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Abstract

Based on ethnobotanical information collected from Cuban diabetic patients in Cuba,
medicinal plants such adlophylus cominigL.) Sw. (A. cominig was identified as a
possible source of new drugs that could be dsethe treatment of type 2 diabetes

mellitus.

Type 2 diabetes allitus or noninsulin dependentliabetes mellitugT2-DM) is a
chronic disease, and when associated with obesitp(dition known asdiabesiy)
leads to an increase in the risk of a number of comorbidiéigs cardiovasculg
kidneyand liver disease A. cominiais a Cuban pnt used traditionally bgliabetic
patients for the treatment of their diabetes symptoms. Preliminary studiés of
leaves(Veliz et al., 2003; \kliz et al, 2005 Sanchezet al., 2014 have shown
potential antidiabetic activity andt is therefore being further investigated in the
search for a novel, nontoxic, and efficacious-drdbetic agent.

The present project investigated thevitro hypo-glycaemicactivity of A. cominia
extracts Chemical charactesation of the extracts was carried auging different
phytochemical methods. Fatty acids, tannins, pheophytins (A and B), and a mixture
of flavonoids were detected. The identified flavonoids (48d) weremearnsitrin,
querctrin, quercetir3-alloside, and aringenin7-glucoside. Some of these
compounds have been reportedth literature as poteniypo-glycaemicagents.
Separation of the mixture ajuerctrin and mearnsitrinvas carried out byigh

performance liquid chromatography usemgamino column.

Extractsfrom A. cominiawere testedor their ability to inhibt the activity of four
enzymesDPPIV plays a essetial role in glucose metabolistRTP1B is important

in inhibiting downstreamsignalling of the isulin and leptin receptorsAlpha
glucosidase is one of the enzymes responddil¢he breakdown of carbohydrates
into monosaccharides, and alphmylase breaks down large, insoluble starch
molecules into soluble starcheproducing successively smaller starches and

ultimately, maltose.



The flavonoids produced concentratiomlependent inhibition against DPPWIith a

Ki value 0f2.6 = 0.2 pg/ml. The flavonoids fraction from A. cominiarevealed a
competitive inhibitionusing DPPIV substrate comparable to the inhibitioy the
commercial(P32/9§ inhibitor. In addition, PTP1B enzyme was 18%% inhibited
by the flavonoid mixture and 6% 2% inhibited bypheophytin A and 6 1%
inhibition by pheophytin B at 3Qg/ml respectively The flavonoid mixture elicited a
significant concentraticdependent inhibition against PTP1B wéliKi value of3.2

+ 0.09ug/ml, as well asvith pheophytin A witha Ki value of0.64+ 0.05ug/ml and
pheophytin B witha Ki value 0f0.88 £ 0.03 ug/ml; both were lower than that of
TFMS inhibitor, with aKi value of1.1+ 0.03pg/ml. Both flavonoid and pheophytin
A extracts fromA. cominiarevealed a competitive inhibition of PTP1B enzyme
using DIFMUP as substrate. Competitive inhibition was also shown with TFMS
inhibitor. O n -gldcosidase enzyme 79 + 1% inhibition was producedby the
flavonoid mixture at 3Qug/ml. The flavonoid fractionfrom A. cominiashowed a
concentratiord e pendent p agtutosidase, withgéa values df1.7 4 0.5
pug/ml that was lower than that ofcarbose inhibitor (1® + 0.5 pg/ml). These
extracts haveshown a competitive inhibition usirgnitrophenylglucopyranosides
substrateAcarbosealso produced aompetitive inhibitiona g a i -glscdsidadeNo
significant effectwas foundwith any of theextractsfrom A. cominiaat 30 pug/mi
against Uamylase enzyme. After separation of the flavonoids, nséam and
querdtrin did not produce any effect (at 3@/ml) on any of the enzyme activities
(DPPIV, PTP1B,Uglucosidaseand U-amylase). Quercitrin and mearnsitrin were
active only in synergy.

On a glucose uptake assay using HepGB cile crude methanolextract fromA.
cominia enhanced insulin activitpy increasing2-NBDG uptakeby two-fold (2-
NBDG isa fluorescentlstagged glucose derivative

The 2deoxy-D-glucose uptake by differentiated 3L cell line shavedan increase
of the glucose uptaken the presence 0100 pg/ml of flavonoids by enhancing
insulin activity (100 nM), whereastie uptake was increasedthe presence of 100
ung/ml of pheophytin Awithout enhancing insulin activityThe effect of different

compounddrom A. cominiaon 3T3L1 cell differentation was ao confirmed by

VI



quantifying GLUT4 transporters in the ptecated cells withflavonoids and
pheophytinA. GLUT4 transporters in the pteeated cells were similar to those of
the differentiated norma&T3-L1 adipocytes.

2-NBDG ducose uptake assay was afsrformedusing L6 myotubesThe uptake
was significantly increased kyo-fold in the presence of 100M insulin, and by
four-fold in the presence of both 108M insulin and 100ug/mi flavonoids. A
significant increase was alshown in the presence of 1Q§/ml pheophytin A and
100 nM insulin with a 10-fold increase R<0.05) of glucose uptake by L6 cells.nA
increase oR-NBDG uptake by L6 cellsvas shown in the presence of flavonoids and
pheophytin A in addition to 106M insulin.

Both flavonoid and pheophytin extraqts00 pg/ml) blocked the differentiation of
3T3-L1 fibroblasts into adipocytes by decreasihg fat accumulation by twiwld
(more than the TN®J i n h i b ing/inlp A sigaificantld@ference was shown
(P<0.05 compaed to the contral Troglitazone significantly enhanced3T3-L1
differentiation by twefold. Exposing3T3-L1 cells to both extracts from the third day
of the differentiation inductiordid not alterthe adipogenesis. Exposing 313
adipocytes tdhe extracts fromA. cominiacontaining flavonoids and pheophytin
showed a significant decreasa the fat accumulation after five dag$ incubation
with the extracts R<0.05. However, no fat accumulation was observed after
withdrawal of the extracts from the cell growth medium.

These compounds may be responsible for the pharmacological effects observed in
experimental diabetic models in Cuba. Therefore, all these restdtgly suggest
that this plant could be a neand promisingcandidae for treating chbesitywith

natural sources.
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Abbreviations
'H NMRHydrogenl NMR
2-NBDG2-deoxy2-[(7-nitro-2,1,3-benzoxadiazedl-yl)amino}D-glucose
2-DG: 2DeoxyD-glucose

3T3L1: Isolated clonal cell line derived from cultures of mouse fibroblast 3T3
line

ADH:Antidiuretic hormone

AVP: Arginine vasopressin

Brd: Broad doublet

Brm: broad multiplet

Brq: broad quartet

Brs: broad singlet

BSA: bovine serum albumin

CC: colummrchromatography

CDG chloroform

COSY: Correlation spectroscopy

D: doublet

Dd: doublet of doublet

Ddd: doublet of doublet of doublet

DI: diabetes insipidus
DiIFMUPS6,8-Difluoro-4-Methylumbelliferyl Phosphate
DM: diabetes mellitus

DMEM: Dulbecco's Modifieagle Medium
DMSODimethyl sulfoxide

DPPIV: Dipeptidyl peptidage
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Dt: doublet of triplet

DTT: Dithiothreitol

EDTAEthylenediaminetetraacetic acid

FBS: foetal bovine serum

FCS: foetal calf serum

Flav: flavonoids

G-DM: gestational diabetes mellitus

GIP:Gastric inhibitory polypeptide

GLP1: Glucagodike peptidel

Gly-pro: Gly-pro-7-amido-4-methylcoumarin hydrobromide
GSK: Glycogen synthetase kinase

HepG2human liver hepatocellular carcinoma cell line
HPLC: high performance liquid chromatography
Ki:constant inhibitor

LC: liquid chromatography

M: multiplet

MS: masspectrometry

MW: molecular weight

NBS: new born serum

NMR: Nuclear magnetic resonance

P3298: 3-N-[((2S,3SP-Amino-3-methylpentanoyl}l,3-thiazolidine . hemi
fumarate

Pheo: pheophytins
PI3KPhosphatidylinositol &inases

PKBProtein Kinase B



PTP1BTyrosineprotein phosphatase noneceptor type 1
PTPs: Protein tyrosine phosphatises

PVP: Polyvinylpyrrolidone

Q: quartet

S: singlet

T: triplet

T1-DM: type 1 diabetes mellitus

T2-DM: type2 diabetes mellitus

TFMS: Trifluoromethyl sulfonamido

TLC: Thin Layer Chromatography

TNFh Y (dzY2dzNJ ySONRaA&a FlFOG2NJ | f LKI
TrisHCI: Trisma Hydroxyl Chloride

TZD: Thiazolidinedione

UV: ultraviolet light

VLC: Vacuum liquid chromatography

h-Gucosidase: alphglucosidase

wcells: pancreatic beta cells



Contents

Title [
Copyright Il
Dedication 11l
Acknowledgements v
Abstract V
Abbreviation VIII
Contents Xl
List of Tables XIX
List of Figures XX
List of Appendi@s XXV
Chapter 1
TaY oo [V 103110 o AT 2
N @ )Y/ VTNV A o) lo (T2 1= (T 2
1.1.1 Causes of diabetes MEITUS..........oviieiiiiie e 3
1.2 Types Of diADELES.......ooeiie i 4
1.21  Type 1 diabeteS MellitUS........ccooiiiiiiiiiiieeieiiee e 4
1.2.2 Type 2 diabetes Mellitus.............oooiiiiiiiiiiicccr e 5
1.2.3 Gestational diabetes MEIITUS........vvee e e e 7
1.2.4  Othertypes of diabetes...........cccccoeiiiiiiii e 7
1.3 Diabesity: definition............cooiiiiiiiiiiie e 7
1.4 Treatment of type 2 diabetes............oveviiiiiii e 8
15 Mechanism of action Of ArUgS.........ooceuiiiiiiiiie e 12
15.1 V1= 8 0] 01 011 o WP TTRTR 12
152 SUONYIUMEAS....c.coiiiiiiiiee e 12
153 ThiazZoldINEAIONES ... e 13
154 LN LS aTe (=101 1SRRI 14
155  Alphaglucosidase iNNibItOrS...........cooiiiiiiiiiiiii e 14
1.5.6  Alphaamylase iNNiDItOrS...........cccuiiiiiiiiiii e 17
1.5.7 (€1 11 a1 [T 17
158 (D] od o AV AT 1 11 o] (o] £ TR 17
1.5.9 (=Y A T2 110 (=TT 18
1.6 [ TSY U | [T TP OOTPTPTPR 18
1.6.1 INSUNN SEIELION. ....eee et e e aenns 19
1.6.2 Mechanism of action Of INSUIN..........ovieeiie e 21

Xl



1.7
1.7.1
1.7.2
1.7.3

OO0 ® >

1.8

1.9

1.10

1.11

1.12
1.12.1
1.12.2
1.12.3
1.12.4
1.12.5
1.12.6

113

Traditional treatment Of TaDM ...t a e 22

History of traditional treatment............ccccoeeeeee e, 22
Treatment using natural products with hygycaemic activity................ 23
al eAre OF SYA Of antidliatietid planAeRt@dts....................... 27
Enhancement of iNSUlin release. ... 28
S I O ) L= B S R 28
Increase of glucose uptake (PTRAEFICIENCY)........uvvvviviiiiiiiiiieiieeeeeeeeeeeeea, 29
Prolongation the action of insuliitke hormones (e.g. DPPIV)................... 30
Problems of developing plant therapies as new oral-digtbetics drugs......31
Phenolcontaining plants with hypglycaemic activity..............ccccccvvveeeennn. 31

Cuban medicinal plants used in the treatment of type 2 diabetes mellitu32

Phytochemistry of antdliabetic medicinal plants.............cccccooviiiiiinneinnns 33
Plant @XEraCtion..........ooiiiiiiiiiiee e 34
Plant @nalySiS.........cooooiiiiiiiii e 34
Methods of extractiorand iSOlAtioN...............cccveriiiiieiiiiiie e 35
Methods Of SEPAIAtION.........cciiiiiiiiiiee et 35
Methods of IdentifiCatioN............coooiiiiiiiiiiiee e 39
Nuclear magnetic resonance spectroscopy (NMR)..........ccccvveeeeinnnee. 40
ANAIYSIS Of FESUIS........eiie e 41
AIMS AN ODJECTIVES......uuiiiiiiiiiiiiiiieireereeeeee e 42

2 Phytochemical separation and identification of compounds fédiophylus comini@5

2.1 INEFOAUCTION......e e e e e 45
2.2 Materials and Methods............uuiiiiiiiiie e 46
2.2.1 Solvents, reagents and chemicals..............oooooiiiiiiiiiiiiiiieeeeeeeead 46
2.2.2  Plant Material........coioiriiiiiiiie et 46
2.2.3  MABCEIALION....ceiiieiiiiiiiiei ettt e e e e e 47
2.2.4  ChromatographiC teChNIQUES...........ccoviiiiiiiiiiiiiiii e 48
A. Thin layer chromatography (TLC).......oooiiiiiiiiiiiiieeee e 48

B Vacuum liquid chromatography (VLQ).......cceveiiiiiiiiiiieieiiiiieeeee e 49

E. Sephadex column chromatography.............oooooiiiiiiiiiiiiee 51

F Silica gel column chromatography..............eeeeeeeeeeiiiiiiiiiiiiiieeeeeeeeeeeeee 52

G. Preparative thin layer chromatography (PFERC)......coovvveevveiiiiiiiieiiaaeeee. 53
2.2.5  Structural elUCIHAtION. ..........coiiiiiiiiiiiie e 54

Xl



2.2.6  Nuclear magnetic resonance spectroscopy (NMR)............ccevvvvveeeenee. 54

227 Mass Spectrometry (MS).......ccoooo oo e e e e e 54
2.2.8  Liquid chromatographlass spectrometry (L-RIS).........cccccvvvveevveeeeeenennn. 55
229 High performance liquid chromatography (HPLC)........cccccoiiiiiennnenn. 55
2.2.10 Separation of pheophytins by silica gel column chromatography........ 56
2.2.11 Isolation of the flavonoids from fatty acids by Sephadex..................... 56
2.2.12 Separation of flavonoids by HPLC.............ccooiiiiieeeeeeeee 56
2.3 RESUIES....ccoeie s 57
2.3.1  Characterisation of the compoundsAn cominia...............ccccceecninnnnnnns 57
2.3.2  Characterisation of HEC solid as a mixture of flavonoids.................... 57
2.3.2.1  Purification of the flavonoids............cccccoiiiiiiiiiene e 65
2.3.2.2  Separation of quercitin and mearnsitrin............ccccceeeevriinieeeeennnnns 69
2.3.3  Characterisation of MeOH fraction D as a mixture of pheophytins......71
2.3.3.1  Purification of pheophyins.............ooooi oo 72
2.3.3.2 PrE P TLC s 73
2.3.3.3  Silica gel column chromatography..........ccccccccvviiiineeeeeiiiiiciiinenee

2.4 Conclusion and diSCUSSIQN.........cciiuriiiiiieeiiriiiiie e 79

3 Invitrodetermination of the effect oA. cominison the glucose uptake in HepG2, L6

AN BTBLL CRIIS ...ttt e s e e e e 81
3.1 INEFOTUCTION. ...t e 81
3.2 Material and MethOdS. ........coooiiiiiiiiiii e 82

3.21 Preparation ofAllophylus cCOmIiNI@XIracts.............oocvvereieiiiiiiiiiiieee e 82
3.2.2 HEPG2 lIVEE CEIIS... ettt 82
A. HEPG2 SEEAING......ciiiiiiiiiiiiiieie e 83
B. HEPG2 CULIE ...ttt 84
C HEPG2 SIOrAQE.....eeieeiieeiiieiiee e 84
3.2.3  3T3L1 cell culture and adipocyte differentiation...............coccvvveeeeeennns 84
A Cell GrOWEN....cee e 84
B. L0710 = Vo T3S 85
C. 3T3L1 cell differentiation............cvvvvieeiiiiiieeeee e 85
3.2.4  Oil RedO staining of 3T-B1 adipOCYLES......ceuvviiiiiiiiiiiiiiiiiiiiieeeaeeeeeeeee, 386
3.25 LB MUSCIE CEIIS.. ... 87
A. Cell GrOWEN....ce e 87

X1



B. L0710 = To [P 87

C. L6 cell differentiation.............oocveeiiiiiiieiiiiee e 88
3.2.6  CYLOtOXICILY @SSAYS...cceeeeieiiiiiitiee i et r e e e rereeeeeaaaaaaaaaaaens 88
3.2.6.1  Alamar DIUE @SSaY.........cuueiieiiiiiiiiiiieee e 89
3.2.6.2 IMTT @SSAY....uuuuunrnnrrnrrnrenieereeee e e e e et e e e et e e e e e e e e e e e ae e e s e e e e s s e e s s s s saa e 89
3.27  2-NBDG UPLAKE 8SSAY. ... eeeeeeeeiiiiiiiiiiieeeiiiiie et 91
3.2.8  2-Deoxy-D-glucoseuptake assay.......cccccccvvieeeeeeeeieeee e 93
3.2.8.1  2-DeoxyD-glucose uptake by 3T3L adipoCytes........ccvvvvvvrreereennnss 93
3.2.8.2  Metabolite eXtraCtion............ccvviiiiiiiiiiiiie e 94
3.2.8.3  MasSS SPECIIOMELIY....ccciiiiiieeieeeeeieeee e 94
3.2.9 Statistical ANAIYSIS.......cueviiiiee e 95
3.3 RESUILS. ...t a e e e 96
3.3 Cell CURUIE ... 96
3.3.1.1  3T3-L1 adipocytes morphology..........ccoooeiiieiiiiiiiiiiiiieevievveeeeeeeee 96
3.3.1.2 Oil RedO staining for 3TRL CellS........vuririmiiiiieiiiiiieeiiieeeeeeeeeeeee, 97
3.3.1.3 L6 Cells MOrphology..........ceueeeeiiiiiiiiieee e 98
3.3.2  Effects of extracts fromA. cominieon cell viability.............ccccccoviiiiinnnen. 99
3.3.2.1  Effects of extracts from\. cominiacon HepG2 cell viability................ 99
3.3.2.2  Effects of extracts from. cominiaon 3T3L1 fibroblasts and adipocytes
cell viabilityl 01
A. Effect of crude AC extract on fibroblast viability..............ccccvveeeennnnnes 101
B. Effect of the crude methanolic extract frof cominison 3T3L1 fibroblasts
using Alamar blue and MTT @SSAYS......uuuurriririiiieiiieiieeeeeee e ee e 102
C. Effect of extracts fromd\. cominiaon 3T3L1 fibroblasts viability............ 103
D. Effect of extracts fromd. cominieon 3T3L1 adipocytes viability........... 104
3.3.2.3  Effects of extracts from A. cominia on L6 myoblast viability....... 106
3.3.2.4  Conclusion and diSCUSSIQMN.........ccuuvriiiieeariiiiieiee e e eiineeeee e e enines 107
3.3.3  Effect of extracts fromi\. cominiaon 2NBDG glucose uptake............... 108

3.3.3.1 Effect of extracts from A. cominia oANBDG glucose uptake by HepG2
CEllX X X X X X X X XXX XXXXXXXXXXXXXXXXXXXXRKXXXXXXX

3.3.4  Effect of extracts from\. cominiaon 2NBDG glucose uptake by 3B
L1101 0] 0] = 1= TR 110

3.3.5  Effect of insulin, 2NBDG and cell density on the glucose uptake byl3T3
AAIPOCYLE CEIIS....oi i e e e 113

XV



3.3.6  Effect of extracts fromf\. cominison 2NBDG glucose uptake by 3B
=0 100 1o Y] (=3 115

3.3.7 Effect of extracts fromA. cominiaon 22NBDG glucose uptake by L6 celld 7
34 Conclusion and diSCUSSIQN..........c.cuuuuiiiiiiiieeee e e e e e e 121

35 Effect of extracts fronA. cominiaon 2-deoxyD-glucose uptie by 3T3d 1 by
MSXX XX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXKBX XX XXX

3.5.1 Effect of wortmannin on insulin activity.............cccoccceiciiiiiiiniiieieeee, 123
3.5.2  Effect of pheophytins on-BG uptake analysed by MS........................ 126
3.5.3  Effect of flavonoids on-BG uptake analysed by MS................c.oceee. 128
3.5.4  Effect of differentiation on 2leoxyD-glucose uptake analysed by MS 130
3.6 CoNnclusion aNAISCUSSION. .........uviiiiiiiiei et 134
3.7 Summary ofn vitrostudies involving thé\. cominiaextracts in the glucose

uptakeX X X X X X X X X X X X X X X X X X XKLL X X X X HIX X X X

4 In vitro determination of lipid accumulation in 3T3-L1 adipocytes..................... 137
4.1 INEFOAUCTION ... e e e 137
4.2 MELNOTAS. ... 138

4.2.1  AJIPOGENESIS.....uuiiuiiiiiiiiiiiitiitiiereere e e e e e e e e e e e e aa e e e e e e e s e e e e 138
4.2.2 Lipid accumulation............coooiiiiiiirrre e 138
423 CASPASES BSSAY. ... uuuuuurrnrrnrrrrrnrirrnerrrrrrere e ettt reetateaaaaaaaaaaaaaa e e e 139
4.2 4 PrOEIN ASSAY. .. eeieeiiiiuiiriiiteeeeiiiieteee e e e s sttt e e e e s aaarr e e e e e e s s asbbrreeeeeaaan 141
425  WESIEIM DIOT.....ooiiiiiiiii e 142
4.3 RESUIES. ...t 143
43.1 Effect of extracts fromA. cominiaon 3T3-L1 adipogenesis on the first day
Of dIffEreNtIALION ......eeiiie e 143
4.3.2 Effect of extracts fromA.cominiaon 3T3-L1 adipogenesis on the third
day of differentiation............coviiiii 146
4.3.3  Apoptotic effect of extracts fromA. cominiain 3T3-L1 adipocytes....... 147

4.3.4  Effect of addition of extracts fromA. cominiaon the accumulation of lipid
N BT3-LL CEIIS...cc i e e e e e e e e e e e e e e e e e e e s e e s e e e s e ae e 151

435 Effect of withdrawal of extracts fromA. cominiaon the accumulation of
7o o I g e I G T I o = | 153

4.3.6  Effect of the extracts fromA. cominiaon protein concentrations in 3T3L1
AAIPOCYLES. ..ceiiiiiieee et a e e e e e e e e e e e e e 155

4.3.7 Effect of the extracts fromA. cominiaon insulin-mediated GLUT4
EFANSPOITEIS ...ttt ettt e e e e e e e ettt te bbb e e e e e aaaaeeennnnes 158

XV



4.3.8 CoNnClUSION AN AISCUSSION. ... ceeeieeeete et e e eeeaeens 160

4.3.9  Summary ofin vitro studies involving the A. cominiaextracts in

AUIPOGENESIS. ...t ettt e e e e e e e e e e e e e e e e e s 162

5 Effect of the extracts fromA. cominial T OEA AAQOEOEOEAO 1 &£ 040p"
Cl OAT OE ABNOIASE BNEYMESL..ocvieeeeeeee ettt 164
51 INEFOTUCTION .ot 164
5.2 Material and MethNOUS............coccuiiiiiiiiiciie e 165
521 Y4 1= 01 (0 ) SO OO RPPPRPPPPPPRRRPPN 165
522 Plant sample preparation...............oeeeeiiiiiieeee e 166
5.2.3 DPPIV @SSAY... . iiiieeiiiii ettt 167
5.2.3.1 Bufferpreparation..........cccccccceiiiiiiiiiiie e 167
5.2.3.2 ENzyme preparation............cceeeeiiiiiieicieeceeeeee e 167
5.2.3.3  Substrate preparation..........ccccceeeeeeieiiiiiiieeiieeeeeeeeeeee s 167
5.2.3.4  Inhibitor preparation ...........cccccveeiiieeiiiiiiee e 167
5.2.35  ASSAY MEthOd..........coiiiiiiiiiiiiiiie e 167
5.2.3.6  Z-Afactor Method............ccooiiiiiiiiiiii e 168
5.23.7 Kinetics of the inhibition of DPPIV enzyme byA. cominia............ 168
524 e I N SR ST Y 169
5.2.4.1 Buffer preparation..........ccccccccoiiiiiiiiiiiee e 169
5.2.4.2  ENZYME Preparation..........cccueeiieeeiiiiiiieeeeeeesiiieeee e ssiieeeeee e e 169
5.2.4.3  Substrate preparation............cccueeeeeeeiiiiimieieee e 169
5.2.4.4  Inhibitor preparation ...........ccoceeeeiieeiiiniiee e 169
5.2.45  ASSAY MEthOd.........uvuiiiiiiiiiiiiiieeeeeee e 169
5.2.4.6 Kinetics of the inhibition of PTP1B enzyme by. cominia............ 170
5.2.5 1 -0lUCOSIHASE @SSAY........csiuurriiiieeiiiiiiieie ettt 171
5.2.5.1  BuUffer preparation............cccueeeiiiiiiiiiiieiieeeeeieeee e 171
5.25.2 ENzyme preparation..........cc..eeeveeiiiiiiieeiee e 171
5.2.5.3  Substrate preparation............cccccccieiiiiiiieiiiee e 171
5.2.5.4  Inhibitor preparation ............ccccceeeiiiiiiiiiiiie e 172
5,255  Assay MEthOd..........iiiiiiii e 172
5256 +ET AOEAO 1 £ OGgudosidaseBy Adminal..I.....1. 122
5.2.6 L -AMYIASE @SSAY...utiiiiiiiitiiiiiie ettt e e 173
5.2.6.1  Buffer preparation............ccueeeiiiiiiiiiiieiiee e 173

XVI



5.2.6.2  ENzyme pPreparation.........cccccovviiiiiiieiieeeaeeeee e 173

5.2.6.3  Substrate preparation...........cccceeeeerieiiiiiiieeiieeeeee e 173
5.2.6.4  Inhibitor preparation ............cccccciiviiiieiiieiiiereree e 173
5.2.6.5  ASSAY MEthOd..........oooiiiiiiiiiiiiiie e 173
5.2.6.6  RESUIS @NAIYSIS......oouiiiiiiiiiiiiiiee e 174

5.3 RESUILS. ... e 175
5.3.1 DPPIV BNZYME.. ..ottt e e e e e eeanne 175
5.3.1.1  Zfactor of DPPIV @SSay...........ccoooeiiiiiiicnvvevvvevvee e 175
5.3.1.2  Effect of extracts fromA. cominiaon DPPIV enzyme.................... 176

