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The biological activities of propolis samples are the result of many bioactive compounds present in the propolis. The
aim of the present study was to determine the various chemical com- pounds of some selected propolis samples
collected from Palestine and Morocco by the High-Per- formance Liquid Chromatography—Photodiode Array Detection
(HPLC-PDA) method, as well as the antioxidant and antibacterial activities of this bee product. The chemical analysis
of propolis samples by HPLC-PDA shows the cinnamic acid content in the Palestinian sample is higher com- pared to
that in Moroccan propolis. The results of antioxidant activity demonstrated an important free radical scavenging activity
(2,2-Diphenyl-1-picrylhydrazyl (DPPH); 2,2'-azino-bis 3-ethylben- zothiazoline-6-sulphonic acid (ABTS) and reducing
power assays) with EC50 values ranging be- tween 0.02 + 0.001 and 0.14 + 0.01 mg/mL. Additionally, all tested propolis
samples possessed a moderate antibacterial activity against bacterial strains. Notably, Minimum Inhibitory Concentra-
tions (MICs) values ranged from 0.31 to 2.50 mg/mL for Gram-negative bacterial strains and from 0.09 to 0.125 mg/
mL for Gram-positive bacterial strains. The S2 sample from Morocco and the S4 sample from Palestine had the highest
content of polyphenol level. Thus, the strong antioxidant and antibacterial properties were apparently due to the high
total phenolic and flavone/flavonol contents in the samples. As a conclusion, this study confirms the correlation between
phenolic compound content and antioxidant and antibacterial activity. Moroccan samples from Sefrou and Palestinian
samples from Jenin have interesting but different antibacterial and antioxidant activities. Further work involving a larger
number of propolis samples is needed to judge the usefulness of cinnamic acid and pinocembrin as quality indicators for
Palestinian and Moroccan propolis, respectively.
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Antimicrobial resistance
10 Millions deaths/year by 2050
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Chemical composition of propolis :

v Impacts its biological activity

v' Depends on geobotanical origin, climatic conditions and season, processing methods
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Northern Russia
Betula Verrucosa

Europe, North America, New
Zealand, Non-tropical Flavones, flavonols,
Populus spp. flavonones and

Flavones, flavanones, sesquiterpenes

phenolic acids and their
esters, sesquiterpenes

Temperate e —
Sicily, Greece, Malta,
Grete, Turkiye

Cupressus sempervirens

GREEN PROPOLIS —_—
Tropical Brazil
Baccharis dracunculifolia

Diterpenic acids (labdane)

Prenyl derivatives of coumaric @-

acid, diterpenic acids, lignans - T — —== Pacific zone: Taiwan,

Okinawa, Indonesia,

ARTEPILLIN C A Hawall
E —— : : Macaranga tanarius

RED PROPOLIS i Pl Prenyl-flavones
Cuba, Brazil, Mexico Temperate LUALFESE S G )
Dalbergia ecastophyllum I Poplar propolis BB Pacific propolis Tropical propolis
I Mediterranean propolis ~ § Canadian propolis Birch propolis

Cuba, Venezuela
Clusia rosea

I Nepalian propolis . Australian propolis

Isoflavones, isoflavanes,
flavonoids, isopenylated
benzophenones

Adapted from Kasote D, Bankova V, Viljoen AM. Phytochem Rev 2022
El-Guendouz S, Lyoussi B, Miguel MG. Chem Biodivers. 2019
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- Characterize propolis from two geographically different countries:

Palestine (Asia) and Morocco (Africa) :

o Highlight interregional and intercontinental variability

- Investigate the impact of the phenolic composition of the two propolis :

o As an indicator of quality

o On their antioxidant and antimicrobial activities
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Fez P1

Pistacia, Olea, Pinus,

Quercus, Juniperus,

Rosmarinus, Cistus,
Lavandula

Sefrou P2

Pistacia, Olea, Pinus,

Quercus, Juniperus,

Rosmarinus, Cistus,
Lavandula

Boulmane P3

Ceratonia, Silybum,
Thymus, Juniperus,
Rosmarinus

Geobotanical origin of propolis samples

— 7

Jenin P4

Olea, Citrus,
Prunus

Ramallah P5

Olea, Citrus,
Prunus
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Propolis
ethanol
extract

