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ABSTRACT
Propolis is a resinous material collected by different bee species
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from various plant exudates and used to seal holes in honeycombs,
smoothen the internal walls, embalm intruders, improve health
and prevent diseases. From its n-hexane extract, eight compounds
were isolated and characterised as: mangiferonic acid (1);
1-hydroxymangiferonic acid (2), new natural product; mangiferolic
acid(3); 27-hydroxymangiferolic acid (4), reported here for the first
time as propolis constituent; 27-hydroxymangiferonic acid (5);
a-amyrin (6); B-amyrin (7) and lupeol (8). The chemical structures
of the isolated compounds were elucidated using spectroscopic
methods, such as 1D and 2D-NMR, mass spectrometry and com-
parison with previous published reports. Compounds 6-8 and
n-hexane extract were tested against Gram-negative and
Gram-positive bacteria strains using agar disc diffusion and macro-
dilution techniques. Interestingly, n-hexane extract and compounds
6-8 had good inhibitory activities against Methicillin Resistant
Staphylococcus aureus (MRSA) and the clinical Klebsiella pneumoniae
isolates. The biological effects of n-hexane extract and its fraction
against K. pneumoniae 12CM and MRSA revealed in the present
study suggest that the Cameroonian dark brown propolis could be
a potential alternative management of biofilms on medical devices
and respiratory skin or infections.
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1. Introduction

Propolis is a resinous material collected by different bee species (Abd Jalil et al. 2017)
from various plant exudates across the globe and used to seal holes in honeycombs,
smoothen the internal walls, and protect the entrance against intruders (Sulaiman
et al. 2011; Sakava et al. 2014). Based on colour, propolis varies from dark-brown,
dark-yellow, greenish-brown, to red, due to its age and nearby plant sources
(Devequi-Nunes et al. 2018). This bee glue has been used extensively in cosmetics,
the beverage industry, and foods to improve health and prevent diseases such as
inflammation, heart disease, diabetes, microbial infections, and even cancer (Sulaiman
et al. 2012; Silva-Carvalho et al. 2015; Tran et al. 2020; Shabani et al. 2021; Alanazi
2022). It is produced by honeybees (Apis mellifera) to sterilise the hive environment,
ensuring a healthy living condition for the bee colony due to its antibiotic properties
(Bankova et al. 2018). Unlike the propolis generated by honey bees, geopropolis is a
distinctive kind of propolis produced by stingless bees (Meliponini) (Chuttong et al.
2023). Stingless bees incorporates wax and soil into the composition of geopropolis,
resulting in its unique attributes (Chuttong et al. 2023). In addition to these biological
potentials, propolis and its components have recently been widely examined and
scrutinised for over 400 chemical compounds including several polyphenols, flavonoids,
chromones, phenolic acid and their esters, phenolic aldehydes and ketones, terpenes,
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sterols, vitamins, amino acids, waxy acids, sugars, etc (Marcucci 1995; Lotfy et al. 2006;
Trusheva et al. 2007; Kumar et al. 2009; Jaqueline et al. 2015; Jabir et al. 2018;
Mahamat et al., 2020). The majority of the biological effects of propolis could be
attributed to its chemical constituents (Fitzpatrick et al. 2019), but not all compounds
have biological activity (Sakava et al. 2021; Alorfi 2022). However, most of the studies
carried out have not been aimed at determining a complete chemical composition,
but were limited to some components of interest, particularly the flavonoids (Popova
et al. 2005; Silva et al. 2008, Mello et al. 2010). Besides the chemical complexity,
propolis can vary in its biological properties, which significantly effects propolis quality.
Other factors such as botanical origins, bee species, and the extraction process, have
a direct impact on the quality of the final propolis extract (Chuttong et al. 2023).
Therefore, vigorous approaches comprising various chromatographic and spectroscopic
techniques are warranted to standardise and isolate pure propolis components and
to test their efficacy using clinical trials. Propolis from honeybees is well-known for
its antitumoral, antioxidant and antimicrobial activities particularly against
biofilm-forming bacteria (Choudhari et al. 2012). It is thus, a natural product with
therapeutical potential in demand. Biofilm producing bacteria commonly isolated from
medical devices may originate from the skin of patients or health-care workers, intra-
venous infusions, or other sources in the environment. This group of bacteria are
known to exhibit greater resistance to antibiotic agents (Donlan 2021). As a result,
they constitute a serious threat to public health and a global burden.