5.3.1.3  Concentration dependent inhibition of the flavonoids fromA.
cominia 179

5.3.1.4  Kinetics of the inhibition of DPPIV by the flavonoids fronf\. cominia

180
5.3.1.5 Conclusion and diSCUSSION...........ccouriurrririeeriniiiirieeeessasiineeeeeeens 183
5.3.2 PTPLIB NZYME ...t e e e e e e e eeees 184
5.3.21  Z-factor of PTPL1B @SSAY........ccccuurriieeiiiiiiiiiieee e 184
5.3.2.2  Effect of extracts ofA. cominiaon the PTP1B enzyme.................. 185

5.3.2.3  Effect of compounds isolated from AGEC on PTP1B enzyme...185
5.3.2.3.1 Effect of compounds isolated from AGAC on PTP1B enzyme....187
5.3.2.3.2 Effect ofcompounds isolated from AGMGD on PTP1B enzyme. 191

5.3.2.3.3 Concentration dependent inhibition of the flavonoids and

PREOPNYLINS ... e e e e e 192
5.3.2.4  Kinetics of the inhibition of PTP1B by the flavonoids and pheophytin
A TrOM AL COMINIAL ettt 196
5.3.25  Conclusion and diSCUSSION. ..........eeeiiirrieiiiiieeasieee e e 200
5.3.3 | -GlUCOSIdAsE ENZYME..........ccce it e e e e e e e e e e 201
53.3.1 Z-/EA A OT-glUCOBIGESEASSAY.......c.ccveveerereeeerereeesteeeeeeteeeeieeenas 201

5.3.3.2  Effect of extracts fromA. cominial T OdfuBosigase enzyme..202
5.3.3.2.1 Effect of crude extracts fromA.cominial 1 -glycosidase............ 203

A N £~ ALz

53.322 BAEAAO | £ A@0OdukdidaseENl. I....(.%#..J04

AN _ s 9~ Az

53.323 EEAAO 1T £ OEA | AOGEAT -blicesilasdd . 2 O20A A OO AC

5.3.3.2.4 Effect of extracts from AGUG+ , - . -gllicosidase................ 206
5.3.3.2.5 Effect of extracts from AGMGKLMN-91-p x v -gliicosidase...207
5.3.3.2.6 Effect of extracts from AGMG$ | -glucesidase....................... 209

XVII



5.3.3.3  Concentration-dependent inhibition of the flavonoids.................. 210
5334 +ET AOEAO 1 £ OGdudosidasebyEtiie Baddhoids forh AE
cominia 213

5.3.3.5  Conclusion and diSCUSSION...........ccourrurrirrieerinniiieeeeee e asiineeeeeeens 216
5.3.4 L-AMYIASE ENZYME......oiiiiiiiiiiiiiiie et 217
5341  Z-/FA A OT-dNYIASERSSAY.......cecveiveeeeeeeeeeei s eeee e 217
5.3.4.2  Effect of extracts fromA. cominial 1  Qdinklasg enzyme......... 218
5.3.4.3  Conclusion and diSCHSION. .........c.ueieiiiiiieiiiiie e 219
5.3.5  Summary of inhibition studies involving theA. cominiaextracts.......... 220
General conclusions and suggestions for future Work.............cccccceeeviiiiinenenn. 222
RETEIEINCES. ... e e e e e 228

XVIII



List of tables

Chapter 1

Table 1.1Drugs used for the treatment of -D&V, their mode of action, daily injections and
their SIHE EFfECTS. . iii i e 11
Table 1.2Examples of artdiabeticcompounds............ccooooiiiiiiiiiicccreeeeeeeeee 27
Table 1.3Mlethods of separation and their specific compounds............cccccevvvveeeeeennnn. 37
Chapter 2

Table 2.1 A step gradient elution technique used for sepamattithe methanol crude extract
of the maceration eXtraCtiQN..............oui i 50
Table 2.2 The gradient method followed in the mass spectrometry...............coeeeee. 55
Table 2.3'H and**C NMR for querdrin and mearnsitrin (in DMS@6) including rhamnose
moiety by COMPArISON t0 QUETNCITIIILan ... .uveeeeeeeeeeeiimeee e mmea e e e e 60

Table 2.4Selected HMBC cor el ati ons of quercitrin and
Table 2.5'H NMR spectral asgnments for pheophytin AandéBé é é ¢ é é é . . 77. .
Table 2.6Selected HMBC correlations of pheophytin Aand B..........cccccccooviiiicennnnes 78

Chapter 3

Table 3.1 Masspectrometrygradient method used for the quantification ededxyD-
glucose inhe 3T3L1 adipocytes MetabOliEXIraCtS.........ovvvviiieiieeeieee e, 95

Table 3.2 Concentration ofdoxyD-glucose uptake uptake by 3T3 cells of different
pretreated cells in the presence or absence of insulin 100 nM (hts)18 nM of
WOItMANNIN (INN).eeiii e e e e e 125

Table 3.3 Concentration of-deoxyD-glucose uptake by 3TB1 cells of different pre
treated ells in the presence or absence of insulin 100 nM (Ins) and 10 or 100 pg/ml of
Pheophyting (PREQ).... ... e e e e e e e e e e e e e 127

Table 3.4 Concentration d&-deoxyD-glucose uptake by 3TB1 cells of different pre
treated cells in the presence or absence of insulin 100 nM (Ins) and 10 or 100 pg/ml of
FlAVONOIAS (FIAV) et e 129

Table 3.5 Concentration of-deoxyD-glucose uptake by 3TB1 cells of different pre
treated cellswith TNE), f 1l avonoi ds..a.nd..phe.op.hy.t.il83s . .

Chapter 4

Table 4.1 Guideline table presenting the amount afioaniline (sNA) in umol produced
per 100 ul per well and their relative concentration in PM-0§42 ............vvviiiieeieenneen. 141
Table 4.2 Caspas® activity of different cell lysate of preeated cells with staurosporine,

TNF-U, flavavonoids (fl awv.)..and..phe.aaphylsd n A

Table 4.3 Protein concentration in greated 3Td.1 cells. Protein concentration was
calculated using BSA standard CULVE...........oooiiiiiiieeee e e 157

Chapter 5

Table0.1 High-throughput screening assay fitnesstabicé ¢ 6 € 6 6 6 6 é é é . .81 6

XIX

me a

(r



List of figures

Chapter 1

Figure 1.1Chemical structure of metformin..........ccccvevviiiiiiiiieiiieeeeeeee, 12
Figure 1.2General chemidatructure of sulfonylureas............ccccccceeei e, 13
Figure 1.3Chemical structure of tWO TZDS.........couiiiiiiiiiiiieee e 14
Figure 1.4E f f e cdlucosidase thhibitors on the enzymatic hydrolysis of polysaccharides
b y -glitosidase in the smMall INtESHNE.............cccoveeeeiereeeeeeee e 16
Figure 1.5Chemical structures for two alpiggucosidase inhibitors...........cccccvveeveennnnn. 16
Figure 1.6Chemical structure of glinide................ooooi i 17
Figure 1.7Example of chemical structure of a DPPIV inhibitar..............c.ccoiieneeinns 18
Figure 1.8T he f uel hypot hesi s a reélls @ndmechasnisnts ofehe i o n
glucosedependent iNSUlIN SECIELIAN. ..........uuiiieiiiiiiieeee e 20
Figure 1.9Effect of incretins and DPPIV on pancreatic cells and theage homeostasig0
Figure 1.10The general inSulin PatNWay...........ccuuuiiiiiiiiiiiieiieiereeeee e 21
Figure 1.11Physiological role of PTP1B in glucose homeostasiS.............cccvvvveeeernnne 30
Figure 1.12Examples of some chemical structures of certain flavonoids, which are phenol
containing compounds with artiabetiC aCtiVIty...........ccoiiiiiiiiieiiiiiiiieeee e 32
Figure 1.135chematic representation of an HPLC...........ccccoiiiiiiieei e 38
Figure 1.14various possible extract tests for-DB...........cccceeeeeeeeecececeeeennn 43
Chapter 2

Figure 2.1 Extraction scheme for the leaveéltdphylus cominia................................. 47
Figure 2.2 Fractionation scheme for the crude methanol extragtdlafhylus cominia
obtained fromM MACETALION. ........ciiiiiiiiiiiie e e e e e e e e e aaaes 51
Figure 2.3 Fractionation scheme for the crude hexane and ethyl acetate extracts of
Allophylus cominia from maceration.................ccoeoi i e 53
Figure 2.4Separation of compounds by HIS from HEC solid ofA. cominia................ 62
Figure 2.5 Identification of compounds by IMS for HEC solid ofA. cominia............... 63
Figure 2.6 LGMS spectrum of HEC solid ofA. cominiashowing the retention times of
different compounds and the method foll@fer the separation..............ccccvveveeerinnnnee. 64

Figure 2.7 Photomycographs illustrating the effect of crude extracts dB&LMN -91-
175 (mixture of favonoids and fats) on the 3T3 differentiation (before and ftar

AIfferentiation PrOCESS) .. i ittt e e e e e e e e e e e e e aaaaaaeens 66
Figure 2.8 Chemical structures of the different compounds tominiaextracts from HEC
ANA MEOHD EXITACES.......eeiiiiiiiiiieee et e e e e s e ennnnreaees 68
Figure 2.9 HPLC chromatogram showing different peaks for the flavonaids............ 69
Figure 2.10 MS for fraction 1 collected at-&% minutes..............ccooeeiiiiieiniiiiiieeee. 70
Figure 2.11 MS of fraction 2 collected at A5 minutes...............ooeeeiiiiiiiiicciccce 70
Figure 2.12 Chemical structures of pheophytins A and.B............cccccooiiiiiiiiiniiinne, 72

Figure 2.13 TLC plate for MeOB dissoled in chloroform in 70:30 hexane:EtOAc....73
Figure 2.14 PreffLC for MeOHD sample of A. cominia in TLC solvent 70:30
REXANEIETOAC ... as 73

XX

01


file:///G:/final%20correction%20thesis%20Dima%20-%202-10-14.docx%23_Toc400031500
file:///G:/final%20correction%20thesis%20Dima%20-%202-10-14.docx%23_Toc400031506

Figure 2.15 TLC plate for fractions separated by fire@ from the crude MeOHD extracts

(o AN o0 01101 = P PP ¢”
Figure 2.16 TLC plate for fractions separated by silica gel column chromatography from the
crude MeOHD extract OfA. COMINIA.......cccciiiieiiiiiiiieiiiieeeeee e e e e aaa e e e e e e e e e e e 75
Chapter 3

Figure 3.1Alamar blue reaction that occurs in the mitochondria of the living cells leading to
the change in the colour of the Alamar blue from blue to pink............cccccvvivivieiieene.. 89
Figure 3.2MTT reaction mechanism that occurs in the mitochondria of the living cells
leading to a change in the colour of M&T from yellow to purple (Formazan)............ 90
Figure 3.3 Chemical structure of thé\27-(nitrobenz2-oxa-1,3-diazot4-yl)amino-2-deoxy-
D-gIUuCOSE (ANBDG).......ccci i i ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e s e e s s s e e s e e s saanannnne 91
Figure 3.4 Chemical structure ford2oxy-D-gluCOSe...........coooieiiiiii e 93
Figure 3.5 Series of images depicting the -RILJibroblast differentiation..................... 96
Figure 3.6 Microscopy of mature 313 cells adipocytes before and after Oil Red
512 11 01T PO PP PP PP PPPP S PPPPPPPPPP. 97

Figure 3.7 Images depicting the growth of L6 cells over a period of five days following
seeding in 75 chrflask at 1x16 cells/ml in DMEM supplemented with 10% FBS at 37°C in

an atmosphere otaining 95% air and 5% GOX10)............coooeiiieiecciicne e 98
Figure 3.8 Images depicting the differentiation of L6 cells over a period of five days
following differentiation in a 98vell black clear bottom plate (X40)...........cccoeeeiinnnnnnd 98
Figure 3.9 A lack of cytotoxic effect of the crude metbiec extract fromA. cominiaon
HepG2 cell viability by Alamar blue test..........cccciiiiiiiiiiiiiieeeee e, 100
Figure 3.10 Cytotoxic effect of the methanolic deuextract fromA. cominiaon 3T3L1
fibroblast viability by Alamar blue teSk........uuviieiiiiiiieiie e, 101
Figure 3.11 The methanolic crude extract frémcominiacytotoxicity effect on 3Td.1
fibroblast viability using Alamar blue test and MTT assays...........ccccceeeeeveeeeccecnnnns 102
Figure 3.12A lack of cytotoxic effect of different extracts from. cominiaon 3T3L1
fibroblast viability DY MTT teSL.......ueiiiiiiii e 103
Figure 3.13 Lack of cytotoxic effect of different extracts®ofcominia(100 pug/ml) on 3T3
L1 fibroblasts (A) and 3T-81 adipocytes (B) viability by Alamar bluest.................... 105
Figure 3.14 No cytotoxic effect of a range of concentration of flavonoids (A) and pheophytin
A (B) from A. cominiaon L6 cell viability by MTT @sSay........cccoouviimiriieeiiiiiiiiieeeees 106
Figure 3.15 Concentratieslependent increase ofNBDG uptake by HepG2 produced by
]S SO 108
Figure 3.16 The methanolic crude extract Af cominia (AC) produces an insulin
concentrationdependent increase ofNBDG upgake by HepG2 cells.........ccccceeeennnnee 109
Figure 3.17 The methanolic extract frol cominiaincreases -NBDG uptake by HepG2
liver cells in the pesence or absence of 100 NM INSULIN..........coooiviiiiiiiienniiiiieeen 110
Figure 3.18 No effect of AC on insulin activity onNBDG glucose uptake by nen
differentiated 3T3L1 fiDrobIasts.........ccccuuiiiiiiiiii e 111
Figure 3.19 The crude extracts fré&mcominiaproduce a concentratiadependent uptake of
2-NBDG in nondifferentiated fibroblasts via insulin concentration............................ 112

XXI



Figure 3.20 Insulin produces a concentrati@pendent increase ofNBDG glucose uptake
in fully differentiated adipocyteim the absence of crude extractsfofcominia.............. 113
Figure 3.21 NBDG produces a concentratiolependent uptake by fulgifferertiated
3T3L1 cells in the absence Bf COMINIA.............cooiiiiiiiiciieee e 114
Figure 3.22 Increased fibroblast seeding density increaB% glucoseuptake in fully
differentiated AdiPOCYIES. .....ccii i 114
Figure 3.23 Effect oA. cominiaon 2NBDG uptake by fullydifferentiated adipocs in the
presence or absence of 100 NM INSUIIN........ccccciiiiiiiiiiiiie e e e 115
Figure 3.24 Effect ofA. cominiacrude extract on-RAIBDG uptake by differemted 3T3L1
fibroblasts in the presence or absence of 100 NM inSWliN..........cccccvvvvviineen, 116
Figure 3.25 Insulin produces an increase-MBDG upiake by L6 cells in the absence/Af
(01011011 0= VSO PPPRPRP 118
Figure 3.26 Insulin produces a concentrati@pendent uptake ofiRBDG by L6 cells in

the presence of 10O0A cogidiaml.....a.f....f.l.av.0n.01l8s fr om

Figure 3.27 Insulin produces a concentrati@pendent uptake ofiRBDG by L6 cells in
the presence of 100 A cohmimd...o.f...p.he.o.phyll® n A
Figure 3.28 Flavonoid extract frof cominiaproduces a concentratimependent uptake of

2-NBDG by L6 cells in the presence of 100 NM insulin...........ccvvevieeiiiiiiiiiinniieeennnnn. 119
Figure 3.29 Pheophytin A extract froM. cominiaproduces a concentratimependent
uptake of 2NBDG by L6 cells in the presence of 100 nM insulin...........ccccceveeveeeeen. 120
Figure 3.30 Flavonoids and pheophytin A frén cominiaenhance insulin activity in-2
NBDG uptake DY LB COIIS . uuiiiiiiiiiiiiiiiiiiieec e 120
Figure 3.31 Deoxy-D-glucose standard CUNVE...........cccccciniiiiiiiniiiiiiiiirreeeeeeee e 124

Figure 3.32100 nM insulin increases-@eoxyD-glucose (2DG) uptake by differentiated
3T3-L1 (metabolites), whereas Inh is the inhibitor which is wortmannin (10 nM) inhibits

INSULIN GCTIVITY ... e e e e e et e e e e e e e e e e e e e e e e e e e e s s aaseaaeaaaannes 125
Figure 3.33 Pheophytin A increasesi@oxyD-glucose uptake by differentiated 3T3
210 1] 010103/ (=S PP P PP TOPPPP 127
Figure 3.34Flavonoid extract fromA. cominiaenhances insulin activity in-@oxyD-
glucose uptake by differentiated 3T2 (metabolites).............cooeevveiicciiiie 129

Figure 3.35 MS spectrum representing thee®xyD-glucose uptake by differentiated 3T3

L1 in 25cnfflasks following different treatments (metdite extracts) in the presence of 100

1A T S 1 PRSP 132

Figure 3.36 Deoxy-D-glucose uptake by differentiated 3L3 (metaboliteextracts) in the
presence of 100 nM insulin and the effect of different treatments on the glucose uptake assay

after differentiation.............oooi i 132
Chapter 4

Figure 4.1 Inhibitory effects ohA. cominiaextracts on 3T&1 differentiation starting from

day 1 of the differentiation..............ueiiiiiiii e 144
Figure 4.2 Morphological examination of adipocyte differentiation influenced by extracts of
A. cominiaand drugs treatMENTS. ........iiuiiiiiie e 145
Figure 4.3Inhibitory effects ofA. cominiaextracts on 3T&1 differentiation starting from

day 3 of the differentiation..............uviiiiiiii e 146

XX



Figure 4.4 Series of pictures of 3T3 cells depicting the effect of TNB , flavonoi d
pheophytin A and staurosporine effect on the morphology of-L3T3at day 8 of

differentiation by comparison to the undifferentiated cells........................ee e 148

Figure 4.5 pNitroaniline concentration dependent CUIVE............c.eevveeeriiiiiieeeeeennnnns 149

Figure 4.6 TNFU flavonoids and pA eomipidp tnot inducee xt r ac
aPOPLOSIS IN 3TAL AAIPOCYLES....cciiiiieeieeee et e e e e e e e e 150

Figure 4.7Inhibitory effects ofA. cominiaextracts on lipid accumulation in adipocytes for

472 41 16 ] £ RO OPPPPPR P 152

Figure 4.812-Well plate representing the inhibitory effectsAf cominiaextracts on lipid
accumulation in adipocytes for 72 hOUIS...........coooeeeiiii e 152

Figure 4.9The inhibitory effect ofA. cominiaextracts on lipid accumulation in adipocytes
over 5 days and the withdrawal effect of the extrantthe adipocytes over 6 days.....154
Figure 4.10 Morphological examination of 3T2 adipocytes influenced by the extracts of

N o 111 = T PP PPRRT PR 154
Figure 4.11 Protein determination of the 4meated 3Ta.1 cells with TNFU , flavonoid
=T aTo I o] aT=To] o] 1) 11 2 NS R PP PR 156
Figure 4.12 Western blot showing the effectof TMF  f | av and Apcbreima e xt r a
on GLUT4 protein in plasma membranes in 3T13adipocytes..........cccccvvvvvvvrrvnnvennnne. 159
Chapter 5

Figure 5.1High-throughput screening fithess f@PPIV assay using ghpro-7-amido4-
methylcoumarin hydrobromidas substrate arldPPIVenzyme..................co oo 175
Figure 5.2 Effect of various.. cominiaextracts on DPPIV enzyme in the presence of Gly
PrO SUDSIIALE.. ... oo e e e e e e e e e e e e e e e e e e e e e e e e e s e e s s e e s e e e s s ananannes 176
Figure 5.3 Effect of various extracts of AWC on DPPIV enzyme at two different
concentrations (3 pg/ml and 30 pug/ml) in thregence of Ghpro substrate................... 177
Figure 5.4 Effect of various extracts of AQMN-91-175 on DPPIV enzyme............. 178
Figure 5.5 Effect of each fraction KLMN(Q175)6672 (mixture of flavonoids) fronA.
cominiaextractson DPPIV €NZYME.........coooiiiiiiiii e 179
Figure 5.6 MichaeligMenten plot of the inhibitory effect of the flavonoid fraction A&f
cominiaon DPPI\(catalysis hydrolysis of the enzyme..............cccccceiiiiiniiiiiiieeneeeee, 181
Figure 5.7 Michaelidvienten plot of the inhibitory effect of P32/98 inhibitor on DPPIV
catalysis hydrolysis of the ENZYME...........cccooe e 182
Figure 5.8High-throughput screening fitness fBiTP1Bassay using TFMS as substrate and
PTPLBENZYIME. ...ttt e et ettt e bbb a e e e e e e e e e e e eeebb e e e e eeeas 184
Figure 5.9 Effect of various AEGEC fractions (separated by silica gel column
chromatography) on PTP1B enzyme in the presence of DiIFMUP substrate........... 186
Figure 5.10 Effect of variousAMIC fractions (separated by VLC) on PTP1B enzyme in the
presence of DIFMUP SUDSIIate...........oooiiiiiiii e e e 187
Figure 5.11 Effect of various ABIC-KLMN fractions (separated by sephadex column
chromatography) on PTP1B enzyme in the presenceRWDP substrate.................... 188

Figure 5.12 Effect of various AG®IC-KLMN-91-175 Fractions (separated by sephadex
column chromatography) onfP1B enzyme in the presence of DiFMUP substrate...189

XXM



Figure 5.13 Effect of various fractions from ACQMN-(91-175)66-72 (separated by

HPLC) on PTP1B enzyme in the presence of DiFMUP substrate........................... 190
Figure 5.14 Effect of various AGIC-D fractions (seprated by silica gel column
chromatography) on PTP1B enzyme in the presence of DiIFMUP substrate........... 191
Figure 5.15 Effect of TFMSnhibitor on PTP1B enzyme in the presence of DiIFMUP
ST 011 = PSP 192
Figure 5.16 Series of graphs showing the effect of variowsidres of ACHEC extracts
(AC-HEC, AGHEC-35-38 and AGHEC-48) on the PTP1B enzyme................ccccuuu. 193

Figure 5.17 Series of graphs showing the effect of various fractions-®i@ExtractsAC-
MC, AC-MC-D, AC-MC-D-5-13 and AGMC-D-24-44) on the PTP1B enzyme........... 194
Figure 5.18 Series of graphs showing the effect of various fractions efIG&LMN
extracts(AC-MC-KLMN, AC-MC-KLMN -91-175 andAC-MC-KLMN -(91-175)6672) on
the PTPLB ENZYME....eiiiiiiiii e 195
Figure 5.19 MichaeliMenten plot of the inhibitory effect of the flavonoidaftions ofA.
cominiaon PTP1Bcatalysis hydrolysis of the enzyme...........ccccocciivvieiiiniiiineeeenne 197
Figure 5.20 MichaeliMenten plot of the inhibitory effect of the pheophytin A fractiorhof
cominiaon PTP1Bcatalysis hydrolysis of the enzyme...........ccccocciivvieiiiniiiineeeenne 198
Figure 5.21 Michaelidenten plot of the inhibitory effect of the TFMS on PTPRd&alysis
hydrolysSis Of the ENZYME........cooo e 199
Figure 5.22High-throughput screening fitness fokglucosidasessay using -fitrophenyt
UD-glucopyranoside as substrate &hglucosidase ENZyMe.............ccovevveveeveeeeenne, 201
Figure 5.23 Effect of acarbose on thglucosidase assay in the presence-oftebphenyt
glucopyranoside (SUDSIIALE).........coiiiiiiiiiee e 202
Figure 5.24Effect of variouscrude extracts oA. cominiafrom maceration extractioon the
Uglucosidase assay in the presence-nitebphenytglucopyranoside (strate)........... 203
Figure 5.25Effect of variousextracts ofA. cominiafrom hexane and ethyl acetate crude
extract separated by silica gel column chromatographyneU-glucosidase enzyme....204
Figure 5.26 Effect of variousmethanolic extracts ofA. cominia from vacuum liquid

chromatography separation theU-glucosidase enzyme............ccccvevevevveeeeenseenennn, 205
Figure 5.27Effect of various methanoliextracts ofA. cominiafrom KLMN extract fraction
separated by sephadex column chromatographheU-glucosidase enzyme.............. 206
Figure 5.28ffect of variouanethanolic extracts dk. cominiafrom fraction KLMN-91-175
separated by sephadex column chromatographyeU-glucosidase eryme................. 208
Figure 5.29 Effect of separated flavonoidsfofcominiaby HPLC (fr act-i ons
Lo ] (8o TS o F= E] =T 014 Y/ .1 T 208
Figure 5.3CEffect of variousmethanolic extracts @k. cominiafrom fraction D separated by
silica gel column chromatograploy theU-glucosidase enzyme...............ccccoeveveevennane. 209
Figure 5.31 Effect of acarbose on thglucosidase assay in the presence-oftebphenyt
glucopYranoSe (SUDSIIALE)........cuiieiiiiiiiiee e et e e e e e e e e e e sneneeeeeeeens 210
Figure 5.32 The effect of some fractions of -MC extracts(AC-MC, AC-MC-I and AG
MC-KLMN) 0n U-glUCOSIHASENZYIME. .......ccveveeeereeeeeeeeeeeeseeeeee et e e e saeeeen s 211
Figure 5.33 The effect of the flavonoids mixture of AC (MC-KLMN -91-175 and AC
MC- KLMN -(91-175)-66-72) onU-glucesSidase ENZYME..........c.ccveeereerreeeieseeeinsreenns 212

XXIV



Figure 5.34 Michaelie nt en pl ot of the inhibitory eff

glucosidaseatalysis hgrolysis of the enzyme...........ccceevviiiiiiiiiiieeee, 214

Figure 5.35 MichaeliMe nt en pl ot of the inhibitory effe
glucosidaseatalysis hydrolysis of the enzyme.............ccccooviiiinii 215

Figure 5.36High-throughput screening fitness foramylaseassay using-nitrophenytU-D-
maltohexasid@s substrate ardamylaseenzyme.............ccccccevveveveeeeeeereeneeeeee e, 217

Figure 5.37 Effect o famylase reiymeuis theAptesefice @fc t i on s
nitrophenytU-D-maltohexasid@UDSIIALe. .............c.ccueveeeeeeieece e 218

List of Appendices

Appendix 1."H NMR spectrum (400 MHz) of the flavonoid mixture from AGC-KLMN -

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

eeéeeéceéeceéeeceéececeéeecéeeceéee. .. ... . 4.
Appendix 4. 1H NMR spectrum (400 MHz) of pheophytin B (fraction-24) in DMSO

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,

of A.cominiainDMSGd 6. ééeéééeéeéeéecéeéeéee. .  éeeeéeeé. . 253
Apperdix 5. D. 1H NMR expanded spectrum for the aliphatic region (400 MHz) of HEC
solid of A.cominiainDMS@ 6. éééééééeééécééecéeééced. 24
d6éeééecééecéecééeéecéeceéceéecéecéeeceeeceéee. .. 256
Appendix 7. HMBC spectrum (600 MHz) of HEC solid from A. cominia in DM&® é 2 5 7
Appendix 8. HSQC spectrum (400 MHZ)BEC solid from A. cominiain DMS@ 6 é . 2 5 8
Appendix 9. 1H NMR spectrum (400 MHz) of Mea® f r om A. comi ni a i n C

Appendix 10. 13C NMR spectrum (100 MHz) of Me@H from A. cominia in
CDC3ééeeéeééecééecéecéecéecéeéecéecéeecée. 6260

////////////////////////////////

Appendix 13. 1H NMR spectrum (400 MHz) for fraction2inDM8® . ééééé. . . 263

Appendix 15. Comparison between 1H NMR spatt(400 MHz) of fractions 1 and 2... 265

XXV



Chapter 1



Introduction

1 Overview of diabetes

Thename nAdi abet eisn0 thhaes Grtese korwogridn f or fAsi
in this case that a considerable quantity of urine is produced. This feature of the
disease (production of large volumes of urine) is common to all forms of diabetes

and suggests a common end point althougtarcommon origin.

