankova V, Castro SL & Marcucci MC, Propolis: Recent
advances in chemistry and plant origin, Apidologie
2000;31:3-15.

Bankova V, Dyulgerov A, Popov S, Evstatieva L, Kuleva L &
Pureb A, Propolis produced in Bulgaria and Mongolia: phenolic
compounds and plant origin, Apidologie 1992;23:79-85.

Monti M, Benti E, Carminanti G & Cusinim, Occupational and
cosmetic dermatitis from propolis, Contact Dermatitis,
1983;9:163

Wollenweber E, Hausen BM & Greenaway W, Phenolic
constituents and sensitizing properties of propolis, poplar
balsam and balsam of Peru, Bull Groupe
Polyphenols1990;15:112-20.

Helfenberg KD, The analysis of beeswax and propolis,
Chemiker Zeitung 1908;31:987

Tuliu P, Patente No. RO 4810, 1965

Hausen BM, Wollenweber E, Senff H & Post B, Propolis allergy
II. The sensitizing properties of 1, 1-dimethylallyl caffeic acid
ester, Contact Dermatitis 1987; 17:171-177.

Marcucci MC, Propolis: Chemical composition, biological
properties and therapeutic activity, Apidologie 1995;26:83-99.
Park YK, Alencar SM & Aguiar CL, Botanical origin and chemical
composition of Brazilian propolis, ] Agric Food Chem
2002;50:2502-2516.

Park YK, Koo H, lkegaki M & Contado JL, Comparison of the
flavonoid aglycone contents of Apis mellifera propolis from
various regions of Brazil, Arquivos do Instituto Biologico
1997;40:97-106.

Park YK, Koo H, Abreu JA, Ikegaki M, Cury JA & Rosalen PL,
Antimicrobial activity of propolis on oral microorganisms,
Current Microbiol 1998;36:24-28.

Hayacibara MF, Koo H, Rosalen PR, Duarte S, Franco EM,
Bowen WH, Ikegaki M & Cury JA, In vitro and in vivo effects of
isolated fractions of Brazilian propolis on caries development, |
Ethnopharmcol 2005;101:110-115.

Pietta PG, Gardana C & Pietta AM, Analytical methods for
quality control of propolis, Fitoterapia 2002;73:7-20.

De Castro SL, Propolis: biological and pharmacological
activities. Therapeutic uses of this bee product, annu rev
biomed Sci. 2001;3:49-83.

Banskota AH, Tezuka Y, Prasain JK, Matsushige K, Saiki I &
Kadota S, Chemical constituents of Brazilian propolis and their
cytotoxic activities, ]. Nat. Prod. 1998;61:896-900.
Walker P & Crane E, Constituents of
Apidologie1987;18:327-334.

Walker et al. Gingival crevicular fluid levels of clindamycin
compared with its minimal inhibitory concentrations for
periodontal  bacteria, Antimicrob  Agents Chemother
1981;19:867-871.

Genco RJ, Antibiotics in the treatment of human periodontal
disease, ] Periodontol 1981;78:1016-1023.ss

Slots ] & Rams TE, Antibiotics in periodontal therapy:
advantages and disadvantages, ] Clin Periodontol1990;17:479-
493.

Vandekerckhove BN, Quirynen M, van Steenberghe D. The use
of tetracycline-containing controlled release fibres in the
treatment of refractory Perodontitis, ] Periodontol
1997;68:353-361.

Pitcher GR, Newman HN, Strahan ]D. Access to sub gingival
plaque by disclosing agents using mouth rinsing and direct
irrigation, J Clin Periodontol 1980;7(4):300-308.

Jones DS, Woolfson AD, Djokic ], Coulter WA. Development and
mechanical characterization of bioadhesive semi-solid,
polymeric systems containing tetracycline for the treatment of
periodontal diseases, ] Pharm Res 1996;13:1734-1738.

propolis,

25.

26.

27.

28.

