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Recent public announcements stated that 60% to 85% of all 
microbial infections involve biofilms developed on natural intact or 
damaged tissues (skin, mucosa, endothelial epithelia and teeth) 

or artificial devices: (central venous catheters, peritoneal, urinary 
catheters, dental materials, cardiac valves, intrauterine 
contraceptive devices, contact lenses and other implants) 



The insertion of the prosthetic medical devices for different 
exploratory or therapeutically purposes especially in severe 
pathological conditions represents a risk factor for the occurrence 
of chronic infections in developed countries. 

being characterized by slow onset, middle intensity symptoms, 
chronic evolution and resistance to antibiotic treatment 
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Aromatic Acids % Phenolic Acid Esters % Flavonoids % Diterpenes %
Sugars and 

Sugar 
Derivatives

% Fatty Acids %  

Benzoic acid 0.4 Pentenyl p-coumarate 0.7 Pinostrobin chalcone 2.7 Ferruginol 1.2 Monosaccharides 0.4
Hexadecanoic 

acid
-  

Hidroxybenzoic acid 0.1 Isopentenyl caffeate 1.8 Pinocembrin chalcone 5.9 Communic acid 2.7 Disaccharides -
Octadecanoic 

acid
1.0  

Cinnamic acid 0.3 Pentenyl caffeate 0.9 Pinocembrin 7.4 Totarol 1.1 Glycerol 0.1
Octadecenoic 

acid
0.5  

p-Coumaric acid 0.3 Dimethylallyl caffeate 1.2 Pinobanksin 3.6 Imbricataloic acid 3.2 Inositol Tr
Tetracosanoic 

acid
-  

Dimethoxycinnamic 
acid

0.6 Pentenyl ferulate 0.9 Pinobanksin 3-O-acetate 3.4 13-epi-Cupressic acid 2.2 Total 0.5 Total 1.5  

Ferulic acid 0.4 Benzyl ferulate 1.7 Galangin 5.3 Ferruginolon 1.2  

Isoferulic acid 0.4 Benzyl p­-coumarate 1.3 Chrysin 3.6 Dehydroabietic acid Tr  

Caffeic acid 0.8 Benzyl caffeate 4.7 Total 31.9 Isocupressic acid 8.1  

Total 3.3 Caffeic acid phenetyl ester 1.7 Junicedric acid 1.8  

Cinnamyl ferulate 0.4 Total 21.5  

Cinnamyl caffeate 1.2  

Total 16.5  

Standard deviation does not succeed 6% for any of the constituents

Table 1. Chemical composition of hydro-alcoholic extract of Moroccan propolis.



Phenolic acid esters % Flavonoids % Diterpenes %

Pentenyl p-coumarate 0.7 Pinostrobin chalcone 2.7 Ferruginol 1.2

Isopentenyl caffeate 1.8 Pinocembrin chalcone 5.9 Communic acid 2.7

Pentenyl caffeate 0.9 Pinocembrin 7.4 Totarol 1.1

Dimethylallyl caffeate 1.2 Pinobanksin 3.6 Imbricataloic acid 3.2

Pentenyl ferulate 0.9 Pinobanksin 3-O-acetate 3.4 13-epi-Cupressic acid 2.2

Benzyl ferulate 1.7 Galangin 5.3 Ferruginolon 1.2

Benzyl p­-coumarate 1.3 Chrysin 3.6 Dehydroabietic acid Tr

Benzyl caffeate 4.7 Total 31.9 Isocupressic acid 8.1

Caffeic acid phenetyl ester 1.7 Junicedric acid 1.8

Cinnamyl ferulate 0.4 Total 21.5

Cinnamyl caffeate 1.2

Total 16.5

Chemical composition of the propolis
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Figure . Percentage of adherence of microorganisms on catheter after contact with 
functionalized MNPs obtained by different methods: (A) Method #1; (B) Method 
#2; and (C) Method $3. OA—oleic acid, PE—propolis extract, Data represent the 
mean ± S.D from two separated experiments, * p < 0.05; ** p < 0.01; *** p < 0.001 
(n = 6), statistically significant when compared with catheter not submitted to any 
treatment. Square brackets indicate the use of One Way ANOVA for each group. ● p 
< 0.05 (n = 6).



  

 
 

3 . P r o p o l is  a n a ly s is  

Propolis cannot be used directly as raw material and a simple fractionation to obtain compounds is difficult due its 
complex composition. The usual procedure is the use of a solvent [13], which should remove the inert material and 
preserve the desired compound(s). As the composition of propolis primarily depends upon the vegetation from where it 
was collected but secondarily upon the methods used for extraction [11], the solvent should be carefully chosen [34]. 
The principal solvents used for extraction of bioactive compounds, and the correspondent classes of chemical 
compounds extracted are depicted in Table 3. 
 

T a b le  3   Solvents used for active component extraction. Compounds in bold are commonly obtained only in one solvent 
[adapted from 34].  