Diabetes mellitus (DM) is a group of diseases characterised by abnormally high
levels of blood glucose, resulting in glucose being excreted into the urine
(glycosuria) (Cooke and Plotnick, 2008). Generally, in a healthy person, when the
pre-prandial (fasting) concentration of blood glucose is raised above normal-(4.0

5.9 mM), several hormones, including insulin, which is released from the pancreatic
c e |l I|cslls),(aft to regulate the blood glucosencentrationsInsulin promotes
glucose uptake into liver, muscle, and fat cdlispeople suffering from DM, glucose
levels remain high (3.9 mM). The high glucose levels are due to either a reduction

i n the pr oduc tcelloantheoctlls hecoming insamsitibeyto cibculating
insulin. In both cases, glucose is not transported to cells and therefore concentrates
in the blood, vkich is not only harmful for cells but also harmful to certain organs
and tissues exposed to the high glucose levels causing tissue dehydration and damage
to the kidneys(Torpy and Golub, 2011)High glucose levels stimulag insulin
secretion bythe panc e a t-dells causing b-cell glucose toxicity is observed

typically in diabetic patients (Kanett al, 2010)

Diabetes insipidugDl) is also characterised l@xcessive thirsand an increase in
passingurine The name refers to the inability to retain fllodt is characterisby

the lack of sugar in the urine. Although DM and DI have some common symptoms,
they are two different conditions with unrelated mechanisms. DI is either an
abnormal production or a deficiency of the aftiretic hormone (ADH) also known

as argininevasopressiAVP); this type of DI is called cranial diabetes insipidus

F
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(Babeyet al.,2011). DI can also be the result of insensitivity in the kidney's response

to the ADH; this type of diabetes is called nephrogenic diabetes insipidus.

Chronic hyperglycaemia is largeresponsible for the development and progression

of long term diabetespecific macrevascular and micrwascular complications.
Narrowing of the major arteries to the heart, brain and lower limbs occurs alongside
damage leading to a reduction in theduon of the endothelium, the small blood
vessels in the eyes (retinopathy), nerves (neuropathy), kidney (nephropathy), and
heart (coronary vascular diseases), resulting in peripheral vascular diseases,
ulceration and amputation of the feet in poarlgnag@d patients (Nathaet al,

2009).

Prediabetess a common condition related to DM. Patients with-giebetes have
blood sugar levels higher than the normal levels, but not high enough to be termed
diabetic. If uncontrolled, prdiabetes could be a rigi developing T2DM. It can
disappear without the need of insulin or medical treatments, by losing weight or by

diet and physical activities.

1.1.1 Causesof diabetes mellitus

Differences in the two types of DM (types 1 and 2), in terms of causes are well
established. Type 1 DM (FDM) is partially inherited and its risks can be increased
by certainviral infectionssuch aghe Coxsackie virus family or rubell&dowever,
there & also a genetic elemewhere mutations itHLA genes mayncrease the risk of
developingT1-DM (DeanandMcEntyre 2004)

The risk factors for developing type 2 DM () include high blood pressure, and
high triglyceride and fat levels. Gestational diabetes may transform int®N¥I)2
when the newborn weighs more than 5 kilograms. In addition, a high alcohol intake
or a hidn-fat diet can accelerate the development ofDI2, particularly in cases of
obesity. A sedentary lifestyle may also be factor ofDI. Moreover, genetics plays

an important role in increasing the risk of developingDI2, particularly when at
least one grent has a close relative who has haeDM2. Finally, aging is considered
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to be the most significant risk factor for -I3M. Risk begins to rise significantly at

the age of 45, and rises considerably after the age of 65.

1.2 Types of diabetes

DM is classifiedinto categories: Type 1 DM, Type 2 DM, gestational DM and other

cases of diabetes.
1.2.1 Type 1 diabetes mellitus

Type 1 diabetes mellitus (TM), used to be known as insuldependent diabetes

or juvenile diabetes, and is immumeediated diabetes, which is @rganspecific
autoi mmune disease that results dcalls t he
(Atkinson and Maclaren, 1994). This results in the body's failure to produce insulin
and may have a sudden onset (Agate¢gil, 2008). It is considered tbe one of the

most frequently diagnosed severe chronic illnesses, affecting around 1 in 300
children in addition to a high proportion of adults (Wucherpfennig and Eisenbarth,
2001).T1-DM is slightly more common in men than in wom&i-DM accounts for

about 5 to 10% of all types of diabetes; however, the incidence @M ls
increasing in many developed countries, where its treatment and associated
morbidities account for significant health costs to these cour{Diesemaret al.,

2006).

The cause for this increase in the incidence eDM.is poorly understood but both
environmental and genetic factors are thought to play a role in the susceptibility of
individuals. The genetic influence on disease incidence is complex and involves the
genes encoding the major histompatibility complex (MHC). In humans, MHC is
known as the human leukocyte antigen (HLA) and this gene encodes for proteins
associated with the immune system. The Higmplex is further subdivided into
class I, class Il andass Ill. The genes encoding class Il region in particular, a gene
called HLA-DR and individuals expressing the allele DR3 and DR4 are particularly
susceptible to T-DM, as HLA-DR is found in 95% of T-DM patients (Wocet al.,

2000). Type 1 diabetes is tred by insulin replacement over the life of the
individual. Blood glucose monitoring, diet planning, and screening for the

complications related to the diabetes (e.g. miara macrevascular diseases which



can be severe and cause mortality in the patisndlso carried out by the patient
and by health professionals. Patients who maintain a close control of their glycaemic
levels are at a reduced risk of disease complications, i.e. 30% less risk of kidney
disease; 60% less risk of peripheral neuropa®®p less risk of retinopathy; and

four times less risk of heart disease or stroke (Danenhah,2006).

1.2.2 Type 2 diabetes mellitus

Type 2 diabetes mellitus (f2M) is known asadultonset diabetes mellitus, or non
insulin-dependent diabetes mellitgsrredondoet al, 2005).Usually, in people with
T2-DM, the pancreas secretes insulin, but the insulin is unable to stimulate the
uptake of glucose. As a consequence of the high blood glucose levels, insulin
secretionis elevated (Balkrishnaet al, 20@B). When the pancreas is unable to
produce enough insulin to deal with the higher demands for insukBM Zinsulin-
resistant diabetes) develogshis type of DM has also been considered one of the
most severe chronic diseases, and is one of the mosiywkthown medbolic
illnesses (Alonsd&Castroet al., 2008). It represents a serious public health problem
since it accounts for a sSsubstanti al pr
wor |l dwi de o etaB,a00% and Arredoradet al.,2005). T2DM affects &

least 90% of patients with diabetes and appears gradéajbbegiet al, 2008) It
typically affects adults, usually aged over 45; it can also affect younger pkagple.
considered to be the leading cause of death in females and thel $egbest in
males (AguilarSalinaset al, 2003) and also has expensive consequences for the
health systems in many countries (Arredondo and Zuiniga, 2004). It is a growing
global health problem, particularly in Asian countries (Wét al, 2004) for
exanple, in Japan;there are 8.9 million diabetics in addition to 13.2 million
individuals with impaired glucose tolerance (NNS, 2007):D\ frequency has
risen rapidly in recent decades. In year 2000, this frequency was estahatednd

180 million patiets globally, and this number is expected to increase to as much as
twice that number by the year 2030 (WHO, 200Many factors affect the
prevalence of T2DM, such as economic development; changes in diet and available

foods, technology and culture also play an important role (Ehaly 2009).



T2-DM can also be one of the risk factors for many diseases includingus
cardiovascular diseases (Grunetyal, 1999). In addition, diabetic patients are at
high risk of surgicaskite infections, which may cause increased mortality.

T2-DM pathogenesis s known by a de-cell furcton whith pancr
begins & early stages of the diseases (around 12 years before diagnosis) and
continues declining throughout the progress of the disease. In additidDiVITi&

also identified whemormalb-cells are adapted to insulin resistance, which can occur
through increaseihsulin secretion from eadhcell with or without an increase

cell mass(Kulkarni et al, 1999; Matsuzawaet al, 1999 Bulter et al., 2003.

However, T2-DM is mainly due to genetics and lifestyle factors (Riséstsl.,
2009). The mai n gen e tcellduncticn unsleding nsutatonss o r e
of the mitochondrial DNA. Other factors related to insulin progression or the role of
insulin, including defects inpro-insulin conversion, insuh gene or receptors

mutations nay also lead to T=DM.

P an cr ecal$ arecsusbeptible to the harmful effects of reactive oxygen species
(ROS). In diabetic patients, ROS are produced in many tissues through a number of
pathways, such as during the remzymatic glycosylation reaction, atite electron
trangort chain in mitochondria. NADPH oxidasgdotinamide adenine dinucleotide
phosphate oxidase, a membrdooeindenzyme)is also an important source of ROS.
NADPH oxidase is activated by various stimuli such as AGigsdnced glycation
endproducts) insuin, and angiotensin Il. Affected by the high insulin secretion,
NADPH is highly activated, resulting in an increase in the production of ROS which
in turn damage thp a n c r edlld (Kaoetoét al, 2010)causing the induction of
apoptosis and suppressiaof insulin  biosynthesis HJ-Alfy et al, 2005 and
Vijayakumaret al, 2006, ultimately leading to T-DM.
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1.2.3 Gestational diabetes mellitus

Gestational diabetes mellitus (GDM) is also called impaired glucose tolerance. It
affects pregnant women who have never had diabetes before. It is identified as a
form of diabetes that appears at the end of pregnancynamdally the mother
recovers from itafter the delivery of the baby, which is likely to be la(@d®A,

2000). It affects around 14% of pregnancies amsnen who have had GDM are
more likely than other women to develop-D®/ later in life (Jovanovic and Pettitt,
2001).Althoughthe levels othe risk vary, it is unclear how much of the variation is

explained by variations in ethnicity (Kiet al.,2002)

1.2.4 Other types of diabetes

DM exists in other forms worldwide, resulting from genetic faults and environmental
factors. The most know reasons of such types are linked to genetic modifications.
These other forms of DM include:

Congenital diabetes, which is due to genetic fauliasaflin secretion
Cystic fibrosisrelated diabetes

Steroid diabetes induced by high doses of glucocorticoids
Several forms ofmonogenic diabetes

1.3 Diabesity: definition

In general, diabesity is a@lend of diabetesand obesity which sums upboth
problems. Most people with high BNtlave a very high risk of contracting diabetes;

so high that the two conditions are very closely connected. Furthermore, treatment of
this type of disease becomes more compsxdiabesity causes many complications
and cemorbiditieswhich affects both dizetes and obesiffChanet al.,1994)

Recent research on obesity has presented evidence that adipose tissue may play a
critical role in theincreaseof insulin resistance, causing -DM (Hottaet al.,2001).
However, some individuals who are obese (assediwith insulin resistance) do not

have T2DM but have higher than normal levels of circulating insulin.
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Adipose tissue is an important endocrine organ that predugtokines and

hor mones such as tumo-U), nentesl sukiacd,or
activator inhibitor type 1, leptin, adiponectin, and resistin (Wailfal, 2004).
Adiponectin is secreted from adipose tissue and its secretion in adults id teltite
percentageof fat in thebody. Obese patients with TRM have reported to have
considerably lower levels of plasma adiponectin than noridilponectin is an
adiposespecific plasma protein, and plasma levels are reduced in obese patients
(Yokota et al, 2000). This protein controls the glucose regulation and fatty acid
oxidation Adiponectin enhances adipocytes differentiatienmd increases energy

expenditure leading tmetabolic derangementsathmay result in T2DM.

In adipose 8sue, TNFU is also overproduced causingsulin resistanceby
decreasinghe tyrosine kinase activity of the insulin recep@{F-U secreted by the
macrophages and adipocytes cells, is a cytokine overproduced in case of chronic
inflammation (Liu et al, 2011). It egulates many biological pathways such as
apoptosis, energy uptake, cell differentiation and proliferation and lipid metabolism
(Chenet al., 2009). Furthermore, adiponectin plays an important role in the high
secretion of TNFU (Y oek al,t2@800), whit in turn causes insulin resistance

leading to a hyperinsulinaemia.

There are other proteins such as leptin, a hormone secreted from human monocyte
macrophages, which plays an important role in regulating food intake and energy
expenditure, thereforeontrolling the appetite and hunger. Due to the presence of

severe insulin resistance, even a small decline in insulin secretion can lead to the

development of diabetes mellitus.

1.4 Treatment of type 2 diabetes

In 1921, insulin became available andfatins of diabetes became treatad2-DM

is achronicdisease that normally cannot be completely cured but can be controlled
by medicationManagement of DM can be easilyollowed by di¢ and exercises.

In severeT2-DM, gastric bypass surgetyas beersuccessfully used and helpful

particularlywhenT2-DM is associatedvith obesity. However, the treatment of-T2
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DM remains complexand medication was always needed for the management of T2
DM (Yach, 2004)

Several orallyacting hypo-glycaemicdrugs used clinically act by increasing the
rel ease of i ns ucelis.rsucl drugsiincipde higuaneles timetormin
as a first line treatment for T2M), the classical sulphonylureas, thiazolidinediones
(TZD), glucagon [such agpeptide 1 (GLPL) agonist, -glicosidae inhibitors,
glinide, and DPP/ inhibitor. In additionto otherdrugs, whichhave been used for
the treatment of T-DM. Each drug acts differently and the mechanisms of action of

these drugs are presentedéattion 1.2.1.2.

Biguanides (e.g. metformin), are usually prescribed as thdifiesantidiabetic drug
(Defronzoet al.,2005). Other drugs currently available for the treatment eDWVR
include sulphonylurea derivatives that stimulate the release of inBolim the
pancreas, and thiazolidinediones (TZD) that restore insulin sensitivity to target
tissues (Laville and Andreelli, 2000). Gluoegulatory peptides, such as incretins are
also being considered as a potential treatment (Drucker, 2003)atitke(exendin

4) which is a 39amino acid peptide incretin also demonstrates a ¢legalatory
activity similar to the human incretin hormone glucagon such as peptide *1(GLP
(Koltermanet al, 2003; and Holstt al.,2004). Combination therapies also exat

the manayementof diabetes. The most familiar combination of oral therapies used
for people with T2DM is metformin with a sulfonylurea (Kirpichnikaost al.,2002).

Both drugs can be used as monotherapy or in combination as they are safe and
effective (Nathanet d., 2002). The combination of xenatide with metformin
sulfonylurea therapyhad good effect on weight loss by patients with-O
(Kendallet al, 2005).

Ot her drug treat ment s h a-glueosidask snbibitobse e n
(acarbose, miglitol andoglibose) which have an important role in the management
of weight, GLR1 agonist (such as exanetide amddlitide) also have effects in the
weight loss in diabetic patients. Other treams such as PRV inhibitor,
pramlintide, and linide where allof theseincreasesveight loss,are fast effective

andhyperglycaemi¢Nathanet al, 2002).



However, all of these agents have unexpected trealingting side effects (as
shown in Table 1.1), such as weight gain, hypoglycaemia gastrointestinal
intolerarce, and peripheral oedema (Inzucchi, 2002) and, finally, all of these side
effects fail to establish an adequate glycaemic control (Laville and Andreelli, 2000).
In particular, TZD inhibits hepatic renewal (Turmedieal.,2006), induces obesity
(De Souzeet al, 2001), and causes osteoporosis (Rzetead, 2004). Therefore, it

is preferable to find more new afliabetic substances that may stimulate glucose
uptake by hepatic or male cells but, not unlike TZD (® Souzaet al., 2001) or
insulin injection (Laville and Andreelli, 2000) and some other medications, do not

induce obesity or other side effects.
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Medicines name Mode of action Daily Side effects
dosage

Metformin (biguanide). Suppressing hepatic glucogy 500 mg | Renal insufficient,

See Fig 1.1 production, increasing insuliy twice (oral | Gl side effecs
sensitivity and enhancing periphen treatment)
glucose uptake

Phenformin and | Reversion of the cytosolic glycolysi 200-400 High toxicity

Butformin (biguanide) characteristic of cancer cells | mg twice (withdrawn from
normal oxidation of pyruvate by th most markets)
mitochondria

Sulfonylurea derivatives Acting by increasingnsulinrelease | Two to | Weight gain,

(such as tolbutamide and | from the pancreatibeta cells three times| hypoglycaemia

chlorpropamidg See Fig (30 min

1.2. before

meals)

Insulin (additional) Same role asthbody 6 s i| One to four| Weight gain,
promoting the glucose uptake I injection hypoglycaemia
muscle and fat tissues

Thiazolidinediones (TZD) | Binding to PPARswhich decreasej Twice Bone fractures

(such as Rosiglitazone | insulin resistance  modifies (osteoporosis),

Pioglitazone and | adipocyte differentiation decreas inhibits hepatic

Troglitazong. See Fig 1.3. | leptin levels and raisesd@onectin renewal, weight gain
levels fluid retention and

CHF

GLP-1 agonist Inducing glucoselependent Two Gl side effects, long
stimulation of insulin secretion whil( injections | term  safety not
suppressing glucagon secretion established

Alpha-glucosidase Preventing the digestion ¢ Three times| Gl side effects, long

inhibitors . See Fig 1.5. carbohydrates term  safety not

established

Glinide Binding to Ksrp channel, which | Three times| Weight gain,

See Fig 1.6. increases fusion ahsulin granulae hypoglycaemia
wi t h -tel emembrane, an
therefore increases secretion of (p
insulin.

Pramlintide Three Gl side effects, long

injections | term  safety  not
established

DPPIV inhibitor Increasing incretin levels GLP-1 | Oral dosagel Gl side effects, long

See Fig 1.7. and GIP), which inhibit glucagon| depending | term  safety not
release, and in turn increasasulin | on the | established
secretion patient

Incretin Similar to the human incretiy 5pugtwice | Nausea ang
hormone glucagon such as peptids diarrhoea
(GLP-1)

Exanatide Adv an c tcellg funchion and| 5ugtwice | Gastrointestinal,
increasing insulin secretion including sour

stomach, belching
diarrhoea, heartburn
indigestion, naused
and vomiting

Table 1.1 Drugs used for the treatment of -V, their mode of action, daily injections and

their side effects
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1.5 Mechanism of action of drugs

1.5.1 Metformin

Metformin (Fig 1.1) reduces hyperglycaemia essentially by reducing glucose
production by the liver (hepatgluconeogenesjsit activatesAMP-activated protein
kinase(AMPK), which is an enzyme that has a significant role in insulin signalling,
body energy stability, glucose metabolism daddegradation (Hundadt al., 2000;
Zhouet al, 2001). Studies carried out 2008 show the mechanism of action of the
metformin in activating the AMPK, which is required for an augmentation in the
expression o5HP (small heteodimer partner), which in turn inhibits tlepression

of the hepatic gluconeogenic gerEPCK and Glc-6-Pase(Kim et al., 2008). In
addition, metformin enhances insulin sensitivity, augments peripplei@se uptake

(by phosphorylating theglucose transporter type 4 GLWTenhancer factor),
increasedatty acid oxidation(Collier et al.,2006), and decreases the absorption of
glucose from thegastrointestinal tragBailey and Turner, 1996After metformin
administration, there is an increase of AMPK activity in skeletal muscle that causes
GLUT4 translocation to the plasma membrane, ensuring ingudependent glucose
uptake (Muskt al.,2002).

T H,C
H—N T N—CH,
)’N
N / \N
\ /
H H

Figure 1.1 Chemical structure of metformin.

1.5.2 Sulfonylureas

Sulfonylureas (Fig 1.2) act on pancredticell plasma membranes by binding to the

sulfonylurea receptor causing the closure of ATd-dependent K(Katp) channel
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(the receptor binding site féwypo-glycaemicdrugs is located at the cytoplasmic face

of the plasma membrane). Binding of sulfonylureas to the receptors leads to a
depolarisation in thé-cell plasma membrane and the voltageedCa"* channels

open (Panteet al, 1996). The rise in intracellular calciuealds to increased fusion

of insulin granulae with the cell membrane, and thus to a rise in the secretion of pro

insulin hormone, thereby stimulating of insulin release (Pagitah, 1996).

R, ) N—R,
O,NH /

H

Figure 1.2 General chemical structure of sulfonylureBgamples such as tolbutamide (R1=
CHzand R2=CH, CH, CH, CHjy) and chloropropamide (R1= Cl and R2={EH, CHy).

1.5.3 Thiazolidinediones

Thiazolidinediones or TZDs play an important role by bindingh®intra-nuclear
hormone receptor angderoxisome proliferateactivated receptors inside theel
nucleus (PPAR9, particularly P P A R(gamma). By actating P P A R3ZDs
decrease insulin resistance by modifying adipocyte differentiation (\Waldl.,
2010), decreasing leptin levels (which leads to an increasapietit¢ and increasing
adiponectinlevelsthatis involved in regulating glucose levels as well as fatty acid
breakdown(Panigrahyet al.,2002). Only roziglitazone and pioglitazone (Fig)lare
currently on the market as the hepacytoxicity of the TZDs is a clinical concern
(Kendal, 2006)

Troglitazone is a member of the thiazolidinedione class of compoands used as
anantidiabetc and antiinflammatory drugmore information aboutoglitazone are

included in chapter 4, section 4.1)
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Figure 1.3 Chemical structure of two TZDs

1.5.4 The incretins

Incretins, including glucosdependent insulinotropic polyopeptide (GIP) and
glucagonlike peptidel, are hormones secreted by the gut cells in response to food
intake. GLR1 agonists play many roles in insulin resistance (Meteal., 2004);

they may imreaseinsulin secretion from thepancref i ecellsbin a glucose
dependent manner and they augment insseimsitivity in bothalpha cellsand beta
cells(Fig 1.9),reduceglucagonsecretion by binding to a specifi& proteircoupled

receptor and miseb-cellsmass and insulin gene expression.

1.5.5 Alpha-glucosidase inhibitors

Glucosidases are glucose hydrolase enzymes that cleave the glucosidic bond between
two glucose residues fmo glucosides; they are specified by the particular substrate

and by alpha or beta configuratio®! ucosi dases -ar@&@nall3dssi fi
glucosigdase;si Jdase -(lunesidase (sediopiase) inrthe kidney,

liver and intestinal mucas
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Among T2DM medi cat i ons, -gucosidaseinhitetorsa(AGts)suchi ng
as acarbose and miglitol have been usedower plasma glucose levetswards
normaglycaemia and preventing later complications (Andr@ééo et al, 2007).
Therapeutic approaches aim to delay the absorption of ingested carbohydrates (such

as starch) by inhibiting car bgucogidaseat e h-
enzyme (EIBBeshbishy and Bahashwan, 2012). Carbohydrates are normally cleaved

into glucose and absorbable mesaccharides (Samanttet al, 2009) by the

i nt e s-glucasidabe lodated in the brush border of the small intestine (microvilli),

which can be absorbed through the small intestine. The inhibition of these enzymes

by AGIs doesnot prevent the absorption of ingested carbohydrates but reduces the

rate of carbohydrates digestion and reduces insulin peaks; therefore less glucose is
absorbed (Fig 1.4) preventing postprandial hyglgcaemia and subsequent hyper
insulinaemia(Sindhuet al.,2013).

Recently, synthetic enzyme inhibitors drugs have been used. By affecting the
carbohydrate absorption in the small intestine, AGIs have side effects such as
diarrhoea, abdominal bloating, flatulence and naukeis. known that these side
effects can be minimised by starting therapy with a small dose and slowly working
up to the effective and required dose (Bray and Greenway, 18G%.are currently

a potential target in the development of lead compounds from natural products and
plant resotces for the treatment of 12M, and aim to reduce side effects caused by
the known synthetic AGls (Yuhaat al.,2005).
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a-glucosidase inhihitors

% Polysaccharides

Receptors

Micravilli
of the
intestine

Figure L4E f f e cdlucoadase idhibitors on the enzymatic hydrolysis of polysaccharides
b y -glutosidase in the small intestine. (Adapted from Bischoff, 1994).

Alpha-glucosidasewhich hydrolyse polysaccharides into glucose in the intestinal
brush borders are similar &awarbosend mglitol (Fig 1.5).

Acarbose Miglitol

Figure 1.5 Chemical structures for two alplgducosidase inhibitors.
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1.5.6 Alpha-amylase inhibitors

U-Amylase, one of the carbohydrate hydrolysing enzymes, $mkn the alpha
bonds of large, alphinked polysaccharidesuch asstarch and glycogen into
glucose or maltose (ABtal , 2 GAMNGIgse inhibitors such as acarbose (Fig 1.5)

were expanded in section 5.1 (chapter 5).

1.5.7 Glinides

Glinides (Fig1.6) actin a similar manner tsulfonylureasbut at a separate binding
site (insulinotrope). They act by closing the A3énsitive K (KATP) channel in

p ancr eeld, iharebyinducing depolarization, Gaentry, and insulin secretion

(Winkler et al, 2007).
O
)\ OH
O
g )\Qi\/\
N\H

e

Figure 1.6 Chemical structure of glinide.

