
viii 
 

CONTENTS 

 Page 

Acknowledgements iii 

Abstract (English) iv 

Abstract (Thai) vi 

List of Tables xvi 

List of Illustrations xviii 

Abbreviations and Symbols xxii 

Statement of Originality xxiv 

 

Chapter 1 Introduction   

1.1    Rational and significance of problem 1 

1.2    Formation of Advanced glycation endproducts (AGEs) 

1.2.1   Formation of  exogenous AGEs  

1.2.2   Formation of  endogenous AGEs  

1.2.2.1   Enzymatic AGE formation 

1.2.2.2 Non-enzymatic AGE formation   

1.2.3   Types of AGEs structure 

1.2.3.1   Fluorescent AGE cross-linked structure 

1.2.3.2   Non-fluorescent AGE cross-linked structure 

1.2.4   AGEs effects on different organs in the body 

1.2.4.1   Cardiovascular diseases 

1.2.4.2   Retinopathy 

1.2.4.3   Nephropathy 

3 

3 

3 

3 

4 

7 

7 

8 

9 

10 

11 

11 



ix 
 

1.2.4.4   Neuropathy 

1.2.4.5   DNA dysfunction 

11 

12 

1.3   Methodologies for measurement of AGEs 

1.3.1   Fluorescence spectrometry 

1.3.2   High performance liquid chromatography (HPLC)  

1.3.2.1   Direct methyl glyoxal (MGO) trapping scavenging by 

HPLC 

1.3.2.2   Identification and quantification of  AGEs by LC-MS 

1.3.3   Polyacrylamide gel electrophoresis (SDS-PAGE)  

12 

12 

14 

14 

 

15 

16 

1.4   The inhibition of AGE accumulation 

1.4.1   Aminoguanidine 

1.4.2   Carnosine 

1.4.3   Polyphenols 

1.4.3.1   Phenolic acid 

1.4.3.2   Flavonoids 

1.4.4   Other phenolic compounds 

1.4.4.1   Stilbene glucoside 

1.4.4.2   Terpenes, essential oils, carotenoids and 

polyunsaturated fatty acid 

1.4.5   Other antiglycative compounds 

16 

17 

18 

18 

18 

19 

23 

23 

23 

 

24 

1.5   Role of α-glucosidase in diabetes 24 

1.6   Phytochemical data of plants used in the study of diabetes 

1.6.1   Spices and condiments 

1.6.1.1   Familiy Lamiaceae: Metha cordifolia Opiz., Ocimum 

sanctum, Ocimum basilicum and Ocimum americanum 

1.6.1.2   Familiy Alliaceae: Allium ascalonicum (shallot), Allium 

cepa (onion) and Allium sartivum (garlic) 

1.6.1.3   Family Polygonaceae: Polygonum odoratum 

1.6.1.4   Familiy Piperaceae: Piper sarmentosum 

1.6.1.5   Familiy Zingiberaceae: Alpinia galangal and Zingiber 

officinale Rose. 

27 

27 

27 

29 

30 

31 

31 

 

32 

 



x 
 

1.6.2   Fruits 

1.6.2.1   Musa sapientum 

1.6.2.2   Tamarind indica 

1.6.2.3   Psidium guajava 

1.6.2.4   Mangifera indica 

1.6.2.5   Dimocarpus longan 

1.6.2.6   Punica granatum 

1.6.3   Vegetables 

1.6.3.1   Family Leguminosae: Leucaena leucophala and 

Clitoria ternatea 

1.6.3.2   Family Asclepiadaceae: Gymnema indorum 

1.6.3.3   Family Cucurbitaceae: Cocinia grandis and 

Gymostemma pentophyllum 

1.6.3.4   Familiy Umbelifera: Centella asiatica Urban, Apium 

graveolens, Erngium foetidum and Coriandrums 

sativum 

1.6.4   Herbs 

1.6.4.1   Family Vitaceae: Cissus quadrangularis 

1.6.4.2   Family Acanthaceae: Andrographis  paniculata 

Wallex Nees. 