The present investigation reports the extraction, isolation, structure elucidation and
antimicrobial properties of a honeybee propolis sample collected from Mezam division
in the north-west region of Cameroon. The outcomes of this study will increase
knowledge of propolis as a potential nutraceutical agent with therapeutic benefits
against bacterial infections particularly caused by biofilm formers such as Escherichia coli,
Salmonella spp, Klebsiella pneumoniae, Staphylococccus aureus, Pseudomonas aeruginosa
and Enterococcus faecalis.

2. Results and discussion
2.1. Structure elucidation

Compound 1 was isolated as an amorphous white powder from the mixture of
n-hexane-ethyl acetate (87.5-12.5%). The ES* mass spectrum showed a pseudo-molecular
ion peak [M+Na+NH,] * at m/z 494.8 (calc. 494.3610 for C;,H,,NNaO;*). The 'H NMR
spectral data (CDCl;; 600 MHz; Table S2) of compound 1 exhibited characteristic peaks,
some of which were similar to those of cycloartenol. It displayed a set of AB doublets
at 6,, 0.58 and 0.79 characteristics of a cyclopropane moiety methylene protons Ha-19
and HB-19, respectively; it showed proton signals at §,, 1.92 (1H, m) and 2.02 (1H,
m) corresponding to Ha-23 and HB-23; at 6, 6.90 (1H, br t) characteristics of an
olefinic proton (H-24); at 6,; 1.00 (3H-18, s); 0.91 (3H-21, d); 1.84 (3H-27, s); 0.91 (3H-28,
s); 1.05 (3H-29, s) and 1.10 (3H-30, s) corresponding to six angular methyl groups.’>C
NMR spectral data (CDCl;; 600 MHz; Table S1) exhibited carbon signals at 6. 145.7
and 126.6. The DEPT 135 experiment characterised the carbon atoms in compound
1, identifying 6 methyl groups at 6. 18.1 (C-18), 18.3 (C-21), 11.9 (C-27), 19.3 (C-28),
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22.2 (C-29), and 20.8 (C-30); 11 methylene groups, including a cyclopropyl methylene
carbon at 6. 29.6 (C-19); 5 methine carbons; and 8 non-protonated carbons, one of
which is at 6. 172.8 (C-26) (Table S1). HSQC and "H-'H COSY experiments confirmed
the presence of an olefinic methine at §,/6.: 6.90/145.7 and a cyclopropyl methylene
group at 8,/6. 0.79 and 0.58/29.6. Literature surveys on the constituents of Cameroonian
propolis (Talla et al. 2017; Sakava et al. 2021; Tamfu et al. 2022), and Indonesian
propolis (Pujirahayu et al. 2019), revealed cycloartane-type triterpenoids as frequently
encountered constituents. All the above evidence confirmed that compound 1 was
identified as mangiferonic acid (Figure 1), previously isolated from ether-soluble frac-
tion of the Tetragonula sapiens bee propolis and Mangifera indica resin (Escobedo-
Martinez et al. 2012; Pujirahayu et al. 2019).

Compounds 2 and 3 were obtained as an inseparable mixture (almost 1:1 ratio)
of white amorphous powder from n-hexane-EtOAc (17%) and gave positive results
for the Liebermann-Burchard reaction. The ES* mass spectrum (Figure S11) showed a
pseudo-molecular ion peak [M,+M, + H,O + 2Na+NH,1** at m/z 1008.1 (calc. 1008.7244
for CgoH,0oNNa,0Og3"); a base ion peak [M;+H +2NH,]3* at m/z 493.9 (calc. 493.4369 for
C;0Hs,N,053); important fragments were also observed: [M,+N_]* at m/z 493.6 (calc.
493.3294 for C;)H,N,0,%), [M,+H]* at m/z 471.8 (calc. 471.3474 for C;H,,0,%) from
which the molecular formula was deduced as C;,H,,O, (2), indicating eight degrees
of unsaturation and C;,H,30; (3) with seven degrees of unsaturation. The NMR spectra
(CDCl;, 600 MHz) of compounds 2 and 3 revealed the nature of the cycloartane trit-
erpenoidal skeleton, showing the same HSQC and HMBC spectral patterns except for
the difference in the chemical shifts around C-1, C-3, C-24(C-25) and C-26. Compound
3 with OH group at C-3 expressed &, about 3.30ppm and 6. 78.9. The 'H NMR