1.5.8 DPPIV inhibitors

DPPIV inhibitors (example in Fig 1.7) block tletivity of dipeptidyl peptidase IV
(DPPIV) which plays a major role iglucosemetabolism, and is responsible for the
degradation ofncretinssuch as glucagelike peptide 1 GLP-1) (Shivanna and
Koteshwara, 2010). Therefore, PK/ inhibitors increaséncretinlevels GLP-1 and
gastric inhibitory peptideGIP), which inhibitsglucagonrelease, in turn improving

glucose tolerance and increasingulin secretion in response to oral glucdRecent
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research oM2-DM has shown the importance of DPPIV inhibitorshe treatment
of T2-DM (Ahrén, 2005).

Figure 1.7 Example of chemical structure of a DPPIV inhibitor

1.5.9 Exenatide

Exenatideimproves b-cell function by augmenting the expression of thenes
involved in the secretioand biosynthesis of insulin, and byreasingthe mass of
pancreatic cellsit has a considerable influence on reducing food intake and plays a

role in weight loss (Defmzoet al.,2005).

1.6 Insulin

Patients with TZDM may require exogenous insulin for the management of their
disease in order to achieve an adequate glycaemic controhsatid injections have
improved the quality of life for patients with all types of DM (Korytkowskial,
2003).Insulin is given to the patients intravenously because as a protefd| tract

digests the insulin if taken orallynsulin increases the uptake and metabolism of
glucose by liver, muscle and fatty cells and decreases the endogenous production of
glucose by the liver in both types of diabetes. Insulin also has an important role in the
stimulation of the uptake of otheutrients such as fatty and amino acids and their

transformation into protein, fat and glycogen (Brungbal.,2005).

In T2-DM, insulin resistance is a condition in which normal insulin levels do not

result in glucose entry into the cell. Higher levefsinsulin in the blood occur in
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insulin resistance, resulting in most of the organs being insulin resistant. Most

patients with insulin resistance are overweight or obese.

1.6.1 Insulin secretion

The pancreas, both endocrine and exocrine glands, is responsible for the secretion of
various important hormones. The islets of Langerhans in the endocrine pancreas
containfourdi f f er ent cel | i t ¢ pcll§, bedrétinglueagopamea ) , an
insulinr espectively and U (delta), responsi b
regulates acid secretion by the intestinal gut and insulin release (¢tess001),

and PP cells, which produce pancreatic polypeptides, responsible for the regulation

of the food intake. These pancreatic hor

and play a complementary role in glucose homeostasis.

After food intake, the incretins (GEP and GIP) are secreted by the endocrine cells

that are located in the epithatiuof the small intestine (Kim and Egan, 2008).
However, glucose in the blood is the direct stimulus and regulator of the function of

thei -cells in modulating the secretion of insulin, a peptide hormone composed of 51
amino acids. GLRL and GIP, when actited, lead to an increase in the secretion of

insulin byi-cel | s and decrease of -telsgFigsl®)xr eti o
Released insulimeducesglucose production by liver cells and increases glucose
consumption by muscle and fat cells. Any dysfunction ini tteells has profound

effects on the glucose homeostasis, which in turn can result in increasing insulin
release, causing insulin resistanageduction in the suppression of gluconeogenesis

and impaired glucose tolerance.

The mechanism of insulin secretionibyells in normal subjecis shownin Fig 1.8.
Gl ucose i s t rcals thrpugh facditdted idiffusion vilctivation of
GLUT2 glucose transporters. Once the intracellular glucose is metabolised to ATP,
the increase in the ATP/ADP ratio induces closure ofstgflace ATPsensitive K
(Katp) channels, leading to cell membrane depolarisation. In turn, thswédce
voltagedependent Cd channels are opened, facilitating extracellulaf*Gaflux
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into the cytoplasm of thé-cell. This free cytosolic Catriggers the exocytosis of

insulin (Benningeet al.,2011)

Glucose

Depolarisation
of the
membrane

Glucose

l K+
Glucose-6-p @ Cazs+
Channels
Glucose o open
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@ | Free ADP, ATP/ADP | Insulin

@ @ @ secretion
Insulin

Figure 18T he f uel hypot hesi s a wralls andnechansmsrokthiei on o
glucosedependent insulin secretion. (Adapted from Banzal and Wand, 2008).
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Enzyme
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Figure 1.9 Effect of incretins and DPPIV on pancreatic cells and the glucose homeostasis.
(Adapted from Baggio and Drucker, 2004).
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1.6.2 Mechanism of acti on of insulin

After food intake, insulin secretion
insulin receptors (IRpn the plasma membrane of mammalian cells. This binding
activates the tyrosine kinase activity of thehain and autphosphorylates its loop
(Fig 1.10). The autgohosphorylation also helps the tyrosine kinase to phosphorylate
other sites on thé subunits that have a direct effect by phosphorylating many
substrates such as IRS (insulin receptor substrates which have dafésthedthe

IR). In adlition, several additional protein kinase signal systemsaetigated The

first is the signalling pathway through PH3 (Phosphatidylinositol Xinase) and
protein kinase A (Akt); and the second is the signalling pathway is by mitogen
activated protein ikases (MAP Kinases). It has been shown that the dominant
pathway is the first group (PIR) which converts the phosphatidylinositol 3,4-bis
phosphate (PIP2) to phosphatidylinositol 3,4,5 triphosphate PIP8t(dia 2010).
ThesePIPsbind downstreamprotein kinases in the plasma membrane and activate
them. PISK mobilises glucose transporters (GLWTin muscle cells and adipose

tissues.

( Insulin
Insulin Receptor

\\ *Activation of glucose

IP6 C1p7) and .amllno acid uptake
N/ *Activation of glycogen,
protein and lipids ® Phosphate group
synthesis

*Inhibition of hepatic
,\ IPm luconeogenesis

Figure 1.10 The general insulin pathway. (Adapted from Claygbal., 2011).
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1.7 Traditional treatment of T2-DM

1.7.1 History of traditional treatment

For thousands of years, humankind has known about the benefit of drugs from
nature. The treatment used by ancient civilisations for the signs and symgitoms
diabetes mellitus were extracts of plants or animal prod(otlas, 2011).
However, they sought a way to cure the disease, and atmenigings that were tried
were oil of roses, dates, raw quinces, gruel, jelly of viper's flesh, broken red coral,
sweé almonds, and fresh flowers of blind nettles. Many people used dietary
manipulation and medicinal plants to treat their illness. Over the years, patients
continue to use natural products as alternatives or complements to marBde T2
The search for druggom these medicinal plants has been almost exclusively in
indigenous communities. Some ancient peoples found that after eating or drinking a
tincture of one or mixture of some plants suchugsne trigonella(fenugreek, and
zedoaryseedtheir excessive thirst disappeared, but they were unaware of the precise
mechanism of action and effects of these plants.
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1.7.2 Treatment using natural p roducts with hypo-glycaemic activity

The treatment of T-DM with current drugs has many undesirable seffects
(Cheng and Fantus, 2005). Furthermore, in-io@ome countries, there is a restricted
access to public health systems which encourages people WAlIMT® use
unconventional treatments. Pldrdased medicinal products have been known since
ancienttimes. Medicinalextracts constitute a common choice for the treatment and
control of T2DM in many countries and cultures worldwide (Pagan and Tanguma,
2007; Mentreddy 2007). Many plants have been used for many years and been found
to have antdiabeticeffects in animal models and in clinical studies using human
patients, particularly in Asige.g. China andndia), Africa and South America
(Mentreddy, 2007). Many plant species are also known in folk medicine of different
cultures and used for their hygbycaemic properties to treat 2V (AbdelBarry

et al, 1997. To date, dietary measures and traditional plant therapies prescribed by
native systems of medicifeave been widely used in many countries such as India
(Warier, 1995).

In Mexico, Cecropia obtusifoliaBertol. and Guazuma ulmifoliaLam. (Alonso-
Castroet al.,2008), are plants widely used as traditional medicine for the treatment
of T2-DM. Many in vitro experimeng and clinical trials have been carried out to
establish the hypoglycemic properties of these plants (Andiatte and
Wiedenfeld, 2001; Herrerarellanoet al, 2004; and Andrad€ettoet al, 2008). It

has been discovered that the compounds four@keeropia obtusifoliaBertol., such

as chlorogenic acid (CGA) and isoientin, also found in other plants, have been
shown to haveantidiabetic activities (Andrade Cetto and Wiedenfeld, 2001).
Fenugreek, onion and garlic have also been reported to have -@lggpemic effect
(Jelodaretal.,2005) . The mechanism of actcell®@n of
is thought to belue to the role of substances such as allyl propyl disulphideliyl dia
disulphide(Table 1.2).

Tecoma stansand Teucrium cubensénave been used for the treatment and
management of FPM, and their hypeglycaemic mechanisms have been evaluated
on the glucose uptake adipose cells (Alons@astroet al.,2010).
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In South Africa,Aloe feroxis a plant frequently used as a traditional treatment for
T2-DM (Loots et al., 2007), due to the significant action of the flavonoids it
contains.

Equisetum arvenshas been found in use in the Middle East as andaietic
medicinal plant, due to its alkaloid content (Shawetsal.,2008).

Further, rosemaryRosmarinus officinalisis an evergreen perennial shrub grown in
many countries worldwidePrteet al, 2000, particularly in Turkey Bakirel et al.,
2008). It has been used for the treatment of a wide range of diseases including T2
DM, respiratory and stomach problems, and inflammatory dis€&skisir, 2007.

Many other plant species have been discovered to havdiabétic effects related to

their active constituents.

Anti -diabetic agents Structures
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Table 1.2 Examples of antdiabetic compounds. (Jelodetral., 2005; Harvey, 2010).

Oral hypoglycaemic drugs (for example sulfonylurea derivatives, biguanides,
thiazolidinediones (TZD), or injectable insulin) has been used for the treatment of
T2-DM. However, because of their unwanted side efféassshown in Table 1.1)

and due to their failure to regulate the blood sugar level adequately (Spiller and
Sawyer, 206), many scietists have recommendechedicinal plants These
medicinal plantstimulate glucose uptake by adipocytes or muscle cells, have fewer

side effects on patients with diabetes and do not induce obesity.

In addition to the treatment of hypoglycaagrsome plants have been used to reduce
oxidative damage in FPM, and interest has grown in the use of natural
antioxidants. It has been assumed that many of the negative effects of oxidative
stress are reduced by supplementation with certain dietanyxigiaints such as
vitamins E and C, in addition to other npatrient antioxidant such as flavonoids
(Rahimiet al, 2005 Al-Azzawie and Alhamdani, 2006

In 2009, the World Health Organisation (WHO) estimated that 25% of modern drugs
are obtained from plants and the global market for herbal medicines generally rose to

over 60 billion dollars annually (WHO, 2009). Over 1200 plants have been used
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throughout the world for the practical treatment ofO, but only around 350 of
them have been documented as having fglpoaemia activity Abdel-Barry et al,

1997 AlarconAguilar et al, 2002; Pushparagt al, 200Q. To date, in Mexico,
around 306 plants species have beégentified to have amndiliabetic properties
(AndradeCetto and Heinrich, 2005). The precise mechanism of action of many
plants remains vague. Plants may act on blood glucose through different
mechanisms; some plants magve insulinlike materials, while others could inhibit

t he activity of i nsul in, a natlls massbe r s co
triggeting the renewal of these cell&.number of these plants contain fibres which
may obstruct the carbohydrate absamptithus affecting the blood glucose level
(Jelodaret al.,2005).

A. Enhancement of insulin release

Mary people suffering from TBDM ultimately require supplementation with
additional insulin, as the ability of the pancredticellsto produce their own insulin
decreases dramatically (Hamaty, 201Mlumerous exogenous insulin preparations

have been developed with the goal of matching, as closely as possible, endogenous
insulin release (Qayyum and Greene, 2011). Agents for the emhantef insulin

rel ease have been us e d-cetlsandporstoprieetdexlingilm e ge
t he f un-cdlsi(Baitey and Dap 2002). The most stimulating agents affecting

the mechanism of glucoseduced insulin secretion are incretins.

B. RADAE Geells £ |

El evations in glucose, referred to as fig
arebothi mp | i c acelldadureiNorméa insulin secretion from islets relates to a
communication network for managing the activity of individuaulin-producing

cell s. T h e r-eelf, whiich is nos comngcte@ by fconnexin channels to

others, show poor expression of the insulin gene and release low amounts of the
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hor mone after sti mul atcellocontactswdpidly impravesr e st o
both insulin biosynthesis and release (Calabreisal, 2004). Studies on plant
compounds have been c ar-celisamd pastiautarlyemthet he r
connexon channels (Cx36 channel§)ther researchers have shown that increased
apoptosi s al s ocellmass th I2DM. dn this dgtituntaryglants may

work to inhibit cell apoptosis and reverse this disease (Beitlal, 2003 andlianget

al., 201).

C. Increase of glucose uptake (PTP1Bdeficiency)

The liver is the main organ involved in the uptake, regulation and metabolism of
glucose, while adipose tissues also play an important roggucosehomeostasis

(Wanget al, 2011). T2DM is defined as an insulin resistance disease characterised

by a decrease in the ability of the cells or tissues to respond to physiological levels of
insulin (Henness, 2007). In patients with-D®1 (where insulin restance is the
conditon)t he maj ority of the bodyds organs s
resistant to the action of the insulin. Insulin resistance leedincreased glucose

output from the liver and reduced uptake and metabolism of glucose by other organs
(Hardie, 2008)which may be the result of an increase in the PTP1B engyore

receptor Protein Tyrosine Phosphate type. 1B)

Moreover, plant extracts have been shown to enhance the binding of insulin to its
receptor, which induces activation of a complex network efrddream molecules,
including phosphatidylinositol-Binase (PI3K) (Khan and Pessin, 2002; Watsbn

al., 2004). Activation of Akt/PKB stimulates membrane translocation of the glucose
transporter GLUT4 (Wangt al, 1999), leading to enhanced glucose uptakus,

both Akt and PKB activation are required for glucose upt@kere information
about PTP1Bs introduced in chapter, Section 5.1)
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Figure 1.11 Physiological role of PTP1B in glucose homeostasis. (Adapted from Liu, 2004).

D. Prolongation the action of insulin -like hormones (e.g. DPPIV)

DPRV inhibitors act by reducing glucagon and blood glucose levels; their mode of
action is to increase incretin levels, which in turn inhibit glucagon release and
increase insulin secretion. DRPbreaks down théncretinlevels GLP-1 and GIP)
particularly GLR1 (Glucagorike peptide 1). GLPL is a hormone secreted from the
intestine and its role is relateal €nhancing insulin releasand promoting pancreatic
b-cell growth and differentiation. The use of certain plant extracts may dfiecote

of DPRV, and could increase the release of GLRormones, which in turn inhibits
glucagonrelease, increaseéssulin secretion, and prolongs the action of instilke
hormones. For example, Berberineplant extract, was used by Masri et al
(2009) to inhibit DPP/ activity and shows aomparable activity to the ERV
inhibitor (Fig 1.9).
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1.8 Problems of developing plant therapies as new oral anti -
diabetics drugs

Despite the importance of many plants)dathe progress in finding different
medicinal compounds for the treatment of-D®I, the search for new oral anti
diabetic drugs from natural products ldifficulties. The search for newer drugs
continues as the drugs in the market have a numbemaésirable side effects
(Kavishankaret al.,2011) Plants are a potential sourcehgpo-glycaemicdrugs, but
because of the technical difficulties involved in the isolation and elimmaf their

active compoundstudying their mechanism of actiontiie consuming and costly.

Various plantsand compoundBavebeen used for treatmentgfle 1.2) all over the

world, but only a few of them been tested in biological assays.

1.9 Phenol-containing plants with hypo-glycaemic activity

Phenolic compounds are roanatic compounds, including simple phenols,

polyphenols, phenylpropanoids, flavonoids and tannins.

Major flavonoids have characteriststructures ando defined mechanism of action
and include flavans, flavanones, ftaes, flavanols, flavanonols, teahins,
anthocyanidins and isoflavones. Blavonoids have been studied in terms of their
multi-functional biological efficacies, including asttiabetic activity. A number of
studies have been carried out to discover their potential function in thedrgeof
T2-DM (Brahmachari, 2011)Most of thesestudieshave demonstrated the hypo
glycaemic effects of most of the flavonoids using different assaysando/in vitro
studies (Brahmachari, 2011). The flavonoids also play an important role in negulati
the activity of some enzymes such as alghecosidase and alpfamylase that are
involved in carbohydrate metabolism. As a result, flavonoids (Fig 1.12) have
recently been proposed as a novel and promising natural therapy for the treatment of
T2-DM.
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Figure 1.12 Examples of some chemical structures of certain flavonoids, which are phenol
containing compounds with ardiabetic activity.

1.10 Cuban medicinal plants used in the treatment of type 2 diabetes
mellitus

In Cuba, there are many herbal supplementsich are among the oldest and the
most diverse of the medicinal systems used fortrésementof T2-DM. For a long

time, oral treatment for DM with medicingblants was based on traditional
information (Marrero, 2007) Most of the plants were grown in the Western and
central regions ofCuba However, investigationchemical characterisation and
studies on the constituents and the mechanism of action of these plants have been the

aim of most reent studies.

Five Cuban medicinal planiBamarindus indicd.., Lippia albal., Pimenta dioica
(L.) Merr, Rheedia aristatariseb andCurcuma longa.. have been shown to have

an antioxidant actity, anda hypo-glycaemicactivity (Ramoset al.,2003) Over the
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years, the number of Cuban medicinal plants being testedyjpo-glycaemic

activity has increased and continues to increase.

Allophylus cominia(L.) Sw. (Sapindaceae), also known Bfius cominia(l) or
SchmideliA. cominiaSw., which in Cuba is commonly callgzhlo de cajacaja or

caja comunis one of the bestnown medicinal plants in Cuba. It was initially used

as a remedy for gastrointestinal disorders, but was subsequently employed as a
remedy for diabetes. It has alsoehereported in théreatmentof tuberculosis and
catarrhal diseases in general. In addition, medicinal properties against toaheche

in venereal diseases have also been attributed to this Slanthezet al, 2019.

More information about this plarn$ presented in chapter 2.

1.11 Phytochemistry of anti -diabetic medicinal plants

Phytochemistry deals with plant life and the chemical compounds biosynthesised by
them. Antidiabeticmedicinal plants can generally be usetinno different forms:

mixtures con@in constituents such as essential oils or extracts, infusions, and
tinctures(alcoholic extract of plant or animal materiaPure compouts (or active
principles)are generally used when a specific component from a medicinal plant has
strong effects or efinite activities. In a pure form, it can be used in therapeutic
application in a precise dose.

A phytomedicine, or phytopharmaceutical, is a complex mixture derived from plant
sources that is used as a medicine or dftig. phytgharmaceuticabreparations of
plants and their products were previously widely used in all countries with a strong
tradition of herbal medicineHowever, the development of phytopharmaceutical
products, which might partially substitute some of the conventional medisatio
demanding, imported raw materials, and which could be produced by pharmaceutical
industries(Grover and Patni, 2013 he increase in the importance of plants as
sources for new drugs reflects the necessity of phytochemical studies. Plants may
contain avery large number of metabolitdaurther studiesieed to beaindertakerto

screen and isolate the bioactive compounds, evaluate the bioactive potential and

phytochemicallycharacterize them
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1.12 Plant extraction

1.12.1 Plant analysis

Many steps are followed e phytochemical analysi$ plants or plant products

{1 Collection and identification of the plant, followed by separation and drying of
the plant material.

1 Extraction, preparation and chromatographic analysis by TLCHUNMR.
Bioassay screening afudeor pure crudextracts
Chromatographic separation, with several successive steps to be followed to
separate plant compounds.

1 Identification of the isolated compounds, then structural evaluation by
phytochemical method$iémburgerandHostettmann, 1991)

{1 Testing for bioactivity and screening tests for compound toxicology using

various animal and human cell lines.

Plantsarecommonly used for the management ofD®I in folk medicine in many
countries, and in India in particular, the amgperglycaemic pperty of many plants
such aCassia kleinileaves was revealed (Babtial.,2003).

Many studies have shown that the free radicals are involved in theglatbimlogy

of several diseases such asO, cancer and cardiovascular diseases (Weisburger,
2002 Ramkumaret al, 2007) Antioxidant compounds found in plants were able to
deactivate these free radicals, therefore showing an interesting action in the
preventionof these chronic diseases (Urquiaga and Leighton, ;2N@0 et al,

2005. In addition, the roles of these free radicals are essentially determined by their
structures (Bravo, 1998). For example, phytochemicals, such as phenolic
compound, have antioxidative, and antidiabetic actions, in addition to other actions
(Arts and Hollman2005; Scalbergt al.,2005).

34



1.12.2 Methods of extraction and isolation

Homogenisation (powdering or comminution) is used when plant cells or tissues
require to bealisrupted so that they release their chemical contents. This can be done
using pestle andnhortar under liquid nitrogen, or they can be dried first at normal

temperature and then the dry tissues are crushed using a pestle and mortar.

After homogenisation, the plant tissues are extracted with a solvent. The solvent is
chosen to improve the exttaan of the intended phytochemical as both
phytochemicals and solvents differ in their polarity. Three different polarity indexes
are commonly used: a polar solvent, methanol;, a megilar solvent, ethyl
acetatechloroform acetone and dichlorometharagd; norpolar solvents, hexane,

toluene and petroleum.

Two common methods oéxtraction are maceration and hyettistillation using
steam andoxhlet extraction. In chemistry, maceration is defined as the preparation
of an extract by solvent extractiovhere the plant material is soaked in the solvent
extraction Maceration ofA. cominiais carried out with the aim of reducing levels of
impurity of the plant material. With maceration, the dried plant tissues are immersed
solvent in a closed container ateft at normal temperatures. Then the solvent is
decanted and filtered to remove debris. Othernwsthe hydro distillation method or
Soxhlet extraction, theliquid or vapour mixture of two or more substances is
separated into its component fractions of required purity by the application and the
removal of heat. Using a distillation method, the plants are exposed to high
temperature and moisture; then the risglvapour mixture is cooled in order to

separate compounds carried in the oil and water phases.

1.12.3 Methods of separation

Advances in screening and separation skills are currently employed to analyse
bioactivity with greater effectiveness and exactn&escently a method of direct
screening of natural product extracts using mass spectrometry that does not require
any sample preparation or fractionation work was reported. Hundreds of crude

extracts can be screeném their biological activities Direct hoaffinity screening

35



mass spectrometry method followed by the use of ligand mass information fer mass
directed purification makes the screening of crude extracts and identification of
active compounds very efficie(iu et al.,2008).Bioaffinity mass spectrometry is a
novel technology for analysis of binding proteins and their ligands.

The separation and purification of compounds in a plant extract maybe performed

using one omorecombined chromatographic techniques:

- Paper chromatagphy (PC)

- Thin layer chromatography (TLC)

- High performance liquid chromatography (HPLC)

- Column chromatography (CC)

- Gas liquid chromatography (GLC)

- Electrophoresis
All these chromatographic techniques aim to separate compounds based on their size,
shape o charge and their ability to interact with a surface or stationary phase
(Heftmann, 1992). They have been used to separate different madronicre
molecules. The separation is based on the interactions between the analyte and two
phases (mobile phase:RVland stationary phase: SP) (Miller, 2004). Separation of
the sample is based on the polarity of components and their partitioning between the
adsorbent and the mobile phases (Salituro and Dufresne, 1998).

The choice of technique depends generally on dblebility properties and the

volatilities of the compound® tbe separated éble 1.3).

The SP is either liquid or solid while the MP is mainly liquid. The relative
retardation of the analytes in the SP is determined by their physical and chemical
propeties in that once in the MP. Selectivity is therefore achieved by varying either
the MP or SP or both. The significant progress of the chromatography is mainly due
first, to the ability of LC to analyse practically all pharmaceutical samples adequately

and second, to the rapid development in column technology (Belahgér1997).
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Chromatographic technique Compounds

TLC Lipid soluble components, such as lipi
steroids, carotenoids, simple components
chlorophylls.

GLC Volatile compounds derivatisedfatty acids,
mono and sesquiterpenes, hydrocarbons,
sulphur compounds.

HPLC and LC Less volatile compounds

Table 1.3 Methods of separation and their specific compounds.

Chromatographic analysis involves the introduction, separation, and detection of
analytes in mixtures. The separation of sample components in a mixture is based on
the different physicochemical and chemical interactions between the sample
components and ¢hSP and MP. The differences in these interactions for various
analytes result in their separation on the chromatographic column (Braitketvalte

1990).

Separation in HPLC is achieved by the chemical interactions of the SP and the
sample with the MP, tich determines the degree of migration and separation of the
components contained in the sample. For example, samples which have stronger
interactions with the SP than with the MP elute from the column less quickly and
thus have a longer retention timehilg those samples which have stronger
interactions with the MP than with the SP elute from the column faster and thus have
a shorter retention time. The mechanism of separation depends on the MP
composition and the type of SP. The mechanism of retemiarivied depends on
whether the type of SP is liquablid adsorption, liquidiquid partition, size

exclusion, ion exchange, and affinity.

In adsorption chromatography, the interaction between the analyte and the SP
operates omhe basis of polarity. Congoinds that possess functional groups capable
of strong hydrogen bonding will adhere more tightly to the SP than less polar

compounds. Thus, less polar compounds elute from the column faster than
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compounds that are highly polar. SP is column packing @fsgel or alumina and
the MP solvents are chosen acg)owghrespectg t o

to alumina or silica, as the measure of polarity.

In size exclusion chromatography, compounds are separated on the basis of their
molecular size. fie SP consists of porous beads. The larger compounds are excluded
from the interior of the bead and are eluted first. The smaller compounds enter the
beads and elute according to their ability to exit from the same sized pores into which

they were internégded. The column can be either silica or +sdita based.

lon-exchangeoperates on the basis of the selective exchange of ions in the sample
with counterions in the SP. IE is performed with columns containing cleaeng
functional groups attached #opolymer matrix. The functional ions with counterions

are permanently bonded to the SP. The sample is retained by replacing the

counterions of the stationary phase with its own ions.

N 1
oy MIN|
£ HPLC Column
- A 4
——@» ¥ =
T - --
.
v @ Injector Detector Data analysis
(for
rom—
PUMp sample
Solvent injection) Waste

Figure 1.13Schematic representation of an HPLC.

Finally, reversegohased HPLC is the most commonly used form of HPLC. It is
performed with a column same size as the other echniques, but the silica is modified
to make it norpolar by attaching long hydrocarbon chains to its. A polar solvent is
usually ued. Where a strong attraction between the polar solvent and polar
molecules in the mixture being passed through the column. There won't be as much
attraction between the hydrocarbon chains attached to the silica (SP) and the polar

molecules in the solutioMP). Nonpolar compounds in the mixture will tend to
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form attractions with the hydrocarbon groups because of van der Waals dispersion

forces.