32 

33 

33 

33 

34 

34 

35 

35 

35 

 

36 

36 

 

36 

 

 

37 

37 

38 

1.7  Purpose and scope of this study 38 

Chapter 2 Material and Methods 39 

2.1    Materials 

2.1.1   Chemicals 

2.1.2   Materials and instruments 

39 

39 

40 

2.2    Screening of total phenolic and total flavonoid contents, 

antioxidant and antiglycation activities of culinary plants 

2.2.1    Preparation of plant materials 

2.2.2    Preparation of the crude extracts 

2.2.3    Determination of total phenolic content  

41 

 

41 

41 

43 



xi 
 

2.2.4    Determination of total flavonoid content 

2.2.5    In vitro Determination of antioxidant activity using  

            DPPH radical scavenging assay 

2.2.6    In vitro Determination of antiglycation activity in BSA-

glucose model 

2.2.7    In vitro Determination of antiglycation activity in BSA-

methylglyoxal model 

2.2.8   Methylglyoxal trapping capacity 

43 

43 

 

44 

 

44 

 

45 

2.3   Antiglycation and antidiabetic activities of Lamiaceae plant 

species  

2.3.1   Preparation of the ethanolic extracts of Lamiaceae plant 

species 

2.3.2   Chemical compositions  of Lamiaceae plant species 

2.3.2.1   Total phenolic content 

2.3.2.2   Determination of antioxidant activity  

2.3.3   Characterization of phenolic compounds of Lamiaceae    

plant species 

2.3.4   Determination of α-glucosidase inhibition of  Lamiaceae 

plant extracts 

2.3.5   Determination of antiglycation activities of  Lamiaceae 

plant extracts 

2.3.5.1   Determination of glycation of histone 

(intracellular) and BSA (extracellular) proteins 

2.3.5.2   Analysis of protein conformation changes by 

sodium dodecyl sulfate poly acrylamide gel 

electrophoresis (SDS-PAGE) 

45 

 

45 

 

46 

46 

46 

46 

 

47 

 

48 

 

48 

 

48 

 

 

2.4   Partial purification and identification of phenolic compounds 

from Ocimum sanctum (purple) extract   

2.4.1   Separation and partial purification of the Ocimum 

sanctum (purple) by silica gel 60 column chromatography 

 

49 

 

49 

 

 



xii 
 

2.4.2   TLC and HPLC analysis of the separated fractions of  

Ocimum sanctum (purple)  

2.4.3   Determination of antiglycation activity of the separated 

fractions of  Ocimum sanctum (purple) 

2.4.4   Determination of α-glucosidase inhibition of the separated 

fractions of  Ocimum sanctum (purple) 

2.4.5   Identification of the active fractions from the ethyl acetate 

extract of Ocimum sanctum (purple) 

2.4.5.1   Gas chromatography/ mass spectrometry (GC-

MS) analysis of the oil fractions of  Ocimum 

sanctum (purple) 

2.4.5.2   Liquid chromatography/mass spectrometry (LC-

MS) analysis of F10 and F16 fractions of  

Ocimum sanctum (purple) 

2.4.5.3   Liquid chromatography-tandem mass 

spectrometry (LC MS/MS) 

49 

 

51 

 

51 

 

51 

 

51 

 

 

52 

 

 

52 

2.5    Inhibitory effects of phenolic compounds in Ocimum sanctum 

(purple) on α-glucosidase activity and the formation of 

advanced glycation end-products (AGEs) 

2.5.1   Glycation of bovine serum albumin (BSA) 

2.5.2   Glycation of histone 

2.5.3   Glycation of collagen  

2.5.4  Determination of the inhibition mode and Ki and IC50 

values of α-glucosidase inhibitory activity of the 

fractions from Ocimum sanctum (purple)  

2.5.4.1   Preparation of α-glucosidase (AGH) solution 

from rat intestinal acetone powder  

2.5.4.2  Determination of α-glucosidase inhibitory 

activity 

53 

 

 

53 

53 

54 

54 

 

 

54 

 

54 

 

2.6   Statistical analysis 56 



xiii 
 

Chapter 3 Results 

3.1   Screening of total phenolic and total flavonoid contents, 

antioxidant and antiglycation activities of culinary plants 

3.1.1   Total phenolic and flavonoid contents 

3.1.2   Antioxidant activity 

3.1.3   Antiglycation activities 

57 

57 

 