Figure 1. Structure of the isolated compounds.
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spectral data of compound 3 (Figure S12; Table S2) showed methyl group as a broad
and large singlet at 6, 1.88 attributed to H-27. The triplet at §,, 6.93 was attributed
to the olefinic proton attached to C-24 of compounds 2 and 3. DEPT 135 and HSQC
spectra confirmed the presence of an additional oxymethine carbon at 6,,/6. (3.51
(t)/77.22) . The 'H NMR spectrum (Figure S12) showed a set of AB doublets at §,, 0.38
and 0.55 for compound 2, §,, 0.38 and 0.59 (1H each) for compound 3, which are
characteristics of a 9,19-cycloartane methylene protons Ha-19 and HB-19, respectively.
The 3C NMR spectrum (Figure S13) indicated carbon signals at 6. 171.7 and 171.6;
6. 145.7 and 145.8; 6. 126.3 and 126.4 which were assigned to C-26, C-24 and C-25
of compounds 2 and 3, respectively. These 'H and 3C NMR spectral data (Table S1
and Table S2) closely resembled to those of compound 1 and mangiferolic acid
(Pujirahayu et al. 2019). Unfortunately, we observed the absence of the carbon signal
at about 6. 33.4 (C-1) and the appearance of the oxymethine carbon signal at &
77.2.H-"H COSY experiment (Figure S15) confirmed the presence of an oxymethine
function (proton signal at §, 3.51 (t, H-1) correlating with the methylene protons at
6y 2.31 (H-2q, d) and 2.71 (H-28, d) for compound 2. From the previous discussion,
along with the HMBC spectrum’s investigation and the published data (Pujirahayu
et al. 2019; Tamfu et al. 2022), compound 2 was concluded to be 1-hydroxymangiferonic
acid, a new natural product and compound 3 was identified as mangiferolic acid
(Figure 1).

Compound 4 was isolated as an amorphous white powder in the fraction of
n-hexane-EtOAc (20%) and responded positively to the Liebermann-Burchard reaction.
The ES* 5.75e4 mass spectrum (Figure S7) showed a pseudo-molecular ion peak
[M+15+H,0+Na + 2H]** at m/z 529.2 (calc. 529.3869 for C;,H;,NaO>*), a base ion
peak [M+15+Na] * at m/z 509.9 (calc. 509.3607 for C;;H;,NaO,*), another important
ion fragment [M+Na] * appears at m/z 495.9 (calc. 495.3450 for C;,H,,NaO,*) from
which the molecular formula, C;,H,,0, was deduced, having seven degrees of unsat-
uration. The 'H NMR spectrum (CDCl,, 600 MHz, Figure S8; Table S2) of compound 4
showed proton signals at §,, 6.94 (1H, t) characteristic of a conjugated trisubstituted
olefin proton (H-24); §,, 4.30 (2H, brs) attributed to oxymethylene protons (2H-27); &,
3.21 (1H, dd) assigned to oxymethine proton H-3; 6, 2.29 and 2.15 (2H, m); §,, 0.49
(1H, d) and 0.27 (1H, d) characteristics of a cyclopropyl methylene protons Ha-19 and
HpB-19, respectively. Finally, signals of five methyl protons at §,, 0.82 (3H-18, s); 0.85
(3H-21, d); 0.74 (3H-28, s); 0.90 (3H-29, s) and 1.04 (3H-30, s). '*C NMR spectrum
(CDCl;; 125.8 MHz; Figure S9; Table S1) of compound 4 exhibited signals at: . 18.0
(C-18), 18.1 (C-21), 19.3 (C-28), 22.2 (C-29) and 20.8 (C-30) attributed to the five angular
methyl groups; 6. 29.6 assigned to C-19, 6. 57.1 granted to C-27; 6. 78.9 correspond-
ing to C-3; 6. 149.1 (C-24) and &, 129.6 (C-25) allocated to two olefinic carbons; and
6. 170.8 (C-26) attributed to an a,B-unsaturated carbonyl of the carboxylic acid
carbon. These NMR spectral data (Table S1 and Table S2) closely resembled to those
of methyl-38,27-dihydroxymangiferolic acid (Talla et al. 2017). From all above, com-
pound 4 was identified as 27-hydroxymangiferolic acid, previously isolated from the
stem bark of M. indica (Escobedo-Martinez et al. 2012).

