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ABSTRACT 

There has been an enormous interest in the development of alternative natural medicines for type II diabetes, have the ability to 
delay or prevent glucose absorption. The aim of this study was to investigate the potential α-glucosidase inhibitory activity of 
propolis extract and its sub-fractions in-vitro. The ether sub-fraction 6(A) had moderate activity (32.7 %), in comparison with that of 
acarbose (49%). The ethyl acetate sub-fractions 1 and 2(B) showed low and high moderate α-glucosidase inhibitory activity (20 and 
37% respectively). GC/MS analyses of sub-fraction (A) showed high percentage of phenolic acids (42.6 %); especially 3,4-dimethoxy-
trans-cinnamic acid (30.7%) and moderate presence of p-methoxy-trans-cinnamic and 3,4-dimethoxy-cis-cinnamic acids. It 
contained five caffeate esters; caffeic acid methyl ester, 3-methyl-3-butenyl-cis-caffeate, 3-methyl-3-butenyl-trans-caffeate, 3-
methyl-2-butenyl-trans-caffeate and benzyl-trans-caffeate. Only two flavonoids were identified; quercetin and myricetin. High 
percentage of aliphatic acids were found in sub-fraction B (39.8%); the highest percentage is hexadecanoic acid (26.9%) followed by 
octadecenoic acid and octadecanoic acid (4.8 and 3.39%). It mainly contained phenolic acids esters (10.6%), from which, six (cis and 
trans) ferulate esters; 3-methyl-3-butenyl-cis-ferulate, 2-methyl-2-butenyl-cis-ferulate, 3-methyl-2-butenyl-cis-ferulate, 3-methyl-3-
butenyl-trans-ferulate, 2-methyl-2-butenyl-trans-ferulate, 3-methyl-2-butenyl-trans-ferulate and three coumarate esters; 3-methyl-
3-butenyl trans-coumarate, 2-methyl-2-butenyl-trans-coumarate, 3-methyl-2-butenyl-trans-coumarate. Only pinocembrin flavanone 
was identified (6.8%). HPLC analysis revealed the presence of 8-methoxykaempferol (6.74μg), quercetin-7,3'-dimethylether, chrysin-
7-methylether, biochanin A and dimethylallyl caffeate (9.0 μg) in sub-fraction (A). Quercetin-3,7-dimethylether (15.62μg) was 
significantly present in moderate concentrations in sub-fractions B, while quercetin-7,3'-dimethylether and the chrysin-7-
methylether were present in low concentrations. It could be concluded that, Egyptian propolis bioassay guided fractionation on α-
Glucosidase enzyme revealed that; some sub-fractions are highly active inhibitors and some are inactive. 

Keywords: Propolis, α-Glucosidase inhibitors, Chemical Composition; GC/MS and HPLC analysis. 

 
INTRODUCTION 

ecently, Diabetes mellitus has been becoming an 
intimidating worldwide problem threatening all 
ages. In developing countries the number of 

diabetic patients is increasing rapidly. It has become a 
common disease due to aged population in the world, 
bad food habit and environmental pollution. The 
incidence of type II diabetes is increasing worldwide with 
hyperglycemia.1 Hyperglycemia, a typical symptom in 
Type II diabetes and is characterized by a rapid increase in 
blood glucose levels due to starch hydrolysis by 
pancreatic α-amylase and glucose absorption by α-
glucosidases in the small intestine.2 One of the available 
glucose-lowering treatments is α-glucosidase inhibitors. 

Alpha-glucosidases are a series of enzymes, which 
catalyze the final step in the digestive process of 
carbohydrates to release absorbable monosaccharides 
resulting in increased blood glucose levels3, thus α-
glucosidase inhibitors have become candidates to restrain 
the digestion and absorption of carbohydrates and hinder 
postprandial hyperglycemic deviation. Therefore, they 
have a potential to decrease progress of type II diabetes. 
However, some synthetic α-glucosidase inhibitors, such as 
acarbose, exhibit certain side effects4, including liver 

disorders, renal tumors, and diarrhea all of which are 
associated with incomplete carbohydrate absorption.5 As 
a result, many researchers have focused on natural 
extracts inhibiting α-glucosidase activity, especially those 
rich in polyphenols compounds. 