Affinity operates by using immobilised biochemicals that have a specific affinity
with the compound of interes$eparation occurs as the MP and sample pass over the
SP. The sample compound or compounds of interest are retained as the rest of the
impurities and MP pass through. The compounds are then eluted by changing the MP

conditions approximately.

There are mantypes of detector that can be used with LC, depending on the type of
compounds present. The most common ones include Refractive Index (R, Ultra
Violet (UV), Fluorescent, Radiochemical, Electrochemiddtarinfra Red (Near

IR), Mass spectrometry(MS), Nuclear Magnetic Resonance (NMR), and Light
Scattering (LS).

The value of the MS is that it requires only microgram amounts of material that can
provide an accurate molecular weight; it may yield a complex fragmentation pattern
which is often characteristi of that particular compound and may identify it

(Harborne 2006. In general, MS consists of degradation trace amounts of an organic

compound and records the fragmentation pattern according to the mass.

1.12.4 Methods of identification

To identify a plantonstituent after isolatn and purifcation, it isimportant to know

the class or combined different classes of the specific compound. The class of the
compound can be revealed by its respons:
alkaloids), its solubity, its Rr and its UV spectral characteristics. A known plant
compound can generally be identified by using authentic plant examples. Otherwise,
when the compound is new, it is preferable to confirm it through chemical
degradationKarborne 2006).

The W values and visible spectra in identifying unknown compound using mass
spectrometrywhich should have a chromophore or conjugated double boads),

related with the complexity of the spectrum and to the position of the highest
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wavelength. For exampld,the compound shows a single peak between 250 and 260
nm, it may be one of a considerable number of substances, however dréthree
different peaks in between 400 and 500 nm, it could-barotenoid.

Mass spectrometryis also employed to determinthe molecular weight of
compounds, to identify an atom existing in a molecule, and to elucidate the chemical
structures of these chemical molecules (Heinethal., 2004). It can be used to
determine elemental composition of a compoutslaction comprises ionisation of
chemical compounds for the generation of charged molecules or fragments of
molecules and the measurement ofrtiessto-charge ratis of these Fragmentation
patterns which can be seen in mass spetdraonstrate thenized compound by

electron impact ionization.

Liquid chromatographiymass spectrometrfl C-MS) is a sensitive and selective
technique employed for a number of applicasioparticularly for the general
detection and potential identification of compounds, even in a complex mixture.
Preparative LEMS system can be employed for the rapid and rdassted

purification of naturaproduct extracts (Lee and Kerns, 1999).

1.12.5 Nuclear magnetic resonance spectroscopy (NMR)

NMR is a norndestructive technique considered to belbustand reliable method

for the elucidation of compound structures. It is employed to describe the type and
number of atoms existing in a compound, and their effect on each other (chemical
environments). Radiation in the radmequency is used in NMR to exeinuclei.

The most commonly detected atoms are hydrodehdnd Carbon'fC), as well as
other atoms*N) according to their quantity and level of purity. Information about
measured parameters such as chensicdls( e x pr essed as derl t a
million ppm) are also included itH and**C spectal data, showing the resonance
position of the nuclei in the spectrum, the integral which is peak area of an
approximate number of atoms in the signal, Coupling consdtéexpressed in hertz

Hz), which defines the values of multiplets (m) which in turn give information about

the number of other nuclei coupled to the atom. Currentlyydonensional NMR
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methods {H and*3C) are still used, but twdimensional NMR techniques are also
used, as these akemown to obtain a better identification of molecule structures,
including COSY (Correlation Spectroscopy), used to obtain the splitting patterns for
a specific proton and to interpret it to discover the number of protons located on the
adjacent carbons, ith the aim of clarifying'H-'H connectivity. The hydrogen is
plotted on two axes resulting in a cross peaks placed around the diagonal of the
square graph. NOESY (Nuclear Overhauster Effect Spectroscopy) is similar to
COSY, with diagonal peaks and crossaks related to resonances from nuclei that
are spatially close rather than are throbgind coupled to each other. HMBC and
HSQC (Heteronuclear Multiple/Selective Single Quantum Coherence/Correlation)
detect heteronuclear correlations over longer rangesooind 24 bonds (Williams

and Flemming, 1995; Heinriadt al.,2004).

1.12.6 Analysis of results

Two different types of analysis of results are normally carried out: qualitative and

quantitative.

- Qualitative analysis:much plant analysis is dedicated to the isolation and
identification of secondary constituents in a particular compounds or a
number of compounds in the belief that some of the species may be novel or
unusual structures. Another intention of the phytodbalmanalysis is the
characterisation of an active compound responsible for some toxic or
beneficial effect shown by a crude plant extract when tested against cell lines.

- Quantitative analysisthis is a method of determining the quantities of

substancem a sample (e.g. amount of active substance in plant extract).
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1.13 Aims and Objectives

The essential aim of this studiasto assess the ardiabetic activities of compounds
extracted from the Cubarllophylus cominia(A. cominig and identify their

mechanism of action (Fig 4L The specific objectives are to:

i Establish a reliablan vitro method for screening possible adtabetic
activities, covering effects on insulin action and effects on okhygo
glycaemicsignalling paliways.

1 Establish biochemical assays such as PTP1B, DDP{yjlucosidase andl-
amylase using samples of extracts or compounds Aonominiathat might
have positive results and then follow up with concentragitbect curves and
study the kinetics of themechanisms of action.

1 Use HepG2, L6 myoblasts and differentiated ®T3cells to perform a
fluorescent assay to monitor the stimulation of glucose uptake by ughtg 2
(7-nitrobenz2-oxa1,3-diazot4-yl) (2-NBDG), which is a fluorescent -D
glucoseanalogue.

1 Study the effect of the extrackoom A. cominiaon adipogeesis following
different stages of the differentiation process of-3L3ells.

1 Show the effect of extracttom A. cominiaon lipid metabolism using
differentiated 3Td.1 adipocytes.

Demonstrate the &ct of active compounds daLUT4 transporters.

Using phytochemical techniques, isolate active compounds from the plant
extracts, then identify those compounds using different chromatographic
methods such as column chromatography, preparatiC and HPLC.

1 Assay plant extracts using screening tests in order to establish their effect on
DPPIV activity and the action of the insulike hormone, PTP1B, as well as
their activity on the glucose uptake assay usiNBDG glucose analogue

fluorescent and-BeoxyD-glucose.
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Figure 1.14Various possible extract tests for-DM.
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2 Phytochemical separation and identification of compounds
from Allophylus cominia

2.1 Introduction

This chapter outline the characterisation of metabolites isolated from the leaves of

A. cominia Phytochemical techniques (UV, IR, NMR, MS and HPLC) and
comparisorof the spectrunwith literature data were used to confirm the structures

of the isolated compoundshese techniques are described in Chapter 1, section 1.8.
The spectra of the isolated compounds are included in the appendices at the end of

thethesis.

Severalstudieshave reported théypo-glycaemicactivity of A. cominiaaqueous
extracts in normoglycaemic and type 1 diabetic animal models (Mebttady, 1999;
Valls et al, 2000; Veliz, 2001).This plant showd antidiabetic actions after a
decrease in the urine glucose levels immediately after itsvasediscoveredlts
branches, leaves amdotshave been use@nd extracts ofhe leaves ofA. cominia
have showran effect on the peripheral uptake of glugagmecifically in muscular
tissue.The active metabolites in this plant extrappear tact by arinsulinrmimetic
type mechanismacilitating the peripheraliptakeof glucoseby muscle cells (Veliz
et al.,2003 Marrero, 2007).

The preliminary phytochemét studies of the aqueous extract of leaves frdm
cominia revealed the presence of tannins, free amines, phenols, triterpenes and
steroids. In addition, carbohydrates such as arabinose, xylose, galactosse gind

fatty acids (lauric, myristic, palmd, stearic and arachidonic) have been identified
(Veliz et al,, 2005).Phytochemical separation of the plaohstituent was carried out
using flash chromatography by [¥va Marreroand Dr Janet SancheHowever,
theydid not identifythe active compoundsience the aim of this study was to use a
number ofphytochemical techniquds separateandidentify the active compounds
(Marrero, 2007).
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2.2 Materials and Methods

2.2.1 Solvents, reagents and chemicals

The following solvents were usedcetonitrile, Rpentane, fhexane, ethyl acetate,
and methanol. All were purchased from Fisher Scientific UK or VWR UK, and were
either of HPLC or analytical grade. Chloroform, DM$6, acetonal6 (Deuterated
99.9%) and Shigemi NMR tubes were purchasednfi®igmaAldrich, UK Ltd.
Acetonitrile and HPLC water were purchased from Fisher Scientific, UK

The following reagents were usgdanisaldehyde, vanillin, and sulphuric acid, all

purchased from Fisher Scientific UK.

Other materials used included: TLC graileca gel coated aluminium sheet (Merck,
GermanyPrecoated Silica gel Pks), TLC grade silica gel (Merck, Germany),
column grade silica gel (Silica gel 60, mesh siz&@0 um. Merck, Germany), and
HPLC vials (purchased from Thermo Scientific, UK).

Theequipment used included freeze dryer EpsilehlISC, Christ®, SCIQUIP.

2.2.2 Plant material

The plant material used [leaves Aflophylus cominia(L.) Sw. (Sapindaceae).
cominigd was collected fronBan José de Las Lajas, Mayabeque, Cuba in February
2008by Dr Eva MarreroPlants were authenticated by Prof. Fernando Franco Flores,
in the Laboratory of Botany at the Agriculture University of Havana, Cuba. A
voucher specimen of the plant was kept for reference (HF89) in the Herbarium

of the institute(CENSA). Fresh leaves oA. cominiawere dried inan ovenat 37°C

for 96 h. The dry leaves were milled to fine particles.

Two different extraction methods were carried out: maceration witexane, ethyl
acetate and then methanol. Then the residue ofpthet material (from the

macerationyvas used for hot extraction byp$let using the same solvents.
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2.2.3 Maceration

The plant material (582.0 g) was extracted using three ldfes-hexane, ethyl

acetate and methanol. Plant material was left in each solvent for three days.

After each extraction, the solvent was filtrated throMghatmate f i | t er paper
filtrates were evaporated at 40°C under vacuum using a rotary evap@atbi
Rotavapour) until all solvents were removed. Then the extracts were transferred into
small vials using small amounts of the same solvent used for extraction and left
under a fume hood at room temperature to obtain sefuemtextracts. TLC and

NMR spectroscopies of the three different crude extracts were carried out.

Allophylus cominia (dried and
powdered Leaves)

Maceration

Hexane extraction

Filtration
it Recid Maceration EtoAC
iltrate esidue i
FTOAC extraction
Filtration
Hexane crude
extract . ) Iaceration
Filtrate Residue —————> MeOH
MeOH  extraction
Evaporation
Filtration
EtoAC crude
extract Dried |
i . rie Soxlet
Filtrate Residue extraction
Evaporation
IMeOH crude
extract Hexane IeOH

EtoAC

Figure 2.1 Extraction scheme for the leavesAdlfophylus cominia
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2.2.4 Chromatograph ic techniques

A. Thin layer chromatography (TLC)

This method was used for a rapid, initial screening of the crude extracts. The crude
extracts were dissolved in a specific solvent, depending on the polarity of the
extracts.Chloroform was used for most of the n@olar samples. Then, with a
capillary tuke, the samples were spotted directly above 1 cm of the end of a TLC
plate. TLC plates were immersed in suitable solvent systems in a TLC tank (a piece
of filter paper was added to the TLC tank to saturate the environment with the
solvent before immersindgné TLC plate). The plate was left to develop fet gin.

The solvent system was a 50/50 (v/vhdfiexane and ethyl acetate. Finally the TLC

plate was taken out of the tank and detected under UV or by reagent.

- Detection by UV light: the developed TLC p#atwere observed under UV
l i ght wusing a short wavelength &= 254
366 nm.Short UV is useful to detect aromatic compoymdsile compounds
with conjugated double bonds are visible under long UV light.
- Detection byanisaldehyle-sulphuric acid spray reageiipreparedoy adding
0.5 ml of p-anisaldehyde to 10nl of glacial acetic acid and 85 ml of
methanol. Then &l of suphuric acid was added to the mixtire
The dried TLC plates were sprayed with this reagent then heated \With
air gun for one minute.
In this study, after comparing the samples by TLC, the crude extracts from the
maceration ofA. cominiawith hexane and ethyl acetate were observed to have the
same components. NMR was carried out to confirm this, and then hexane and ethyl

acetate extracts were combined for further separation by silica gel column.
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B. Vacuum liquid chromatography (VLC)

This was used for the rapid fractionation of the crédecominiaextracts. The

column was prepared in a sintered glass funnel by packing it with a TLC grade silica
gel,undervacuunt LC si |l i ca gel part iTodsampleiobee was
fractionated (powder) was uniformly loaded onto the top of the VLC column.
Gradient elution was used and the column was allowed to run dry after each

fractionds el uti on.

In this study, only the methanolic extract from maceration was fractionated. The
crude extact was completely dissolved in a minimal solvent (methanol). Soluble
extract was absorbed onto silica gel for column chromatography and left under the

hood to dry. It was ground into fine powder ready to be used for VLC separation.

At each addition, thsilica gel was compressed to a hard layer using a glass stopper
and a filter paper was placed at the top of the silica gel layer. 80% hexane and 20%
ethyl acetate was used to wet the silica gel and to ensure the uniformity of the packed

silica gel.

An elution technique was useddfble 2.1). The column was eluted first using 100%
hexane. And then the polarity of the solvent was increased gradually with 5 to 10%
ethyl acetate. When 100% ethyl acetate has been eluted, the polarity was increased
again by 510% methanol until 50% of the methanol was eluted. The column was
allowed to dry in between elution to ensure that all the solvent containing extracts
was collected. The collection was carried out in rebattomed flasks and the
eluates were dried using thatairy evaporator Methanol crude extract was separated
into subfractions A to O. Then chromatographic features were determined by TLC
by using the appropriate solvesystem. Elutes with similar components were
combined (Fig 2.2). NMR was carried out fthre determination of the different
components and only fractions D, and combined fractions KLMN were subjected to

further purification and structure elucidation.
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Fraction Name  Hexane % Ethyl acetate % Methanol % Cycles

AC-MeOH-A 80% 20% B 2
AC-MeOH-B 70% 30% _ 2
AC-MeOH-C 60% 40% . 2
AC-MeOH-D 50% 50% _ 3
AC-MeOH-E 40% 60% _ 3
AC-MeOH-F 30% 70% _ 3
AC-MeOH-G 20% 80% . 2
AC-MeOH-H 10% 90% _ 2
AC-MeOH-| _ 100% - 2
AC-MeOH-J _ 90% 10% 2
AC-MeOH-K _ 70% 30% 3
AC-MeOH-L B 60% 40% 3
AC-MeOH-M _ 50% 50% 3
AC-MeOH-N 40% 60% 3

Table 2.1 A step gradient elution technique used for separaifdhe methanol crude extract
of the maceration extraction
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Crude Methanol extracts

VLC separation
Hexane:EtOAC:MeOH

0:10:0
9
0:8:2
0:7:3

Pooled together

N
Sephadex Prep-TLC  Silica gel KLMN
column separation  column
separation sepa raltion

Sephadex column separation

1-4
5-13
14-24
25-44

1-24
25-43
44-90

45-51 HPLC @146
52-69 s 6-18
separation 91175 19.28

Sephadex 2934
column
separation 4445

Figure 2.2 Fractionation scheme for the crude methanol extraétlophylus cominia
obtained frommaceration.

E. Sephadex column chromatography

The dried fraction KLMN{from VLC) was dissolved in methanol.

Column preparation: two thisbf the columnwasfilled with Sephadex LF20 (from

Merck, Germany) dissolved in methanbhe KLMN fraction waghenadded slowly

to the top of the Sephadex using a pipette. Once the crude extract was absorbed by
the Sephadex, MeOH was added, and frastiwere collected in vials (5 ml in each)

and dried under a fume hood at room temperature.

TLC was carried out using 60:40 (v/v) EtOAc:methanol as solvent for the collected
fractions. Then after anisaldehydelphuric acid spraying, samples having similar

bands were pooled as shown in Fig 2.2. And then NMR was carried out for all the
fractions. Only samples collected in vials 91 to 175 showed a mixture of flavonoids.

The other fractions were only pigments, fatty acids and tannins.
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Further chromatographigeparation and structure elucidation for the components of
sample AGMC-KLMN -91-175 was carried out.

F. Silica gel column chromatography

To determine and identify compounds frod cominig hexane and ethyl acetate
extracts which were comparable after TLC were combined (HEC). Then column
chromatography separation of HEC extracts flantominiawas carried outHEC

crude extracts were subjected to TLC and compared under UV to review any
similarities. Combined together (Fig 2.3), the extracts were dissolved in ethyl acetate
with some silica gel to allow the adsorption of the extracts, and then dried under the
hood at room temperature.

Column preparationtwo thirds of the column wafilled with silica gelmixed with
n-hexane. The crudelEC extract was addedn top ofthe column. 10:90 (v/v) of
ethyl acetatedmexane was used at the start of the elution. Depending on the polarity
requirements; this solvent elution was changed by increasing tlaeitypalintil

reaching a solvent system of 10:90 (v/v) ethyl acetate:methanol.

Fractions 1 to 53 were collected and dried in small vials (25ml in each). TLC and
NMR were carried out for the fractions, and similar fractions were combined as
shown in Fig Z3. Further chromatographic separation and structure elucidation for

the components were carried out.
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Figure 2.3 Fractionation scheme for the crude hexane and ethyl acetate extracts of
Allophylus cominidrom maceration.

G. Preparative thin layer chromatography (prep -TLC)

This separation method was uded final purification of different compounds h&
same procedure as the normal TLC plates followedbut on larger scaléA large
developing tank and 200xmTLC plates were used solvent system which would
adequately separate our compounds and develop thevalateelected

For coating the plates (glass square pl2@s20 cn), the silica gel was prepared
(silica gel 60 Pps4 for preparative dyer chromatgraphy) as 20 @f silica mixed
with 40 ml of cooleddistilled water, and then mixeasgell. After stabilising the clean
and clear plates on the TLC plateaker, the silica gel was spread over the dried
plates keeping the same thickness (@r). The platesvere left to dry in theven
(at 70°C)over 12 to 24 hours

Thedried VLC fraction D, MeOHD, was dissolved irchloroform (10 mg/ml), then
streaked 2.£m from the bottom of the ppelLC plates. The plate was placed in
20:80 (v/v) EtOAc: hexane untdevdoped The plate was then removed from the
tank andeft to dry. Different bandsverescrapedrto a clean filter papeEach band

was soaked withdifferent solventshexane EtOAc and MeOH successively then

filtered through Wh a erthaméd, theisolvisweredied p e r .

53



off and the sparated fractions were analydeg TLC and then characterized Hyt
NMR.

2.2.5 Structural elucidation

For the structural elucidation of compounds in differént cominia fractions,
ultravioletvisible absorption, nuclear magnetic resonance (NMR) spectroscopy,

massspectrometryMS) and LGMS were carried out.

In this study, the majority of these techniques were used to elucidate the structure of
the compounds isolated from cominia

2.2.6 Nuclear magnetic resonance spectroscopy (NMR)

The first structural characterisation of tlemlated compounds was carried dyt
using*H NMR spectroscopy. The spectrophotometer used was JEOL (JNM LA400)
400MHz. The sampk were dissolved in chloroforr@DCl; or DMSO-d6 and

transferred into Shigemi NMR tubes.
2.2.7 Massspectrometry (MS)

MS is an analytical technique frequently usedéterminethe molecularweightof a
chargedspecis. High (and low) resolution electron impact mass spectra were
recorded on a JEOL 505HA spectrometer using direct probe at elevated temperature
(1101600) at 70 eV.Negative ion mode ESI experimentasperformed on a
ThremoFinnigan LCE&Decaontrap or Orbitrap HRESI mass spectrometer (mass
analyser set up at 100,000 ppexternally calibrated at 3 ppm). According to the
polarity, samples were dissolved in water (HPLC graateg concentration of 1
mg/mL. Sample solution2(0 ) wds injected along with acetonitrile: water a
gradient elutionThe method followed was sha in Table2.2 The flow rate was 1
ml/min. Solvents used for mobile phase wereetonitrile and HPLC wateMS data

acquisition was carried out by Dr. Tong Zhang
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Time (minute) A: HPLC water B: Acetonitrile

0-29 5% 95%
30-31 80% 20%
31-45 5% 95%

Table 2.2 The gradient method followed in the mass spectrometry.

2.2.8 Liquid chromatography -Massspectrometry (LC-MS)

Samples were dissolved in HPigtade water at a concentration of 1 mg/ml in
HPLC vials. Therthe vials were loaded into the Orbitrap. A modified amino column
(IBL-SIL 5 NH,, 240x 4.60 mm purchased from Phenameg®) was usedThe
amino column produces hydropholic interaction chromatografhyl was injected

into the spectrophotometer. The methotlowed was the same as the one for MS
(Table 2.2). The flow rate was 1 ml/min. Solvents used for mobile phase were

Acetonitrile and HPLC water. UV detection was set at 245 nm.

2.2.9 High performance liquid chromatography (HPLC)

The same conditions, aminolamn, flow rate, injection volume and solvents were
used as for L&MS. Concentrations from 0.05 to 1 mg/ml of the plant extract AC
MC-KLMN -91-175 were used. 30:70 (v/v) water:acetonitrile was used. The HPLC
was carried out usingn HP Hewlett Packard Segel 100 HPLC.
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2.2.10 Separation of pheophytins by silica gel column chromatography

Fractions were collected in small vials (5 ml in each) and dried. TLC using 70:30
(v/v) hexane:ethyhcetate as solvent was carried out for all the collected fractions.
After spraying with anisaldehyesulphuric acid, fractions having similar bands were
pooled as in Fig 2.2. NMR was carried out for all the fractions. Fractiev Mas
pheophytin A andraction 2544 was pheophytin B.

2.2.11 Isolation of the flavonoids from fatty acids by Sephadex

Fractions from AGMC-KLMN -91-175 were collected in vials and dried. TLC was
carried out using 60:40 ethyl acetate:methaasl solvent for all the collected
fractions. After spraying with anisaldehydelphuric acid, fractions with similar
bands were combined, as shown in Fig 2.2. NMR was then carried out with all the
fractions. Only fractions 66 to 72 had a mixture of flaudeofree of fatty

compounds. The other fractions consisted only of pigments, fatty acids and tannins.

2.2.12 Separation of flavonoids by HPLC

Further separation by HPLC was necessary-MC-KLMN -(91-175)66-72 fraction

of A. cominiawas dissolved in water at thg/ml in an HPLC vial.Analytical
reversegphase HPLC was carrienut with an Agilent 1200 serieHPLC system.
Samples were injected as 100 pl oatoamino column(IBL-SIL 5 NH,) using an

i njector fitted wi Mdieriats eldtiGgdomghe columnweret i on
detected using programmable detector, set at 280 and 340 nm, equipped with an
analogue interface module. 100 ul of the sample was injected into the HPLC and
80:20 (v/v) acetonitrile:water was run isocratically at 1ml/min as a floi®. ra
Detected peaks were estimated and retention times were recorded. The separation
and collection of the compousdwascarried out following the retention times.
Collection of the fractions was carried out from the waste tube. The retention time of
guerctrin was between -8 minutes and for the mearnsitrin, it was betweeh 8

minutes. These two compounds were the major compounds detected.
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Fifty injections were carried out to obtain sufficient quantity for thedssays. The
collection of the samples was vials, and MS was carried out to confirm the identity
of the compounds in the collected fractions. These samples (1 and 2) were then

freezedried using Epsilon-2 LSC.

2.3 Results

2.3.1 Characterisation of the compounds in A. cominia

HEC solid and KLMN (metharofraction) were identified as a mixture of
flavonoids, more than 5 compounds were foAdpendix 1) in addition to faty
acidsand tannins. The flavonoids were separated from the fatty acids by Sephadex
but remained as a mixture in terms of the sinmiyjarn the structures and the
molecular weights of the major compounds (quercitrin and mearnsitrin). The two

major flavonoids were separated by HPLC using an amino column.

MeOH-D was identified as a mixture of pheopingt A and B with other pigments.

Pheofytinswere separated and purified ugiprepTLC and over silica gel.

2.3.2 Characterisation of HEC solid as a mixture of flavonoids

'H NMR spectrumof HEC fractions confirmed that only fractions-44 showed the
presence of a mixture of flavonoids mesitrin and quercitrin as major compounds
and other minor compounds, which were confirmed by further s@sstrometry
To confirm the structures of the compourfd®€ NMR spectroscopy, HMBC and
HMQC for the mixture were carried o(Appendices 6,7 and 8)

Fracton KLMN was separated by Sephadex adhti NMR was carried out for
fractions 91 to 175 The same compounds were found in them as in the HEC
containing a mixture of flavonoids. Fractiod$to 175were combined and the solid
collected after evapatian of the solvent was 2.17 gFurther chromatographic
analysis, MS, LEMS and NMR, were usei characterise the compoun#éd=C and
KLMN fractions were identified by NMRas a mixture of flavonoids. The first

compound with molecular formula,&1,,0:» was obtained from the [M+HApeak at
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m/z 477 in the LCMS. The other major compound with molecular formula
Cz1H20011 was also obtained from the [M{Hpeak at m/z 47 in the LGMS
Supported bydata from'H NMR (Appendix 5.A) and **C NMR (Appendix 6),
compounds and their chemical structures were identifiBdC analysis of the
flavonoids showed ared spot under UV at 254 nm beforespraying with

anisaldehydesulphuric acid reagent and heatiffig 2.4).

The 'H and **C NMR (Table 2.3) revealed two setof signals, with features
indicatingthe presence of two or more flavonoids, where only two were major and
easily identified.For the quercitrina 1,3,4Trisubstitutel benzee ring with proton
signalsappearing at around 7.29, 7.25 an 7.24 ppm. For the sigsrra singlet
(integrated for two protons) representing.,8,4,5Tetrasubstituteé benzeme ring at

6. 86, 6.85 and 6.81 ppm, I mplying similar
Both compounds showed metaupled protons at around 6.37 and 6.20 ppm from A

ring disubstituted B ring of a flavone.

The absence of a proton singlet ususally observed for {BeoHflavones implies

that this position is substituted and therefore it couldUlmgycoside and thissi

confirmed by the presence of an anomeric sugar proton for the compounds at 5.15
and 5.25 ppm. The sugar from the proton spectrum was identified to be a rhamnose

by the methyl doublet appearing at 0.81 ppm for both compaasagegrated for-6

protons (2x CHs; groups).