Compound 5 was isolated as a white amorphous powder in n-hexane-EtOAc (85:15).
It reacted positively to the Liebermann-Burchard test. Its ES* mass spectrum (Figure
S1) showed a pseudo-molecular ion base peak [M+15+Na+NH,] 2* at m/z 525.7 (calc.
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525.3794 for C;,H;,NNaO,?*), other important fragments [M+ 15 +Na] * were observed
at m/z 507.2 (calc. 507.3450 for C;,H,gNaO,") and [M+Na+H] 2* at m/z 494.0 (calc.
494.3372 for Cy,H,,NaO,?"). Its molecular formula was deduced to be C;,H,O,, indi-
cating 8 degrees of unsaturation. The 'THNMR spectrum (Figure S2A,B) of compound
5 showed a triplet at §,, 7.05, two cyclopropane proton signals at &,, 0.82 (d, H-19q)
and 0.61 (d, H-19f), a methyl doublet at 0.95 (H-21), and a proton signal at 4.39 (br
s, 2H-27). This "TH NMR spectrum was identical to that of compound 4, except for the
presence of a signal at 6, 3.21 (dd). The 3C NMR spectrum (Figure S3A,B) showed
carbon signals at: 6. 216.5 (C-3); 6. 170.8 (C-26); 6. 149.1 (C-24) and 129.6 (C-25); 6,
57.2 (C-27), a cyclopropyl methylene carbon signal at 6. 29.5 (C-19) and five angular
methyl carbon signals at: 6. 18.0 (C-18), 18.1 (C-21), 19.3 (C-28), 22.2 (C-29) and 20.8
(C-30). The HSQC spectrum showed directly the protons bonded to carbons, while
the 'H-'H COSY spectrum identified clearly the neighbouring protons connectivity.
Finally, HMBC spectrum indicated the correlations between the 2H-27 with C-25 and
C-26, while other correlations from H-24 confirmed C-26, C-27, and C-22. Correlations
from H-28 and H-29 identified C-3, C-4 and C-5. This *C NMR spectrum was also
identical to that of compound 4, except for the absence of an oxymethine carbon
at 6. 78.9 and the presence of a ketone carbonyl carbon at §. 216.5. This supports
the replacement of the hydroxyl group at C-3 with a ketone function. All the above
1D and 2D NMR spectra combined with the published data (Alanazi 2022; Tamfu et al.
2022) identified compound 5 as 27-hydroxymangiferonic acid.