Propolis is a very complicated mixture of chemical 
compounds obtained by bees from bark resinous 
exudates and leaf buds which mixed with wax and 
salivary secretions.6 Propolis samples from different flora 
could be completely different in their chemistry and 
biological activity.7 The main bioactive chemical 
compounds in propolis are reported to be phenolic acids, 
terpenes, cinnamic acid derivatives and flavonoids.8-12 
The solvents used to extract propolis play a key role in its 
different bioactivities, due to the diverse types of 
chemical components.13 

Propolis was reported to possess a broad spectrum of 
biological activities such as antibacterial8, antifungal14, 
antiviral8,10, antiinflammatory15, antioxidant9 and 
anticancer activities.11,16 

The aim of this study was to evaluate the α-glucosidase 
inhibitory activity of Egyptian propolis fractions and sub-
fractions with comparative correlation to chemical 
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composition of the highly active sub-fractions through 
GC/MS and HPLC analysis. 

MATERIALS AND METHODS 

Propolis extraction 

Propolis (20 g) was cut into small pieces and extracted 
with distilled water (300 ml x 3) each for 2 hours at 85 °C 
to give propolis water extract, the residue was extracted 
with 70% ethanol (300 ml x 3) under reflux conditions 
each for 2 h which gave (PEE 70%), this extract (5.5 g) was 
dried under reduced pressure, the dried residue was 
suspended in water and then partitioned successively in 
turn with ether and ethyl acetate. 

Bioassay guided fractionation and characterization of 
the fractions 

Ether fraction (2.7g) was subjected to Sephadex LH-20 
column chromatography (10 x 1 cm) and stepwise 
gradient elution was carried out using a solvent system of 
decreasing polarity starting with 100% distilled water 
then water–methanol. Fractions of 10 ml were collected 
and investigated by TLC (silica gel DF245 Merck) using 
different spraying reagents, similar fractions were 
combined and concentrated to dryness under reduced 
pressure to obtain one main fraction (1.7g) it was 
fractionated again into many sub-fractions on column 
packed with silica gel (0.06-0.2mesh, Merck), stepwise 
elution with petroleum ether, (pet.ether–ethylacetate) 
was carried out. 

The ethyl acetate fraction (1.1 g) also was further 
subjected to column chromatography packed with silica 
gel (0.06-0.2mesh, Merck), elution was carried out with 
pet.ether, pet.ether–ethylacetate (9:0.5, 9:1, and 8:2), 
resulted in total four main sub-fractions. 

α-Glucosidase inhibition assay 

α-glucosidase Inhibitors which act as competitive 
inhibitors of intestinal α-glucosidase can delay the 
digestion and subsequent absorption of elevated blood 
glucose levels. 

The α-glucosidase inhibitory activity was assessed by the 
standard method17, with slight modifications. Briefly, a 
volume of 60 μl of sample solution and 50 μl of 0.1 M 
phosphate buffer (pH 6.8) containing α-glucosidase 
solution (0.2 U/ml) was incubated in 96 well plates at 37 
:C for 20 min. After pre-incubation, 50 μl of 5 mM p-
nitrophenyl-α-D-glucopyranoside (PNPG) solution in 0.1 
M phosphate buffer (pH 6.8) was added to each well and 
incubated at 37 

:
C for another 20 min. 

Then the reaction was stopped by adding 160 μl of 0.2 M 
NaCO3 into each well, and absorbance readings (A) were 
recorded at 405 nm by micro-plate reader and compared 
to a control which had 60 μl of buffer solution in place of 
the extract. 

For blank incubation (to allow for absorbance produced 
by the extract), enzyme solution was replaced by buffer 

solution and absorbance recorded. Commercially 
available Acarbose was used as a standard and compared 
with all extracts. 