The 'H NMR signalswere attributed bycomparisonto spectral dat@resentecby

Junget al. (1999 for the quercitrin and Mahmousdt al (2001) for mearnsitrin
structureindicatingthat thetwo flavonoids hadh rhamnosemoiety attached. ThéH

NMR signals(400 MHz, inDMSO-d6) of thequercitrin(also known as quercetis:
rhamnosidepttributed to the aglycongeppn 12.6(1H, brs.C50H), 7.24(2H, d, H-

66 aBd)Y686l(1H, d H506) , (1 d H®B) and showed the chacteristic

patternof 5-7-dihydroxy-flavong in addition to 6.201H, d, H6), 3.163.97 (m),

0.81 (3H,d, H6 p. The'HNMR spectrum al s 0528(HH &%d si gn
(1H), 3.49 (1H, d), 3.16 (1H,)dand 3.21 (1K which related the presence of one
rhamnose moietyteched to the compound®C NMR (100 MHz, DMSO-d6) U

ppm; 178.2 (&4), 157.0 (G9), 161.9 (C7), 161.9 (G5), 157.7 (G2), 1489 (G4 6 ) ,

1458 (G36) , (@3x,4217(C16) , 1:28). ,1 X¥5@6). .0 x¥e&x@). .6 ( C

(@)}
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104.5 (G10), 99.3(C-6), 94.1 (G8), 102.6 C-1 0 ) , 70.88, T7T0®. 6, 7 (
(rhamnoside) and 18.C{6 0 ) .

The identification of thenearnsitrirwvas determined from the chemicalfshiand the

signals by comparisoto Mahmoudet al. (2001). Meamsitrin was also knownsa
mearnsén 3-O-( 4@acetyl}UL-'Cs-rhamnopyranosideThe *H NMR (400 MHz,

in DMSO-d6) of themearnsitrind ppm;6.81(2H, d H-6 6 a-2)d6.33{1H, d,H-

8), 6.19(1H, s, H-6), and0.81 (3H, d, H6 H The 'H NMR spectrum also showed
signals whichrelated the presence of one rhamnose moiety attached to the
compound. In additiofOCH; methoxy group, was identified by teengletat 8 3. 7
ppm °C NMR (100 MHz,DMSO-d6) U ppm; 178.2 (G4), 156.9(C-9), 165.1(C-7),

161.9 (G5), 157.9 (G2), 138.3(C-4 ) 151.0(C-3) 134.9(C-3), 124.4(C-1 6) ,
108.16(C-2 6 )51.0(C-5 6 108.6 (C-6 6 ) , 6 (@10} 99.2 (C-6), 94.1 (C8),

70.88, 70.6, 70.2Z0.2, 70.0 (rhamnoside) and 18§ 0 ) .
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Appendix 5 Junget al., 1999 Appendix 5 Mahmoudet al.,
2001
Quercitrin Quercitrin Mearnsitrin Mearnsitrin

Position ty L 1y 1e 1y 1 1y T

1 _ - - _ - - _ -
2 _ 157.7 _ 156.4 _ 157.9 _ 157.28
3 _ 134.7 _ 134.1 _ 134.9 _ 134.80
4 _ 178.2 _ 177.7 _ 178.2 _ 177.80
5 _ 161.9 _ 157.2 _ 161.9 _ 161.30
6 6.20 99.3 6.22 (d) | 1155 6.19 99.2 6.21 (s) 98.75
7 _ 161.9 _ 161.3 _ 165.1 _ 164.35
8 6.36 94.1 6.41(d) | 115.0 6.38 94.1 6.38 (d) 93.60
9 _ 157.0 _ 164.4 _ 156.9 _ 156.50
10 _ 104.5 _ 115.6 _ 104.6 _ 104.18
T _ 1211 _ 1211 _ 124.9 _ 124.80
2 7.29 116.1 7.29 (d) | 120.7 6.81 108.6 6.82 (s) | 108.10
3 _ 145.8 _ 145.2 _ 151.0 _ 150.60
4 _ 148.9 _ 148.5 _ 138.3 _ 137.70
5 6.86 116.0 6.88 (d) | 115.7 _ 151.0 _ 150.60
6' 7.24 121.6 7.29 (d) | 115.7 6.81 108.6 6.82 (s) | 108.10
1 5.15 102.6 _ 101.0 5.25 102.4 5.12 102.17
2" 3.97 70.88 _ 71.2 3.97 70.88 | 3.97 (dd)| 70.03
3" 3.49 71.04 _ 70.6 3.49 71.04 3.51 70.31
4" 3.16 71.68 _ 70.4 3.16 71.68 3.15 71.13
5" 3.22 70.53 _ 70.0 3.22 70.53 3.32 70.53
c QQl 0.81 18.0 0.82 17.5 0.81 18.0 0.88 17.45
n-QCH _ _ _ _ 3.73 60.3 _ 59.75

5-OH 12.6 _ 12.65 (s) _ 12.7 _ 12.7 _

Table 2.3 'H and *C NMR for queritrin and mearnsitrin (in DMS@6) including
rhamnose moiety by comparison to quercititmget al, 1999 and Mahmouet al.,2001.

This complete assignmensing'H NMR and **C NMR spectra confirmedhe
configuration, confirmation and the complete structure of the quercitrin and
mearnsitrin. More confirmation of the structures of the quercitrin and meansitrin
using the correlation between® (HMBC spectrumAppendix7) is shown in Table

2.4 below.The hydroxys did not show any correlation however an expansidgheof
HMBC spectrum was studied@he chemical structures of quercitrin and mearnsitrin
are presented in Fig 2.8ppendices 5.B to 5.E explain the assigntna the most
important peaks to thieydrogers of each compound (mearnsitrin as first major and
quercitrin as second) by referring to ithehemical shifts. Appendices 5.B, 5.C, 5.D,
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and 5.E represent the expansions of théIMR of the aromatic, sugar, aliphatic and

hydroxyl regions respewely.

HMBC correlation (L) HMBC correlation (&)
Quercitrin (2) Mearnsitrin (1)
H-6/C-5, G8, G10 H-6/C-5, G8, G10
H-8/C-6, G10 H-8/C-6, G9, G7, G10
H-20C-m (&2, G4 H-20C-2QCc (o ,@&n @h Q-2
H-c /(T-2, Gp ,(B4Q H-c /Q-2QCc ,(To ,&n @h Q-2
H-p /Q-m,@B3Q _
H-m £C-3, Go ¢ Gp € H-m £C-3, Go §Gp £
H-c £C-n ¢Gp € H-c £-n ¢Gp ¢
- 5-OH/G5
_ n-QCH/C-n Q

Table 2.4. Selected HMBC correlations of quercit@ and mearnsitrirfl).

The compaition of this mixture was confirmeoly studying the peaks of MS of the
AC HEC solid &t a concentration df mg/ml), as shownn Fig 2.4, which allows
identification of the molecular weight of tlmeajor compounds. Peak at 4{&ithin
1.54 ppm of the theoretical value) corresponded to the molecular formula of
C,2H2201, for meansitrin, and peak at 448within 1.66 ppm) corresponded to the
molecular formula of &H»0011 for quercitrin

The other mino compounds in HEC solid extracts were determined by further LC
MS studiesas shown irFig 2.5, following the same method used for MS but using
an amino column for theeparation. Three minor compourajgpearing in the.C-

MS spectrum, showing a peak 463.09 (within 2.1Qopm), which corresponded to
the molecular formula of £H,011 for naringenin and two peaks at 461.1692
corresponding to the same molecular formula efHZ011 for two isomers of
flavonol (azalein) and isoflavonol (tectoridin). Furtisbromatographic studies could

be carried out to confirm the chemical structures of these minor compounds.
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Figure 2.4 Separation of compounds by S from HEC solid ofA. cominia HEC extract

sampl

20 ¢l injection of the
Method followed was gradient. UV
62

ng

from A. cominiawas dissolved in methanol at 1 mg/ml. Then submitted foiMSCusing
Usi

Orbitrap.
mobile phase were acetonitrile and HPLC water.

detecton was set a840nm.
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Figure 2.5 Identification of compounds by L-®1S for HEC solid ofA. cominiaHEC
extract fromA. cominiawas dissolved in methanol at 1 mg/ml. Then submitted for L
MS usingOr bi t r ap. Using 20 ¢l i njection
Solvents used for mobile phase were acetonitrile and HPLC water. Method followe
gradient. UV detection was set at 245 nm.
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For further separation of the flavonoidwepTLC was necessaryLC-MS was
carried outto gudy the retention times of the fractiowg#h the aimfor a separation

by HPLC using the same amino column.

As shown inFig 2.6, heretention time of thenearnsirin wasaround10.10minutes,

for quercitrin7.23minutes,and for the other flavonol isong6.70 minutes and 78

minutes.

mix-20121002-method4_121002223335 02/10/2012 22:33:35

RT: 0.00-19.99 SM:7G

10.10 NL:
1.27E5
Channel C
w
mix-
20121002
methodd 12
1002223335
UV at 340nm
1138 1313 1357 1489 16.79 17.25 1872
0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19
Time (min)

mix-20121002-method4_121002223335

Surveyor MS Pump Plus

Name : Pump 1

Comment:

Solvent A: H20

Solvent B: ACN

Solvent C:

Solvent D:

Start settings: Surveyor AS injection logic

Method finalizing: First line conditions

Operating mode: Low pressure (0..~7000 PSI)

Min pressure: 0.00

Max pressure: 400.00

Pump 1 gradient table:

No. Time A% B% Cs D% pl/min
0 0.00 8.0 92.0 0.0 0.0 1000.0
1 20.00 8.0 92.0 0.0 0.0 1000.0

Figure 2.6 LC-MS spectrum of HEC solid of. cominiashowing the retention tingeof
different compounds and the rhetl followed for the separatio®olvents used were water
and acetonitré. Flow rate was 1 ml/min.hE solvent systemsedwas08:92 (v/v) A:B. A
was water and B was acetonitrile.
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For further confirmation of the method araptimisationof the concentration of the
extracts, more analytical HPLC studies weegried out,as shown irFig 2.9, and
comparable results were obtained by the same retention time as-t8 (Eig 2.6).

There was 2.22 minutes between the peak of quercitrin araetieof mearnsitrin.
There was also time between the peaks of the other two flavonols and the peak of
quercitrin, which confirrad that the separation of these compounds using-prep

HPLC could be applicable.

Separation by HPLC was carried out, samples wellected at around-9 minutes

and 10-13 minutes, and MS was carried out to confirm that these samples were
quercitrin and mearnsitrif-Further separation usingsgecific amino column for the
HPLC could be carried out.

2.3.2.1 Purification of the flavonoids

The mixture of flavonoidgas shown inAppendix ) contained fatty compounds
which affected the 3TB1 cells. The cells were differentiated into the fatty cells
even before the differentiation processl @itiated, as shown iRig 2.7. Severdays

after cell seeding in a clear 9¢ll plate, the crude sample containing flavonoids and
fatty acids at a concent r at-lloreadipotyted 00 ¢ ¢
cells. Twentyfour hours after incubation with the crude sample in DMEM
containng 10% FBS, some of the cells were transformed into rounded and fatty cells
containing fat droplets. Eight days after differentiation, there was 100%
differentiation of the cells compared to the differentiation without the addition of the
crude extract ofA. cominiacontaining the flavonoids and the fatty compounds.
Therefore, the effect of the fraction @&. cominia on enhancing the 3TB1
differentiation is clearly from the fatty compounds in comparison to the effect of the
pure flavonoids fronA. comina on the 3T3L1 differentiation shown irrig 2.7. For
accurate results, the fats had to be separated from the mixture of flavonoids by

Sephadex column chromatography.
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"__:(' ;,/1.,'7

3T3-L1 before differentiation no 3T3-L1 day 8 of differentiation no 373-L1 day 8 of differentiation
addition of AC, day 7 of seeding x10 addition of AC x10 no addition of AC x40

3T3-L1 before differentiation with 3T3-L1 day 8 of differentiation 3T3-L1 day 8 of differentiation
100pg/ml flavonoids day 7 of seeding x10 with 100pg/ml flavonoids x10 with 100ug/ml flavonoids x40

Figure 2.7 Photomycographs illustrating the effect of crude extracts cVKCKLMN -91-

175 (mixture of flavonoids and fats) on the 3B differentiation (before and after

di fferentiation pr oc e sLg jifferentiated cetlsvn the Well (96 h o ws |
well plate) before the differentiation process in the presence of flavonoid mixture.

AC-MC-KLMN -91-175 (mixture of flavonoids and fatty acids) wadded to 3T3.1
fibroblasts at 100 cetheg fcald withibut thé differentiationa t e d
process hieg started. As also shown in the FR&7, AC-MC-KLMN-91-175
enhanced the differentiation of 3T3 into adipocytes in comparison to the control,
where the cells were differentiated using the same conditions in the absence of AC
extracts. The enhancemeiftioe differentiation could be the result of the presence of

fat in AC-MC-KLMN -91-175. Therefore, separation of the compounds was carried

out.
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By comparison withprior literature analysing the NMR spectrum of AC crude
extract and by following the maspectrometryshowing the molecular weight and
formula of each compounthe stuctures of mearnsitrin, quercitrin, naringenin and

two isomersareshown inFig 2.8.

Chemical structure ahearnsitrinirhamnosidg Major
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Chemical structuref azalein Minor

HO OH

HO

HO

H,CO

OH
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Chemical struttire of tectoridin Minor

Figure 2.8 Chemical structures of the different compounda.icominiaextracts from HEC
and MeOHD extracts.
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2.3.2.2 Separation of quercitin and mearnsitrin

In Fig 2.9, two fractions were collected at specific retention times and compounds
were identified as mearnsitrin collected between 8.5 and 9.5 minutes and quercitrin
collected between 9.5 and 11 minutes. MS was carried out for both samples and
characterisation of thenolecular weight of the major compound in fraction 1
suggestedjuercitrin 447 G;H1404; (Fig 2.10, while the major compound in fraction

2 suggesteanearnsitrin 477 ¢H,:0,, (Fig 2.11). Confirmationof the separation of

the two major compounds of flavonoids was carried outHyNMR, with only
meansitrin collected infraction 2 (appendix13). No compounds were shown in
fraction 1(appendix14) becausef the low quantity of the compound collected by
HPLC. Even after increasing the number of scans from 16 to 128 (appendix 15), the

low concentration of sample 1 did not enable a débNMR for characterisation.

Detector 1-254nm
1 T~ ACEtoAC solid, img/ml
Name
Retention Time
Are

3

1200

S

1000

800

600

400

731

ooooo

0.417. 5033
0.650 1213
930
1 29 Beo
12.137 65847
12.472 32545
13.660 19424

2.020
2.550
2.805

5577
— 13.050 70313

6.910 2235
—  7.235 2501

Minutes

Fraction 1 Fraction 2

Figure 2.9 HPLC chromatogram showing different peaks for the flavonoids. Their retention
times were used for the separation of the compounds. Analytical rexdrase HPLC was
carried out with Agilent 1200 series HPLC system. Samples imgrcted as 100 ul ontma
amino column. UV detection was set at 280 and 340 nm. 100 pul of the sample was injected
into the HPLC and 80:20 (v/v) acetonitrile:water was run isocratically at 1ml/min as a flow

rate.
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Figure 2.10 MS for fraction 1 collected at 8%.5 minutes. The major compound was with
MW 447.
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Figure 2.11 MS of fraction 2 collected at 951 minutes. The major compound was with

MW 477. Fractions 1 and 2 froA. cominiawere dried out using Epsilon freeze dryer, and
dissolved in water at 1 mg/ml. Then submitted forfd& wusi ng Or bitrap. 20
the sample, the flow rate was 1 ml/min. Solvents used for mobile phase were acetonitrile and
HPLC water (80:2%/v). Method followed was isocratic. UV detection was set at 245 nm.
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2.3.3 Characterisation of MeOH fraction D as a mixture of pheophytins

The NMR spectra (Appendices 9, 10, 11 and 12) showed the existence of
pheophytins in addition to fatty compound3omparison of the spectral data with
literature Obaet al, 1997 Ina et al, 2007 identified the compounds as pheophytin

A and B (chemical structures in F2gl2).

'H NMR spectrum(Appendix 2) revealed three proton singlets in the regidn, (i
8.5 to D ppm, a singlet around 6.2 ppm and a multiplet around 8 accounting for a
CH=CH, group. Singlets were also observed between 3 and 4 ppm for the methoxy
groups and singlets detected between 1.55 and 1.9 ppm for the methyl.

In addition, the*C-NMR spectrumof MeOH-D indicated the number of carbons in
both molecule$Appendix10). HMBC and HSQGwere usedor the identification of
the compounds and spectrum assignments (AppendicasdlP).

Further chromatographic separation was necessary for a full sepacd the
pheophytins and for the removal of fatty compounds which affected the biological
activities of pheophytinsAppendices 3 and 4 represent the assignments of some
hydrogen positions of pheophytin A and B respectively.
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CHj CHj CH3 CHj3

o
Phytol=Y=
! WM

Pheophytins A when X = €H

Pheophytins B when X = CHO

Figure 2.12 Chemical structures of pheophytins A and B.

2.3.3.1 Purification of p heophyins

TLC for fraction MeOHD was carried out in 70:30 (v/v) hexane:EtOAc and
separation of the bands was cleBney showed a quenching spot under short UV
light and a red fluorescence under long UV. The spot turned gregelltovish-
green after anisaldehyaalphuric acid spraying and heating, as shown in2F1@
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Solventfront 1
Band1
Band 2
Banda
Bandb
Origin —»

Figure 2.13TLC plate for MeOHD dissolved irchloroformin 70:30 hexane:EtOAc.

2.3.3.2 Prep-TLC

PrepTLC wascarried outfollowing the same protocol and same solvent system for
the separation gfheophytinA and B (the first and second band Fig 2.14).

Solventfront —— F
Band 1
Band2

Banda

Bandb

Origin —

Figure 2.14 PrepTLC for MeOHD sample ofA. cominiain TLC solvent70:30
hexane:EtOAc.
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After scraping each band, each band was eluted in three different solvents: hexane,
EtOAc and MeOH. TLCOwas carried out as shown below using the same solvent

system used in the separation (Eig5).

Solventfront — s} — ——"J L

>

Origin —>

Bands 1 2 a b

Figure 2.15TLC plate for fractions separated by pfEpC from the crude MeOHD

extracts ofA. cominia Four samples been separated 1, 2, a, and b. Each sample was soaked
in three different solvents successively. H for hexane, E f0AEtand M for MeOH.

Dissolved inchlorofom, TLC solvent was 70:30 Hexane:EtOAc.

Only the EtOAc, fraction 1 showed the presence of a pure compound (one band). In
addition,"H NMR was carried out for all the samples 1, 2, a, and b EtOAc and only
fraction 1, EtOAc, as expected, was pure pheophytin Apéndix2). Pheophytin B

was not obtained, therefore silica gel chromatography separation was carried out
with the aim of purifying more of the pheophytin A and B.

With the aim of obtaining sufficient compaods for bioassays tests, pr&pC
separation was repeated ten times, under the same conditions. Therefore, starting

from 40 mg of MeOHD crude extracts, only 1.2 mg of pheophytin A was collected.
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2.3.3.3 Silica gel column chromatography

Using thesame solvensystem as in the separation of the MeDHrude extract by
prepTLC (70:30 Hexane:EtOAc), the separation was carried out using column
chromatography. Collection diractions was carried out as 5 ml per vial then
evaporated under hood; TLC was carried oud Bands were visualised under UV

and anysaldehyde spraying, and then similar fractions were combined and submitted
for '"H NMR. As shownin Fig 2.16, all thesamples showed different single bands,
then™H NMR showed that samplesl® were pheophytin A arsamples 124 were
pheophytin B(Appendces3 and4)

Solventfron

Origin
S g 9 ue
i L Vo BTy BN
o) I o N < 0
Q
=

Figure 2.16 TLC plate for fractions separated by silica gel column chromatograpim the
crude MeOHD extractof A. cominia Six samples were separateed(15-13, 1424, 2544,
4551, and 5269). Dissolved irchloroform TLC solvent was 70:30 Hexane:EtOAc.
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The separated pheophytin A (fractions 5 to wakidentified by'H NMR. *H NMR
spectrum showed the presence of agdgrring, by comparison to Iret al, 2007 at
around 1.7 ppm, 5:9.9 ppm peaks from the vinyl group, then the methyl group at
9.5 ppm (Appendix 3). These chemical sh¥ftsre similar to those of pheophytin A

as represented by Cahyagtaal, 1991and Hargut al, 2007 where chemicahifts

of all the elated peaks were presentedTiable 2.5. Fractions between 14 and 24
were identified as pheophytin B. The NMR results were in agreement with previous
reports (Obaet al.,1997; Fank and Xu, 2008)

'H NMR spectra showed pheophytin A (Appendix 4) and B (Appendix 5) to have
similar features. Pheophytin A was observed with three deshielded protons at 9.73
ppm (1H, s, H10), 9.39 ppm (1H, s, 43) and 8.88 (1H, s, 120) and another three
signals betwees to 8 ppm for H3', H-3% and H1%. In addition, an oxymethylene

and some methyl signals at 0.81 ppm (6H, d), 0.87 (6H, d) and 1.61 (3H, s) were
observed, suggesting the presence of the phytol grBypcomparison to the
chemical shifts of théH NMR presented by Tomaet al., 2008 the structure of
pheophytin A was elucidatedn addition, the HMBC spectrum (Appendix 11)
showed all typicalcorrelations between H and Oable 2.6) that confirm the

presence and the structure of pheophytin A and B.

Data from *H NMR specta of fractions 2544 (pheophytin B, as compared to Oba et

al., 1997)was similar to the data obtained for pheophytin A, the only difference
being the four deshielded protons at 11.25 (1H, s), 10.50 (1H, s), 10.05 (1H, s) and
8.90 (1H,s) instead of three ithe pheophytin ATable2.5), as well as two methyls

bet ween 03 and U4 ppm instead of three

3¢ NMR spectrum (in both pheophytins) was used to reveal the number of carbons,
which was 55 (Appendix 10).
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Position L (ppm) Tomazet al., 2008 L (ppm) Obaet al., 1997

Pheo A Pheo B

1 - -

2 - - - -

2' 3.35 (3Hy) 3.39(3H,9 3.34 (3Hy) 3.37 (s)

3 - - -

3 8.25 (1Hdd) 7.95(1H,dd, 8.1 dd) 7.95 (dd ¥12,

JF1785, 11.48H7) 18Hz)

3 6.20 (1Hd) /6.28 6.27(1H,d, J= 6.20 (1Hd) /6.30 | 6.21 (dd 1, 12 Hz)

(1H,d) 17.95H#6.18 (d,;= (1H,d) trans
11Hz)

4 - - -

5 9.39 (1Hy) 9.35(1H,9) 10.50 (1Hs) 9.43 (s)

6 - - -

7 - - -

7' 3.16 (3Hy) 3.19(3H,9) 11.25 (1Hs) 11 (s)

8 - - -

8" 3.71 (2Hm) 3.63(2H,m) 3.34 (2Hm) 3.85 (g, 8Hz)

8’ 1.74 (m) 1.66 (m) 0.84 (3Hf, X7.03

Hz)

9 - - -

10 9.73 (1Hy) 9.51(1H,s) 10.05 (1Hs) 10.2 (H,s)

11 - - -

12 - - -

12" 3.61 (3Hp9) 3.69(3H,9) 3.75 (3H9) 3.63 (3H, s)

13 - - -

13" - - -

1232 6.37 (1Hs) 6.30 (1Hy) 6.45 (1Hg) 6.25 (1H, s)

1 - - -

13 3.81 (3Hy) 3.91 (3Hp) 3.34 (3Hy) 3.93 (3H, s)

14 - -

15 - -

16 - -

17 4.06 (M) 4.15 (m) 4.18 (i) 4.20 (dt,23,9 Hz)

17" 2.36 (1HmM) /2.66 2.37 (1Hm) /2.69 2.15 (m)
(1H,m) (1H,m)

17 2.23 (1HM) /2.54 2.41 (1HM) /2.54 2.45 (m)
(1H,m) (1H,m)

17 - -

18 4.30 (1H) 4.34 (m) 4.18 (1H) 4.25 (m)

18" 1.98 (3Hd) 1.84 (d) 1.98 (3Hd) 1.85 (3H, d)

19 - -

20 8.88 (1Hy) 8.60 (s) 8.90 (1Hg) 8.53(1H, s)

Table 2.5 '"H NMR spectral assignments for pheophytin A andTBmazet al., 2008 and
Obaet al, 1997
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Position

HMBC correlation (1€)
Pheo A

HMBC correlation (1€)
Pheo B

H-2%C-2, G1, G3, G2

H-2%C-2, G1, G3, G2

H-3'C-3, G2, G4

H-3'/C-3%, G2, G4

H-3°/C-3, G3'

H-3°/C-3, G3'

H-5/C-7, CG3, G4

H-5/C-7, G3, G4

H-7Y/C-6, G8, G7

H-7YC-6, G7, GT*

H-8'/C-8%, G9, G7, G8

H-8'/c-8', G&°, G9, G7, G8

H-8°/C-8', G8

H-8°/C-8", G8

H10/G12, G11, G8

H-10/G12, C11, G8

EIB|lo|RR o M~|o|o|s|RRw NN -

12 - -

12 H-12/C-11, G13, G12 H-12%/C-11, G13, G12

13 - -

13 - -

13 H-13°/C-15, G14, G13", G | H-137/C-16, G15, G14, G13', G
13° 13°

13° - -

13 H13"/C-13° H13'/C-13°

14 - -

15 - -

16 - -

17 H-17/G17', G17, G16 H-17/G18', G17", G17, G16

17 - G17°

17 - G17, G17, G1T

17 - -

18 H-18/G18', G17° H-18/G18", G17', G19, G16,

18" H-18'/C-17, G18, G19 H-18'/C-17, G18, G19

19 - -

20 H-20/G2, G18, G1 H-20/G2, G18, G1

Table 2.6 Selected HMBC correlations of pheophytin A and\Bpendices 11 and 12.
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2.4 Conclusion and discussion

Allophylus cominiawas identifiedas an artidiabetic plant, which was used for the
treatment and management o D& by Cuban patientdMechloret al, 1999;0liva

et al, 2013. Furthermore,in vivo experiments were carried out confirming that
extracts fromA. cominiawere enhancing glucose uptake, especially fractions 6 and
10 collected after flash chromatograpf$anchezet al, 2014). However, studies
carried out forthe separation and identificatt of compounds frorA. cominiawere

not leading to the identification of the active constituent&.icominia(Veliz et al,

2003. The phytochemical investigation @&f. cominiaprovided many compounds,
mainly including some simple phenolics or derivatives and some pheophytins. This
is the first report of the isolation and identification of these compoundA. in
cominia

In our researcha mixture offlavonoids and pheophytins weeidentified as major
compounds. Bycomparisonto studies carried out bjunget al, 1999,Cahyanaet

al., 1991 Mahmoudet al, 2001and Lopeset al.,2004 Harguset al, 2007 Ina et

al., 2007;these compounds were identified as quercitmearnsitrinin addition to

other minor compounds (naringenin, azalein and tectoriden) which could have an
effect in the biological assays. The separation of the flavonoids was carried out by
HPLC using an amino column. Only mearnsitrin and quercitrin wetified. A
conventional HPLC separation was a robust method of separation. However,
separation should be carried out using a preperative HPLC for a robust, fast and less
costly separationln addition, pheophytin A and pheophytin ®ere identified in
A.cominiaAll These compoundsreadded to the preliminary chemical identification

by Rodriquezet al., 2005 and Velizet al., 2005 (fatty acids such as lauric acid,
myristic acid, palmitic acid, stearic acid, and cidic acid in addition to
carbohydratesuch as arabinose, galactose, and glucose).