Compounds (mixture, 6-8) were obtained from the purification column chromatog-
raphy as white amorphous powder in n-hexane/ethyl acetate (95/5) . It reacted positively
to the Liebermann-Burchard reaction. In the "TH-NMR spectrum (Figure S17; Table S2),
two proton signals were observed at 6, 5.14 (t), and 5.04 (t), attributed to H-12 of the
ursan—12-ene- and olean-12-ene-type triterpenoids. The same "H-NMR spectrum showed
a pair of broad singlets at §, 4.62 and 4.49assigned to the vinylic protons attached to
C-29 position of the lup-20(29)-ene-type triterpenoids. Three doublets were observed
at 6, 3.18, 3.14 and 3.04, attributed to three oximethine protons attached to C-3 posi-
tion each of the pentacyclic triterpenoids. The presence of a singlet at §,, 1.61 confirmed
the attachment of methyl group to the olefinic carbon (C-20) of the lup-20(29)-ene
series. The singlet and doublet between 1.09-0.72 were assigned to the angular methyl
protons for the pentacyclic triterpenoids. In the *C-NMR spectrum (Figure S18; Table
S1), two carbon signals were observed at 6. 124.4/139.6 corresponding to the typical
resonance values of C-12 and C-13 positions respectively for ursane-type triterpene
(Hernédndez-Vézquez et al. 2012). The characteristic signals at 6. 59.1 (C-18), 39.7 (C-19),
39.6 (C-20), 31.3 (C-21) and 41.5 (C-22) were attributed to the carbons in the E ring,
which in turn were very similar to those of a-amyrin (Hernandez-Vazquez et al. 2012).
This spectrum also exhibited carbon signals at 6. 121.7/145.2 corresponding to the
typical resonance values of C-12 and C-13 positions respectively for an oleane-type
triterpene (Herndndez-Vazquez et al. 2012). The carbon signals at 6. 47.3 (C-18), 46.8
(C-19), 31.1 (C-20), 34.7 (C-21) and 37.1 (C-22) were assigned to the E ring, which in
turn were very similar to those of -amyrin (Hernandez-Vazquez et al. 2012). Two addi-
tional olefinic carbon signals were observed at 6. 109.3/151.0, assigned to the resonance
values of C-29/C-20 positions respectively for a lupane-type triterpene (Rosandy et al.
2021). The carbon signals at 6. 48.3 (C-18), 48.0 (C-19),29.8 (C-21) and 40.0 (C-22) were
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attributed to the E ring, resembling those of lupeol. Three oxymethine signals were
observed at 6. 79.06, 79.04, and 79.01ppm attributed to C-33-OH position on each
of the pentacyclic triterpenoids. All the above spectral data led to the elucidation of
our isolated compound as a mixture of a-amyrin (6), S-amyrin (7) and lupeol (8).

It is evident that propolis varies in chemical composition, even in the same geographical
location. Triterpenoids obtained here in Bambui propolis n-hexane extract were similar to
previous investigations on propolis from Ngaoundal locality of Cameroon, Indonesia, the
United Kingdom and philippine (Sakava et al. 2021, 2014; Alanazi 2022). All cycloartane-type
triterpenes in our propolis except 1-hydroxymangiferonic acid (2) are also present in M.
indica resin as its most common components (Anjaneyulu et al. 1999; Pujirahayu et al.
2019). 1-ydroxymangiferonic acid (2), is a new natural product; 27-hydroxymangiferolic
acid (4) is the first cycloartane-type triterpenoids found in Cameroonian propolis. The
cycloartane-type triterpenes in Bambui propolis were also found in the other Cameroonian
propolis from different localities such as Ngaoundal (Adamawa region), Foumban (West
region), Babanki village, Oku and Nguabum-Konene (North West region). Some propolis
samples were also reported to contain cycloartane-type triterpene compounds: Myanmar
(Li et al. 2009; Pujirahayu et al. 2019) (Apis mellifera) propolis and Vietnam Trigona propolis
(Sun et al. 2015), Malaysian propolis (Trigona itama) (Wozniak et al. 2019) and Brazilian
propolis (Miguel et al. 2010).

It is interesting that, although the botanical origin of propolis from Myanmar (Li
et al. 2009; Pujirahayu et al. 2019), Vietnam (Nguyen et al. 2017; Pujirahayu et al.
2019), Malaysia (Zayyanu and Mohamed 2015; Pujirahayu et al. 2019), and Brazil
(Freitas et al. 2008; Pujirahayu et al. 2019) is the same plant, M. indica, the
cycloartane-type triterpenes contained in that propolis are not the same. This differ-
ence may be due to the M. indica variety which is not the same in each region where
the propolis samples originate. This difference may be due to the behaviour of bees
in collecting resins in colonies, species and varieties of plants, as well as differences
in the parts and amount of resin taken. The composition of the secondary metabolites
contained in each part of the plant such as shoots, leaves, branches, and stems is
not the same even in one plant/tree. Bees can collect resin from the bud exudates
or the sap that comes out of the wound on a branch or tree trunk. The differences
found between propolis samples from various regions are mainly due to differences
in the flora and less to the species of the bees. Several plants around the hive, such
as M. indica (mango), Anacardium occidentale, Artocarpus cempedan, Euphorbia milii,
Euphorbia pulcherima, Euphorbia dendroides, Orthosiphon stamineus, Boswellia sacra,
Boswellia neglecta, Melipona beecheii, Ficus exasperate, Byrosonima fagifolia, Byrosonima
crassifolia, Lavandula officinalis, Pachysandra terminalis, Melandrium firmum, Tydemania
expeditionis and some flowering plants could also be visited by honeybees.