(70%)

O Physicochemical characteristics: resin, wax, balsam, ash, pH,
humidity

O Total antioxidant capacity, phenol and flavone/flavonol content

O Antioxidant activity: DPPH, ABTS, FRAP

0 Phenolic compounds/ RP- HPLC analysis

Q /n vitro antimicrobial activity (M/C/MBC)

Bacterial strains Antibiotic resistance
E. coli BLSE (ATB:87) BGN CXM, CRO, CEC, AMX, CAZ, CTX, KF, CIP
E. coli (ATB:57) B6N CXM, AMX, CTX, KF, SXT, CIP
E. coli (ATB:97) BGM AMX
Pseudomonas aeruginosa SXT, AMC
Streptococcus faecalis SXT, TE, VA, E, P, OX

Staphylococcus aureus VA
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PHYSICO-CHEMICAL CHARACTERIZATION

Propolis Wax (%) Resin (%) Balsam (%) Moisture (%) Ash (%) pH
Fez 26.09+1.92¢ 56.33+1.03°¢ 1.02+0.02° 2.05+0.01°b 3.42+0.01°b 52+0.012
Sefrou 20.31+1.03 4 59.01+0.12°2 1.11+0.012b 1.01+£0.01¢ 4.83+0.012 51+0112
Boulmane 43-12+1.23° 54.14 +0.19¢ 0.76 £ 0.01¢ 2.07+£0.02°b 2.53+0.02¢ 4.5+0.2¢bc
Jenin 13.39+1.08¢  57.76+0.08®>  1.3+0.032  1.03+001°¢ 511:0.012 48+02%
Ramallah 29.86+1.02° 4525 +0.13¢ 0.69+0.01¢ 2.79+0.092 1.67 £0.02¢ 42+01°¢
Bankovaetal 25-35% 2 45% < 8% <5% ‘//Q‘}*
Brazil Legisl. <25% 2 35% < 8% <S5% ‘ Q

>
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ANTIOXIDANT ACTIVITY

Flavone
Phenols TAA DPPH IC,, ABTS IC;, FRAP IC,
Propolis Flavonol
(mg GAE/qg) (mg AAE/g) (mg/mL) (mg/mL) (mg/mL)

(mg QE/g)
Fez 122+0.81¢ 76.52 + 0.414 83.34 +1.20 @ 0.08+0.02° 0.02 + 0.0014 0.06 + 0.002°¢
Sefrou 148 £+ 1.31°2 118 + 1.922 90.87 + 2.912 0.02+0.02¢ 0.05+ 0.0012 0.04 + 0.001 ¢
Boulmane 115+ 1.42¢ 98.21 + 0.41¢ 67.82 + 3.46° 0.07 £ 0.01bc 0.04 +0.01° 0.07 £+ 0.006 ®
Jenin 136+ 1.73° 107 £ 0.98° 87.67+1.922  0.04 +0.001°° 0.03 + 0.02¢ 0.05 + 0.006¢
Ramallah 74.71 £ 0.89¢ 26.97 + 2.44° 48.01 + 0.51¢ 0.14 £ 0.012 0.04 +0.01° 0.09 + 0.0032
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MARKER PHENOLIC COMPOUNDS (HPLC)
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MARKER PHENOLIC COMPOUNDS (HPLC)
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MARKER PHENOLIC COMPOUNDS (HPLC)
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MARKER PHENOLIC COMPOUNDS (HPLC)

Amounts of Marker Compounds (ug/g)

Standard Fez Sefrou Boulmane Jenin Ramallah
(IQ Caffeic acid 431 2152 108 572 nd
— p-coumaric acid 1110 2258 157 2479 nd
D Ferulic acid 75.04 1829 89.18 1867 nd
CD Quercetin nd nd 1591 nd nd
LIJ Cinnamic acid 820 nd nd 21513 2901
m Naringenin 599 8988 583 2805 nd
Pinocembrine 8721 352001 12423 25445 nd
Chrysin 542 30062 1384 598 nd

