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ABSTRACT

Propolis is a complex resinous honeybee produds teported to display diverse bioactivities, whidepends on
the geography, climate and floral sources. The @neésvork aimed “for the first time” to evaluate tlolemical
composition and its correlation to some biologieattivities for three Sudanese propolis samples fobfferent
localities. Assessment of total phenolic and téilonoid contents revealed that sample (C) shothedhighest
total phenolic, while sample (B) showed the highettl flavonoid contents. The highest free radisehvenging
activity was obtained from sample (C). Sudanesegii® was investigated for the in-vitro cytotoxittigity against
four human cancer cell lines; HCT116, MCF-7, HEP@2d PC3. Sample (A) had a strong cytotoxic activity
against MCF-7 and PC3-cell lines more than thattleé drug doxorubicin. Sample (B) showed the highest
significant acetylcholinesterase inhibitory actwithan that of the drug (Distigmine bromide). SagsplA and B)
showed strong antimicrobial activity against Staplureus, P. aeruginosa and C. albicans. Three fadated
mycotoxin producer molds (A. niger, A. flavus andokysporum) were resistant to all propolis extsacAll the
three samples showed noglucosidase inhibitory activity. GC/MS analysevealed the identification of 87
compounds; alkylresorcinols were solely preserbample (A), penta- and hexahydroxy-flavans, phaspleid-
2,3-dihydroxypropyl ester in Sample (B) and caffguainic acid esters in Sample (C). Eighteen flaideowere
quantitatively identified by HPLC analysis in aligpolis samples. Chrysin-7-methylether and 8-metkagmpferol
were significantly present in (A), while naringenamd biochanin A in (B). There was minor presefacdlavonoids

in (C).

Key words: Sudanes@ropolis, Antiacetylcholinesterase, Antioxidanttimicrobial, Cytotoxic Activities, GC/MS
and HPLC analysis.

INTRODUCTION

Propolis is the most natural antibiotic man hasr eliecovered 2000 years ago, with promising no siffiects. It
fights bacterial strains that have become resisimrgynthetic antibiotics [1]. Propolis has beemvwh to have
antimicrobial, antiviral, anti-inflammatory, antimant and immune stimulating effects [2-5]. The rohml
composition of propolis is quite complicated. Thaimchemical classes found in propolis appearebtietche
principal components responsible for the biologaivities, include; flavonoids, aromatic acidspenic acids and
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phenolic compounds [6]. The composition and biatabiactivities depend on many different factorshsas the
geographical regions and plant source [7].

Oxidative stress is a set of intracellular or ecgthular conditions that lead to the chemical otabelic generation
of reactive oxygen species (ROS), which can causgative damage to essential cellular constituestsh as
membrane lipids, mitochondria, proteins and DNAjollhmay cause cell death [8]. Furthermore, oxigatiamage
mediated by (ROS) is known to contribute to thenggerocess and the pathogenesis of cancer [9]. raBeals,
generated as by-products of normal cellular metsimplhave been implicated in the etiology of selvdiseases
such as liver cirrhosis, atherosclerosis, cancé&zhéimer’'s diseasand diabetes. The compounds that have the
ability to scavenge free radicals could play anangnt role in ameliorating these disease conditjag]. Cancer is
one of the main causes of death worldwide. In thowWwing decades, the number of people with carveidr
continue to increase, largely due to lifestyle ritioh and environmental conditions in developedrdoies [11].
Alzheimer’s disease is a progressive degeneratveahogic disorder resulting in impaired memory dathavior.
Most treatment strategies have been based on tlieetgic hypothesis. Cholinergic neurotransmissgapecially
affected in patients with Alzheimer’'s disease. @h¢he most promising approaches for treating tlisease is to
enhance the acetylcholine level in brain usingydcleolinesterase inhibitors [10, 11].

Diabetes mellitus is a chronic metabolic diseagh thie highest rates of prevalence and mortalityath developed
and developing countries. It has been reportegsoa@ate with oxidative damage. Prevention of divdadamage
with natural antioxidants and control of postprahdiyperglycemia, by inhibiting digestive enzymegtls aso-
glucosidase are two important diabetic preventicategies [5, 12].

Information about Sudanese Propolis is still liit&o this study aimed “for the first time” to ewate Chemical
composition and some biological activities for Suglse propolis, through investigating the chemicethjgosition
with GC/MS and HPLC analysis and studying the kgatal potentiality as cytotoxic, antioxidant, anitmobial as
well as the inhibitory activity against acetylchwdsterase and alpha-glucosidase enzymes.

MATERIALS AND METHODS

Collection of propolis samples

Locations and Sampling period

Three propolis samples were collected from diffedenalities [Alrahad (A), Alfao (B) and Basonda){Qvithin
Gadarif state, Sudan.

