Identification, Bioassay-guided Isolation
& Pharmacological Properties of an
Antidiabetic Active Compound(s) from
Traditional Medicinal Plants

By

SureshKumar Mohankumar
(Master of Pharmacy)

October 2007

A thesis submitted for the degree of
Doctor of Philosophy
of the

University of New England



Declaration

I certify that the substance of this thesis dves not contain any work that has been
previously published or written, except where due reference is made in the text. It has not

already been submitted for any degree and is not being currently submitted for any other

degree.

1 certify, to the best of my knowledge, any help received in preparing this project and any

sources used, have been acknowledged in this report.

Sureshkumar Mohankumar

i




Acknowledgements

A number of people have been instrumental in providing me with help, direction and
support throughout this PhD journey. I wish to express my deep sense of gratitude to my
supervisor Dr James R MacFarlane for his constant inspiration, innovative ideas and
untiring efforts which enabled me to complete my dissertation, thank you for giving me
the opportunity to discover the amazing world of endocrinology and metabolic studies. 1
would also express my sincere thanks to Dr. David J. Tucker for introducing me to this
University, his wholehearted support and valuable suggestions throughout my project
work. My special thanks to Dr. Tim O’Shea and Dr. Kate Kauter for their invaluable

assistance in sheep experiments and proof-reading, and other technical issues.

1 greatly acknowledge the technical help rendered by Janelle McFarlane, Amanda Lang
and all other technical staff. I send my profound and affectionate thank to all my lab
mates and friends for their encouragement and help extended to me throughout my

project work.

A very special thanks to my mother Mangalam, wife Arti and son Sohaan, Your constant
love, patience and understanding have been my strength throughout this journey. Also
many thanks to all family members, without all of you and your support this research

would not have been possible.

Most importantly, I wish to thank my father Mr. Mohankumar for his love, patience,
encouragement and belief in my ability. I am incredibly grateful that you have constantly
stood by my side allowing me to find the courage to continue despite set-backs. Thank

you for your encouragements and for being so proud of my efforts.

il



List of Contents

[ 0 N N0 0 |
ACKNOWLEDGEMENTS ... s mmm s s 1
LIST OF CONTENTS ... s e s e e s r s s s e e e e e e n s Iv
PUBLICATIONS ARISING FROM THIS THESIS.........cooconerrureerenesseeessensesanns VIl
ANNOTATION ... s s s s s e s e e e e e e e nes IX
LIST OF FIGURES .........oo e sssnns s Xl
LIST OF TABLES .......cvueesuueesusesseesssssessaessssssssssessssssssasesssassssasssssasessssssssaness XIX
ABSTRACT ... s nnnn XX
1 GENERAL INTRODUCTION........cernie s 1
1.1 Introduction 2
1.2 Glucose Homeostasis 5
1.2.1  GlUCOSE trANSPOIL .. ievretieiieitieieeetesteetesteeetesetesteeaesseessesseessesssesseessessaessesseensesssensesssassesssenseensesses 5
1.2.1.1 SGLT ettt et ettt ettt b et b sttt 6
1.2.1.2 GLUT ...ttt ettt ettt ettt ettt ebeeaeeneeneeuenae 6
1.2.2 GlUCOSE TEGUIALION. ... eetieeieitieiietteieettesteete st eteeseete et esteesaesseesseesbesaeseeseessessaenseassansenssenseensensnan 8
1.2.2.1 INSULIIN ¢ttt ettt st 11
1222 F N 10 1 TR PR U SSRRt 18
1.2.2.3 GIUCAZOM ...ttt ettt ettt ettt et st et et este et e stee bt e st e sstenbeeatenseensesseenseensanseensensaensenen 18
1224 INCTELIN NOTIMONES ...ttt e e 19
1.2.3  Endogenous glUCOSE PrOQUCTION . .......ceeitiiieriieieeteeieeteeiesees e eeresteesaesteensesteesessaessesseessessnesseans 21
1.2.4  HYPETZLYCEMIA ..eutiiieieieieitteiie ettt sttt ettt ettt sh ettt et e b e sbee bt s st esbeenbesbeenbesbeenbe e 22
1.3 Diabetes mellitus 23
1.3.1  PathOphySIOLoZY ....coueeiiriiiiiriirieiteieeete ettt ettt ettt sttt s s 25
1.3.1.1 INSULIN TESISTAINCE. ....eueeieiieiieiietc ettt sttt ebe bt s ee e ee 26
1.3.1.2 B-CeIl AYSTUNCHION ..ouviiiiiieiieiieieete ettt st sttt et sae bbb 29
1.3.2  COMPIICALIONS. .. .eveeiieeiieteeiestteteetesteetesteetestaesteessesseessesseesseessessaensasseenseessesssensesssensennsenseensee 30
1.3.3 TIEAMENLS ..cuiiiiiiiiiiiiietceitett ettt et ettt ettt be et sttt e sb e ae e eneeanenaee 31
1.33.1 Sulfonyl and non-sulfonylureas ...........coccecveririreniniieneneeceeee e 31
1.3.3.2 BiGUANIAC .....eeiiieiieiiee ettt sttt ettt ebeertenbe bt n 34
1.3.33 Peroxisome proliferators-activated receptor-gamma (PPAR -y) activators
(ThiaZOIAINEAIONES) ...cuvieveetieiietietiesiesteete et et e et e st e et e et e te e e e eteesbeesaesseesseessesseessesseessesssassesssenseessenses 36
1334 Alpha-glucosidase INIIDITOTS .........ccecveiriririrenineneieecteeeteeet et 38
1.304 LAMIEALIONS .euvivieiieiieetiete ettt ettt ettt ettt st b et sat et et e sbe e bt s st enbeebesbeentenbeenee e 38