HPLC analysis 

After extraction of the materials, the sub-fractions were 
dissolved in MeOH. Both the mobile phase and the 
dissolved materials were filtered by a Millex-HX Nylon 
syringe filter (0.45 um, 25 mm; Millipore, Bedford, MA). 
The materials are subjected to chromatographic analysis 
with High-Performance liquid Chromatography (HPLC), 
Reverse phase with the following specifications; 
Shimadzu SCL-10Avp System controller. Dual pump 
shimadzu liquid chromatography (LC-10Avp), shimadzu 
degasser (DGU-14A), shimadzu UV-Vis detector (SPD-
10Avp) and column: phenomenex RP-18 (UK; 250 x 4.00 
mm, 5 micron). Elution was with water/formic acid (19:1 
v/v; solvent A) and acetonitrile (solvent B), and the flow 
rate was 1 ml/min. Gradient elution started with 20% B, 
reaches 25% B at 25 min and 30% B at 35 min, and then 
the system became isocratic until 50 min, reaches 50% B 
at 60 min and 70% B at 67 min, at ambient temperature. 
The mobile phase solvents are HPLC grade and di-ionized 
H2O. The compounds were detected with a UV detector 
and the chromatograms were recorded at 340 and 290 
nm for flavones and flavanones, respectively.18 

GC/MS analysis of highly α-glucosidase inhibitors 
propolis Fractions 

Sample preparation for GC/MS analysis 

1.5 mg of the dried matter was prepared for 

chromatography by derivatization for 30 min at 80 C with 

20 l pyridine + 30 l N,O, bis-(trimethylsilyl) 
trifluoroacetamide (BSTFA) and analyzed by GC/MS.19 

GC/MS analyses 

A Finnigan MAT SSQ 7000 mass spectrometer was 
coupled with a Varian 3400 gas chromatograph. DB-1 
column, 30 m x 0.32 mm (internal diameter) , was 
employed with helium as carrier gas (He pressure, 20 
Mpa/cm

2
), injector temperature, 310°C; GC temperature 

program, 85 - 310
o
C at 3 

o
C/ min (10 min. initial hold). The 

mass spectra were recorded in electron ionization (EI) 
mode at 70 eV. The scan repetition rate was 0.5 s over a 
mass range of 39-650 atomic mass units (amu). 

Identification of compounds 

The identification was accomplished using computer 
search user-generated reference libraries, incorporating 
mass spectra. 

Peaks were examined by single-ion chromatographic 
reconstruction to confirm their homogeneity. 

In some cases, when identical spectra have not been 
found, only the structural type of the corresponding 
component was proposed on the bases of its mass 
spectral fragmentation. 
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Reference compounds were co-chromatographed when 
possible to confirm GC retention times. 

RESULTS 

α-Glucosidase inhibitory activity 

The main purpose of this study was to investigate the 
Potential α-glucosidase inhibitory effect of propolis 
extract and its sub-fractions. PEE 70% extract, ether, ethyl 
acetate fractions and their sub-fractions were 
investigated for their α-glucosidase inhibitory activity. 

The PEE 70% extract, ether fraction and its six sub-
fractions showed no inhibitory activity, except the sub-
fraction (6) had moderate activity (32.7 %, Figure 1A), in 
comparison with that of acarbose (49%). 

The ethyl acetate fraction and its sub-fractions 3 and 4 
had no inhibitory activity, while the sub-fractions 1 and 2 
showed low and high moderate α-glucosidase inhibitory 
activity (20 and 37% respectively, Figure 1B). 

 

Figure 1: Bioassay guided fractionation of 70% PEE to 
show α-glucosidase inhibitory activity; Figure 1A= ether, 
Figure 1B= ethyl acetate fractions and their sub-fractions. 
Values are expressed as mean + SD, n=3 (400 μg/ml) 

GC/MS analyses 

The sub-fractions with high α-glucosidase inhibitory 
activity; A(ether sub-fraction 6) and B (ethyl acetate sub-
fraction 2), were subjected to GC/MS analysis. 