The n-hexane crude extract and mixture of 6, 7 and 8 were tested for their anti-
bacterial activities against some bacteria strains.

2.2. Antimicrobial activity

The microorganisms and the control antibiotics were chosen in this study for different
reasons: E. coli ATCC 25922, Salmonella spp 2008365501 are among the major agents



1836 P. SAKAVA ET AL.

of foodborne diseases while K. pneumoniae ATCC 700603 and the clinical K. pneumo-
niae 12CM are important causes of bacterial respiratory infections. S. aureus has been
involved in skin infections and food poisoning. Finally, P. aeruginosa ATCC 7110 and
E. faecalis ATCC 51299 are among the major cause of nosocomial infections with great
virulence and antibiotic resistance potentials. Additionally, all these organisms are
biofilm producing bacteria commonly isolated from medical devices that constitute
the WHO priority list of antibiotic-resistant pathogens (WHO 2017). On the other
hand, the selected control antibiotics are either critically (Amikacin, Ceftazidime,
Ciprofloxacin and Meropenem) or highly important drugs (Chloramphenicol)
(WHO 2019).

Generally, the propolis extract and its fraction in this study exhibited differential
antimicrobial effects on Gram-positive bacteria as well as on Gram-negative ones
(Tables 1 and 2). Except methicillin resistant S. aureus (MRSA), the selected Gram-positive
bacteria in this study seemed to be less susceptible to the hexanic extracts compared
to the Gram-negative organisms. The present study contradicts findings of several
previous research works that reported wider antibacterial activity of propolis on
Gram-positive bacteria than on Gram-negative ones (Przybytek and Karpinski 2019;
Almuhayawi 2020; Chuttong et al. 2023). Similarly, Béji-Srairi and team-mates surpris-
ingly reported strong antibacterial activity of Tunisian propolis on Gram-negative
bacteria (Béji-Srairi et al. 2020). These differences may be due to the fact that the
antibacterial potential of propolis varies considerably from one bacterial strain to
another, but also depends on the propolis sample used (Almuhayawi 2020). The

Table 1. Antimicrobial activity screening of the propolis n-hexane extract, fraction (a-amyrin (6),
B-amyrin (7) and lupeol (8)) and WHO priority antibiotics (diameter of zone of inhibition- mm)
against Gram-positive bacteria.

Tested samples S. aureus ATCC 7625 S. aureus MRSA E. faecalis ATCC 51299
a-amyrin, B-amyrin and lupeol R (<2) 17 R (10)
n-hexane extract R (£2) R (<2) R (<2)
MEM-10 40 32 R (<2)
CIP-5 28 40 R (<2)
AK-30 21.5 20 R (<2)
CAZ-30 21 R (15) R (<2)
C-30 28 24 R (<2)

AK: Amikacin; C: Chloramphenicol; CAZ : Ceftazidime; CIP: Ciprofloxacin; MEM: Meropenem; | : intermediate; R:
resistant.

Table 2. Antimicrobial activity screening of propolis the n-hexane extract, fraction (a-amyrin (6),
B-amyrin (7) and lupeol (8)) and WHO priority antibiotics (diameter of zone of inhibition- mm)
against Gram-negative bacteria.

E. coli ATCC P. aeruginosa Salmonella spp K. pneumoniae K. pneumoniae

Tested samples 25922 ATCC 7110 200836550 ATCC 700603 12CM
Fraction 15 R(10) 17 R (=2) R (=2)
n-hexane extract 17 20 R (<2) R (=2) 16

MEM-10 30 34 30 33 1 (27.5)
CIP-5 35 34 30 I (23) R (14)
AK-30 20 30 21 25 R (15)
CAZ-30 25 R (22) 21 R (8.5) R (<6)
C-30 30 R (7) 25 R (10) R (21)