Propolis samples were collected during August tailad were kept until processed. The samples irezen,
ground and homogenized prior to beginning extractio

Sample extraction [13]

Three grams of each Propolis sample was choppedsmall pieces and extracted with 50 ml of 70% rbhat
room temperature (twice for 72 h). The ethanolitast was evaporated under vacuum at 50 °C untilelis. The
percentage of extracted matter was as folloWsahad (A) propolis 0.17 gm/dry weigh#lfao (B) propolis 0.24
gm/dry weightand Basonda (C)propolis 0.26 gm/dry weight.

Assessment of propolis total Phenolic§l4]

The total phenolic content in propolis extract wasasured using Folin-Ciocalteu reagent based ocegtoe
described by Singletoet al. with some modifications. The experiment was cdraat in triplicates. Gallic acid was
used for constructing the standard curve (20 tog®nl; y = 0.0058x - 0.0025, Rz = 0.9979) andttital phenolic
content concentration in the extract was expressenhilligrams of gallic acid equivalent per gramdoy weight
(mg GAHJg) of extract.

Assessment of propolis total flavonoid conteritL5]

Aluminium chloride colorimetric method was used félavonoids determination. Quercetin was used for
constructing the standard curve (20 to 100 pg/mk ¥.007x - 0.012, R? = 0.999) and the total flasidn
concentration in the propolis extract was expressedilligrams of quercetin equivalent per gramdof weight
(mg QE/qg) of extract. The experiment was carrietio triplicates.
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DPPH Radical Scavenging Activity{16]
DPPH radical scavenging activity of propolis extsasvas assessed according to a modified procedfire o
Matsushigeet al. The % inhibition of DPPH was calculated as follows:

% Inhibition =[ (Aco — At) Aco] X 100
Where, Aco is absorbance of the control and Aabisorbance of the sample.

Evaluation of cytotoxic activity [17]

Human MCF-7 (breast), HEPG2 (liver), PC3 (prostate) HCT116 (colon) carcinoma cell lines were oigdi
from the American Type Culture Collection (ATCC, mdota, U.S.A.). Tested extracts dissolved in DM8&e
added to the wells in triplicates for 72h. 0.5% B®Iwas used as negative control, while 2 UM doxomibvas
used as positive control. The cytotoxic activitasvdetermined using MTT [3-(4,5-dimethylthiazolH2-3,5-
diphenyltetrazolium bromide] assay as describeMbgmann. Lethal concentration of the sample wkihses the
death of 50% of cells (L£g) in 48 hrs was calculated.

Evaluation of Acetylcholinesterase (AChE) inhibitor activity [18, 19]

The AChE-inhibitory activity was performed followgnthe method previously describaith slight modification.
Electric-eel AChE (Sigma) was utilized; the enzyimatbydrolysis of acetylthiocholine was measured aat
wavelength of 412 nm (15 min). All the reactionsrevperformed in triplicate in 96-well micro-plat@istigmine
bromide was used as a standard and compared Wwiglttedcts. The AChE inhibitory activity was expsed as %
inhibition and was calculated as follows:

% Inhibition = [(Aco — At) / Aco] X 100
Where, Aco is absorbance of the control and Absogbance of the sample.

a-Glucosidase inhibition assay20]

The a-glucosidase inhibitory activity was assessed lystandard methouith slight modifications. Absorbance
readings (A) were recorded at 405 nm by micro-platader. All the reactions were performed in tdalée.
Acarbose was used as a standard and compared Witxteacts. Thea-glucosidase inhibitory activity was
expressed as % inhibition and was calculatedlasifs:

% Inhibition = [(Aco — At) / Aco] X 100
Where, Aco is absorbance of the control and Absoabance of the sample.

Antimicrobial activity [21-23]

Agar plate method has been recognized to estirhateutimicrobial activities of different proplisreples. Two
bacterial test microbeS§taphylococcus auref&ram positive) an®seudomonas aeruginog@ram negative); one
yeast test microb&andida albicansand three plant pathogenic fungal test microbes, Aspergillus niger,
Aspergillus flavus and Fusarium oxysporware selected to evaluate the antimicrobial aaiwvi The bacterial and
yeast test microbes were grown on a nutrient agatium (NA). On the other hand, the fungal test obess were
cultivated on Szapek-Dox agar medium. The cultdreach test microbe was diluted by distilled waterilized)
to 10- 10° colony forming units (CFU)/ml then 1ml of each wased to inoculate 1L-Erlenmeyer flask containing
250ml of solidified agar media [22]. These mediaevput onto previously sterilized Petri dishes ¢b® diameter
having 25ml of solidified media). Filter paper disc mm &, Whatman No.1 filter paper) loaded witBnfg of
each extract. The discs were placed on the sudgaeplates seeded with test microbes and inculfateédl hrs. at
the appropriate temperature of each test orgardSin [