29.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Int ] Pharm Pharm Sci, Vol 4, Issue 4, 12-17

Jones DS, Woolfson AD, Brown AF, O'Neill M].Mucoadhesive,
syringeable drug delivery systems for controlled application of
metronidazole to the periodontal pocket: in vitro release
kinetics, syringe ability, mechanical and Mucoadhesive
properties, ] Control Rel 1997; 49:71-79.

Bruschi ML, Semisolid systems containing propolis for the
treatment of periodontal disease: in vitro release Kinetics,
syringe ability, rheological, textural, and Mucoadhesive
properties, ] Pharm Sci 2007;96:2074-2089.

Jain N, Jain GK, Javed S, Igbal Z, Talegaonkar S, Ahmad F] &
Khar RK, Recent approaches for the treatment of Perodontitis,
Drug Discovery Today 2008;13:21-22.

Koru O, Toksoy F, Acikel CH, Tunca YM, Baysallar M, Guclu AU,
Akca E, Tuylu AO, Sorkun K, Tanyuksel M & Salih B, In vitro
antimicrobial activity of propolis samples from different
geographical origins against certain oral pathogens, Anaerobe
2007;13:140-145.

Ghisalberti EL, Propolis: a review, Bee World 1979;60:59-84.
Koo H, Rosalen PL, Cury JA, Park YK, Ikegaki M & Sattler A,
Effect of Apis mellifera propolis from two Brazilian regions on
caries development in desalivated rats, Caries Res
1999;33:393-400.

Koo H, Smith VAM, Bowen WH, Rosalen PL, Cury JA & Park YK,
Effects of Apis mellifera propolis on the activities of streptococcal
glucosyltransferases in solution and adsorbed onto saliva-coated
hydroxyapatite, Caries Res 2000a;34:418-426.

Koo H, Rosalen PL, Cury JA, Ambrosano GM, Murata, RM,
Yatsuda R, Ikegaki M, Alencar SM & Park YK, Effect of a new
variety of Apis mellifera propolis on mutans streptococci, Curr
Microbiol 2000b;41:192-196.

Koo H, Gomes BP, Rosalen PL, Ambrosano GM, Park YK & Cury
JA, In vitro antimicrobial activity of propolis and Arnica
Montana against oral pathogens, Arch Oral Biol 2000c;45:141-
148.

Koo H, Pearson SK, Anne SK, Abranches ], CuryJA, Rosalen PL,
Park YK, Marquis RE & Bowen WH, Effects of apigenin and tt-
farnesol on glucosyltransferase activity, biofilm viability and
caries development in rats, Oral Microbiol. Immunol.
2002;17:337-343.

Duarte S, Rosalen PL, Hayacibara MF, Cury JA, Bowen WH,
Marquis RE,Vera LG, Sartoratto A,lkegaki M & Koo H, The
influence of a novel propolis on mutans streptococci biofilms
and caries development in rats, Arch Oral Biol 2006; 51:15-22.
Valera MC, Rosa JA, Maekawa LE, Oliveira LD, Carvalho CAT,
Koga-Ito CY, Antonio Olavo Cardoso Jorge AOC & Campos S]D,
Action of propolis and medications against Escherichia coli and
endotoxin in root canals, Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2010;110:e70-e74.

Sonmez S, Kirilmaz L, Yucesoy M, Yucel B & Yilmaz B, The effect
of bee propolis on oral pathogens and human gingival
fibroblasts, ] Ethnopharmacol 2005; 102:371-376.

Kujumgiev A, Tsvetkova I, Serkedjieva Y, Bankova V, Christov R
& Popov S, Antibacterial, antifungal and antiviral activity of
propolis from different geographic origins, ] Ethnopharmacol
1999;64:235-40.

Selvan A, Singh R & Prabhu D, Research Article: Anti-bacteria
activity of bee propolis against clinical strains of streptococcus
mutants and synergism with chlorhexidine, Int. J. Pharma. Stu.
Res. 2011;11(1):85-90.

Trusheva B, Popova M, Bankova V, Tsvetkova I, Naydensky C,
Sabatini AG. A new type of European propolis containing
bioactive labdanes, Rivista-Italiana. EPPOS 2003;36:3-7.
Kumazawa S, Hayashi K, Kajiya K, Ishii T, Hamasaka T &
Nakayama T, Studies of the constituents of Uruguayan propolis,
J. Agri. & Food Chem. 2002;50:4777-4782.