v



14 Traditional antidiabetic plants 39

1.4.1 Gymnema syIvestre RBT (GS)....cccviiieiiiiieiieieeeeteeeete sttt ettt aeeseesae e seessens 40
1.4.2  Trigonella foenum-graecum Linn (TFG).......coccooviiiiniiiiiiiniiiteeeeeec e 44
143 Curcuma longa Linn. (CL).....cooieviieieiiiiesiieiesteie ettt ettt eseesaessaensessaense e 50
1.4.4  Pterocarpus marsupium ROXD. (PM) ....cccooiiiiiiiiinieiecieiece ettt 53
1.5 Summary 60
1.6 Aim 62
2 GENERAL METHODS AND MATERIALS......... e 63
2.1 Chemicals and reagents 64
2.2 Plant materials and extract preparation 64
2.3 Animal ethics 65
24 In vitro bioassay 65
2.4.1  Animals and tiSSUE PIEPATALION. .......ccveeveruierriiiertieiteeeeteseesreesesreesseessesseessesseessesssesseessessesssenns 65
2.4.2  TISSUC CUITUIE BSSAY ...ueervierertieierreeiesteeiesteestesteessesseesesseensesssessesssessesssessesssessesssessesssessesssesseenns 66
2.5 In vivo bioassay 67
2.5.1  Animals and Plasma sample COILECLION .......cc.eeveruieieriieiiiieie ettt 67
2.6 Glucose analysis 67
2.7 Insulin (Radioimmunoassay) 68
2.7.1  Culture media SAMPIE ........cceeriieieriieieriieie ettt ettt sttt e et e bt ebe bt et e enaenbeentenseenbe e 68
2.7.2  PlaSma SAMPIE ....cueeiieuieiieieetiesie ettt ettt sttt ettt et sttt et be et e sht e been b e bt e b e entesheebeenteens 69
2.8 SDS-PAGE 69
T8 N o (711 W 11 15 o) o B USRS 70
2.8.2  Glycoprotein detECLION ........ccecuieierrieieeieiieierteerteeteteeetesteetesteestesseessesssesseessesseensasssessesssensenes 70
29 Data analysis 70
3 PRELIMINARY IN VITRO SCREENING ...........cccccnrrrrrrrre e 71
3.1 Introduction 72
3.2 Materials and methods 74
32,1 General MEthOAS. ... c.ooiiiiiiiiiiiiiiie ettt 74
3.2.2  Effect of plant extract on muscle glucose uptake and pancreas insulin secretion ..................... 74
33 Results 75
3.3.1  Glucose uptake by mouse MuSCle tiISSUES i1 VITFO ......cccuevueecuiriiniieiiniieieeeeeee e 75
3.3.2  Insulin secretion from mouse Pancreas tISSUES I VILFO ......ccveevereerveeeesieeresieensessesseesesseessenens 76
34 Discussion 78

4 EFFECTS OF CLE AND PME ON TISSUES INVOLVED IN GLUCOSE
HOMEOSTASIS ... s 81



4.1 Introduction 82

4.2 Material and methods 84
4.2.1  General MEthOMAS. ....cc.oouiiiieeee ettt ettt a ettt ae e enean 84
4.2.2  INSUIN SECTELION 71 VITFO ..ottt ettt &4
4.2.3  Muscle glucose UPLtaKe i7 VITFO. .......cceeuivuiiiiiiiiiiiiecteeeete ettt 84

4.3 Results 85
4.3.1  INSUIN SECTELION 71 VITFO ..ottt ettt sttt ae bbbt 85

43.1.1 Effect of CLE 0n inSUlin SECTELION. .......cveruieiierieeieniieieeitesieeieeeeeeseeeste e seesaeeneeneeenee e 85
43.1.2 Effect of PME 0N insSulin SECIEtION. .. ..c.ccueriiueriitirieieieieieiesietesiet sttt senea 88
4.3.2  Muscle glucose UPLAKE 7 VITFO ........ovueeeiriiiiiiiieiiteeeee ettt sttt 89
43.2.1 Effect of CLE on muscle glucose uptake.........cooveieiieiiiniiiiesiee e 89
4322 Effect of PME on muscle glucose Uptake ..........coceveeriiiienienienieieeieniteie e 92

4.4 Discussion 95

5 BIOASSAY-GUIDED PURIFICATION OF PME...........cciiiimiireeeeeeenee 100

5.1 Introduction 101

5.2 Material and methods 104
52,1 General MEthOAS. ... ..coeiiiiiiiiiiii ettt 104
5.2.2  Data QNALYSIS ..eeueeriieiiiiieieetenttee ettt ettt st ettt b ettt st e bt et e s bt et e eat e beententeenten 104
5.2.3  Preliminary purification StUAIES .........ccceevveruieiiiiieniieieseestestteie et esteeve e eae s e sreesaesseensesseense e 105