HPLC analysis of propolis sample$24]

The dried 70% alcoholic propolis extract, was tl&solved in MeOH. Both the mobile phase and thesalived
materials were filtered by a Millex-HX Nylon syriadfilter (0.45 um, 25 mm; Millipore, Bedford, MAJhe
materials are subjected to chromatographic analysis High-Performance liquid Chromatography (HPLC)
Reverse phase with the following specificationsing&tdzu SCL-10Avp System controller. Dual pump shdma
liquid chromatography (LC-10Avp), shimadzu degagf¥sU-14A), shimadzu UV-Vis detector (SPD-10Avp)dan
column: phenomenex RP-18 (UK; 250 x 4.00 mm, 5 amgrElution was with water/formic acid (19:1 vAglvent
A) and acetonitrile (solvent B), and the flow ratas 1 ml/min. Gradient elution started with 20%&ches 25% B
at 25 min and 30% B at 35 min, and then the sydtecame isocratic until 50 min, reaches 50% B am@®dand
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70% B at 67 min, at ambient temperature. The mghlilase solvents are HPLC grade and di-ionized HZ(@.
compounds were detected with a UV detector andlthematograms were recorded at 340 and 290 nniafoorfes
and flavanones, respectively.

GC/MS analysis of propolis samples

Sample preparation for GC/MS analysis [25]

1.5 mg of the dried matter was prepared for chrography by derivatization for 30 min at 80 with 20 pl
pyridine + 30ul N,O, bis-(trimethylsilyl)trifluoroacetamide (BFR) and analyzed by GC/MS.

GC/MS analyses

A Finnigan MAT SSQ 7000 mass spectrometer was eaupith a Varian 3400 gas chromatograph. DB-5 calum
30 m x 0.32 mm (internal diameter) , was employétth Welium as carrier gas (He pressure, 20 Mp#/cimjector
temperature, 310°C; GC temperature program, 8®°C31at 3° C/ min (10 min. intial hold).The mass spectra were
recorded in electron ionization (EI) mode at 70 &ke scan repetition rate was 0.5 s over a magg rah39 - 650
atomic mass units (amu).

| dentification of compounds

The identification was accomplished using compstarch user-generated reference libraries, incatipgrmass
spectra. Peaks were examined by single-ion chramepbic reconstruction to confirm their homogenelitysome
cases, when identical spectra have not been foumlg,the structural type of the corresponding cormgra was
proposed on the bases of its mass spectral fragtimmt Reference compounds were co-chromatograpiinesh
possible to confirm GC retention times.

RESULTS AND DISCUSSION

Propolis is a complex resinous honeybee productis Itreported to display diverse bioactivities, suah
antimicrobial, anti-inflammatory and anti-tumor pesties. The diversity of bioactive compounds dejseon the
geography and climate, since these factors afffectlioral diversity [26].

Assessment of Propolis Total Phenolics

The amount of total Phenolics of 70% ethanol extcdc3 samples of Sudanese propolis from diffetenglities
[Alrahad (A), Alfao (B), Basonda (C) Jwithin Gadarif state was evaluated. The highestlleé phenolic contents
recorded in Basonda sample (C) [17.33 mg/g GAHp¥edd by Alrahad (A) sample [16.6 mg/g GAE] and adf
(B) sample [14.27mg/g GAE] (Figure 1).

Assessment of Propolis Total Flavonoid Content
The results showed that, the highest level of fted contents was obtained from Alfao sample [4.8]/ rfollowed
by Alrahad sample [3.43mg] and Basonda sample [2g7§ QE] (Figure 2).

The levels of phenolic content in the 70% ethanekitract for propolis from various Sudanese areaged from
17.330.06 to 14.2%0.58 mg/g GAE. The variation was related to thesflsurrounding the apiary, the geographical
features, local climate and seasonal effects. @ta flavonoid contents of Sudanese propolis radnge 4.2740.1

to 2.759:0.9 (mg/g QE). Previous studies showed that theoflaid content varies even in raw propolis samples
collected from the same geographical area [27].
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GC/MS analyses of propolis samples

GC/MS analyses revealed the identification8@fcompounds 55 compounds for sample (A), 52 compounds for
sample (B) and 49 compounds for sample (C). Nénogis compounds, aliphatic acids/esters, phenatigpounds,
alkylresorcinols, phenolic acids/esters, caffeoylgquacid esters, sugars, terpenes and hydroxyflasompounds
were identified (Table 1).