 

 

 

 

 

 

 

 
 A routine and common procedure consists to extract the fraction soluble in alcohol, called “propolis balsam”, 
discarding the insoluble fraction or wax fraction [1]. Ethanol is the most common solvent choice, but other solvents 
have also been used for separation and identification of many constituents in propolis [35-37]. Studies regarding the 
evaluation of propolis´ bioactivities have been performed using mainly ethanol extracts of propolis (EEP) or water 
extracts (WEP). 
 In the last decade the idea that propolis has a complex but more or less constant chemistry, has radically changed. A 
new paradigm arose, supported by the analysis of numerous propolis samples collected in different seasons and from 
different geographic regions, leading to the discovery that the chemical composition of bee glue is highly variable. This 
diversity in propolis chemistry is reflected on its pharmacological properties and demands for standardization [33]. In 
order to be accepted officially into the main stream of the healthcare system, chemical standardization is effectively an 
obligatory criterion. Such standardization could be achieved by formulating different propolis types according to plant 
source/chemical profile but for that it is essential to have detailed and reliable comparative information on every type of 
biological activity and chemical data. Propolis is a widely accepted product and has an established safety profile. 
However, it is also a known contact allergen and may seldom induce some adverse reactions as revealed by some 
reported cases of allergy and contact dermatitis [38-40]. Furthermore, when natural plant materials are absent for 
propolis elaboration, bees may use some man-made products like asphalt and mineral oils as substitutes [14]. This can 
introduce some unsafe substances such as lead (Pb) and other metals like copper (Cu), cadmium (Cd) and zinc (Zn) 
which can contribute to the increase of propolis toxicity [24]. International markets are also very demanding in terms of 
trace compounds, heavy metals and environmental pollutants [9], and the development of standardized manufacturing 
procedures is needed. Propolis users, in particular the companies that produce propolis formulations, need to know the 
characteristic concentrations of its constituents to guarantee a good product quality and a reasonable degree of 
bioactivity, and current protocols do not take into account the variable composition and pharmacological properties of 
propolis [41]. Additional tests are needed to fully investigate the biological effects of propolis, not only for those 
bioactive compounds already described but also for others, considering the chemical diversity of this natural product. 
Comparative studies on propolis collected from a wide range of countries are thus crucial for linking its provenance to 
certain bioactivities and hence ensuring that the beneficial properties of propolis are used on a rational base and more 
effectively by the public. 
 The analysis of all the biologically important individual components of propolis is often a tedious, time consuming 
and expensive procedure. It can be avoided in cases when the plant origin and the qualitative composition of the 
propolis are known. In such case, the rapid and low-cost determination of the quantitative chemical profile of a sample 
by measuring the concentration of groups of compounds similar in chemical nature (e.g. total flavonoids) is convenient 
and reasonable. Popova e t  a l .  [32] developed and validated rapid, low-cost spectrophotometric procedures, which 
demonstrated that measuring the concentrations of groups of active compounds instead of individual ones could be an 
adequate approach in the case of propolis. Later on, the same researchers argued that measurement of minimal 
inhibitory concentration (MIC) should be an obligatory element in propolis quality control, due to the complex 
synergistic effects of different propolis constituents. 
 Research on polyphenols (flavonoids and related phenolic acids) has been prompted by their noticeable beneficial 
effects on health. Flavonoids aroused great interest after they had been found to have effects in inhibiting the copper-
catalyzed oxidation of low-density lipoprotein, inhibiting platelet clotting and arachidonate metabolism, reducing liver 
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The antibacterial properties of propolis have 
been correlated with the presence of: 
flavonoids, phenolic compounds and aromatic 
acids in general ...

 

However, mechanisms of action are not yet elucidated 



The antibacterial properties of propolis: 
Two strategies

Bactericidal and / or bacteriostatic

Compounds that affect bacterial virulence:  anti-quorum sensing

Compounds that affect the bacterial lifestyle: anti-biofilm 

1.  By affecting bacterial growth :

2. Not affecting bacterial growth :



Virulence Stress response
Biofilm dynamics Protein folding
Plasmid transfer EPS synthase
Motility

Low cell density 
No QS-dependent gene expression

AHL

R

High cell density 
QS-dependent gene expression

Target genes

I

Bacterial responses to QS signals

Vibrio fischeri

C. violaceum

Rhizobium sp.

Bacteria can communicate with members of their own species and 
others to coordinate their behavior in response to cell density.



Virulence Stress response
Biofilm dynamics Protein folding
Plasmid transfer EPS synthase
Motility

Low cell density 
No QS-dependent gene expression

AHL

R

High cell density 
QS-dependent gene expression

Target genes

I

Bacterial responses to QS signals

Vibrio fischeri

C. violaceum

Rhizobium sp.

Bacteria can communicate with members of their own species and 
others to coordinate their behavior in response to cell density.

X



Bacterial response to host mimics

There is some evidence that propolis may be able to make equivalent (but 
chemically different) signals that can be detected by the bacterial 
communication systems and in some cases can interfere with the 
bacterial conversations and even inhibit virulence gene expression.