5.2.3.1 AQUEOUS EXITACLION ..euvenvieiieiieieeiiesteete st tet e et et et e sitesbesitesbe et e satesbeentessbensessbenbeensesbeenses 105
5232 Organic SOIVENt EXtrACION ......euirveieiereeieieeieeeieet ettt sttt ettt ne e ese s eneas 105
5233 URIAFIIEIATION .ottt ettt 106
5234 Sephadex G-25 column chromatography..........ccceeeerieeriiiienienieneeiereee e 108
5235 TTYPSIN QIZESTION ...vvivieeiieeieiieeieeiieteetete et e ete e ettebeesbesteebesseessessaesseassesseensasssessenssessens 109
5.2.3.6 Ion exchange Chromatography ..........oceveeriirierieiiinieieet et 110
5.2.4  Bioassay-guided purification 0f PME ...........cccooiiiiiiiiiiiieieece e 111
5.2.5  Molecular weight determMination..........c.eeiecuerieriieienieieetesteeeeseeeteeeesseeaesteessessaesseessesseesenes 113
5.2.6  PeroXidase ACIVITY ....eevuereieruerieriieiiiteeteeite ettt ettt et sttt sbt et et e bt et sbe et s st et eabenreeaten 113
5.2.7  Purification Of #SK/PME/O7 ....ccuoiiiiiiiieeee et 114
5.2.7.1 Affinity Chromatography.........cccoovieriiriieniieienieie ettt eees 114
52.7.2 PVPP trEatmeENt....c..coiuiiiiiiiiiiirieeiertc ettt sttt sbe e
5273 Isoelectric focusing
52.74 Chloroform —Methanol precipitation .............eceecuerierienieneeieneeie ettt 115
5.2.8  DIOSE TESPOMSE CUTVE ..nueeeueieeueiarueeetiesuteeteesnteeaseeanseesseeaseesseeanseessseanseessseaaseesnseenssesasessnsesnseennes 116
5.2.9  N-terminal SEQUETICINZ ... .evuerieriieiieiietieteetet ettt sttt et e bt ete st entesitesbeesbe bt ebesaeesbeensesaens 116

5.3 Results 117

5.3.1  Preliminary purification StUAIES .........ccooeruererieieeieeeee e 117
5.3.1.1 AQUEOUS EXITACLION ...vievvieeeeeieiesiiesteeiesteeteeseesseestessaesseessesseessesseesseessesseessesseensesseessennss 117
53.1.2 Organic SOIVENt EXLIACTION ......evirieiieieriieienteeieeieete ettt e et et te e e sbeesesaeensesaeensesnnens 118
53.13 UREATTIEEATION <.ttt sttt ee e et ae s ee e neenes 119
53.14 Sephadex G-25 column chromatography.........ccccceecevieriinienieeieieeiestee e 121
53.1.5 TIYPSIN QIZESTION ..ttt sttt et e sbesaeenae s 122
5.3.1.6 Ton exchange ChromatoGraphy ..........ccevieriieieiieie ettt nae s 123

5.3.2  Bioassay-guided purification 0f PME .........c.cccoiiiiiiiiiiiiieiicieeeetee et 125

5.3.3  Molecular weight determination..........c.eeeeeuerieriirienieieeeesieetesteeteeeesseeaesteessessaesseessesseesenes 127

534  Peroxidase aCtiVILY .........cccccocciiiiiiciiiiciciiciciciceiee et 128

5.3.5  Purification Of #SK/PME/O7 ....ccuoiiiiii et 129
5.3.5.1 Affinity Chromatography..........ccoevieriirieniieienieie ettt sttt eene e 129

vi



53.52 PVPP ATAtMENT.....eeiiiiiiiiiiiie ettt e e e ettt e e e e e et e e e e e e senaareeeeeeans 130

53.53 ISOCIECLIIC TOCUSING ....vveuvieereeieiieeiiete ettt ettt et te et e et sbe b e sre et eesaesseessesseensenenen 131
53.54 Chloroform-Methanol precipitation...........cccueciecieiieriieieseeieeeesre et esteeae e ereseeereeenens 132

5.3.0  DIOSE TESPOMSE CUTVE ....nueeeueieautiaruieetiesuteenteeateesseeasseesseesseesseeenseessseanseessseanseesnseenseesasessnsesnseenses 134
5.3.7  N-terminal SEQUENCING .....cccverueeriertierteriteiesieteeterteetesteesteestesseeseeseessesnsesseessessesseessesssessesnsens 136
5.4 Discussion 136
6 ANTIDIABETIC PROPERTIES OF #SK/PME/Q7 .......coueeuciiiiirnrenncsneennnnns 143
6.1 Introduction 144
6.2 Material and methods 146
6.2.1  General MEHOMAS. ......eecuiiiieiieieiete ettt sttt ettt e ste e bt et e sseensesseenseenbesbeensens 146
6.2.2 I VITFO STUQICS ...ieeeiecieeie ettt ettt et e bttt e et e et e et e nb e e tae e bt ennbeesaeenbeenaennes 146
6.2.2.1 INSULIN SECTELION 11 VITIO ..vvivieniieiieiieieeiieie ettt st ste st sae st seeenbesteensesseebeeneeneean 146
6.2.2.2 GlUCOSE UPLAKE 11 VITIO ..ottt ettt st ettt saee e s 147
6223 INn VItro data @nAlYSIS .....cveevieieriieieiieiestete et ste ettt ebesteestesteesteeteesbeesbesteeaesseebesseenne s 148