Among the extracts fractionatedfrom A.comina all were investigated for anti
enzymesactivity ( DPP1 V, RTRIB, i U-amsykse).aRradtions that
showedmore than 70% inhibition of PTP1B enzyme activity were followed by
investigating their effect on the glucose uptake using various cell lines. Only the

mixture of flavonoids and pheophytin A were used in the glucose uptake assay.
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3 Invitro determinatio n of the effect of A. cominia on the
glucose uptake in HepG2, L6 and 3T3-L1 cells

3.1 Introduction

Several drugsare usedfor the treatment of DM. However, these agents have
unexpected treatmefimiting side effectgmore information are presented in chapter

1 section 1.2.1.1)Thereforethere is a need farew antidiabetic substancdkaville

and Andreelli, 2000De Souzeet al.,200]) that have fewer side effects on patients
with diabetes and do not induce obgsiBeveralstudies carried out usingplant
extract haveshownsignificanteffectson the glucose uptakélpnso-Castroet al,

2006; AlonseCastroet al, 2008;Nomuraet al, 2008;Rahulet al., 2009 Alonso
Castroet al, 2011; Hassaneiet al.,2011) and have the potential to be used in the
treatment of diabetes

In this project, HepG2 cells were used as a model system for the study of the glucose
uptake(Hu and Wang, 2011; Wangt al.,2011) L6 cell line was also one of the
most useful models for $&ng glucose uptak&\(anget al, 1999; Jia al., 2010).

Fully differentiated adipocytes are insuliasponsive and take up glucose more
effectively than preadipocytes, with a high number of glucose transpgarter
(GLUT4) enhanced by the insulin from ethintracellular compartment to the
cytoplasmic membrane, resulting in an increase in the glucose uptake with lower
insulin concentrations. The 393 cell line is one of the most useful established
models for the study of insulin responsiveness and fdmgeshe activity and
mechanism of action of antiiabetic drugs and plants extracts (¥tial, 2006
Wanget al.,2017). 3T3L1 cells were also a good model for testing the effect of the
extracts fromA. cominiaon the glucose uptake as well as their effect on thel3T3
differentiation and fat accumulation.

2-NBDG a novel fluorescence glucose analog probe that was initially developed to
measure the glucose uptake rategeils, has proven to be of great utilitg also
measuring glucose uptake rates in a wide range chmanmalian and mammalian
cells in recent year-NBDG has shown to be transported intracellularly by the

same glucose transporters (GLUTak glucose2 Deoxy-D-glucose was also used
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which is known to compete with-RBDG in mammalian cellHassaneiret al.,
2011) However,2-NBDG are known to be phosphorylated the samekinases
(hexokinasesas glucose. Thereforg;NBDG can be trapped withitme cells for an
extended period of time, which might be essential to monitolglheose uptake
although the phosphorylation of-NBDG leads to rapid degradation into Ron
fluorescent productd=or such reason-RG was a better glucose analog for testing
the effect of the extracts fromA. cominia on the glucose uptake by mass
spectrometry(Jo et al, 2013). 2-DG uptake experiment can be considered as an
orthogonal assay of theMBDG uptake Massspectrometryanalysis of the glucose
uptake was carried out in this project for further confirmation of the effect of the
extracts on the glucose uptake as well as the quantification of the uptakaim of

this chapter is to study the effect of the extracts flantominia on the glucose
uptake using HepG2, L6 and 3T3 cell lines as well as the effect of these extracts

on insulin activity.

3.2 Material and Methods

3.2.1 Preparation of Allophylus cominia extracts

Samples (crude and pure compounds) were dissolved in DMB&gpytins and
tannins) or distilled water (flavonoids) at a concentration of 10 mg/ml and kept at
20°C as stock solutions. Further dilution of the plant stock samples was carried out

using either assay buffer or cell growth medium as appropriate.

3.2.2 HepG2liver cells

HepG2 human liver hepatocellular carcinoma cell Ig)eare adherent, epithelial

like cells in morphology, growing as monolayers and in small aggregates (islands).

The HepG2 (SIDR cells bank) were removyeam the liquid nitrogen-@10C), ard

were thawed rapidly (37°C) and then transferred into warm growth medium in 25

cn? clear and sterile flask (purchased from Thermofishemc) The cells were

seededin 5 ml of DMEM (Dul beccodés Modiiumifrerd Gilita, gl e 6 s
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Invitrogen, UK) supplemeted with 10% FBS (foetal bovine serum), 100mL of
penicillin, and 100e g/ mL o f streptomycin (Hu and W
incubated at 37°@ 95% humidified air an8% CGQ for 10 to 15 days, depending on

the growth rate of the cells. Tiggowthmedium waseplacecevery two days.

A. HepG2 seeding

The growth medium was removefiiom the 25 crhflask and the cellsvashed twice
with 5 ml (10 ml for the 175cn? f | a s k) of Ha n k(fiosn Signaal i ne
Aldrich, UK). Cell weredetahedfrom thebottom of the flaskollowing the addition

of 5 ml o f H a n lsid mixtueerftrypsin EDY A X10 was purchased from
Gibco, Invitrogen, UK)The flask was incubated for 5 to 6 min at 37°C Bb& air
and5% CQ, afterwhichDMEM was added to the cells deactivate the trypsin hE
cells werethendivided into two tubes and ceifuged at 1000 RPM for 2 minutes
(IEC/Medispin, 6PL centrifuge, Lifé&sciences International). The supernatamts
removed and 10 mdf DMEM with 10% FBS were added to the cp#llet Cells
were counted usinga haemocytometer viewed under an inverted microscope
(Olympus IM, Japan). The cells were seeded in &b clear and sterile flask
(Nunclon Delta, Thermdcientific Nunc) at a density o2x1® cells per 175cn?
flask whenseedng for 3 days growth, and 1.56f cells per 175n? flask when
seeding for 4 days growth.

In general, the cells were seeded and grown inchi5flasks in 25 ml of DMEM
with a 10% FBS, incubated at 37°C in@ntaining5% CQ (Zhanget al, 2010)for
2to 5 days, depending on the satjrowth.
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B. HepG2 culture

The Heps2 cells were culturedboth in black and clear bottom 9évell plates

purchased fronfFisher Scientific, UK; and in 96well clear plats purchased from

TPP, Switzerlandat threedifferent seeding densitie®.5x1d, 1x10, and 2x16

cells/well. For thecytotoxicity assaysall the cells were seeded at 1%&@lls/well.

The culture mediumOMEM) was supplemented with 10% FBS, 100 U/mL of
penicillin, and 100 uecnd/ Wahg, 2011)Plates weeep t 0 my C
incubated at 37°C imaatmosphere containirs§o CQ for 24 or 48 hours.

C. HepG2 storage

Cells werere-suspended at 2.5xi@ells/ml in 1ml of DMEM supplemented with
10% FBS and 5% of DMSO. The cells were placed in cryovials (CryBfutals
purchased from Nungckept forafew days ina-80°C freezer (Sanyo, CFC freapd
then transferredto liquid nitrogen when longer stage was required.

3.2.3 3T3-L1 cell culture and adipocyte differentiation

A. Cell growth

3T3L1 cells from Swiss mouse embryo tissweere purchased from ATCC
(American Type CultureCollection), cultured in DMEM (high glucose) with 10%
FBS (oetal bovine serum) supplemented with 1% glutamine and 1%
penicillin/streptomycin and then grown at 37°C an atmosphere containirfo
CO,. 3T3L1 cells with passage numbei(filom liquid nitrogen)defrosted quickly at
37°C in water bath. Then the cells were transferras ant5 crf flask in 15ml of
DMEM supplemented witil0% FBS, and incubadefor 24 hours at 37°C in an
atmosphere containirso CQ. The medium washanged afte48 hours whenthe
cells reach no more than 70%onfluence afterwhichihe cells were passaged in
DMEM with 10% FBS into 7%n? flask with 15 ml of media. The cells were divided

every two to three days using the same prottitat was used for thdepG2 cells
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where 6 ml ofTrypLE Express was added to the flasigubated fotwo minutes to
allow the cells to beomedetached from the surfacéthe flask. After which 4 ml of
growth mediumwas added to the flask to terminate the action of the TrypLE
Express The cell suspension was centrifuged for 2 minutes at 1000 RPM, emd th
the supernatant was discarded and the pellet of cells wasspended in Bl of
DMEM 10% FBS to be seeded at a specificaairation in flasks or plates. The
cells were triturated with Rasteur pipettandwere counted usinghaemocytometer
with the aid of an invertechicroscopeThe cells were szled at a density of between
0.4 and0.8 x10G cellsinl in 75 cn? flask with 15 ml of DMEM supplemented with
10% FBS.

B. Cell storage

DMEM medium was aspirated from the flagkd 5 ml of TypLE Express [0.05%
(v/v) in EDTA] was added to each flask. Flasks were then incubated at 37°&for 3
min until the cells were just beginning tome off the flask. The trypLEEXpress
solution was gently spread over the surface of the flask until all ofelfe were
detached. 5 ml of DMEM 10% FBS was added to each flask. The cell suspension
was then transferred to a 15 ml universal tube. The trypLE/cell mix was then
centrifuged at 1000 x g for 2 min and the supernatastdiscarded. The cell pellet
was therre-suspended in 1 ml of freeze medium; DMEM with 40% FBS containing
10% dimethyl sulphoxidéDMSO). Tre resuspended cell pellet wasnsferred into

1.8 ml polypropylene cryogenic tubes ifil/tube). The cryogenic tubes were then
placed into a polycarbotecontainer and stored overnight-80°C. The following

day, the vials were insferred to liquid nitrogewhen longer storage was required.

C. 3T3-L1 cell differentiation
After splittingand seedin@T3-L1 cells (passage-22) in Corning 75cn? flasks,the

flasks were incubated at 37°C in 5% L£antil they reachecho more than 70%
confluence. Themhey wereseeded in DMEM 10% NBS (nelaorn serum)n black
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clear bottom96-well plate the cells were lefuntil 100% confluence (20@l of
medium wasadded to each well)lhe cells were differentiated using the following
procedure: taday 1, the growth medium was replaced with the differentiation media
which was prepared with DMEM suppiented with 10% FBS, 1 pg/ml ofsulin
(Sigma R643- 50 mg), 0.25 uM dexamethasongigma D1756- 100 mg) and0.5

mM IBMX (Sigma 15879- 250 mg). IBMX was freslty madeon each occasion
while the insulin and dexamethasone were prepanemn fstock solutions The
solutions werdilter sterilisationvia a 0.22 mm syringédilter. At day 3, the medium
wasreplaced by DMEM 10% FBS with 1ggml insulin.On day 5, the medium was
replacedwith DMEM supplemented with 10% FBSafterwhichthe mediawas
replaced by a fresh cell growth medium (DMEM 10% FBS) every 48 hours. The
cells were fully differentiated and used between dayané 12 of the induction of

differentiation protocol.

3.2.4 Oil Red-O staining of 3T3-L1 adipocytes

Fixing solution

10% of formalin (from 37% of formalin stock) in PBS was prepared and stored at
roomtemperature. It can be used for up to 6 months.

Oil Red-O stock

500mg of Oil RedO wasdissolved in 100nl of isopropanol (Zropanol) in a dark
bottle and left overnight without stirring at room temperature for at least 24. hours
Oil RedO working solutbn was prepared fresh on the day of the assay. 60% of Oil
RedO stock in distilled water (40%) was kept at room temperature for at least half
an hour, and then was filtrated through Whatman paper to remove particulate matter.
Staining protocol

The medidgrom the differentiated 3T-81 cells were removed from thevéell plates

and the cells were washed twice with 1 ml of PB®nllof the fixing solution (to
cover the bottom of wells) was added to each well, and then the plate was incubated
at 3PC in an atmgghere containing 5% COfor 1.5 h, after which the fixing

solution was removed and the cells were washed three times with distilled water. 1ml
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of Oil Red-O dye was added to each well and left at room temperature for one hour.
The dye was removedhe cellswere washed three times with distilled water and
pictures of the stained cells were taken under the microscope.

Optical density measurement

1 ml of isopropanol was added to each well of theedl plate and the plate was left

at room temperature for Ifinutes to allow the cells to release the dye. Tihery
weretransferrednto 200pl perwell of a 96well clear plateand te optical density

was measured at 54n usinga Spectramaglate reader.

3.2.5 L6 muscle cells

A. Cell growth

L6 cells from rat skeletal muscle cells purchased fr&GACC (European
Collections ofCell Cultures, donated from the SIDR library) cukdrin DMEM
containing 10% FBS supplemented with $tlium pyruvate, 1% glutamine and 1%
penicillin/streptomycin and #n incubated at 37°C @n atmosphere containiri§o

CQO,. L6 cells with passage number 2 (from liquittogen) were defrosted quickly

in awater bath at 37°C. Then the cells were transferred to a 28ask in 5ml of
DMEM with 10% FBS, and incubated f&4 hours at 37°C iran atmosphere
containing5% CQ. The medium was changed no more than 72 hours to a fresh
DMEM with 10% FBS,andwhen they readtd no more than 80%, the cells were
passaged in DMEMvith 10% FBS into 7%n flask with 15 ml of medium. Then

the cells were split using the same protocol used for splitting HepG2 cells
(trypsinisation), describedin section3.2.2.1.1 The cells were seeded at 1%10
cellsiml in 15 ml of DMEM 10% FBS.

B. Cell storage
Following trypsingation, the cell pellet was rsuspended in 5 ml of the freezing

medium containing 90% FBS and 10% sterile DMSO. Cells were counted using a

haemocytometer, and only 0.5 1x1( cells/ml was frozen down in 1.8l
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polypropylene cryogenic tubes fawo days before hbeg transferred into liquid

nitrogen whe longerstoragewas required.

C. L6 cell differentiation

L6 cells were seeded at 8X1€ells/well, in a 96well plate, in DMEM containing
10% FBS and incubated for 48 hours at 37°C in air at 5% O@xce the cellsvere
100% confluent, the medium was replaced with DMEM containing 1% FBS for five

days.

3.2.6 Cytotoxicity assays

A. cominiaextracts useth bioassaysverefirst tested for their effect on the viability
of the different cdls. The extractscontainingthe actve components of. cominia
were tested on HepG2, L6, 33 preadipocyte and adipocyte cell lines, using two
different assays, Alamar blue and MTT. The assays incorgbrafeuorometric

growth indicatoy based orthe detection of metabolic activity.
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3.2.6.1 Alamar blue assay

HepG2 L6, 3T3L1 fibroblasts and adipocytes cell linegere seeded in 9@ell
clear plate and incubated for Bdursat 37C in an atmosphere containing 5% £0O
Gradien concentrations of each sampétock was 10ng/ml) diluted in DMEMwith

10% FBS were added to the platiee(final volume added to each well was 10Ii).

The plate was incubated for 2dursat 37C in an atmosphere containiri§o CQ
following whichthe Alamar blue testasperformed in ordeto test the cell viability.
Alamar blue (Resasurin) is a redox indicator for testing cell growth or viability; in
metabolically active cells it can be reducedesorufin by NADH (dehydrogenase
activity). Resorufin exhibits fluorescence (563/587 nm) and can be detected
fluorometrially. Alamar blue taken by the livingcell penetrates into the
mitochondria, where it changes colour from blue to pink &1y (alamarBlu®ox +

2H + 2e gives alamarBlue®RED) (Goegat al., 1995). 10ul of Alamar blue in
addition to 90ul of DMEM with 10% FBS were added teach well. After éhours

at 37C in an atmosphere containing 5% &Qhe fluorescence intensity was
measuredwith a WallacVictor? 1420 Multilabel counter using Alamar Blue with
absorbance reading between $60and 590 nm (AB 5604D).

(2
(l)_
N H
Z 7
o QO = X0 e
o 0 OH ¢ o OH

Alamar blue (Blue) Alamar blue (Pink)

Figure 3.1 Alamar blue reaction that occurs in the mitochondria of the living cells leading to
thechange in the colour of the Alamar blue from blue to pink.

3.2.6.2 MTT assay
MTT (3-(4,5Dimethylthiazot2-yl)-2,5diphenyltetrazolium bromide) is a yellow

tetrazole, a colorimetric dye used for cell viability tests. MTT is reduced to purple
formazan in the presence of NADH and NADHHYg 3.2.
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At day 1, different cell lines were plated ar96-well plate at 1x1tcells/well, then
incubated for 24 hours at 37°C in air at 5%,Ct0 allow the cells to attach to the
bottom of the wells. After 24 hourg,. cominiaextracts were added to the plate at
different concentrations (ig/ml to 100 ug/ml), then incubated for another 24 hours
at 37°C inan atmosphere containirigfeo CQ. On day 3, theworking solutionof
MTT was prepared att mg/ml in phosphatase bufferabne (PBS and filtrated
througha 0.22mm syringe filter.

After preparation the MTWworking solution, the growth media was removed from
thewells and 20 pl (20%)of MTT wasadded to each well and the volume was
made up to 10@u with DMEM, with 10% FBS The plate washen incubated for 4
hours at 37°C iran atmosphere containirfgo CQ. The growth mediavasthen
removed and the cells welgsed by the addition of 150l of DMSO to each well.
The plate was left for 5 mirtesat room temperature, and then shaken to allow the
cells to detach from the plate. The absorbance was measuradSpectramax
instrument using 568m and 69(hm. Finally, the values obtained@&0nm reading
were sibtracted from the values obtained5®0 nm reading andhe results were

presented agercentage of the mean counts tife untreated cells (control).

MTT Formazan

Figure 3.2 MTT reaction mechanism that occurs in the mitochondria of the living cells
leading to a change in the colour of the MTT from yellow to purple (Formazan).
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3.2.7 2-NBDGuptake assay

2-N-7-(nitrobenz2-oxa1,3-diazot4-yl)amino-2-deoxyD-glucose (2NBDG, Fig

3.3 is a fluorescenglucose analogue; it allows for direct and very sensitive
measurements of glucose uptélethecells.

To promote the ptake of the ZNBDG by different cell lines an enhanceuffer
replacement medium was prepared (Krebs Ringer Bicarbonate HEPES) in the

absence of glucose.

HO N—CQ

\

HOH,C OH NO;
OH

Figure 3.3 Chemical structure of thel2-7-(nitrobenz2-oxa1,3-diazok4-yl)amino-2-
deoxyD-glucose (2NBDG).

Buffer preparation

The Krebs Ringer BicarbonateBRES (10X stock) were prepared using 4 stock

solutions:

Stock A: 7g of Sodium chloride (NaCl 1.®1), 0.544 g of potassium dhydrogen
phosphate (KEPO, 40 mM) and 2.463 of magnesiunsulfate (MgSQ 10 mM) in a
100ml of distilled water.

Stock B: 0.11g of Calcium Chloride (Caglr.5mM) in 100ml of distilled water.
Stock C: 0.84 of Sodium Carbonate (NaHG®O0 mM) in100ml distilled water.
Stock D: 7.14 of HEPES (300nM) in 100ml distilled water.

1X buffer was made fresh just prior to the start of the glucose uptake assay by adding
10 ml of each stock (in the order A, B, C and Byen the pH was adjtexd to 7.4 and
made up to 10énl with distilled water.

Material

2-NBDG (C;2H14N4Og), from Sigma stored aR(0°C, stock 5mg dissolved in 1464l

of distilled water.
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Insulin (100mM stock 1) was purchaseffom Sigmaand stored at-20°C, while
insulin stock2 (1 mM) was prepared b$0 pl of insulin stock 1in 990 ul ABCD
buffer. Then the insulirworking solution(final concentration per well was 100 nM)
was prepared b§0 >| from stock 2 added to 2.5 ml of ABCD buffer.

Method

HepG2, 3T3L1 fibroblasts, 3Ta.1 adipocytes and L6 myoblasts were seeded in
DMEM supplemented with 10% FBS k10 cellswell for HepG2, L6 and 3T&1
fibroblasts in black 96 well clear bottom plate and incubated for 24 hours. Therefore,
seeded at 8xfcells/well, 3T3L1 fibroblasts were differentiated into adipocytes
following the protocol explained in 4.2.2.2Ben the plate was used fo'NBDG
glucose uptake assaf. cominia(flavonoids and pheophytirextracts) was added to

the wells at 10 pg/ml and incubated at 3C in 5% CQ for 24 hours.

The medium was replaced by f0of the enhancetufferpr epar ed A Kr ebs

Bi c ar b o n antoelertblstapve thedcells.

The plate was incubated for 5 hours at 37°C in an atmosphere containing 5% CO
The cells were treated with and without 1081 of insulin (25ul per well) in the
presence or absence of 10@/ml of A. cominiaextracts, and incubated for 45
minutes at 37°C in 5% GOWortmannin(10 uM), which is a steroid metabolite of
the fungiPenicilium funiculosumand anrreversibleinhibitor of phosphoinositide-3
kinasesa keypointin the insulin signalling pathway (Liet al, 2007). The halfife

time of thewortmannin in cell culture is 10 minutes. This was followed by the
addition of 2NBDG (1¢ M t oe M)0 Ot o a | Wl/welly and the plate 2vas
incubated at 37°C iman atmosphere containing% CQ for one hour. After
incubation, the plate was washed twice with 800 o f ¢ hi {cdidginleadhBS ( pt
well (Leira et al., 2002 Zou et al, 2005). Finally, 200ml of precold PBS
(phosphatase buffer solution) wadded to each well. The fluorescence intensity of
2-NBDG was measured oa Wallac Victor? 1420 Multilabel counter using the

following wavelengths485nm/535nm, 1s.

Theexperiment was repeated by addingulin (1nM to 100 nM) to all wells (25ul)
and 100uM of 2-NBDG in the presence or absence of 1@ml of A. cominia

extracts
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3.2.8 2-Deoxy-D-glucoseuptake assay

2-Deoxy-D-glucoseCgH1205 is a glucosanalogue (MWL64.16g/mol) in which the
hydroxyl group was replaced with hydrogéng 3.4). It canalso bind to the glucose
transporters (GLUT4lpcated in the cell membranesDeoxy-D-glucosehas beera
fluorescent target in many projec{Sheth et al.,, 2009) It allows a direct
quantification of the glucose uptake by many c¢edlsch asancer cells, adipocytes

and liver cells.

OH

HO o]

OH

Figure 3.4 Chemical structure for-deoxy-D-glucose.

3.2.8.1 2-Deoxy-D-glucose uptake by 3T3-L1 adipocytes

3T3L1 cells were seeded and differentiated invdl plates in the presence of 1
MM of troglitazone. Twelve days from the differentiation initiatioh, cominia
extracts atLO0 pg/ml were added to the cells, and then the plate was incubated at
37°C for 24 hoursThe ducose uptake assay wperformedusing the same method

as 2NBDG (section3.2.5 but using 2-deoxy-D-glucose at 20uM. 2-DG uptake

was also measured by thdferentiaed 3T3L1 pretreatedcellsin the absence or
presence of\. cominiaextracts, TNFU  taglitazone to study the effect of these
treatments on the-RG glucose uptake.

2-DG glucose uptake by 373l adipocytes was measured after metabolite
extraction angmassspectrometryanalysis €xplained in section3.2.6.2and2.2.8.
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3.2.8.2 Metabolite extraction

The cell concentration in each well of the-®éll plates was counted before the
differentiation with a haemocytometdfive daysafter differentiation 2Deoxy-D-
glucose assay wasarried out, andhe cells were wagd twice with PBS. 3TR1
adipocytesvere detached from the bottom of the wells using TrypLE Expressa and
cell scraperCells werecollected inEppendorf tubesndcooled rapidly ina dry-ice
and etlanolbath and stored in ice. Cells were collected by centrifug&tidmin at
1800x g at4°C) and he supernatant or spent medium was transferred to a separate
Eppendorf tubend stored oice. The cell pellet was mixed by gengpigpetting with
ice-cold PBS (wash number 1). 1 ml of the cell suspension, contathigsame
number of differentiated 3FB1 cells was centrifuged for 10 min at 180@ at 4°C.
The supernatant was discarded and the cell pellet was mixed with 1-collddeBS
(wash number 2) ahthe cells were collected ia fresh Pppendorf tube by
centrifugation as described above.

Cell extracts were prepared by mixing the cell pellet with 00of ice-cold
extractionbuffer 1 [chloroformimethanol/water 1/3/1 (v/v)]and shaking at2°C for

1 hour in a thermanixer (Incubator shaker Ineshake Maxi from Sciquip ZHWY
200D). The extract was cleared by centrifugation for 10 minutes at X3§@® 4£C
and thesupernatarstored at80°C.

3.2.8.3 Massspectrometry

Extracts of the 3T3.1 adipocytes wexr submitted for masspectrometryusing an
Orbitrap masspectrometrydetector. The column used wa8EH-amide sugab5-

70 from Waters (C18 21x30mm, 1pMm). The mobile phas@& was 90:10 (v/v)
water:acetonitrile and B was 10:90 (v/v) water:acetonitril¢han presence of 0.3%
ammoniumhydroxide in both mobile phases (A and Bhe wavelength used was
150 nm. The flow rate was 0.5 ml/min and the injection volume was 20 pl. The

gradient mdtod used is presentedTiable 31.
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Time (min) %A %B

1 0 5 95
2 0 5 95
3 0.1 5 95
4 35 30 70
5 36 93 8

6 41 92 8

7 42 5 95
8 52 5 95

Table 3.1 Massspectrometrgradient method used for the quantification -afedxyD-

glucose in the 3T-81 adipocytes metabolite extracts. A was 90:10 (v/v) water:acetonitrile
and B was 10:90 (v/v) water:acetonitrile plus 0.3% ammonium hydroxide. Flow rate was 0.5
ml/min.