Galangin 234 25014 643 5856 nd




Comparison of two propolis samples
Same region / different seasons
I— Flavone
_l Phenols CAT DPPH IC,, Pinocembrine Galangin
Propolis Harvest Year Flavonols
- (mg GAE/g) (mg AAE/g)  (mg/mL) (mglg) (mglg)
w (mg QE/qg)
m Sefrou 2017 148+1.31 118+1.92 90.87%291 0.02%0,02  352.001 25.014
Sefrou 2016 31.45+2.01 26.31+1.29 29.03+1.67 0.53+0.01 6.80 50.88

Touzani S et al. Asian Pacific Journal of Tropical Medicine 2018
Touzani S et al. Molecules. 2021




ANTIBACTERIAL ACTIVITY

MBC (mg/mL)

E. coli BLSE E. coli (ATB:57) E. Coli (ATB:97)
Propolis Tests P. aeruginosa S. faecalis S. aureus
(ATB:87) BGN BGN BGN
w DI (mm) 17.23+1.213ab 13.6+0.5¢ 16.3 + 1.26 be 10.3 + 0.6 bc 21.33+1.57°¢ 23+1.12°
I_ P1FEZ MIC (mg/mL) 0.625 2.50 1.25 1.25 0.625 0.31
J MBC (mg/mL) 1.25 >5 2.50 >5 1.25 0.31
DI (mm) 21.33 £ 1.522 19.76 + 0.40b 20.66 + 1.57 @ 15.54 +1.1a 325+1.022 31.2+1.732
D P2 SEFROU MIC (mg/mL) 0.31 0.31 0.31 0.625 0.09 0.09
m MBC (mg/mL) 0.31 0.625 0.31 1.25 0.09 0.09
DI (mm) 13.31+1.57"b - 15.22 £+ 0.56 ¢ 9.66+0.6° 27 £1.18° 25+0.57°
LIJ P3 BOULMANE  MIC (mg/mL) 1.25 5 1.25 >5 0.625 1.25
m MBC (mg/mL) >5 >5 2.50 >5 0.625 1.25
DI (mm) 18.71+ 1,732 21.8+0.35° 19.76 + 0.4023b 20.33 £ 0.57 2 22.8 + 1.25¢pc 27.66 + 0.573b
P4 JENIN MCI (mg/mL) 0.31 0.31 0.625 0.625 0.17 0.17
MBC (mg/mL) 0.31 0.31 0.625 1.25 0.17 0.17
DI (mm) 14.33+1.15°b 146+05¢ 13.53+0.89°¢ - 18+ 0.57 ¢ 13+1°¢
P5 RAMALLAH  MCI (mg/mL) 1.25 2.50 2.50 - 0.625 1.25
MBC (mg/mL) >5 >5 >5 - 0.625 2.50
DI (mm)
Eth70% MCI (mg/mL) - - - - - -




Principal component analysis (PCA)
of different analyzed propolis samples
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Inhibition of DNA/RNA + protein synthesis
Leakage of cell contents

Membrane lysis

B Ddp =

Alteration of membrane potential + cytoplasmic

acidification Hos
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Inhibition of bacterial adhesion and

biofilm formation

Quorum sensing inhibition ?

Flavonoids
Phenolic acids

PROPOLIS

/ Biofilm Life Cycle

s
6 Planktonic

—~

\

Sessile cell
AR

Attachment Microcolony
-Curli (csg) -Curli (csg)
-Fimbriae (fimA) -Sucrose (bcsA)
-Flagella (fliC) -PIA (icoA, icaD)
-Type IV pili (pil)

-Teichoic acid

-Adhesin proteins
(ActA, LAP, FnBP,
SasG, SpA, Bap)

Maturation Detachment
-Curli (csg) -CidA
-Sucrose (bcsA) -eDNA

-PIA (icaA, icaD)
-Quorum sensing (gs)
-EPS

Soto SM. Advances in Biology. 2014

Rasamiravaka T, El Jaziri M. Curr Microbiol. 2016




P7 reduces biofilm production in P. aeruginosa
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Biofilm (2 x 24 h

- Biofilm (24 h)
Treated with P7 for 24 h

Unpublished data
Courtesy Prof Lyoussi, Prof Jaziri




P7 improves tobramycine penetration
in P. aeruginosa biofilm
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Catheter hub
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Skin

Catheter
exit-site

a Central vein Catheter tip

REVERSIBLE IRREVERSIBLE MICROCOLONY

ADHESION  ADHESION MATURE BIOFILM
Maghiseh et al BMC Nephrology ~ (2022) 23:408
https:!!doi.urgﬂﬂ.] 186/512882-022-03036-7 BMC Nephrolow