6.2.3 IR VIVO STUAIES ...cooviiiciiciicctccccete et e 149
6.2.3.1 EXPEIIMENL 1...iiiiiiiiieiiece ettt ettt ettt e e sae e naeenteessaeesneeenseenns 149
6.2.3.2 EXPETIMENT 2.ttt ettt ettt et et ete e s taeteestesseessesseesseessesseensaessesseensensnas 150
6.2.3.3 EXPEIIMENL 3 ..ottt ettt e e et e et eesae e saeenseesnaeenneeenseenns 151
6.2.3.4 IN VIV data @nalYSIS ....ccveecvesiieieiieieeiiieesie ettt e et e ettt steebe et nseebeesee st s 152

6.3 Results 153
6.3.1 IR VIEFO SEUAIES ..ttt ettt et sttt ettt sttt et et ebe et e teenbesreenaens 153
6.3.1.1 InSulin SECTELION 1N VIETO c..evetitiiitiieieteeeteiet ettt 153
6.3.1.2 GIUCOSE UPLAKE 11 VITIO c.veveenrieeieiite ettt ettt e eteete et e bt eetaesaeete e beesaestaesseessesseessesseessens 159

6.3.2 TN VIVO STUAIES ...coeviiiciiciiccictcce ettt et 163
6.3.2.1 EXPEIIMENL 1...iiiiiiiiieiieee ettt ettt ettt e esae e saeenteesnaeenneeenseenns 163
6.3.2.2 EXPEIIMENE 2.ttt ettt ettt ettt aestaeteesbesseeseesseesseessesseensaessesseensensnas 166
6.3.2.3 EXPEIIMENT 3 ..ottt ettt e e et e et eenbe e naeenseesnaeenneeenseenns 171

6.4 Discussion 178
60.4.1 TN VItFO STUQICS ...eeeeeiieeieee ettt ettt et e et e et e e ssae et e s sbeestaeenbeesnbeesaeenbeennsennes 178
0.4.2  IT VIVO STUIES ..ottt ettt ettt st e sttt e bt e s seesbesstensesabesbeensesssenseensasseensenes 185

7 GENERAL DISCUSSION......cccceeiiiiiirrmnnsissessssssssssssssmsssssssssssnssssssssssnnnns 190
REFERENGCES ... ooeeeeeessss s s s s s s s s s s s e e s e s s s s s s s ss s s se s s e e e e e e e e nnnnnnnnnnnn 204
N o o ] 1 ] 244

vii



Publications arising from this Thesis

Research Papers

Mohankumar. S., McFarlane. JR., An Aqueous extract of Curcuma longa (Turmeric)
rhizomes stimulates insulin release and mimics insulin action on tissues involved in
glucose homeostasis in vitro., (submitted to Phytotherapy Research)

Mohankumar. S., McFarlane. JR., Effect of aqueous extracts of some Ayurvedic
medicinal plants on cellular glucose metabolism and insulin secretion in vitro.
(submitted to Journal of Ethnopharmacology)

Conference Abstracts

Mohankumar. S., McFarlane. JR., 2006, Effect of an Australian native plant, Emu bush
extracts on cellular glucose metabolism under basal and hyperglycemic conditions in
vitro 19™ World Diabetes Congress, Cape Town, South Africa.

Mohankumar. S., McFarlane. JR., 2006, A4 Bioassay Guided Evaluation of Some
Ayurvedic Medicinal Plants. ADS & ADEA, Annual scientific meeting, Gold Coast,
Australia.

Mohankumar. S., McFarlane. JR., 2006, Effect of Aqueous extract of turmeric on
pancreas function under basal and hyperglycemic conditions in vitro. SBB&MS

Postgraduate Conference, University of New England, Armidale, Australia.

Mohankumar. S., McFarlane. JR., 2005, Turmeric stimulates insulin secretion from the
mouse pancreas in vitro. ADS & ADEA, Annual scientific meeting, Perth, Australia.

viil



Annotation

Standard chemical symbols and SI units are used without definition

ADP Adenosine diphosphate

ACTH Adreno corticotropic hormone

AICR 5-amino imidazole-4-carboxamide-1-b-D-ribofuranoside
AMPK Adenosine monophosphate-activated protein kinase
ANNOVA Analysis of variance

ANP Atrial natriuritic peptic

ATP Adenosine triphosphate

ATPase Adenosine monophosphatase

AUC Area under curve

BA Butyl alcohol

cAMP Cyclic adenosine monophosphate
CL Curcuma longa

CLE Curcuma longa Extract

COA Coenzyme A

CON A Concanavalin A

CPM Counts per minute

CRF Corticotrophin releasing factor
CSHS Charcoal striped horse serum

(0AY Cardio vascular

DBI Diazepam-binding inhibitor

DMEM Dulbecco’s modified Eagle’s medium
DPP-4 Dipeptidyl peptidase-4

EA Ethyl acetate

ELISA Enzyme-linked immunosorbent assay
FFA Free fatty acids

GAD Antibodies against glutamic acid
GHRH Growth hormone releasing hormone
GIP Glucose-dependent insulinotropic peptide
GLP Glucagon-like peptide