Compounds were solely present in Propolis sample JAAlanine , proline, 5-oxo-proli- ne, 1H-indole-2,5
dihydroxy, 2-butenedioic acid (Zglkylresorcinols; [1,3-dihydroxy-5-pentadecanylben- zene, 1,3-dihyxly-5-
hexadecylbenzene, 1,3-dihydroxy-5-heptadece- nykues 1,3-dihydroxy-5-heptadecanylbenzene, 1,3dddxy-
5-octadecenyl benze- ne&js-caffeic acid, tetradecenyl caffeate, docosamatete caffeatenéw to propoliy 3,3-
dimethylhexanal, 2-deoxy-erythropentono-1,4-lactdrgluconic acid lactone (Table 1).

Compounds were solely present in Propolis sample \Bn-Propionylglycine, di-isopropylthio- phosphin-atej
2[(trimethylsilyl-methylamino)(methylthio)|methylenl,3-indandione, 4-methyl-pentyl-pentan-oate, tdwdgcanoic
acid, 9,12-octadecadienoic acid , Phosphoric-2@edihydr- oxypropyl ester, gluconic acid, Irtesi(isomer),
3,5,7,3' 4’ -pentahydroxy-flavan[catechin  /epi- adtm], 3,5,7,3',4',5-hexahydroxy-flavan [gallocatan/
epigallocatechin] (Table 1).

Compounds were solely present in Propolis sample JCN-ethyl-N-vinyl acetamide, glycine, N-acetyl, 14;
diphenyl-pyridazino [4',5":3,4]pyrrolo-[1,2f]pheninidine (ew to propoliy nonanoic acid, diethyl-2-ethyl-2-
hydroxy malonate, glucaric acid, phenanth- reneb2s4l,1dimethylethyl)-5,7dimethyl, [2,2’-dihydrogfialcone],
Caffeoyl-quinic acid esters; [4-caffeoyl quinic acid, ®is-caffeoyl quinic acid, 3rans-caffeoyl quinic acid, ®is-
caffeoyl quinic acifl 2-furan-acetaldehyde;3,4,5tetrahydroxy (Table 1).

Compounds identified in the three samples 2[(methylamino)(methylthio)Jmethylene-1,3-indandé&(isomer),
hydroxy-acetic acid, hexadecanoic acid, octadecesid, octadecanoic acid, hexadecanoic acid-3ekxydpropyl
ester, octadecanoic acid-2,3-hydroxy-propyl estgr,5-trinydroxy-benzoic acid, caffeic acid, 3-e&¥l quinic acid
(5.4 % in sampl€), 2,2-dimethyl-3-oxa-&-cholestane (Table 1).

Compounds identified in the samplegA) and(B): N,N-diethylacetamide, N,N-diethyl (carbam-)athydroxy-
pipecolic acid, D-lactic acid, 2,3-dihydroxy butdi@c acid, dimethyl-2(1’,4’,9’ ,10’-tetramethoxyathracen-2yl)
ethylene]butanedioataéw to propoli} 2,2-dimethyl-3-oxa-®-cholestane.

Sugars:the three samples were characterized by a speeistipce for twenty different types of sugars, freiich;
Erythritol, I-threonic acid, xylitol, d-pinitol, dfucitol, inositol, glucose, gluconic acid isomargsitol isomer were
identified in the three samples from high to motemncentrationéTable 1.

HPLC analysis of of propolis samples
Eighteen flavonoid compounds were quantitativelgniified in propolis sample§d), (B) and (C). Sample(A)
containedsignificant high concentration of 8-methoxykaemempf (57mg/g propolis) and less amount of the
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flavone chrysin-7-methylether (16mg/g propolis).eTiavanones naringenin (64 mg/g propolis), anchamin A
(27 mg/g propolis), were found in high concentnasion sampl€B). Sample(C) flavonoids were present in very
minor concentrationéTable 3.

DPPH radical scavenging activity

The antioxidant activity was evaluated through soging the DPPH free radical. Basonda sample (d)tha
highest free radical scavenging activity (96.7%ibitton of DPPH). AlrahadA) andAlfao (B) samples showed %
Inhibition of 83.9 and 80.9 respectively, (Figule 3

Table 1: Chemical composition of Sudanese propolgamples assessed by GC/MS analysis