AK: Amikacin; C: Chloramphenicol; CAZ : Ceftazidime; CIP: Ciprofloxacin; MEM: Meropenem; | : intermediate; R:
resistant.
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chemical composition and the mode of action of the active ingredients of propolis
underlines the differential activities of propolis on Gram-positive and Gram-negative
microbes. Based on documented literature, the double cytoplasmic membrane of
Gram-negative bacteria embedding some enzymatic activities make them less sensitive
to propolis antimicrobial agents (Ristivojevi¢ et al. 2016; Balderas-Cordero et al. 2023;
Chuttong et al. 2023). Otherwise, the cell walls of Gram-negative bacteria is poor
permeable to propolis active components than those of Gram-positive organisms
(Rosandy et al. 2021).

Interestingly, the propolis fraction (mixture of a-amyrin, B-amyrin and lupeol) had
a good inhibitory action against both MRSA and E. faecalis with MIC of 12.5ug/mL
(Table 3). MRSA is one of the leading causes of community and hospital-acquired
infections and is commonly associated with significant economic burden resulting
from high morbidity, and mortality. The anti-staphylococcal activity of propolis is not
uncommon as it is extensively documented in the literature (Popova et al. 2011; Choi
et al. 2018; Gajdacs 2019; Kharsany et al. 2019). Furthermore, E. faecalis which, is
known to be responsible of community-acquired endocardiris and urinary tract infec-
tion (CDC 2013) registered a high antimicrobial activity against the propolis fraction.
Curiously, the same E. Faecalis isolate showed resistance to all the five WHO priority
antibiotics selected in this study. While the n-hexane crude extract was inactive against
Gram-positive bacteria, paradoxically, it recorded a relatively wider inhibitory effects
against Gram negative organisms (active against E. coli ATCC 25922, P. aeruginosa
ATCC 7110, K. pneumoniae 12 CM) compared to its fraction (active against E. coli ATCC
25922, Salmonella spp 200836550). The differential activities of the hexanic extract
and its fraction in this study may be due to a variation in their chemical composition.
Moreover, the antibacterial activities of the fraction may be linked to the synergistic
actions of the three pentacyclic triterpenes a, B-amyrins and lupeol known to show
antimicrobial properties (Vazquez et al. 2012; Rosandy et al. 2021). Though in a Korean
study, olean-27-carboxylic acid, a derivative of S-amyrin exhibited potent antibacterial
activity against strains of MRSA, the present study did not establish the
anti-staphylococcal activity of the fraction to the individual biological effect of 3-amyrin
(Vazquez et al. 2012).

Though the propolis n-hexane extract and its fraction exhibited a relatively limited
antimicrobial effect compared to the five WHO priority antibiotics, their combined
individual antibacterial effects against biofim-producers (MRSA, E. coli ATCC 25922, P.
aeruginosa ATCC 7110, K. pneumoniae 12CM and Salmonella spp 200836550) underline
their pharmacological potential as anti-biofilm agents. This explains reason for its

Table 3. Minimum inhibitory concentrations (ug/mL) of the n-hexane extract and fraction (a-amyrin
(6), B-amyrin (7) and lupeol (8)).

S. E.
E. coli  Salmonella K. K. Ps. aureus S. faecalis
ATCC spp pneumoniae  pneumoniae  aeruginosa ATCC aureus ATCC
Propolis 25922 2008365501  ATCC 700603 12CM ATCC 7110 7625 MRSA 51299
Fraction 250 62.5 - - 125 - 125 125

n-hexane - - - 15.625 12.5 - - -
extract

-: MIC not done.
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recommendation as a spray on medical devices to prevent their contamination by
biofilm-forming bacteria in a previous study (El-Guendouz et al. 2018).

The antibacterial activities of the a-amyrin, 8-amyrin and lupeol mixture against
methicillin-resistant S. aureus could encourage its use as ointment for the man-
agement of skin infections or as a complementary to drugs including linezolid
for the treatment of hospital acquired infections. This goes in line with previous
studies that highlighted the use of propolis extract as a healing medicine for the
management of skin infections and wounds (Kuropatnicki et al. 2013; Almuhayawi
2020; Kubat et al. 2021). Its application in food safety should also be explored
in relation to the inhibitory effect of the fraction against Salmonella species.
Probably, its therapeutic use for the treatment of bacterial gastrointestinal dis-
orders may be due to its antisalmonella property (Silva et al. 2008). Additionally,
the inhibitory effects of the hexanic extract against the clinical K. pneumoniae
12 CM, a powerful causative agent of bacterial respiratory infections may encour-
age its use as a complementary therapy during COVID-19 co-infections (Salatino
2022). In perspective, further studies should be envisaged to evaluate the
anti-biofilm and wound healing properties of the present propolis extracts.