The presence of high percentage of Phenolic acids (42.6 
%, in A); especially 3,4-dimethoxy-trans-cinnamic acid 
(30.7%). p-Methoxy-trans-cinnamic acid and 3,4-
dimethoxy-cis-cinnamic acid showed moderate presence 
(1.61 and 5.34 % respectively), (Table 1, Figure 2). This 
fraction contained only five caffeic acid esters; caffeic 
acid methyl ester, 3-methyl-3-butenyl-cis-caffeate, 3-
methyl-3-butenyl-trans-caffeate, 3-methyl-2-butenyl-
trans-caffeate and benzyl-trans-caffeate20 (0.44, 0.05, 
0.49, 0.42 and 0.48% respectively) (Table 1, Figure 2). 
Only two flavonoids were identified by GC/MS in this 
fraction; quercetin and myricetin (0.08 and 0.36% 
respectively). 

High percentage of aliphatic acids were found in fraction 
B (39.8%); the highest percentage is hexadecanoic acid 
(26.9%) followed by octadecenoic acid and octadecanoic 
acid (4.8 and 3.39%), (Table 1, Figure 3). 

Fraction B mainly contained phenolic acids esters (10.6%), 
from which, six (cis and trans) ferulate esters; 3-methyl-3-
butenyl-cis-ferulate, 2-methyl-2-butenyl-cis-ferulate, 3-
methyl-2-butenyl-cis-ferulate (0.58, 0.44, 0.9 % 
respectively), 3-methyl-3-butenyl-trans-ferulate, 2-
methyl-2-butenyl-trans-ferulate, 3-methyl-2-butenyl-
trans-ferulate (1.33, 0.8, 1.12% respectively) and three -
trans-coumarate esters; 3-methyl-3-butenyl-trans-
coumarate, 2-methyl-2-butenyl-trans-coumarate, 3-
methyl-2-butenyl-trans-coumarate21 (2.58, 0.44, 1.23 % 
respectively) (Table 1, Figure 3). Only pinocembrin 
flavanone was identified by GC/MS analyses in this 
fraction with high percentage (6.8%, Table 1, Figure 3). 

HPLC analysis of propolis 

The highly active α-glucosidase inhibitors sub-fractions A 
and B were analyzed by HPLC. Fifteen flavonoid 
compounds and one caffeic acid ester were quantitatively 
identified in propolis sub-fractions A and B.  

The flavonols 8-methoxykaempferol (6.74μg/mg sub-
fraction), quercetin-7,3'-dimethylether (2.45μg), the 
flavone chrysin-7-methylether (2.53μg), the flavanone 
biochanin A (2.0 μg) and dimethylallylcaffeate (9.0 μg) 
were present in low concentrations in sub-fraction A. The 
flavanol quercetin-3,7-dimethylether (15.62, μg/mg sub-
fraction) was significantly present in moderate 
concentrations in sub-fractions B, while quercetin-7,3'-
dimethylether (1.40 μg) and the flavone Chrysin-7-
methylether (2.43μg) were present in low concentrations 
(Table 2, Figure 4). 
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Table 1: Chemical composition assessed by GC/MS analysis of propolis sub-fractions (A) and (B) 