NO Compounds RT | propolis (A) | propolis (B) Prc()Cp;)hs
TIC %*
Nitrogenous compounds
1 | n-Propionyl glycine 518 | - 037 | -
2 | N,N-diethylacetamide 6.39 0.41 0.08 | -
3 | N-Ethyl-N-vinyl acetamide 651 | - | 0.2
4 | N,N-Diethyl(carbamate) 7.43 0.48 0.08 | -
5 | Alanine 9.99 019 | @ |
6 | Glycine, N-acetyl 1259 - | = 0.73
7 | Di-isopropyl-thiophosphinamide 1228 |  ----- 01 |
8 | 1-Ethyl-4,7-dimethyl-5,6,8-trimethoxy-2(1H)quiimbne 1447 e | e 0.39
9 Proline 20.32 052 | @ |
10 | 5-Oxo-Proline 30.53 038 | @ |
11 | 2[(Trimethylsilyl-methylamino)(methylthio)]metlgne-1,3-indandioné 3137 - 031 | -
12 | 5-Hydroxy-pipecolic acid 34.05 0.10 0.18 | -
13 | 1H-Indole-2,5-dihydroxy 44.29 01 | | /=
14 | 2[(methylamino)(methylthio)]methylene-1,3-indé&ne' (isomer) 45.85 7.27 4.07 25.5
15 | 11,14-Diphenylpyridazino[4',5":3,4]pyrrolo[1,ARenanthridine™ 4746 - | e 0.61
Aliphatic acids/esters
16 | D-lactic acid 8.35 0.7 012 | -
17 | Hydroxy-acetic acid, 8.98 0.44 0.05 0.11
18 | Propanoic acid-2-hydroxy 9.54 0.12 0.24
19 | 4-Methylpentyl- pentanoate 1010  ------ 0.07 | -
20 | Propanoic acid-3-hydroxy 12.56 0l1 | = - 0.07
21 | Nonanoic acid 1889 - | 0.41
22 | 2-Butenedioic acid (2) 20.89 008 | @ = |
23 | Butanedioic acid 21.35 0.61 0.14 0.17
24 | Propanoic acid-2,3-dihydroxy 22.57 0.42 0.47 0.12
25 | 2-Butenedioic acid 2296 | @ - 0.06 0.04
26 | Nonanoic acid 2326 | « - | 0.05
27 | 2-Hydroxy Butanedioic acid, 29.73 2.08 0.78 0.56
28 | Diethyl-2-ethyl-2-hydroxy malonate 29.85| @ - | e 0.16
29 | 2,3-Dihydroxy-butanedioic aci 36.0: 1.11 0.08 | -
30 | Hexadecanoic acid 48.85 1.15 1.21 1.1
31 | Glucaric acid (2,3,4,5-tetrahydroxy-hexanedasid) 49.82| @ - | e 0.04
32 | Heptadecanoic acis 51.85| @ ----- 0.05 0.06
33 | 9,12-octadecadienoic acid 53.68| @ ----- 01 | -
34 | Octadecenoic ac 53.9] 0.77 0.4z 1.1
35 | Octadecanoic ac 54.6( 0.3 2.1€ 1.2€
36 | Hexadecanoic acid-2,3-hydroxy-propyl ester 64.08 1.41 3.1 14
37 | Octadecanoic acid-2,3-hydroxy-propyl ester 68.80 0.96 1.82 0.49
Alkylresorcinols[1,3-dihydroxy-benzenes-5-alkyl]
38 | 1,2dihydroxy-5-pentadecanylbenze 66.8] 018 | |
39 | 1,2dihydroxy-5-hexadecylbenzel 70.5¢ 00¢ | ]
40 | 1,3-dihydroxy-5-heptadecenylbenzene 71.12 0.79 012 | = -
41 | 1,3-dihydroxy-5-heptadecanylbenzene 71.23 01 | | -
42 | 1,3-dihydroxy-5-octadecenylbenzene 75.37 017 | |
Phenalic acidg/ esters
43 | 3,4,ttrihydroxy-benzoic aci ethyl este 459 | ----- 0.0z 0.0z
44 | 3,4,5-trihydroxy-benzoic acid 46.79 0.25 0.29 0.25
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45 | cis-Caffeic acid 47.34 006 | @ - | -
46 | Ethyl caffeate 50.17 0.32 0.34
47 | Caffeic acid 51.81 1.17 0.08 0.28
48 | Tetradecenycaffeatt 74.3% 011 | eeee ] e
49 | Docosane-tetra-ene caffedite 76.72 039 | @ meeemm | -
Caffeoyl quinic acid esters
50 | Quinic acid 43.99 5.74 2.22 8.57
51 | 4-Caffeoyl quinic acid , 69.16| @ - | e 0.23
52 | 3-cis-Caffeoyl quinic aci 7370 e | e 0.1
53 | 34trans-Caffeoyl quinic acid 7429 | - | e 0.25
54 | 5<is-Caffeoyl quinic acid 76.68| @ - | e 0.26
55 | 5itransCaffeoyl Quinic acid 76.96 1.2 0.06 5.35
others
56 | 3,3-Dimethylhexanal 10.11 035 | @ e | e
57 | Ethyl phosphate 17.10 0.37 0.16 0.08
58 | Phosphoric acid 19.80 1.85 10.32 3.26
59 | Glycerol 20.03 0.73 1.09
60 | 2-Furan-acetaldehyde3,4,5-tetrahydroxy 4001 @ - | - 0.09
61 | Phosphoric acid, 2,3-dihydroxypropyl ester 4062 | - 047 | -
62 | dimethyl -2(1’,4',9',10-tetramethoxy-anthrac@yl) ethylene] butanedioat® | 51.49 1.42 29 | -
Sugars
63 | 2-Deoxy-erythro-pentono-1,4-lactone 30.10 010 | @ e | e
64 | Erythritol 30.73 0.94 0.55 0.2
65 | L-Threonic acid 32.20 0.55 3.21 0.22
66 | Erythropentulose 3361 @ - 0.08 0.12
67 | Xylitol 39.11 0.88 0.3 0.09
68 | Ribonic acid 41.14| - 14 | -
69 | Fructose 4278 @ - 1013 | -----
70 | D-Pinitol 43.17 0.4 1.67 0.28
71 | D-Psicose 45.03| @ - | - 0.77
72 | Glucose 45.11 0.6 0.75
73 | L-Gluconic acid lactone 45.27 032 | e | -
74 | Saccharo-1,4-lactone 4530 @ - | - 0.11
75 | d-Glucitol 46.14 16.63 3.63 0.75
76 | Inositol 47.17 0.11 0.67 0.45
77 | Gluconic acit 4747 | - 0.1 | -
78 | Inositol (isomer) 48.04| @ - 029 | -
79 | glucose 48.33 062 | e | -
80 | Gluconic acid isomer 48.63 1.04 2.17 0.68
81 | Inositol (isomer) 50.93 0.26 0.13 0.43
82 | Sucrose 65.24 0.6 13 | -
Tetracyclic triterpenes
83 | 2,2-Dimethyl-3-oxa-&-cholestane (isomer) 56.4 0.37 0.18 0.08
84 | 2,2-Dimethyl-3-oxa-&cholestane 61.77 0.24 012 | -
Flavonoid compounds
85 1,3—§i§[2(345ydroxyl)phenyl]2—propen—1—one 60.00| e | 0.15
[2,2’-dihydroxychalcone
86 | 3,5,7,3',4-pentahydroxy-flavan [catechin /egigchin] 7170 - 0.9 0.13
87 | 3,5,7,3',4',5-Hexahydroxy-flavan [gallocatecHipigallocatechin]] 7268 @ - 0.07 | = -—-—--