57 

59 

59 

3.2   Antiglycation and antidiabetic activities of Lamiaceae plant 

species 

3.2.1   Chemical compositions of the ethanolic extract from 

Lamiaceae plant species 

3.2.2   Characterization of phenolic compounds of Lamiaceae 

plant species 

3.2.3   Determination of  α-glucosidase (maltase) inhibition of 

Lamiaceae plant species 

3.2.4   Determination of antiglycation activities of L 

amiaceae plant species 

3.2.4.1 Antiglycation activities of Lamiaceae plant 

species in extracellular (BSA-MGO) and 

intracellular (histone-MGO) proteins 

3.2.4.2   Analysis of protein conformation changes by 

sodium dodecyl sulfate poly acrylamide gel 

electrophoresis (SDS-PAGE) 

3.3    Partial purification and identification of phenolic compounds 

from Ocimum sanctum (purple) extract 

3.3.1    Separation and partial purification of Ocimum sanctum 

(purple)  by silica gel 60 column chromatography 

3.3.2    Determination of antiglycation activity and α-

glucosidase inhibition of the separated fractions of 

Ocimum sanctum (purple) 

 

71 

 

71 

 

72 

 

74 

 

75 

 

75 

 

 

76 

 

 

79 

 

80 

 

81 

 

 

 

 



xiv 
 

3.3.3    Thin layer Chromatography and High performance 

liquid chromatography analyses of the separated 

fractions of Ocimum sanctum (purple) 

3.3.4    Identification of the selected fractions from Ocimum 

sanctum (purple) 

3.3.4.1   Gas chromatography/ mass spectrometry (GC-

MS) analysis of the oil fractions 

3.3.4.2   Liquid chromatography/mass spectrometry 

(LC-MS) analysis of the fractions (F10 and 

F16) of Ocimum sanctum (purple) 

3.3.4.3   Liquid chromatography-tandem mass 

spectrometry (LCMS/MS) of the fractions (F1 

and F10) of Ocimum sanctum (purple) 

3.3.5  Quantification of the identified phenolic compounds 

(methyl eugenol, rosmarinic acid, luteolin and apigenin) 

in the ethyl acetate extract of Ocimum sanctum (purple) 

3.4   Inhibitory effects of phenolic compounds in Ocimum sanctum 

(purple) on α-glucosidase activity and the formation of 

advanced glycation end-products (AGEs)  

3.4.1  Effect of different inducers on the AGE formation in 

model proteins 

3.4.2  Inhibitory effects of Ocimum sanctum (purple) fractions 

on the AGE formation in model proteins induced by  

different inducers 

3.4.2.1  Inhibitory effects of Ocimum sanctum (purple) on 

the AGE formation induced by different 

inducers 

3.4.2.2   Inhibitory effects of Ocimum sanctum (purple) 

on AGE formation in different model protein    

3.4.3 Determination of the inhibition mode and Ki and IC50 

values of α-glucosidase inhibitory activity of the active 

82 

 

 

93 

 

93 

 

95 

 

 

95 

 

 

98 

 

 

99 

 

 

99 

 

101 

 

 

101 

 

 

102 

 

104 

 



xv 
 

fractions from Ocimum sanctum (purple) 

 

Chapter 4 Discussion and Conclusion 

4.1   Discussion 

4.1.1  Screening of total phenolic and total flavonoid contents, 

antioxidant and antiglycation activities of culinary 

plants 

4.1.2  Antiglycation and antidiabetic activities of Lamiaceae 

plant species 

4.1.3 Partial purification and identification of phenolic 

compounds from Ocimum sanctum (purple) extract  

4.1.4 Inhibitory effects of phenolic compounds in Ocimum 

sanctum (purple) on α-glucosidase activity and the 

formation of advanced glycation end-products (AGEs) 

4.2    Conclusion 

 

 

111 

111 

111 

 

 

114 

 

116 

 

118 

 

 

121 

References 123 

Appendices 

 Appendix A calculations 

A-1     Total phenolic content of culinary plants 

A-2    Total flavonoid content of culinary plants  

A-3     Quantification of rosmarinic acid, methyl eugenol, 

luteolin and apigenin 

Appendix B kinetic of α-glucosidase 

Appendix C supporting publication 

148 

148 

149 

150 

151 

 

153 

155 

Vita 177 

 

 



xvi 
 

LIST OF TABLES 

 Page 

Table 1.1   Detection of AGEs in skin 

Table 1.2   Plants with α-glucosidase inhibitory activity 

15 

26 

Table 2.1   Culinary plants used in this study 42 

Table 3.1   Total phenolic and total flavonoid contents in the ethyl acetate 

(EA) and ethanolic (ET) extracts of culinary plants. 