No. Compounds RT *Sub-
fraction A 

*Sub-
fraction B 

 Aliphatic acids    

1 2-hydroxyl-Propanoic acid 8.30 1.77 0.95 

2 Hydroxyacetic acid 8.91 0.37 0.15 

3 Ethanedioic acid 12.1 ----- 0.1 

4 Butanedioic acid 21.46 ----- 1.57 

5 1,2,3-Propanetriol triacetate (Triacetin) 22.96 ----- 0.11 

6 Decanoic acid, 27.72 ----- 0.33 

7 Undecanoic acid 31.74 ----- 0.08 

8 Dodecanoic acid 35.57 ----- 0.8 

9 Tetradecanoic acid 42.57 ----- 0.93 

10 n-Pentadecanoic acid 45.79 ----- 0.19 

11 Cis-9-Hexadecenoic acid 48.26 ----- 0.28 

12 Hexadecanoic acid 49.32 ----- 26.88 

13 cis-10-Heptadecenoic acid 51.15 ----- 0.04 

14 Octadecenoic acid 54.34 ----- 4.8 

15 Octadecanoic acid 54.94 0.07 3.39 

 Total  2.21 39.8 

 Aliphatic esters    

16 Hexadecanoic acid methyl ester 44.96 ----- 0.15 

17 Octadecanoic acid, methyl ester 51.25 ----- 0.05 

18 Hexanoic acid, 2-ethyl,diester with tetraethylene glycol 60.94 0.22 ----- 

19 Hexadecanoic acid, 2-hydroxy-1-hydroxy methyl- ethyl ester 63.46 0.07 ----- 

20 Hexadecanoic acid, 2,3-dihydroxy propyl ester 64.31 ----- 1.63 

21 Octadecanoic acid, 2,3-dihydroxy-propyl ester 68.89 1.16 ----- 

 Total  1.45 1.83 

     

 Phenolic compounds    

22 4(t-Butyl)2(prop-2’enyl)phenol 17.97 ----- 0.08 

23 4-hydroxy-benzaldehyde 23.84 ----- 0.05 

24 Diphenyl ether 24.93 ----- 0.08 

25 1-Phenyl-3-hydroxy-1-propene 26.22 ----- 0.22 

26 8,8aDimethyl2(1methylethylidene)1,2,3,7,8,8ahexahydronaphthalene 26.8 ----- 0.04 

27 6(4-tert-Butylphenyl) 1,3,5-hexatriynyl 31.42 ----- 7.51 

28 1,3-Bis[2hydroxyphenyl]-2-propen-1-one 60.16 ----- 0.06 

 Total  ----- 8.04 

     

 Phenolic acids    

29 Benzoic acid 17.87 0.5 0.12 

30 3-Phenyl-3-hydroxypropanoic acid 33.54  0.03 

31 p-Hydroxybenzoic acid 34.68 1.14 ----- 

32 P-Methoxy-cis-cinnamic acid 37.16 0.03 ----- 

33 p-Methoxy trans-Cinnamic acid 41.92 1.61 0.06 

34 3,4-Dimethoxy-cis-cinnamic acid 43.66 5.34 ----- 
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35 Isoferulic acid 45.17 ----- 0.03 

36 p-Coumaric acid 45.59 ----- 0.2 

37 3,4-Dimethoxy-trans-cinnamic acid 49.37 30.7 ----- 

38 Ferulic acid 50.62 0.05 0.15 

39 Caffeic acid 52.03 0.12 ----- 

40 1,2-Benzenedicarboxylic acid 62.79 3.06 ----- 

41 Rosmarinic acid, 68.39 ----- 0.04 

 Total  42.55 1.43 

     

 Phenolic acids esters    

42 1,2-Benzenedicarboxylicacid, bis(2methylpropyl)ester 43.0 ----- 0.06 

43 Phthalic acid, butyl dodecyl ester 46.09 ----- 0.27 

44 Caffeic acid methyl ester 47.85 0.44  

45 3-Methyl-3-butenyl-cis-ferulate 51.85 ----- 0.58 

46 3-Methyl-3-butenyl-trans-coumarate 52.39 ----- 2.58 

47 2-Methyl-2-butenyl-cis-ferulate 52.7 ----- 0.44 

48 3-Methyl-2-butenyl-cis-ferulate 52.91 ----- 0.99 

49 3-Methyl-3-butenyl-cis-caffeate 53.56 0.05  

50 2-Methyl-2-butenyl-trans-coumarate 53.58 ----- 0.44 

51 3-Methyl-2-butenyl-trans-coumarate 53.99 ----- 1.23 

52 3-Methyl-3-butenyl-trans-ferulate 56.45 ----- 1.33 

53 2-Methyl-2-butenyl-trans-ferulate 57.62 ----- 0.8 

54 3-Methyl-2-butenyl-trans-ferulate 57.92 ----- 1.12 

58 3-methyl-3-butenyl-trans-caffeate 58.12 0.49 ----- 

59 3-methyl-2-butenyl-trans-caffeate 59.56 0.42 ----- 

60 Benzyl-trans-caffeate 67.05 0.48 ----- 

 Total  1.88 10.16 

     