AHL mimics, 
QS gene expression inhibitors
…

Target genes

Propolis



Propolis contains compounds 
that suppress  QS responses

Propolis constituent(s) antagonize 
signaling in lasR-dependent biosensors

AHL

Target genes

Propolis
compounds

+ AHL



P. aeruginosa biofilm lifestyle
Swiming
Swarming

Razamiravaka & El Jaziri 2014

Figure 1: Biofilm lifestyle cycle of P. aeruginosa  grown in glucose minimal media. In stage I, planktonic bacteria 
initiate attachment to an abiotic surface, which becomes irreversible in stage II. Stage III corresponds to microcolony 
formation. Stage IV corresponds to biofilm maturation and growth of the three-dimensional community. Dispersion 
occurs in stage V and planktonic bacteria that are released from the biofilm to colonize other sites. The biofilm 
formation by P. aeruginosa PAO1 was revealed with Syto9 and visualized in Leica DM IRE2 inverted fluorescence 
microscope with 400x magnification at 2 h (Stage I), 8 h (Stage II), 14 h (Stage III), 1 to 4 days (Stage IV), and 5 
days(Stage V). Images represent a 250×250- mfield.��



Quorum sensing and biofilm regulation 
       in Pseudomonas aeruginosa

Razamiravaka & El Jaziri 2014



P7 have no effect on growth and on gene transcription in P. aeruginosa



P7 have no effect on lasI/R system in P. aeruginosa



P7 affects rhlI/R system in P. aeruginosa



P7 reduces biofilm production in P. aeruginosa

Biofilm (2 x 24 h) Biofilm (24 h)
treated with P7 for 24 h 

Affects biofilm lifecycle/maturation 



+Tobramycin (100 µg/ml)

Two-day old culture

+Tobramycin (100 µg/ml)

One-day old culture  
+ P7  at culture  initiation

One-day old culture
+DMSO at culture initiation 

Two-day old culture

(a) (b)

P7 improves tobramycine penetration 
in Pseudomonas aeruginosa biofilm



Figure 4. Anti-QS properties of propolis and catechine. (A): ethanol 70%; (B): propolis at 0.24 mg/ml; (C): propolis at 
0.36 mg/ml; (D): propolis at 0.49 mg/ml; (E): propolis at 0.61mg/ml; (F): propolis at 0.73 mg/ml; (G): propolis at 0.98 
mg/ml; (H): propolis at 1.22 mg/ml. (B’): (+)-catechin at 0.24 mg/ml; (C’): (+)-catechin at 0.36 mg/ml; (D’): (+)-catechin 
at 0.49 mg/ml; (E’): (+)-catechin at 0.61mg/ml; (F’): (+)-catechin at 0.73 mg/ml; (G’): (+)-catechin at 0.98 mg/ml; (H’): 
(+)-catechin at 1.22 mg/ml. 

The anti-QS activity of propolis extract against bacterial QS was determined using violacein production by 
Chromobacterium violaceum. Loss of purple pigment in C. violaceum indicates the inhibition of QS by the 
propolis extract. Control wells containing catechin and ethanol were included. The seven of propolis showed 
halo zone on the purple background. Therefore the highest inhibition zone was observed for the concentration 
(H in the picture). No inhibition was apparent with ethanol . (b) showed no growth inhibition zone at all tested 
concentration of propolis, this is demonstrate that propolis extract has not affect the growth of C. violaceum 
CV026.

The anti-QS activity of propolis extract against bacterial QS was determined using violacein production by 
Chromobacterium violaceum. Loss of purple pigment in C. violaceum indicates the inhibition of QS by the 
propolis extract. Control wells containing catechin and ethanol were included. The seven of propolis showed 
halo zone on the purple background. Therefore the highest inhibition zone was observed for the concentration 
(H in the picture). No inhibition was apparent with ethanol . (b) showed no growth inhibition zone at all tested 
concentration of propolis, this is demonstrate that propolis extract has not affect the growth of C. violaceum 
CV026.



  In this study, we analyzed several propolis samples from 
different geographic regions of  Morocco for QSI activity that 
disrupts QS AHL bacterial communication mechanism, correlated 
the QSI activity of propolis with its chemical composition, and 
identified the flavonoid pinocembrin as a potential propolis active 
principle that disrupts AHL-dependent QS in bacteria. 

 There are indications that additional flavonoids are important 
propolis constituents in this respect. It is obvious that propolis 
from Morocco deserves further studies as a promising source of 
compounds and compound mixtures in the search for new 
approaches for antipathogenic treatments of bacterial pathogens 
based on natural products.



The Flavanone naringenin reduced the production 
of virulence factors controlled by the QS 

mechanism in Pseudomonas aeruginosa PAO1



Propolis: Is there a potential for the development of 
new and efficient antimicrobial agents ?

 Propolis plays a key role in the prevention and control of 
bacterial invasions

 Propolis has an inhibitory effect on the expression of virulence 
genes of some pathogenic bacteria without affecting bacterial 
growth 

 Propolis also affect the production of biofilm 
This alteration of the biofilm architecture allowed a better penetration of 
tobramycin into the biofilm and increases the accessibility of the antibiotic to 
encapsulated bacteria in the extracellular matrix 



Bee Healthy and Happy..


	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25