Table 3.2   Antioxidant and antiglycation activities (BSA-glucose medel) of 

EA and ET plant extracts of culinary plants 

Table 3.3 The Pearson correlation coefficient of total phenolic and 

flavonoid contents with antioxidant and antiglycation activities 

of culinary plant extracts 

Table 3.4   HPLC profile of standard phenolic compounds 

Table 3.5 Total phenolic content and antioxidant activity of the 

ethanolic extract from the Lamiaceae plant species 

Table 3.6    α-glucosidase (maltase) inhibition and antiglycation  

activities and of the ethanolic extracts from the Lamiaceae 

plants   

Table 3.7 Total phenolic content, antioxidant and antiglycation 

activities and α-glucosidase inhibition of Ocimum sanctum 

(purple) 

Table 3.8 Fractionation yields from ethyl acetate extract of Ocimum 

sanctum (purple) 

Table 3.9 Rf values and color appearances on TLC chromatograms of 

the fractionated fractions from the ethyl acetate extract of 

Ocimum sanctum (purple) 

58 

 

60 

 

61 

 

 

68 

72 

 

75 

 

 

80 

 

 

81 

 

85 

 

 



xvii 
 

Table 3.10 Chemical compositions of oil fractions (F1-F4) from Ocimum 

sanctum (purple) identified by GC-MS 

Table 3.11 Amounts of rosmarinic acid, luteolin, apigenin and methyl 

eugenol in the EA and aqueous fractions of Ocimum sanctum 

(purple) 

Table 3.12   Inhibitory effects of Ocimum sanctum (purple) extracts on 

AGE formation in Bovine serum albumin (BSA) induced by 

glucose, ribose and methylglyoxal (MGO) 

Table 3.13 Results of calculated Ki and IC50 values of α-glucosidase 

inhibitory activity, type of inhibition and total content of the 

EA and aqueous fractions of Ocimum sanctum (purple) 

compared with the standard phenolic compounds 

93 

 

98 

 

 

102 

 

 

106 

 

 

 

 

 

 

 

 

 

 

 

 



xviii 
 

LIST OF ILLUSTRATIONS 

 Page 

Figure 1.1   Pathways for producing methylglyoxal. F1-6 DP, fructose 1,6-

diphosphate; TPI, triose phosphate isomerase; DAG, 

diacylglycerol; KPC, protein kinase C; PK, pyruvate kinase; 

LDH, lactate dehydrogenase; FN3K, fructosamine 3-kinase 

Figure 1.2    Schematic representations of the formation of advanced  

glycation end- products (AGEs) and AGE inhibitors modes of 

action. (1) early stage; (2) middle stage, which is carbonyl 

trapping agents; (3) late stage that show crosslink breakers; 

(4) metal-ion chelator which suppress glyoxidation reactions  

Figure 1.3   Pathway of the reaction of each reducing sugar carticipate in 

protein glycation    

Figure 1.4   Chemical structures of two types of AGEs: (A) fluorescence 

and crosslinking AGEs; (B) non-fluorescence and non-

crosslinking AGEs 

Figure 1.5     Advanced glycation end-products in the development of  

diabetic complications 

Figure 1.6    Fluorescence spectra of advanced glycation end-products    

                     (AGEs) measured   by fluorescence spectrometry 

Figure 1.7    AGE crosslinks of collagen were measured using the  

fluorometric assay 

Figure 1.8     Derivatization reaction of α-dicarbonyl compounds with o- 

phenylenediamine (OPD) to give their corresponding 

quinoxalines 

Figure 1.9    Representative advanced glycation endproducts (AGEs)  

inhibitors 

4 

 

 

 

5 

 

 

 

 

7 

 

9 

 

 

10 

 

13 

 

14 

 

15 

 

 