GLUT Facilitative glucose transporter

GS Gymnema sylvestre

GS; and 4 Gymnemic acids 3 and 4

GSE Gymnema sylvestre Extract

GTT Glucose tolerance test

X



HbAlc
HDL
1A-2
IAA
IAPP
ICA
IDDM
IL-6

IR

IRS

v
IVGTT
kDa
LDL
NEFA
NHMRC
NIDDM
°C

PBS
PI3-kinase
PKA
PKB
PKC
PM
PME
PPAR-y
PVPP
PYY
RIA
RPM
SDS-PAGE
SGLT
SREBP
STD
STZ
SUR
T1D
T2D
TFG
TFGE
TMB

Glycosylated hemoglobin

High density lipoprotein

Insulinoma associated autoantigen-2
Insulin autoantibodies

Islet Amyloid polypeptide

Islet cell antibodies
Insulin-dependent diabetes mellitus
Interleukin-6

Insulin receptor

Insulin receptor substrate
Intravenous

Intravenous glucose tolerance test
Kilodalton

Low density lipoprotein
Non-esterified free fatty acid
National health and medical research council
Non-insulin-dependent diabetes mellitus
Degree celsius

Phosphate buffer saline
Phosphatidylinositol 3-kinase
Protein kinase A

Protein kinase B

Protein kinase C

Pterocarpus marsupium
Pterocarpus marsupium Extract

Peroxisome proliferators-activated receptor-gamma

Insoluble polyvinylpolypyrrolidone
Peptide YY

Radioimmuno assay

Rotation per minute

Sodium dodecyl sulphate-poly acrylamide gel electrophoresis

Sodium dependent glucose transporter
Sterol-regulatory-element-binding protein
Standard

Streptozotocin

Sulphonylurea receptor

Type 1 diabetes

Type 2 diabetes

Trigonella foenum-graecum

Trigonella foenum-graecum Extract
3,3°,5,5’ tetramethylbenzidine



TNF- a
TRH
UGDP
UKPDS
VLDL
WHO
a-cells
B-cells

Tumor necrosis factor- alpha
Thyrotropin-releasing hormone

University group diabetes project

United Kingdom prospective diabetes society
Very low density lipoprotein

World health organization

Alpha-cells

Beta-cells

xi



List of Figures

Figure 1-1 Glucose homeostasis: roles of insulin, glucagon, amylin, and GLP-1............. 9
Figure 1-2 Cross section of the Pancreas ..........coceeveerienienienienienieseesee et 10

Figure 1-3 Metabolic hypothesis of glucose-stimulated insulin release from p-cells...... 13

Figure 1-4 Effect of insulin on glucose uptake and metabolism..............ccccceevurerernnnnen. 15
Figure 1-5 Molecular mechanism of insulin-stimulated glucose transport...................... 16
Figure 1-6 Overview of the pathogenesis of type 2 diabetes mellitus...........cccccevueenennee. 25

Figure 1-7 The site of action of sulfonylurea and non-sulfonylurea insulin secretagogues.

Figure 1-8 Metformin activates AMPK in liver and muscle to improve glucose and lipid

metabolism in type 2 diabetes. .....cveveerierieeieeie e 35
Figure 1-9 Mechanism of action of thiazolidinediones ............ccccevcevievencniniicncneenenne. 37
Figure 1-10 Gymnema sylvestre R. BrT. ........cccccooiiiiiiiiiiieieceeeeesee e 41
Figure 1-11 Trigonella foenum-graecum Linn (TFG) Seeds........cccccevvevveenienveniennennnn. 45
Figure 1-12 Curcuma longa Linn. (CL) ThiZOMES .........cceeevveeriiieiiiecieeeieeeieeeee e 50
Figure 1-13 Pterocarpus marsupium Roxb (PM) heartwood. ..........ccocevveinieniincnnnnnn. 53

Figure 3-1 Comparative effect of plant treatments on glucose uptake (A ) and on insulin
secretion (@) in folds with respect to control under hyperglycemic culture condition

TFLVIETO oo ettt e e e et e e e e e et ee e e e et e e s s e e aaaae s e e et aeseeeanaeseeesanaseeennnns 77

xii



Figure 4-1 Effect of CLE (0-100 pl) on insulin secretion from mouse pancreatic tissues
at hyperglycemic (12 mM glucose) culture condition over 30 minute (Acute)
INCUDALION 172 VITFO ...ttt 86

Figure 4-2 Effect of CLE (0-100 pl) on insulin secretion from mouse pancreatic tissues
over chronic incubation (24 hOUTS) i1 VItFO .......cccueeeeeeeciieeiieeie e 87

Figure 4-3 Effect of PME on insulin secretion from mouse pancreas tissues over chronic
INCUDAtION (24 NOUTS) 171 VILFO ..ot 89

Figure 4-4 Effect of CLE (0-10 pl) on in vitro glucose uptake by mouse abdomen muscle
tissues under hyperglycemic culture condition over chronic incubation (24 hours) 90

Figure 4-5 Effect of CLE (5 pl), insulin (100 nM), wortmannin (100 nM), CLE
combined with wortmannin and insulin with wortmannin on in vitro glucose uptake
by mouse abdomen muscle tissues under hyperglycemic culture condition over
chronic incubation (24 NOUTS). .......ccviiiiiiiiiecieecee ettt e 91

Figure 4-6 Effect of PME (0-100 pl) on glucose uptake by abdomen muscle tissues under
hyperglycemic culture condition over chronic incubation (24 hours) in vitro ......... 92

Figure 4-7 Effect PME (10 pl), insulin (100 nM), wortmannin (100 nM), PME combined
with wortmannin and insulin with wortmannin on in vitro glucose uptake by mouse
abdomen muscle tissues under hyperglycemic culture condition over chronic
INCUDAION (24 NOUIS) .uviiiiiieciiieciee ettt ettt et e e baeeaaeesseennneas 94