 Diterpenes    

61 Dehydroabietic acid 58.69 ----- 0.11 

 Flavonoids    

62 Pinocembrin 63.05 ----- 6.8 

63 Myricetin 70.33 0.36 ----- 

64 Quercetin 73.25 0.08 ----- 

 Total  0.44 6.8 

 Others    

65 Glycerol 20.02 0.32 0.74 

66 1,1,1-Tris(hydroxymethyl)propane 30.88 ----- 0.08 

67 Oleanitrile 49.90 ----- 0.05 

 Total  0.32 0.87 

RT=retention time.*, TIC =The ion current generated depends on the characteristics of the compound concerned and it is not a true 
quantitation. t, tentatively identified from mass spectra 
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Figure 2: GC/MS Chromatogram of propolis sub-fraction (A) and mass spectra of prominent peaks 
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Figure 3: GC/MS Chromatogram of propolis sub-fraction (B) and mass spectra of prominent peaks 
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Figure 4: HPLC chromatograms of propolis sub-fractions (A) and (B) 

Table 2: Flavonoids assessed by HPLC of propolis sub-fractions (A) and (B) (μg /mg sub-fraction) 

No. Name Chemical name RT 
Sub-fraction 

A 
Sub-fraction B 

Flavones 

1 Apigenin 5,7,4'-trihydroxyflavone 37.95 ----- 0.04 

2 Luteolin-3'-methylether 5,7,4'-trihydroxy-3'-methoxyflavone 42.06 0.02 0.24 

3 Chrysin-7-methylether 5- hydroxy-7-methoxy flavone 61.91 2.53 2.43 

4 Acacetin 5,7- dihydroxy-4'-methoxy flavone 65.4 ----- 0.14 

 Total   2.55 2.85 

 Flavonols 

5 Myricetin 3,5,7,3',4',5'- hexahydroxyflavone 12.88 0.02 ----- 

6 Quercetin-3-methylether 5,7,3',4'-tetrahydroxy-3-methoxyflavone 29.33 ----- 0.03 

7 Quercetin-3,7-dimethylether 5,3’,4'-trihydroxy-3,7-dimethoxyflavone 34.6 ----- 15.62 

8 8-Methoxykaempferol 3,5,7,4'- tetrahydroxy-8- methoxyflavone 37.58 6.74 ----- 

9 Kaempferol-3-methylether 5,7,4'- trihydroxy-3-methoxyflavone 44.46 ----- 0.06 

10 Quercetin-7-methylether 3,5,3',4'-tetrahydroxy-7-methoxyflavone 56.88 0.28 ----- 

11 Quercetin-7,3'-dimethylether 3,5,4'-trihydroxy-7,3'-dimethoxyflavone 66.13 2.45 1.40 

 Total   9.50 17.11 

  Flavanones    

12 Hesperetin 5,7,3'- trihydroxy-4'-methoxyflavanone 39.1 0.42 0.04 

13 Pinocembrin 5,7-dihydroxyflavanone 62.73 ----- 0.46 

14 Biochanin A 5,7-dihydroxy-4'-methoxyflavanone 65.15 2.0 0.54 

 Total   2.42 1.04 

  Isoflavones    

15 Genistein 5,7,4'-trihydroxyisoflavone 35.8 ----- 0.51 

 Caffeic acid esters 

16 Dimethylallylcaffeate 3-methylbut-2-enyl caffeate 62.65 9.0 ----- 

 
DISCUSSION 

Diabetes is characterized by high blood sugar levels which 
can cause serious complications such as organ failures 
and/or destruction of the kidneys, eyes, and various 
cardiovascular diseases. Therefore, the treatment 
methods mainly focus on reducing fluctuations in blood 

sugar levels and their related complications. One of the 
therapeutic approaches is to decrease the postprandial 
hyperglycemia by retarding the absorption of glucose 
through the inhibition of carbohydrate-hydrolyzing 
enzymes, such as α-glucosidase.