Grange JM & Davey RW, Antibacterial properties of propolis
(bee glue), ] Res Soc Med, 1990;83:159-60.

Kalogeropoulos N, Konteles S], Troullidou E, Mourtzinos I &
Karathanos VT, Chemical composition, antioxidant activity and
antimicrobial properties of propolis extracts from Greece and
Cyprus, Food Chem 2009;116:452-461.

Kumar N, Ahmad M, Dang R & Husain A, Antioxidant and
antimicrobial activity of propolis from Tamil Nadu zone, ] Med
Plant Res 2008; 2(12):361-364.

16



45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Wagh et al.

Greenaway W, Scaysbrook T & Whatley FR, The composition
and plant origin of propolis: a report of work at Oxford, Bee
World 1990;71:107-118.

Cowan MM, Plant products as antimicrobial agents. Clinical
Microbiology Reviews, 1999;564-582.

Laskar RA, Ismail Sk, Roy N & Begum NA, Antioxidant activity
of Indian propolis and its chemical constituents, Food Chem
2010;122:233-237.

Bhadauria M, Propolis prevents chronic hepatorenal injury,
Evid-based compl alt med., 2012 (in press)

Pereira AS, Seixas F & Neto F, Propolis: 100 anos de pesquisa e
suas perspectivas futures, Quimica Nova 2002;25:321-326.
Alencar SM, Oldoni TLC, Castro ML, Cabral ISR, Costa-Neto CM,
Cury JA, Rosalen PL & lkegakid M, Chemical composition and
biological activity of a new type of Brazilian propolis: Red
propolis, ] Ethnopharmacol 2007;113:278-283.

Ivan KM, Pepelnjak S, Bakmaz M & Vladmir-Knezevic S,
Flavonoid analysis and antimicrobial activity of commercially
available propolis products, Acta Pharm 2005;55:423-430.
Saavedra N, Barrientos L, Herrera CL, Alvear M, Montenegro G
& Salazar LA, Effect of Chilean propolis on cariogenic bacteria
Lactobacillus fermentum, Cien Inv Agr 2011;38(1):117-125.
Oksuz H, Duran N, Tamer C, Cetin M & Sillici S, Effect of
propolis in the treatment of experimental staphylococcus
aureus Keratitis in Rabbits, Ophthalmic Res 2005;37:328-334.
Dota KFD, Consolaro MEL, Svidzinski TIE & Bruschi ML,
Antifungal Activity of Brazilian propolis microparticles against
yeasts isolated from vulvovaginal candidiasis, Evid-based
compl alt med. 2010;7-8.

Al-Qathami H & Al-Madi E, Comparison of sodium hypochlorite,
propolis and saline as root canal irrigants: A pilot study, Saudi
Dent Jou 2003;15(2).

Victorino FR, Bramante CM, Watanabe E, Ito 1Y, Franco SL &
Hidalgo MM, Antibacterial activity of propolis-based
toothpastes for endodontic treatment, Braz ] Pharm Sci
2009;45(4):796-800.

Fokt H, Pereira A, Ferreira AM, Cunha A U & Aguiar C, How do
bees prevent hive infections? The antimicrobial properties of
propolis, Curr. Res. Tech.& Edu. Top. in App. Microbio. & Micro.
Biotech 2010;481-493.

Wagh VD, Borkar RD, Kalaskar MG, Nerkar PP & Surana §J,
HPLC method for the identification & qualitatively estimation
of Tannic acid & Quercetin in Indian propolis, paper presented
to the National Conference on Pharmaceutical Analysis,
Department of Chemical Technology, Dr. B A. Marathwada
University, Aurangabad, India, 15-17 October, 2011.

Seidell V, Peyfoon E, Watson DG & Fearnley ], Comparative study of
the antibacterial activity of propolis from different geographical
and climatic zones, Phytother Res 2008;22:1256-1263.