16 

 



xix 
 

Figure 1.10    Schematic presentation of synthetic AGE inhibitors and their   

modes of action 

Figure 1.11    Chemical structure of phenolic acids       

Figure 1.12    Structure of the major classes of flavonoids 

Figure 1.13    AGE inhibitors of flavanoids 

Figure 1.14   The mechanisms of α-amylase and α-glucosidase enzymes in 

the small intestine. Acarbose (AC), a standard α-glucosidase 

inhibitor, competitively inhibits the enzymatic hydrolysis of 

oligosaccharides 

Figure 1.15    Spices and condiment plants in Lamiaceae family used in this 

study 

Figure 1.16    The plants of spices and condiments in the Alliaceae family 

used in this study 

Figure1.17      The plants of spices and condiments used in this study 

Figure 1.18     The plants used in this study 

Figure 1.19     The plants (vegetables) used in this study 

Figure 1.20     The plants (herbs) used in this study 

17 

 

19 

20 

21 

26 

 

 

 

27 

 

29 

 

30 

32 

35 

37 

Figure 2.1    Showing 5 plant samples in Lamiaceae Family used in this 

study: Ocimum basilicum (a), Ocimum americanum (b), M. 

cordifolia Opiz.(c), O. sanctum (green) (d) and Ocimum 

sanctum (purple)(e) 

Figure 2.2      A schematic diagram of separation and of Ocimum sanctum  

(purple) 

46 

 

 

 

50 

 

Figure 3.1   Correlation between antiglycation activity, DPPH radical 

scavenging activity, total phenolic and total flavonoid 

content of ethyl acetate (EA) extract of culinary plants  

Figure 3.2     Correlation between antiglycation activity, DPPH radical 

scavenging activity, total phenolic and total flavonoid 

content of 80% ethanol (ET) extract of culinary plants  

 

 

62 

 

 

63 

 

 

 

 



xx 
 

Figure 3.3    Inhibitory effect (IC50 value) of the selected plant extracts 

on the formation of glycation in BSA-glucose and BSA-

methylgloxal models. Aminoguanidine (AG) was used as a 

positive control 

Figure 3.4    MGO trapping capacity of the selected plant extracts. 

Figure 3.5   DPPH free radical scavenging activity of the selected plant 

extracts 

Figure 3.6  HPLC chromatogram of the 80% ethanolic extract from T. 

indica (a), P. guajava (b), M. indica (c)  and D. longan (d) at 

280 nm 

Figure 3.7  HPLC chromatogram of (a)  Ocimum sanctum (purple),  

(b)Ocimum americanum , Metha cordifolia Opiz. (c), 

Ocimum basilicum (d) and Ocimum green (e) 

Figure 3.8    Amounts of rosmarinic acid, luteolin and apigenin in  

                    ethanolic extracts of Lamiaceae plants 

Figure 3.9   SDS-PAGE Commassie stained gel profile of glycated  

histone 

Figure3.10   AGE inhibition -mediated protein crosslinks by Lamiaceae 

plants 

Figure 3.11   % AGE inhibition in BSA-MGO model of the fractions (F1-

F17) at concentration of 250 µg/mL separated by silica gel 

column chromatography 

Figure 3.12  IC50 (mg/mL value) of α-glucosidase (maltase) inhibition of 

the fractions (F1-F17) separated by silica gel column 

chromatography 

Figure 3.13 HPLC chromatograms of the crude ethyl acetate (EA) 

fraction of Ocimum sanctum (purple) and the fractions 

separated on the silica gel 60 column chromatography 

Figure 3.14   GC-MS chromatogram of the oil fractions (F1-F4) of 

Ocimum sanctum (purple) 

 

65 

 

 

 

66 

67 

 

69 

 

 

73 

 

 

74 

 

77 

 

78 

 

83 

 

 

84 

 

 

88 

 

 

94 

 

 



xxi 
 

Figure 3.15   LC-MS chromatogram of fractions F10 and F16 separated 

on silica gel 60 column chromatography of Ocimum 

sanctum (purple) 

Figure 3.16  HRMS (ESI) spectrum of the separated fraction F1 from 

Ocimum sanctum (purple) 

Figure 3.17  HRMS (ESI) spectrum of the separated fraction F10 from 

Ocimum sanctum (purple) 