Figure 5-1 Organic solvent extraction of FPME with ethyl acetate and butyl alcohol.. 106

Figure 5-2 Ultrafiltration of FPME through 10 and 30k molecular mass cut-off
100150 101 0) €21 1 LSOO OSSPSR P R USRUPIPRTOI 107

Figure 5-3 Sephadex G-25 column chromatography fractionation of FPME................ 109

Xiii



Figure 5-4 Anion exchange chromatography fractionation of FPME ........................... 111
Figure 5-5 Bioassay-guided fractionation of PME ..........c.ccccoiiiiiiininiininicee, 113
Figure 5-6 Effect of PME and BPME on A- glucose uptake by mouse muscle tissues and
B- insulin secretion from mouse pancreatic tissues over chronic incubation under
hyperglycemic culture conditions. ...........cceeeeeiriiieriieniiieriieeie e 117
Figure 5-7 Effect of PME, EA, Aq.EA, BA and Aq.BA fractions on A- glucose uptake
by mouse muscle tissues and B- insulin secretion from mouse pancreatic tissues over
chronic incubation under hyperglycemic culture conditions. ...........ccceeeveerevennen. 119
Figure 5-8 Effect of 10KR, 10KE, 30KE and 30 KR fractions on A- glucose uptake by
mouse muscle tissues and B- insulin secretion from mouse pancreatic tissues over
chronic incubation under hyperglycemic culture conditions. ........c..coceeueeeennenne. 120
Figure 5-9 Sephadex G-25 fractionation of PME; Sx1, Sx2, ...Sx10 fractions on A-
glucose uptake by mouse muscle tissues and B- insulin secretion from mouse

pancreatic tissues over chronic incubation under hyperglycemic culture conditions.

Figure 5-10 Trypsin digestion of PME; +Trypsin and -Trypsin samples on A- glucose
uptake by mouse muscle tissues and B- insulin secretion from mouse pancreatic
tissues over chronic incubation under hyperglycemic culture conditions. ............. 123

Figure 5-11 Anion exchange chromatography of PME; 0M, 0.25M, 0.5M, 0.75 M and
IM samples on A- glucose uptake by mouse muscle tissues and B- insulin secretion
from mouse pancreatic tissues over chronic incubation under hyperglycemic culture

COTMATEIONS et e e e e e e e e e et e e e e e e e e e e eeeeeeeeeeeeeeeeeeaesaeeasaaaaaaneeenneeeeeenes 124

X1V



Figure 5-12 Bioassay-guided fractionation of PME; QSE, QSR, QSR/10KE, QSR/10KR
and #SK/PME/07 fractions on A- glucose uptake by mouse muscle tissues and B-
insulin secretion from mouse pancreatic tissues over chronic incubation under
hyperglycemic culture CONditionsS. .........ceeevuieriieriiieeiie e 125

Figure 5-13 Coomassie R250 stained SDS-PAGE of marker proteins (STD) and
#SK/PME/07. The arrow indicates the two major protein bands of #SK.PME/07. 127

Figure 5-14 Glycoprotein stained SDS-PAGE of horseradish peroxidase and
HSK/PME/O7 . ..ottt 128

Figure 5-15 Purification of #SK/PME/07; PME, #SK/PME/07, CAB and CAUB
fractions on A- glucose uptake by mouse muscle tissues and B- insulin secretion
from mouse pancreatic tissues over chronic incubation under hyperglycemic culture
CONAITIONS. ..ttt ettt et et e b e be e bt e bt e sbeesaeenbeenae 130

Figure 5-16 #SK/PME/07 and ISF fractions on A- glucose uptake by mouse muscle
tissues and B- insulin secretion from mouse pancreatic tissues over chronic
incubation under hyperglycemic culture conditions. ...........ccceeeveeeciveereeeneeenneennee. 131

Figure 5-17 #SK/PME/07, PPT and SN fractions on A- glucose uptake by mouse muscle
tissues and B- insulin secretion from mouse pancreatic tissues over chronic
incubation under hyperglycemic culture conditions. ...........ccceeeeviereniencneniennenne. 133

Figure 5-18 Coomassie R250 stained SDS-PAGE of #SK/PME/07 and PPT. The arrow
indicates the major protein bands of #SK.PME/07 and PPT...........c.cccceiirnnnnn 134

Figure 5-19 Dose response curve of PME and #SK/PME/07 A) on insulin secretion from
mouse pancreas tissues and B) on glucose uptake by mouse skeletal muscle tissues

over chronic incubation under hyperglycemic culture conditions. .............c..c........ 135