Farnesi AP, Aquino-Ferreira R, De Jong D, Bastos JK & Soares
AEE, Effects of stingless bee and honey bee propolis on four
species of bacteria, Genet Mol Res 2009;8:635-640.

De Vargas AC, Loguercio AP, Witt NM, Costa MM, Silva MS &
Viana LR, Atividade antimicrobiana in vitro de extrato alcéolico
de propolis, Ciéncia Rural Santa Maria, 2004;1:159-163.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Int ] Pharm Pharm Sci, Vol 4, Issue 4, 12-17

Hegazia AG, El Hadyb F & Allah F, Chemical composition and
antimicrobial activity of european propolis, Z Naturforsch A
2000;55:70-75.

Alencar SM, Oldoni TLC, Castro ML, Cabral ISR, Costa-Neto CM,
Cury JA, Rosalen PL & Ikegakid M, Chemical composition and
biological activity of a new type of Brazilian propolis: Red
propolis, ] Ethnopharmacol 2007;113:278-283.

Castaldo S & Capasso F, Propolis, an old remedy used in
modern medicine, Fitoterapia 2002;73:s1-s6.

Popova M, Bankova V, Naydensky Ch, Tsvetkova I & Kujumgiev
A, Comparative study of the biological activity of propolis from
different geographic origin: a statistical approach, Macedonian
Pharmaceutical Bulletin 2004;50:9-14.

Sforcin JM, Fernandes Jr A, Lopes CAM, Bankova V & Funari
SRC, Seasonal effect on Brazilian propolis antibacterial activity,
] Ethnopharmacol 2000;73:243-249.

Scazzocchio F, D’Auriaa FD, Alessandrinia D & Pantanella F,
Multifactorial aspects of antimicrobial activity of propolis,
Microbiol Res 2006;161:327-333.

El-Fadaly H & EI-Badrawy EEY, Flavonoids of propolis and
their antibacterial activities, Pak ] Biol Sci 2001;21:204-207.
Trusheva B, Popova M, Bankova V, Simova S, Marcucci MC,
Miorin PL, da Rocha Pasin F & Tsvetkova [, Bioactive
constituents of Brazilian red propolis, Evi bas Comple Alt Med
2006;3:249-254.

Banskota AH, Tezuka Y, Adnyana IK, Ishii E, Midorikawa K,
Matsushige K & Kadota S, Hepatoprotective and
anti-Helicobacter pylori activities of constituents from Brazilian
propolis, Phytomedicine 2001;8:16-23.

Boyanova L, Gergova G, Nikolov R, Derejian S, Lazarova E,
Katsarov N, Mitov [ & Krastev Z, Activity of Bulgarian propolis
against Helicobacter pylori strains in vitro by agar-well
diffusion, agar dilution and disc diffusion methods, ] Med
Microbiol 2005;54:481-483.

Orsi RO, Sforcin JM, Rall VLM, Funari SRC, Barbosa L &
Fernandes Jr.A, Susceptibility profile of Salmonella against the
antibacterial activity of propolis produced in two regions of
Brazil, ] Venom Anim Toxins incl Trop. Dis 2005;11:109-116.
Silici S & Kutluca S, Chemical composition and antibacterial
activity of propolis collected by three different races of
honeybees in the same region, ] Ethnopharmacol 2005;99:69-
73.

Santos FA, Bastos EMA, Uzeda M, Carvalho MAR, Farias LM,
Moreira ESA & Braga FC, Antibacterial activity of Brazilian
propolis and fractions against oral anaerobic bacteria, ]
Ethnopharmacol 2002;80:1-7.

Magro-fijho O & de carvalho AC, Topical effect of propolis in the
repairs of sulcoplasties by the modified kazanjian technique.
Cytological and clinical evaluation, ] Nihon Univ Sch Dent
1994;36(2):102-111.

Borkar RD, Wagh KV, Wagh VD, antimicrobial activity of indian
propolis extract. paper presented to the National Conference on
Current Trends and Recent Advancement on Herbal
Formulation, Department of Pharmaceutics, R C Patel college of
pharmacy, Shirpur, Maharashtra, India, 21-22 February, 2012.

17