Figure 3.18  HPLC chromatogram of ethyl acetate (EA) and aqueous 

fractions of Ocimum sanctum (purple); (a) ethyl acetate 

(EA) fraction, (b) aqueous fraction 

Figure 3.19    AGE fluorescence intensity of various model proteins (BSA, 

histone and collagen) induced by D-glucose, methylgloxal 

(MGO) and D-ribose at various concentrations after 

incubated for 7 -15 days at 37°C 

Figure 3.20   Effects of Ocimum sanctum (purple) extracts and the standard  

phenolic compounds on AGE formation in histone (1 

mg/mL) induced by 5 mM methylglyoxal (MGO) 

Figure 3.21     Effect of Ocimum sanctum (purple) extracts and the standard 

phenolic compounds on MGO induced collagen-linked 

fluorescent adduct formation 

Figure 3.22   The Linweaver-Burk plots of the EA (a) and aqueous (b) 

fractions of Ocimum sanctum (purple) at different 

concentrations (0 and 200 µg/mL) 

Figure 3.23  The Linweaver-Burk plots of luteolin and apigenin (at 

concentration of 0 and 100 µg/mL), respectively 

Figure 3.24  The Linweaver-Burk plots of rosmarinic acid (at 0 and 100 

µg/mL) and methyl eugenol (at concentration of 0 and 1 

mg/mL), respectively 

Figure 3.25      The Linweaver-Burk plots of acarbosr (at 0 and 100 µg/mL) 

 

96 

 

 

97 

 

97 

 

99 

 

 

100 

 

 

 

103 

 

 

104 

 

 

107 

 

 

108 

 

109 

 

 

110 

 



xxii 
 

ABBREVIATIONS AND SYMBOLS 

AGEs Advanced glycation end-products 

MGO Methyl glyoxal 

GO Glyoxal 

BSA Bovine serum albumin 

AG Aminoguanidine 

EA Ethyl acetate 

ET Ethanol 

C Degree Celcius 

µg Microgram 

µL Microliter 

DPPH• 1,1-Diphenyl-2-picryl hydrazyl radical 

g Gram 

h Hour 

HPLC High performance liquid chromatography 

L Liter 

LCMS/MS Liquid chromatography-tandem mass 

spectrometry 

GC-MS Gas chromatography/ mass spectrometry 

M Molar 

m/z Mass divided by charge 

min Minute 

mL Milliliter 

mm Millimeter 

TLC Thin layer chromatography 

rpm Revolution per minute 

UV Ultraviolet 

λmax Maximum absorption wavelength 

α Alpha 



xxiii 
 

pNPG Para-nitrophenyl-α-D-glucopyranoside 

Km Michaelis constant 

Vmax Maximum rate of enzyme reaction 

[S] Concentration of substrate 

[I] Concentration of inhibitor 

Ki Dissociation constant 

CC Column chromatography 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xxiv 
 

STATEMENT OF ORIGINALITY 

1. A new source of natural antiglycation agents from culinary plants will be 

obtained.  

2. The bioactive compounds from the selected plant species which are responsible 

for antioxidant and antiglycation properties can be separated and identified. 

3. Discovering and understanding of the inhibitory actions against protein glycation 

of the bioactive compounds for the prevention or treatment of diabetic 

complications will be achieved.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xxv 
 

ข้อความแห่งการริเร่ิม 

1.  สามารถหาแหล่งของสารตา้นปฏิกิริยาไกลเคชนัใหม่จากพืชสวนครัว 

2. สามารถแยกและตรวจพิสูจน์เอกลกัษณ์ของสารออกฤทธ์ิทางชีวภาพจากสายพนัธ์ุพืชท่ีไดท้  า
การคดัเลือกแลว้ซ่ึงมีคุณสมบติัตา้นปฏิกิริยาออกซิเดชนัและตา้นปฏิกิริยาไกลเคชนั 

3. ประสบความส าเร็จในการคน้พบและเขา้ใจกลไกการยบัย ั้งปฏิกิริยาไกลเคชนัของโปรตีนของ
สารออกฤทธ์ิทางชีวภาพเพื่อใชใ้นการป้องกนัและรักษาการเกิดโรคแทรกซอ้นเบาหวาน 