22
 α-Glucosidase 

hydrolyzes the disaccharides to monosaccharides to be 
available for the intestinal absorption. The inhibition of α-
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glucosidase activity in the digestive tract is considered an 
effective way to control diabetes through lowering 
glucose absorption. Therefore, inhibition of α-glucosidase 
activity by safe effective natural products has long been 
considered. 

Hyperglycemia is also believed to increase the production 
of free radicals and reactive oxygen species, leading to 
oxidative tissue damage and diabetic complications such 
as nephropathy, neuropathy, retinopathy, and memory 
impairment23, which can be controlled by the highly 
antioxidants polyphenols compounds. Some studies 
demonstrated that the intake of flavonoids, including 
quercetin and myricetin is inversely associated with the 
risk of incident type II diabetes.24 Therefore it has now 
been adopted that an effective antidiabetic compound 
should have both hypoglycemic, antioxidant properties 
and minimal side effects.

25
 

This study investigated the effect of Egyptian propolis’s 
different fractions against α-glucosidase activity. Studying 
the chemical composition of the highly active α-
glucosidase inhibitors sub-fractions was carried out by 
using different chromatographic techniques as HPLC and 
GC/MS. The analysis revealed that they are more or less 
completely different in their bioactive compounds; i.e. in 
GC/MS analysis, aliphatic acids (A=2%, B= 40%), Phenolic 
compounds (A=0%, B=8%), Phenolic acids (A=42.5%, 
B=1.4%), Phenolic acids esters (A=1.9%; caffeate esters 
only, B=10% ferulate and coumarate esters) and 
Flavonoids (A= 0.4%, B=7%). In HPLC analysis of 
flavonoids (A= 14.5%, B= 21.5%). 

In this context, many antioxidants polyphenol compounds 
found in this study-in Egyptian Propolis sub-fractions-
were previously studied and significantly increase the α-
glucosidase inhibitory activity in-vitro. Quercetin has been 
reported to possess high inhibitory effect against α-
glucosidase with IC50 (8.86 μg/Ml).26 Myricetin and 
rosmarinic acid strongly inhibited α-glucosidase (IC50= 
0.1mM and 33.0 ± 4.6 μmol/L, respectively)

27
, p-coumaric 

acid and ferulic acid had α-glucosidase inhibitory activity 
(IC50>30 mmol/L and IC50= 4.9 ± 0.3 mmol/L).28 Caffeic 
acid showed pronounced inhibition of α-glucosidase.

29
 

Ferulic acid derivatives showed strong inhibitory effects 
on α-glucosidase enzyme.

28
 4-Hydroxy-3-methoxy benzoic 

acid and 4-hydroxy-3,5-dimethoxy benzoic acid showed 
27 and 35% inhibition of α-glucosidase activity, 
respectively.

30
 4-Methoxy-trans-cinnamic acid and its 

ethyl ester showed the highest potent inhibitory activity 
among other trans-cinnamic acid derivatives.31 

The molecular structures of polyphenols as α-glucosidase 
inhibitors influence the inhibition in the following ways: 
the presence of -OH group at C-5 & 7 positions at A ring 
and C-3’OH of B ring significantly increase the α-
glucosidase inhibitory activity.32,33 

Tadera indicated that presence of two hydroxyl groups in 
B ring of poly phenolic compounds is necessary for strong 
inhibition of α-glucosidase, that is the cause; quercetin 

gave higher activity than apigenin. C-3 and C-5 
hydroxylation on the A and C rings of flavones 
significantly increase the α-glucosidase inhibitory activity, 
while hydroxylation of C-4’ for the B ring, is crucial for this 
activity.

34
 

Phenolic acids with more than one hydroxyls showed 
strong inhibition, especially with ortho or meta-
dihydroxyls.

35
 

CONCLUSION 

This is the first time to study Egyptian propolis bioassay 
guided fractionation on α-glucosidase inhibitory activity 
with comparison to its chemical composition by GC/MS 
and HPLC analysis. 

Some sub-fractions are moderately active. The crude 
extract, original fractions and most of sub-fractions are 
inactive. 
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