XV



Figure 6-1 Effect of glucose (5 and 12 mM) on insulin secreting activity of #SK/PME/07
and tolbutamide (0.1 mM) from mouse pancreatic tiSSU€S in VIfro ...........cceeee... 154
Figure 6-2 Effect of control (PBS), tolbutamide, diazoxide and tolbutamide + diazoxide
(TOL+DIA) on insulin secretion from mouse pancreas tissues under hyperglycemic
culture condition (12 mM glucose) in absence or presence of #SK/PME/07......... 155
Figure 6-3 Effect of control (PBS), arginine and KCI on insulin secretion from mouse
pancreas under hyperglycemic culture condition (12 mM glucose) in absence or
presence Of #HSK/PME/DT ......ooovii ittt 156
Figure 6-4 Effect of #SK/PME/07 on insulin secretion and synthesis by pancreatic
tissues over 24 hours under hyperglycemic glucose (12 mM) and followed by 24
hours under basal glucose (5 MM).......coocuiiriiiiiiiiiiieeeeeee e 158
Figure 6-5 Effects of glucose (5 and 12 mM) on glucose uptake activity of #SK/PME/07
and metformin (10 mM) by mouse muscle tiSSues iz Vitro .........ccceceevververvennnnne. 159
Figure 6-6 Effect of control (PBS), insulin (100 nM), metformin (10 mM), wortmannin
(100 nM) insulin +wortmannin (INS+WOR), insulin + metformin (INS+MET) and
metformin +wortmannin (MET+WOR) on glucose uptake by mouse skeletal muscle
tissues incubated for 24 hours in hyperglycemic condition (12 mM glucose) in
absence or presence Of #SK/PME/Q7........cooioiiieiieiieieiieeeeeeee e 161
Figure 6-7 Effect of three daily intravenous administrations of PME (50 ml) and PPME
(0.5 ml) on plasma glucose clearance in normal sheep. ..........cccceevevieeiieerieennnenne. 164
Figure 6-8 Effect of three daily intravenous administrations of PME (50 ml) and PPME

(0.5 ml) on plasma insulin in normal Sheep. .........cccceereerierienienieriesiere e 165

Xvi



Figure 6-9 Plasma glucose clearance after an IVGTT performed in saline and
#SK/PME/07 (5 pl) treated young sheep at 2 yr of age. Mean (+ S.E.) plasma
glucose clearance in sheep on day 0 (A) when untreated, and on day 3, (B) day 21,
(C) and day 25 (D) when treated...........cceevuieriiieeciie e 167

Figure 6-10 Plasma glucose (mean + S.E.) at 0, 60 and 120 minutes after an IVGTT of
saline, and #SK/PME/07 treated groups (A).Mean (= S.E.) glucose AUC (9-180 min)
(min‘mmol/L) in sheep, after an IVGTT performed before (day 0) and after (day 3,
21 and 25) treating with saline, and #SK/PME/07 (B). ...cccvvvvieviiviieniinieiieeieee 168

Figure 6-11 Plasma insulin levels after an IVGTT performed in saline and #SK/PME/07
(5 pl) treated young sheep (2 yr of age). Mean (+ S.E.) plasma insulin in sheep on

day 0 (A) when untreated, and on day 3, (B) day 21, (C) and day 25 (D) when

Figure 6-12 Plasma insulin (mean + S.E.) at 0, 15 and 30 minutes after an IVGTT of
saline, and #SK/PME/07 treated groups (A). Mean (+ S.E.) insulin AUC (960 min)
(min'mmol/L) in sheep, after an IVGTT performed before (day 0) and after (day 3,
21 and 25) treating with saline and #SK/PME/O. ........cccccovvviiiiiieiieeeeeeeee 170

Figure 6-13 Plasma glucose clearance after an IVGTT performed in saline and
#SK/PME/07 (5 and 15 pl) treated adult sheep (5-6 yr of age). Mean (+ S.E.) plasma
glucose clearance in sheep on day 0 (A) when untreated, and on day 3, (B) day 21,
(C) and day 25 (D) when treated...........ccceeevieriieeie e 172

Figure 6-14 Plasma glucose (mean + S.E.) at 0, 60 and 120 minutes after an IVGTT of
saline, and #SK/PME/07 (5 and 15 pl) treated groups (A). Mean (= S.E.) glucose

AUC (0-180 min) (min'‘mmol/L) in sheep, after an IVGTT performed before (day 0) and

xvii



after (day 3, 21 and 25) treating with saline, and #SK/PME/07 (5 and 15 ul) (B).
Means indicated by an asterisk (*) are significantly different relative to the control
GIOUP (P<O.05) e sttt 174
Figure 6-15 Plasma insulin levels after an IVGTT performed in saline and #SK/PME/07
(5 and 15 pl) treated adult sheep (5-6 yr of age). Mean (+ S.E.) plasma insulin in
sheep on day 0 (A) when untreated, and on day 3, (B) day 21, (C) and day 25 (D)
WHEN tTEATEA. ....evieiiiieie e 175
Figure 6-16 Plasma insulin (mean + S.E.) at 0, 15 and 30 minutes after an IVGTT of
saline, and #SK/PME/07 (5 and 15 pl) treated groups (A). Mean (+ S.E.) insulin
AUC (9-60 miny min.mmol/L) in sheep, after an IVGTT performed before (day 0) and

after (day 3, 21 and 25) treating with saline and #SK/PME/07 (5 and 15 pl). ....... 176

Xviii



List of Tables

Table 3-1 Effects of some Ayurvedic plant treatments on glucose uptake by mouse
INUSCLE TISSUES 171 VITFO erersueesunsaessessussasssessesssessessassssssessasssessessasssssssssssssessassasssssssessesss 75
Table 3-2 Effects of some Ayurvedic plant treatments on insulin secretion from mouse

PANCTEAS TISSUES 171 VIIFO vuressssesssesssssssssssossassssasossasssssssssassssassssassssssssssssssssssssasssssssssases 76

XiX



Abstract

Abstract

Recent trends in diabetes treatments show an increasing interest in traditional systems of
medicine. Ayurveda, a traditional Indian system medicine, advocates a wide range of
medicinal plants to treat diabetes. Although there have been numerous studies on extracts
from these medicinal plants that demonstrate antidiabetic activity, scientific studies
directed to the isolation, purification and identification of active ingredients responsible
for the hypoglycemic activity and also the modes of action of these extracts/active
ingredient(s) on glucose homeostasis have been often inconclusive or lacking except for a
few cases. The aim of this present study was to identify and isolate a potent antidiabetic
compound(s) from some extensively advocated Ayurvedic antidiabetic plants such as
Trigonella foenum-graecum Linn (TFG), Pterocarpus marsupium Roxb (PM), Gymnema

sylvestre R.Br (GS) and Curcuma longa Linn (CL).