. . L. (®
The impact of Propolis on catheter exit site =
infection and peritonitis in peritoneal Dialysis
patients: a clinical trial

Lila Moghiseh', Monir Nobahar'*** Raheb Ghorbani** and Shiva Sirafian®

Endotracheal tube

Subglottic
secretions
Endotracheal
tube cuff
P Scanning electron microscopy
. . of biofilmon the surface
PO iy X, of endotracheal tubes
- .
Pooled secretions \
in airwa
v Dispersal of biofilm
with ventilation
Darbanian et al BMC Oral Health (2024) 24:636 BMC Ora| Health

https://doiorg/10.1186/512903-024-04412-5

Effect of propolis mouthwash T
on the incidence of ventilator-associated
pneumonia in intensive care unit patients:

a comparative randomized triple-blind clinical
trial

Nayereh Darbanian’', Monir Nobahar™®" and Raheb Ghorbani**




O Statistical correlation between phenolic compound content and antioxidant and

antibacterial activity confirmed.

O The Moroccan samples from Sefrou and the Palestinian samples from Jenin have

interesting but different antibacterial and antioxidant activities.

O Pinocembrin characterizes Moroccan propolis, while samples from Palestine are rich in
cinnamic acid.
O Propolis activities depend on:
» Geobotanical origin
= Collection conditions

= Synergistic actions / active ingredients not yet identified
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MULTITARGETS AGENTS
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-\ BTy e Inhibition of key enzymes
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) - @0 s host cells
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Host
Immuno Inhibition of enzymes
modulatory responsible for energy
production
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Anti- V“ St Y
oxidant ‘/ '-1 P
® /‘—;- 7/
N
Maintenance of Modulation of  Up-regulation of Disruption of cellular
host’s cellular pro-inflammatory innate immunity organelles
antioxidant system responses

Zulhendri F et al. Antiviral, Antibacterial, Antifungal, and Antiparasitic Properties of Propolis:A Review. Foods. 2021
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Optimal Al?
dose ? Synergy
(Natural/synthetic) ?
Standardization?

Safety?

Clinical trials?  Mechanisms & targets ?

Interaction with drugs?

Pharmacocinetic

Pharmacodynamic ?

Transfer of experimental results
from the laboratory to the bedside?




@ M Integrating environmental outcomes in randomised clinical
trials: a call to action Petersen JJ et al. Lancet. 2025

CrossMark

Thus, the value of an intervention will be evaluated not
ONE HEALTH only by its benefits and harms on individual patients, but
also in relation to the broad environmental context and,
ultimately, planetary health.®

ANy HEMAN BNV IO TAL interventions.”®” Therefore, we have established the
a Implementing Climate and Environmental Outcomes
in Trials Group (ICE-GROUP), comprising international
experts from various fields including research methods,
clinical trials, and environmental science. In time, we
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Hamada Imtara (Arab American University Palestine, Jenin, Palestine)

Shankar Katekhaye (Centre for Pharmaceutical Engineering Science, University of Bradford, UK)
Hamza Mechchate (Laboratory of Inorganic Chemistry, University of Helsinki, Sweden)

Hayat Ouassou (Laboratory of BBEH, Faculty of Sciences, Mohammed First University, Oujda)
Ali S. Algahtani (Department of Pharmacognosy, King Saud University, Saudi Arabia)

Omar M. Noman (Department of Pharmacognosy, King Saud University, Saudi Arabia)

Fahd A. Nasr (Department of Pharmacognosy, King Saud University, Saudi Arabia)

Hugo Fearnley (Nature’s Laboratory Ltd., North Yorkshire, UK)

James Fearnley (Nature’'s Laboratory Ltd., North Yorkshire, UK)

Anant Paradkar (Nature’'s Laboratory Ltd., North Yorkshire, UK)

Ilham EIl Arabi (SNAMOPEQ Laboratory, University of Fez, Morocco)

Badiaa Lyoussi (SNAMOPEQ Laboratory, University of Fez, Morocco)




@ APIMONDIA

&

& @

\
) o
> /
{ o TAK

TAKK

thank you TACK