RT=retention time.*, TIC =The ion current generatebends on the characteristics of the compounderoed and it is not a true quantitation.
t= tentatively identified, N= new to propolis

Scholar Research Library

345



Faten K. Abd El-Hady et al Der Pharmacia Lettre, 2016, 8 (19):339-350

Table 2: Flavonoids assessed by HPLC for Sudanese propolansples (Conc. mg/g propolis)

No. Name Chemical name RT propolis (A)| propolis (B), Prc()cp;)lls
Flavones

1 | Luteolin 5,7,3' 4tetrahydroxyflavon 24.5¢ 1.€ 0.00¢ | -

2 Luteolin-3-methylethe 5,7,4-trihydroxy-3-methox flavone 42.0¢ 2.4 0.00¢ 0.7¢

3 Chrysin-7-methylether 5- hydroxy-7-methoxy flavone 61.91 6 | - 3.5

4 | Acacetin 5,7- dihydroxy-4'-methoxy flavone 654 1 1@ 0.413

Flavonols

5 | Quercetil-3-methylethe 5,7,3" 4-tetrahydrox-3-methox flavone | 29.3: | = - 0.0z | -

6 Quercetil-3,7-dimethylethe 5,3',4-trihydroxy-3, 7-dimethoxyflavon 346 | - 028 | -

7 Quercetin-7-3'-dimethylether 3,5,4'-trihydroxy-758imethoxy flavone | 66.13 6.5 0.30 1.0

8 8-Methoxy-kaempferol 3,5,7,4" tetrahydroxy-8- nweti+flavone | 37.58 57 024 | -
9 | Kaempferol-3-methylether 5,7,4"- trihydroxy-3-metlgdlavone 44.46 0.34 002 | = -
10 | kaempferol 3,5,7,4'-tetrahydroxyflavone 4182 - 0.004 | -
11 | Quercetin-3,3'- dimethyl ether 5,7,4"-trihydrox'adimethoxyflavone 4553 = - 002 | = -
12 | Quercetil-7-methylether (Rhamneti | 3,5,3'4-tetrahydroy-7-methox flavone | 56.8¢ 186 | = | e
13 | Galangin-7-methylether 3,5-dihydroxy-7-methoxy tae 72.84 O T
Flavanones