An in-house developed in vitro tissue culture-based bioassay method was employed in
the present study to determine the effects of plant extracts on insulin secretion from
mouse pancreas tissues and on glucose uptake by mouse skeletal muscle tissues under
both normoglycemic (5SmM glucose) and hyperglycemic (12mM glucose) culture
conditions. The results from our preliminary study indicated that all these plant extracts
have beneficial effects on glucose homeostasis either by stimulating insulin or enhancing
glucose uptake or activating both. In terms of their comparative effects on tissues that

regulate glucose metabolism, the aqueous extracts of plants, PM and CL, were found to
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be more potent when compared with other studied aqueous extracts of plants TFG and

and GS, within culture conditions.

The potential dose dependent effects of both Curcuma longa extract (CLE) and
Pterocarpus marsupium extract (PME) on insulin secretion only at hyperglycemic culture
condition but not in normoglycemic conditions revealed that these treatments do not
provoke hypoglycemia under basal physiological condition and also indicated that these
treatments may have B-cell metabolism augmenting or protecting or regenerating active
constituents. Similarly, CLE and PME treatments in the absence or presence of insulin on
mouse skeletal muscle tissues in vitro showed a dose-dependent glucose uptake activity.
In contrast to CLE, the lack of significant potentiation of glucose uptake activity of PME
in the presence of insulin (saturating dose) and inhibition of activity in the presence of
wortmannin revealed that the constituents of PME may have insulin like or mimicking
active constituents. These results prompted us to identify the hypoglycemic constituent(s)

of PME.

A bioassay-guided purification was performed on the PME in order to isolate the
bioactive compound(s) responsible for antidiabetic activity. The preliminary results
indicated that: 1) Boiling destroyed both glucose uptake and insulin secretion activity of
PME. 2) It remains potent even after ethyl acetate and butyl alcohol extraction. 3) The
potent activity was evident in the molecular weight ranges between the >10 kDa and <30

kDa. 4) Trypsin digestion destroyed the activity of PME.
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Bioassay-guided purification yielded a potent antidiabetic fraction, #SK/PME/07.
Electrophoresis of non-reduced #SK/PME/07 on SDS-PA gels showed two major fuzzy
protein bands at <27kDa and <20kDa. Gels stained to detect the presence of glycoprotein
showed positive and the poor resolution and fuzzy appearance of bands, suggested that
these proteins are heavily glycosylated. In addition, #SK/PME/07 showed a negative test
for peroxidase activity, which indicated that #SK/PME/07, has no peroxidase molecules.
The results from our Con A chromatography of #SK/PME/07 indicated that the
glycoproteins of #SK/PME/07 have high affinity towards Con A. However, the
appearances of cross linkage of #SK/PME/07 with Con A proteins resulted in
abandonment of this method of purification. In a further experiment, isoelectric focusing
(ISF) of #SK/PME/07 indicated that #SK/PME/07 may have two or more negatively
charged isoforms of glycosylated protein(s). Absence of significant potentiation of
activity of #SK/PME/07 after treating with an insoluble polyvinylpolypyrrolidone
(PVPP) suggested that #SK/PME/07 either contains no tannins or absence of their
association with the active protein molecules of #SK/PME/07. The precipitate that was
obtained after chloroform-methanol precipitation of #SK/PME/07 showed a fuzzy protein
band at 27kDa. Interestingly, the effect of this PPT on insulin secretion and glucose
uptake was more potent than the #SK/PME/07, which supports our previous findings that

the hypoglycemic constituent(s) of #SK/PME/07 is/are proteins.

An In vitro study to elucidate the pharmacological mechanisms underlying the insulin-

releasing and sensitizing effects of #SK/PME/07 revealed that #SK/PME/07 exhibited

insulin-releasing effects, partially by mimicking the effects of sulphonylureas on insulin
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secretary pathway and partially having additional actions on either B-cell nutrient
metabolism or second-messenger pathways or insulin and proinsulin biosynthesis and
stimulates glucose uptake activity, by dominantly mimicking insulin action on PI3-kinase

pathway coupled with additional beneficial effects on other secondary pathways.

Interestingly, insulinotropic and insulin sensitizing effect of #SK/PME/07 in vitro is
maintained in vivo and accounts for the improvement of glucose tolerance. Three daily
intravenous administrations of #SK/PME/07 had prolonged effects on insulin secretion as
well as on glucose clearance in non-diabetic normal sheep,using both young (2 years old)
and old (5-6 years old), pointing out that #SK/PME/07 may be considered as a novel

potential antidiabetic drug.

In many ways, use of #SK/PME/07 to combat the adverse effects of hyperglycemia
appears to be beneficial by enhancing the target area directly associated with the normal
glucose regulatory processes. The results provide evidence that the principal effects are
prolonged by many hours to days, unlike the numerous currently available antidiabetic

drugs which over stimulate the -cells or pose a risk of hypoglycemia.
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