3. Experimental
3.1. General experimental procedures (see supplement)

3.1.1. Propolis material

Raw propolis was harvested from several beehives by scraping method in July 2018
from Bambui village (Tubah subdivision, Mezam division) and was supplied to us by
the Bee farmers Honey Co-operative Union (HONCO HONEY at Mile 2 Nkwen-Bamenda,
North-West region of Cameroon).

3.2. Extraction and isolation (see supplement)

3.2.3. NMR data of compound 2

1-hydroxymangiferonic acid (2): white amorphous powder in n-hexane-EtOAc (83:17)
%; ES*MS (Figure S11): m/z 471.8 [M,+H]*, (calculated molecular weight: 471.3474 for
C5oH460,47); ™H NMR (CDCl, Figure $12): 6, 3.51 (t, 7.2, H-1), 2.49 (d, 7.9;, H-2a) & 2.24
(d, 4.0, H-20), 1.69 (d, 7.1, H-5), 1.53(m, H-6a) & 0.94 (m, H-6f3), 1.34 (m, H-7a) & 1.14
(m, H-7B), 1.50-1.57 (m, H-8), 1.94(m, H-11a) & 1.15(H-11f), 1.64(m, 2H-12), 1.33-1.37
(m, 2H-15), 1.94-1.98 (m, 2H-16), 1.64-1.69 (m, 2H-17), 1.00 (brs, 3H-18), 0.38 (d, 4.2;
H-19a) & 0.55 (d, 4.2; H-190), 1.45-1.47 (m, H-20), 0.92 (d, 6.6; 3H-21), 1.58(m, H-22a)
& 1.20m (m, H-228), 2.04 (m, 2H-23), 6.93 (t, 7.3; H-24), 1.88 (brs, 3H-27), 0.93 (s,
3H-28), 1.00(s, 3H-29), 0.99 (brs, 3H-30); '*C NMR (CDCl,) and DEPT 135 (CDCl,) spectra
(see Figures S13 and S14): 77.2 (C-1), 43.0 (C-2), 215.4 (C-3), 39.6 (C-4), 48.0 (C-5), 21.1
(C-6), 25.9 (C-7), 47.9 (C-8), 19.8 (C-9), 26.1 (C-10), 26.5 (C-11), 32.9 (C-12), 45.3 (C-13),
48.8 (C-14), 35.5 (C-15), 28.6 (C-16), 52.2 (C-17), 18.0 (C-18), 29.8 (C-19), 41.1 (C-20),
18.1 (C-21), 34.8 (C-22), 25. (C-23), 145.8 (C-24), 126.4 (C-25), 171.7 (C-26), 12.0 (C-27),
19.3 (C-28), 25.4 (C-29), 21.2 (C-30).
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3.3. Microbiological assay (see supplement)
4, Conclusions

Phytochemical studies of propolis n-hexane extract led to the isolation of a new
cycloartane-type triterpenoid, 1-hydroxymangiferonic acid (2) along with seven other known
compounds: mangiferonic acid (1); mangiferolic acid (3); 27-hydroxymangiferolic acid (4),
isolated for the first time from propolis; 27-hydroxymangiferonic acid (5); a-amyrin (6);
B-amyrin (7) and lupeol (8). The hexane crude extract and mixture of compounds 6, 7
and 8 were tested for their antimicrobial activity against some Gram- positive and
Gram-negative bacteria. Thus, the observed biological activity of propolis n-hexane extract
may be due to the synergistic action of the isolated compounds. Based on its antibacterial
properties, propolis n-hexane extract may be used as ointment for the management of
skin infections or as a complementary therapy during respiratory infections. Further studies
are required to evaluate the safety and clinical utility of propolis in humans.
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