14 | Naringenin 5,7,4’-Trihydroxyflavanone 338 = 64 | -
15 | Biochanin A 5,7-dihydroxy-4'-methoxy flavanone 5.1 0.06 27 0.91
16 | 6-preny-pinocembril 5,7-dihydroxy-6-penteny-flavanont 73.5¢ 0.3¢ 0.71 0.5¢

Isoflavones | e e e

17 | Genistein 5,7,4-trihydroxy isoflavone 358 0 - .32 2.2
18 | Formonontin 7-hydroxy-4'- methoxy isoflavones 5145 - | - 3.6

Different phenolic components present in aqueowsmathanolic extracts, as for example, flavonoiday have
contributed to these results. It was mentioned ftaabnoids and phenolics compounds possess a lsfeetrum of
chemical and biological activities including radisaavenging properties [11]. The antioxidant\agtiof propolis
can be related to its content of phenolic compouasisvell as its period of collection [28].

Evaluation of cytotoxic activity of propolis samples
Sudanese propolis was investigated for the in-\jotoxic activity against four human cancer tieks; HCT116

(colon), MCF-7 (breast), HEPG2 (liver) and PC3 &bate).

In HCT116-cell line: Sample (A) showed high 44d51.4 pg/ml) compared to the drug (doxorubicinpu@ml),
sample (B) showed moderate 4,@46 pg/ml), while sample (C) had no cytotoxicwtt (Figure 4).

In MCFE-7-cell line: Sample (A) revealed a strongotgxic activity, with lower LG, (16.3 pg/ml) than that of the
drug (doxorubicin, 26 pg/ml). Samples (B & C) shawmoderate L& of (42.6 and 33.9 pg/ml, respectively)
(Figure 4).

In HePG2-cell line: all the samples showed highsd-€f (60, 59 & 57ug/ml, respectively) higher thamttiof the
drug (doxorubicin, 21pg/ml) (Figure 4).

In PC3-cell line: Sample (A) showed the highesbtykic effect, with lower LG, (11 pg/ml) than that of the drug
(doxorubicin, 23 pg/ml). Both samples (B) and (@ithigh LG, (57 & 60 pg/ml, respectively) (Figure 4).

Several reports have shown the cytotoxic effectgropolis from different origins in several cancetl lines. The
ethanolic extract of Brazilian propolis showed pobteytotoxicity against prostate [29] and MCF7cancgl lines
[30]. The inhibitory effects against the prolifécst of colony potential of HCT116 cell with Iragrgpolis was
reported [31]. The further analysis of the threepptis samples with GC/MS and HPLC revealed thesqmee of
several bioactive compounds that were reportedigplal cytotoxic activities, wherequercetin-7-methylether
(Rhamnetin) showed a moderate antiproliferativeviaigtagainst MCF-7 [32]. Kampferol induced apoptoi
MCEF-7 cells at a concentration of fM [33]. Caffeic acid was found to have anticanceteptial and has also been
shown to affect DNA methylation [34].
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Figure 4: Cytotoxic Activity of propolis samples aginst Human cancer cell lines; HCT116 (colon), MCF# (breast), HEPG2 (liver) and
PC3 (prostate) expressed as L{

Alkylresorcinols isolated from wheat bran exerted high cytotoxitivéty; four of them with strong inhibitory
properties against the growth of PC3 cells, inclgdi5-heptade- cylresorcinol (#6&22.5 pg/ml), 5-(16-

heneicosenyl) resorcinadréns) (IC50=13.7 ug/ml), 5-(14-nonadecenyl)resorcinatans) (ICso = 42.2ug/ml) and 5-

(2-oxotrico- sanyl)resorcinol (Kg=10.Qug/ml). This research suggested thlylresorcinols are important for the
cancer preventive activity of wheat bran [35].

Acetylcholinesterase (AChE) inhibitory activity

The AChE inhibitory activity of three Sudanese g samples was studied. Sample (B) showed thhekig
significant acetylcholinesterase inhibitory actvit91.7%, Figure 5) comparing to that of the drijstigmine
bromide, 72.4%). Sample (A) showed moderate inbipitictivity (60%), while sample (C) had the lowastivity
(25.5%, Figure 5).

Acetylcholinesterase (AChE) inhibitors from naturesources are gaining an interest as new appitoatrbat the
cognitive symptoms of Alzheimer disease (AD). Thierent study showed that the Sudanese propolisahate in
alleviating AD symptoms through the inhibition tietenzyme AChE. The tested propolis samples friff@rent
localities showed a variable inhibitory activitydathat is in agreement with previous work, where ithibitory
activity of propolis is different from locality tanother and proved that the high activity of prapis due to its high
content of several classes of compounds that isvknto possess high activity against the enzyme sagh
flavonoids, phenolic acids and their esters [1], 36

100
AChE Inhibition
80
8
2 60
£
Ll
S 40
=]
=
20
o
Sample A Sample B Sample C

Figure 5: % Inhibition of the acetylcholinesteraseactivity by propolis samples. Values are expressexs mean + SD, n =3 (20@g/ml for
all extracts and drug).
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The further analysis of propolis samples with GC/Migsd HPLC, revealed the presence of several biaacti
compounds that are reported to display acetylcketarase inhibitory activity. Oztiirk reported thite best
(AChE) inhibitory activity was found for 9,12-octachdienoic acid and 9-octadecenoic acid as 0.26340g/mL
and 0.127+0.03 mg/mL, respectively while, hexade@aand octadecanoic acids are more than 4mg/mL [37
was supposed that gallic acid, catechin, and eggbat have various antiamnesic effects in neurouegdive
diseases such as Alzheimer's disease (AD) [38].wdt reported that, (+)-catechin inhibited (AChEpren
effectively than (-)-epicatechin [39]Naringenin inhibited AChE activity in a dose-dependent manner.
Naringenin, when administered to mice at 4.5 mgtkogly weight, significantly ameliorated scopolamine-
induced amnesia. These results suggest that naimgaay be a useful chemopreventive agent against
Alzheimer’'s disease [40]. Biochanin-A (BCA), a potent phytoconstituent, hasei previously used as an
antitumour, a dopaminergic neuron protective agantantioxidant, and anticholinergic activities [[4XGenistein
(65.7%) exerted a moderate inhibition on BChE [42].

a-glucosidase inhibitory activity
All the three Sudanese propolis samples showedtglacosidase inhibitory activity if compared to dr(acarbose)
(Figure 6).

c-glucosidase inhibition

20

o T T T |

20

% a-glucosidase inhibition

Figure 6: % Inhibition of the a-Glucosidase activity by propolis samples. Valueg@expressed as mean = SD, n =3(2@d/ml for all
extracts and drug)

Antimicrobial activity

Antimicrobial activity of different propolis sam@eon human pathogens was investigalidte Sudanese propolis
showed antimicrobial activity against Gram positivEcteria (Staph. aureys Gram negative bacteria
(P.aeruginosapnd yeast- like fungu&C. albicans.

In Staph.aureusSamples (A and B) showed strong antibacteridaviégtwith zone inhibition (11.5£0.71, 13t£1.4
mm, respectively), while sample (C) showed modeaatiity (7.5+0.707 mm) (Figure 7).

In P. aeruginosaSamples (A and B) had strong antibacterial agtiwiith zone inhibition (14+1.4, 15.5+0.71mm,
respectively), while sample (C) showed moderatiae(7.5+0.71mm) (Figure 7).

In C. albicans Samples (A and B) showed a strong antifungalaigtwith zone inhibition (13.5+£0.71mm, for both
of them), while sample (C) showed a moderate agt{@.5+0.71 mm) (Figure 7).

The three food-related mycotoxin producer molds, rfiger, A. flavusand F. oxysporur were resistant to all
propolis extracts (Figure 7).

The results obtained are in agreement with prevébudies; where it was reported that the growtthefS.aureus
an oral pathogen, was inhibited by the 70% ethamxtidact of propolis from various regions in Egy@dB] 44].
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Kosalecet al. reported a strong antimicrobial activity of prapgbroducts against. albicansandS. aureuswith
similar inhibition zones [45].

Antimicrobial activity

m Sample A
LT P
OSample B

O Sample C

zone inhibition

| T . . T ..

Staph. aureus  Pseud. aeruginosa Candida albcans fusar. oxysporum Asper. niger Asper. Flavus

Figure 7: Antimicrobial Activity for Sudanese propolis samples. Values are expressed as mean of zorgbition £ SD, n =3 (200
ng/disc for all tested extracts).

CONCLUSION

That is the first time to evaluate Chemical composiand biological activities foBudanese propolisSample (A)
revealed a strong cytotoxic activity against MCRda7d PC3-cell lines more than that of the drug dolimin.
Sample (B) showed the highest significant acetylolksterase inhibitory activity (91.7%) than thdttbe drug
(Distigmine bromide). Samples (A and B) showedrggrantimicrobial activity again@taph. aureus, P. aeruginosa
and C. albicansOur study provides (for the first time) primary é®hce suggesting that Sudanese propolis in
further in-vivo studies could play an importanteaas acetylcholinesterase inhibitor, cytotoxic,iraitrobial and
antioxidant activities.
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