3.2.9 Statisti cal Analysis

Results are expressed as meanSEM. Statistically significant differences were
determined using PRISM version 4 software by a-wag ANOVA analysis of
variance and Dunneposttest where appropriate, wigh< 0.05 as significant.

Chemical structures were drawn using Chem Bio Draw-ultraion 12.0.2 software.
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3.3 Results
3.3.1 Cell culture

3.3.1.1 3T3-L1 adipocytes morphology

3T3-L1 fibroblaststhat are used for the differentiation adipocytes were grown as
explained insection3.2.3 until reaching 100% confluence (FB)5.A to E). Three
days over confluence, the cells were differentiated into round fat cells full of droplets
of triglycerides as explaineieh chapter 4 section 42(Fig 3.5.F to I). Pictures of
3T3-L1 fibroblasts and adipotys were taken over the days of tred growth and
differentiation Fig 3.5).

A. Day1 of seeding (x20) B. Day 3 of seeding (x20) C. Day 6 of seeding (x10)

rentiation (x20)

'F. Day3of

E. Day 11 of seeding (x10)

H. Day 8 of differentiation (x20) I. Day 10 of differentiation (x40)

D. Day 9 of seeding (0)

G. Day 6 of differentiation (x40)

Figure 3.5 Series of images depicting the 3L3B fibroblast differentiationCell growth was
followed over a period of eleven days (A to E), and adipocyte differentiation over a period of
ten days (F to I). Cells were treated with differentiation media and incubated at 37°C in an
atmosphere containing 5% GO

96



3.3.1.2 Oil Red-O staining for 3T3 -L1 cells

To identify whether the cells were differentiated or not, quantifying lipid droplets
was performed by Oil Re® (as explainedn section3.2.4 12 days after the
differentiation Pictures of different wells from the 4&ell plates were therefore
taken before and after the staining, as shown irBFEgFat droplets were stained in
red (Fig 3.6B) and could be easily detected under microscope. The non

differentiated cells were washed away with the distileder after staing.

A. Before Oil red staining B. After Oil redD staining

Figure 3.6 Microscopy of mature 3T-81 cells adipocytes before and after Oil Red
staining. (A) 3T3L1 adipocytes in DMEM supplementadth 10% FBS. (B) 3Td.1
adipocytes in distilled water after Oil R€lstaining. (x40).
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3.3.1.3 L6 cells morphology

L6 (Skeletal cellsyvere seeded iDMEM supplemented with 26 FBS in a 75 cfh

flask at 1x16 cells/ml and left over 5 days until reaching-B0% confluence. The
cells confluence followed and was depicted over the 5 days, as shown 3n7Fig
Reaching 100% confluence, the media replaced with DMEM supplemented with 1%

FBS allow L6 cells to use inutture to form multinucleated myotubes and striated
fibers (Fig3.9).

Day 1 Day 2 Day 5

Figure 3.7 Images depicting the growth of L6 cells over a period of five days following
seeding in 75 chrflask at 1x16 cells/ml in DMEM supplemented with 10% FBS at 37°C in
an atmosphere containing 95% air and 5% (@0).

L6 fibroblasts L6 myoblasts

Figure 3.8 Images depicting the differentiation lod cells over a period of five days
following differentiation in a 98vell black clear bottom plate (x40).
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3.3.2 Effects of extracts from A. cominia on cell viability

Extracts fromA. cominia were testedon HepG2, L6, 3Td.1 fibroblasts and
differentiated adipocytes to determine effectsx the vialdity of cells grown in
culture. As explained previously, among the several alternative assays available,
measuring the levels of cell metabolism is the mostsisee, reliable, and
convenient method for monitoring cell viability. Alamar blue and MTT assays were
used to test for cell viability. For each assay, cell viability was calculated by
comparing to the mean cellability for each extract concentration tire vehicle
(DMSO) asa percentage of the mean viabild§ the untreated cells (control). The
control cells had a viability of 100%see below) The differences between control
and extract concentration of the treated cells were analysed for stasigfigAtance

by a oneway ANOVA Dunnett postest. AP value of < 0.05 was considered

significant.

3.3.2.1 Effects of extracts from A. cominia on HepG2 cell viability

The crude methanolic extract frof cominiawas tested on HepG2 cell viability.
After 24 h ofthe addition of the extracts on HepG2 cells, no difference in cell
viability between the controbnd the pretreated HepG2 cellwith the crude
methanolic extractvas shown by the Alamar blue test. There was no effect of the
vehicle (1% DMSO) on the HepGdability. The results showed that the crude
methanolic extractfrom A. cominia(below 100 pg/ml) were not toxic on HepG2
cells Fig 3.9).
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Effect of A. cominia crude methanolic extract

120+ on HepG2 cell viability by Alamar blue

100+
80+

604

% Cell survival

404

204

0_
N
8
S
OOQ @90
Q A. cominia concentration (mg/ml)

o\° N (%) '»Q rﬁ') <°Q '»QQ

Figure 3.9 A lack of cytotoxic effect of the crude methanolic extract frAmcominiaon
HepG2 cell vability by Alamar blue testValues are presented as percentage of control (£
SEM) of three independent experiments. The data were analysed by Dunnétspasd

no significant difference was shown by comparison to the control/DMSO 1%.
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3.3.2.2 Effects of extracts from A. cominia on 3T3-L1 fibroblasts and adipocytes
cell viability

A. Effect of crude AC extract on fibroblast viability

The effect of the methanolic crude extract Af cominiaon 3T3L1 fibroblast

viability was tested using Alamar blue to determine ewlbility (Fig 3.10. There

was no difference in cell viabilitpetween the control and treated 3IB cells with

DMSO 1% or withA. cominiac r ude met hanol i c extract at
5 €9/ ml, the AC methanolic crude extrac
significant reduction in the number of 3T3 fibroblast viability compared to the

control, withP value less than 0.05.

Effect of crude methanolic extract from A. cominia on 3T3-L1
fibroblasts by Alamar blue

120~
100' — el
s N HOE & s s owm ow
2 804
z
60
G
© 40
8
20-
O L] L] L] L] L] L] 1 1 1 1
\\o\ SO 2 RN D LIRS SR\ \90
& O
™

Crude extract concentration (mg/ml)

Figure 3.10 Cytotoxic effect of the methanolic crude extract frémcominiaon 3T3L1
fibroblast viability by Alamar blue test. After 24 h of 3L3 fibroblasts cell seeding in a 96

well clear plate A. cominiacrude methanolic extract was added to the wells (at different
concentrations-L 00 &g/ ml ) and i nmasgherd cendainingt5% E@IUC i n
another 24 h. TheAlamar blue was added to the wells (10%) and incubated in the same
conditions as before for 6 hours. Values are presented as percentage of control (£ SEM). n=
5. The data were analysed by Dunnett fpest,*** P<0.05 versugontrol.
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B. Effect of the crude methanolic extract from A. cominia on 3T3-L1 fibroblasts
using Alamar blue and MTT assays

To confirm whether the cell viability results were affected by the Alamar blue test,

MTT assay was done and resuitsre compared. In both assays, vehicle controls did

not change and the crude methanolic extrad&t.afominia( © 75 e€g/ ml ) pr o
small but significant® < 0.05) reduction in the number of viable 3I'B fibroblast

cells compared to the contr@tig 3.11).

Effect of crude methanolic extract of A. cominia on
3T3-L1 fibroblasts by Alamar blue and MTT

120- Bl Alamar blue
I o O MTT
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T
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Figure 3.11 The methanolic crude extract frof cominiacytotoxicity effect on 3Td.1
fibroblast viability using Alamar blue test and MTT assays. Values are presented as
percentage of control (+ SEM). Both assays (Alamar blue and MTT) for testing.the
cominiacrude extracts on 3TB1 fibroblasts were perforad in a 96well plate using the
same conditions to compare their effects on the cell viability. The data were analysed by
Dunnett postest, *** P<0.05 versus control of each assay.
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C. Effect of extracts from A. cominia on 3T3-L1 fibroblasts viability

After the separation of éhcrude methanolic extract from cominia the extracts

were tested on the viability of nahfferentiated 3T3a.1 fibroblasts using an MTT
assayExtractsfrom A. cominia( O1 0 0 , flagohaid$ (Fig3.12A), pheophytins

(Fig 3.12B) and tannins (Fig3.12C) were testedon the viability of 3T3L1
fibroblasts. There was a significant decrease in the viability oflL3AT8broblasts at

100 pg/ml of the flavonoids and tannins; therefore this decrease was acceptable (less

than 10%).

Effect of flavonoids from A. cominia on . o
Effect of pheophytins from A. cominia

150- 3T3-L1 fibroblasts by MTT )
y 1501 on 3T3-L1 fibroblasts by MTT
©
.2 1001 s
s -2 100
z z
(2] =]
= 2}
Q =
S 504 3 5o
R ; 50
S
0=+ T T T 04
Q\,\o\ o\’\ B% S AT I R R O T S - S CRN
& & (PQ @60
Q
Extract concentration (mg/ml) Extract concentration (my/ml)
A. B.

Effect of tannins from A. cominia
150 on 3T3-L1 fibroblasts by MTT

% cell survival

S S L P IR R R )

Extract concentration (mg/ml)

Cc

Figure 3.12 A lack of cytotoxic effect of different extracts frod. cominiaon 3T3L1
fibroblast viability by MTT test. A. Flavonoids, B.Heophytins and C. Tannins. After 24
hours of cells seeding in a 9l clear plate for 3T&1 fibroblasts,A. cominiaextracts

were added to the cells (at different concentrations) and atedlat 37°C in an atmosphere
containing 5% C@for another 24 h. Then the Alamar blue was added to the wells (10%)
and incubated in the same conditions as before for 6 hours. Values are presented as
percentages of cell viability (tSEM). n= 3.The data wamalysed by Dunnett pesist, *P

< 0.05 versus control.

103



D. Effect of extracts from A. cominia on 3T3-L1 adipocytes viability

The effecto f 1 0 0 A gpmimdextracts(flavonoids, pheophytins and tannins)

on the viability of 3T3L1 fibroblasts and adipocytes was tested using an MTT assay.
On 3T3L1 preadipocytes (Fig3.13A), and adipocytes (Fi§.13B), there was no
difference between control and vehicle controls (DMSO 1% or water 1% as the
flavonoid sarple was dissolved in water, pheophytins and tannins were dissolved in
DMSO). The only significant decrease in cell number was foundfla¥onoids and
tannins on both cell types; however, the decrease was less than 10% (4+3% with
flavonoids, 8+2.7% withannins on predipocytes and 9+6% with flavonoids and
8+4% with tannins on adipocytes) and was not considered be biologically important

or relevant.
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A. Effect of extracts from A. cominia at 100 mg/ml
on 3T3-L1 fibrobalasts by MTT
1501

100' — *
0- T

Effect of extracts from A. cominia at 100 mg/ml
on 3T3-L1 adipocytes by MTT

Control
1% Water

1% DMSO

100 ng/ml (Flavonoids)
100 ng/ml (Pheophytins)
100 ng/ml (Tannins)

ERCORNE

% Cell survival

1504

100+ I *
50+ [
O- T

Figure 3.13 Lack of cytotoxic effect of different extracts Af cominia(100 pg/ml) on 3T3

L1 fibroblasts (A) and 3T81 adipocytes (B) viability by Alamar blue test. Values are
presented as percentage of control (x SEM). n=3. Thewlate analysed by Dunnett post
test, *P < 0.05 versusontrol.

Control

Water 1%

DMSO 1%

100 nmg/ml (Flavonoids)
100 ng/ml (Pheophytins)
100 mg/ml (Tannins)

ERCORNN

% Cell survival
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3.3.2.3 Effects of extracts from A. cominia on L6 myoblast viability

The effect of a range of concentratiaisA. cominiaextracts (flavonoids and pure
pheophytin A) on the viability of L6 cells was tested. As shown below 13 Bigy
there was no difference between control and vehicle controls. Neither extrActs of
cominig flavonoids (Fig3.14A) and pheophytin A (Fi§.14.B) had an effect on the

viability of L6 cells, even at 100 ug/ml which was used later in the glucose uptake

assay.
Effect of flavonoids on L6 viability by MTT
Flavonoids
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A. Effect offlavonoids containing extrafitom A. cominiaon L6 cell viability.

Effect of pheophytin Aon L6 viability by MTT

Pheophytin A
7 T T T = & I, T, 1 L[] concentration
(mgy/ml)

100 7

504

% cell survival

T

B. Effect of pheophytin A compound from cominiaon L6 cell viability.

Figure 3.14 No cytotoxic effect of a range of concentration of flavonoids (A) and
pheophytin A (B) fromA. cominiaon L6 cell viabilityby MTT assay. Values are presented
as percentage of control (+ SEM). n= 5. The data were analysed by Dunnégisposhd no
significant difference was shown.
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3.3.2.4 Conclusion and discussion

To determine whether or ndk. cominia extracts affected the celliability of
different cell linesn vitro, Alamar blue and MTT assays were used to test the effect
of crude methanolic extract &. cominia(AC) on different cell lines used (HepG2,
3T3-L1 fibroblasts, 3TA.1 adipocytes and L6 cells). Comparing Alamaneb(AB)

and MTT assayshenumber of cells was greater in the former than in the latter. The
reason for this could be that some of the floating or apoptotic cells may show some
of the fluorescence in the presence of AB. Apoptotic cells were removed by MTT
The comparison between MTT and Alamar blue results confirmed that both are
useful assays for testing cell survival, and that the MTT assay was more sensitive
than the Alamar blue assay. Therefore, further cytotoxic assays were performed
using MTT dye.

Vehicle controlsdid not affect the viability of any of the cell lines used, nor did
extracts ofA. cominiaat different concentrations affect the viability of HepGZ3-

L1 fibroblasts, adipocytes or L6 cells. Howeveilghhconcentrations of the extracts
(particularly flavonoids and tannins100 pg/m) causeda small but statistically
significant reductions in viable cells. A larger percentage of the cells (more than
90%) were still viable. This level of viability was acceptable for the glucose uptake
assaybecause of the fragile nature of 3B cellsevidenced during the experiments
where the cells were easily detached from the bottom of the cell culture plates
3T3-L1 fibroblasts are a less frequently used model for studying glucose uptake.
Previous studis on the expression of glucose transporters inL3TRoroblasts have
shown their translocation to the cell surface upon differentiation into adipocytes
(Goverset al.,2004).
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3.3.3 Effect of extracts from A. cominia on 2-NBDG glucose uptake

To establish whethek. cominiaextracts were able to stimulate th&dBDG uptake

in cells or enhance the activity of exogenous insulin, we evaluated the effect of the

flavonoid mixture and pheophytins on the glucose uptake by HepG2, L6|.13T3
fibroblastsand differentiated 3T-R1 adipocytes.

3.3.3.1 Effect of extracts from A. cominia on 2-NBDG glucose uptake by HepG2
cells

As shown below in Fig.15.A insulin produced a concentratiaependent increase
in 2-NBDG glucose uptake in HepG2 cells with 83 + 21nM. In the presence of

100 e€g/ ml of AC crude extractNBDGupthkke pot e

by HepG2 cells increased, with a6old reduction in EGyto 13 + 2 nM

Effect of insulin on 2-NBDG Effect of 100nmy/ml of AC on 2-NBDG
uptake by HepG2 cells in the absence of AC uptake by HepG2 cells via insulin concentration
104 10-
EC50 93 ° 21 nM
o 50 o

ECs 13° 21nM

. J/

RFU (x10000)

2 2 []
O T T T T 1 0 T T T T 1
-11 -10 -9 -8 -7 -6 -11 -10 -9 -8 -7 -6
Log Insulin Concentration (M) Log Insulin Concentration (M)
A. Inthe absence oAC B. In the presence of 1G@/ml AC

Figure 3.15 Concentratiordependent increase ofNBDG uptake by HepG2 produced by
insulin.l n the absence (A) or presence (BA of
cominia( AC) . HepG2 cells were incubated in t
extract for 24 hours, and then assayed fNBDG glucose uptake. The data reprase
mean of RFU £ SEM of three independent experiments. InsulirlB@ M) in the presence

or absence of AC, Eg93 + 21 nM and 13 * 2 nM respectively.

Insulin produced @oncentratiordependent increase iRNBBDG glucose uptake in

HepG2 cells (Fig3.16. A significant enhancement of insulgtimulated glucose

uptake was observed from 50 nM, which increased by almost twice the basal level
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where no insulin was addeB €0.06). A marked enhancement of insultimulated

glucose uptake was observeding pr esence of 100 eg/ ml o
extract ofA. cominia However, a significant difference was apparent through all the
concentrations of insulin, in the presence of the extract in comparison to the basal

level in the absence of both insuéind AC extract.

Effect of A. cominia methanolic crude extracts on 2-NBDG

uptake by HepG2 cells J No AC

25+ e Bl 100 ny/ml AC

20+
8 *%k%
8 154 ]
-
X
E 104 Kkk
0 Kkk

O'ET. Ijl T T J
0 10 50 100 1000

Insulin concentration (nM)

Figure 3.16 The methanolic crude extract @&. cominia (AC) produces an insulin
concentration dependent increase ofNBDG uptake by HepG2 cells. The data represent
the mean of RFU + SEM of three independent experiments. The data were analysed by
Dunnett postest, **P<0.05 versus basal level of the rAG insulin treated cells.

Uptake of 2NBDG by HepG2 cells was enhanced by the addition of the crude
methanolic extract oA. cominiain the presence or absence of 100 nM insulin. In the
absence of insulin, the-I’BDC uptake by HepG2 cells increased riakl. In the

presence of insulin, the uptake eNBDG was fivefold higher than it was without

100 nM insulin; however. In the presee o f both 100 nM insul:@
the methanolic extracts from. cominig the 2NBDG uptake increased elewvéuld,

as shown irkFig 3.17.
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Effect of extracts from A. cominia on 2-NBDG
uptake by HepG2 cells in the presence or absence of insulin
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Figure 3.17 The methanolic extradtom A. cominiaincreases -ABDG uptake by HepG2

liver cells in the presence or absence of 100 nM insulin. The data represent the mean + SEM
of relative fluorescence unit (RFU) of three independent experiments. The data were
analysed by Dunnett pesdst, ***P<0.01 and P<0.05 versus control untreated cells.

3.3.4 Effect of extracts from A. cominia on 2-NBDG glucose uptake by 3T3-L1
fibroblasts

Insulin produced a concentratiolependent increase in glucose uptake in-BI3
fibroblasts and fullydifferentiated adipocytes. A maed enhancement of insuin
stimulated glucose uptake by 3T2 fibroblasts was seen from 50 nM in the absence

of A. cominia(Fig 3.18. A significantincrease in 2NBDG glucose uptake was
shown in the presence 8f cominiamethanolic crude extract (stiaug from 10 nM

of insulin) by comparison with the contrfh the absence ahsulin) was added to

the 100 pg/ml ofA. cominiamethanolic extractin the presence of 100 pug/ml of the
crude methanolic extraétom A. cominia(AC), insulin produced a concentration
dependent increase in glucose uptake. No significant difference was shown in the
presence of AC extract. However, AC extract did not enhance insulin activity in

comparison to the cells untreated by AC.
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Effect of A. cominia methanolic extracts on 2-NBDG
uptake by 3T3-L1 fibroblasts cells

30 3 No AC
B 100 ng/ml AC
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Figure 3.18 No effect of AC on insulin activity on NBDG glucose uptake by nen
differentiated 3TA.1 fibroblasts. Insulin concentratiedependent effect on glucose uptake

in the presence or absencendthanolic crude extracts Af cominia The data represent the
mean + SEM of relative fluorescence unit (RFU) of three independent experiments. The data
were analysed by Dunnett passt, " P<0.05 versus basal level of the Aasulin treated

cells in the absence of AC afitt P<0.05 versus basal level of the Aimsulin treated cells

in the presence of AC.

An increase in NBDG uptake by 3T3.1 fibroblastswasshown (Fig3.18 in the
presencand absence of the methanolic crude extract #omominiawith increases
in insulin concentrations; however, the effect of the extract was smalB(E9g The
ECso of insulin without AC was >1000 nM and in the presence of the extizet

ECsowas38 +4 nM. Thus, AC enhances insulin activity,
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Effect of 100 ng/ml of A. cominia methanolic extract (AC) on 2-NBDG
uptake by 3T3-L1 fibroblasts via insulin concentration
15+
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Figure 3.19 The crude extracts froM. cominiaproduce a concentratiadependent uptake

of 2-NBDG in nondifferentiated fibroblasts via insulin concentration. The data represent the
mean + SEM of relative fluorescence unit (RFU) of n=4;sm@thout AC was >1000 nM,

and EGgin the presence of AC wa8 + 4 nM. Insulin concentration range was 0.1 to 300
nM.
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3.3.5 Effect of insulin, 2 -NBDG and cell density on the glucose uptake by 3T3-L1
adipocyte cells

To confirm the optimum -AIBDG concentration, insulin concentration and 313
density, glucose uptake waarried out using various concentrations elRDG,
insulin and two 3T4.1 cell densities. Differentiated 3713l adipocytes showed an
increase in theptake with the increasing concentrations - MERDG in the presence
or atsence of 100 nM of insulin (Fi8.21). Insulin produced an increase in glucose
uptake in the absence Af cominia(Fig 3.20). The highest uptake in the presence or
absence of insulimas with 100 pM of 2NBDG (Fig 3.21). The effect of insulin in
producing a concentratiesependent increase in-NBDG uptake in fully
differentiated 3Td.1 adipocytes was then observed, as shown irB2Q

Different concentrations of 3TB1 fibroblastswere seeded and fully differentiated
into adipocytes and then assayed feNBDG uptake in the presence of 100 nM
insulin and in the presence of different concentrationsNBRG. The highest cell
density (8000 cells/well) showed an increase in the uptdk@&ore than twofold
compared to 4000 cells/well (F&22).

Effect of insulin on the 2-NBDG uptake

30- in 3T3-L1 adipocytes
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L
§ 20+ i
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5 75 10 25 50 75 100
Insulin concentration (nM)

Figure 3.20Insulin produces a concentratidependent increase ofNBDG glucose uptake

in fully differentiated adipocytes in the absence of crude extracés cbminia The data
represent the mean + SEM of relative fluorescence unit (RFU) n=3. The data werednalys
by Dunnett postest, ***P<0.05 versus basal level of the namsulin treated cells.
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Effect of insulin on the 2-NBDG uptake by 3T3-L1
adipocytes via 2-NBDG concentration
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Figure 3.21 2-NBDG produces a concentratimependent uptake by fulljifferentiated
3T3L1 cells in the absence &f. cominia The data represent the mean £ SEM of relative

fluorescence unit (RFU) n=3.

Effect of fibroblasts cell density on glucose uptake by 3T3-L1 adipocytes
in the presence of 100nM insulin via 2-NBDG concentration
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Figure 3.22 Increased fibroblast seeding density increase8PG glucose uptake in fully
differentiated adipocytes. The data represent the mean £ SEM of relative fluorescence unit

(RFU) n=4.
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3.3.6 Effect of extracts from A. cominia on 2-NBDG glucose uptake by 3T3-L1
adipocytes

Insulin (100 nM) produced an increase of glucose uptake in fully differentiated 3T3
L1 adipocytes by comparison to the basal level where no insulin was added (Fig
3.23. The crude extract oA. cominiadid na show any enhancement ofNBDG
uptake by 3Td.1 adipocytes in the presence absence of 100 nM insulin (Fig
3.24).

Effect of Insulin on the 2-NBDG uptake
in 3T3-L1 adipocytes

7 ECs030° 8 nM

20+

RFU (X1000)

T T T T J
-11 -10 -9 -8 -7 -6
Insulin concentration (M)

Effect of Insulin on 2-NBDG uptake
by 3T3-L1 adipocytes

81 *

RFU (x1000)
N
1

Figure 3.23 Effect of A. cominiaon 2NBDG uptake by fullydifferentiated adipocytes in
the presence or absence of 100 nM insulin. Insert shows the insulin conceitepgoent
curve (0.2300 nM) with EGp 30 £ 8 nM.
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Effect of insulin and methanolic crude extract from A. cominia (AC)
on 2-NBDG uptake by 3T3-L1 adipocytes

C3 No AC
@l with 100 ng/ml AC

*

i+

1

RFU (x1000)
IN
1

Figure 3.24 Effect of A. cominiacrudeextract on 2NBDG uptake bydifferentiated 3T3d.1
fibroblastsin the presence or absence of 100 nM insulin. The data represent the mean + SEM
of relative fluorescence unit (RFU) n=3. The data was analyse®umnett postest,
*P<0.05 versus basal level of the Amsulin treated cells in the presence or absence of AC.
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3.3.7 Effect of extracts from A. cominia on 2-NBDG glucose uptake by L6 cells

As shown in Fig3.25 there was a small increase HNBDG glucose uptake by L6

cells with increasing concentrations of insulin in the absence of AG@8X + 0.7

nM). L6 cells were treated for 24 hours with 10 and 100 pg/ml of flavonoids or
pheophytin A. As shown in Fig3.26 and 3.27, insulin produced a conctation
dependent increase of glucose uptake. In the presence of 100 pg/ml flavonoids and
pheophytins, the uptake increased andoEl@creased to 0.08 + 0.02 nM and 5 + 0.9
nM, respectively.

Flavonoid and pheophytin samples produced an increase of gluguake in
differentiated L6 cells in the presence of 100 nM insdlime data in the presence of
flavonoids and pheophytin A extracts were not sigmoid; thereforg, i&ilild not be
accuratgFigs3.28and3.29.

Insulin (100 nM) increased the uptake2elNBDG by L6 cells twefold compared to

the control (nortreated cells). A significant increase in glucose uptake and
enhancement of insulin activity were observed in the presence of 100 pg/ml of
flavonoids containing extragt(P <0.05). Four fold increasm the glucose uptake

and two fold increase of insulin activity were observed in the presence of flavonoids
sample. A significant increase iRNBDG uptake was also marked in the presence of
100 pg/ml of pheophytin A. An eigHold increase in the glucosstake and a four

fold enhancement of insulin activity were observed in the presence of pheophytin A.

Insulin activity was not enhanced in the presence or absence of either extract at 10
pg/ml (Fig3.30.
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Effect of insulin on L6 glucose uptake

in the absence of AC
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Figure 3.25Insulin produces an increase fNBDG uptake by L6 cells in the absence?of
cominia Data represent the mean + SEM relative fluorescence unit (RFU). n=3.

Effect of insulin on L6 glucose uptake in the presence

of 100 ng/ml flavonoids
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Figure 3.26 Insulin produces a concentratiatependent uptake ofiBDG by L6 cells in
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presence
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118

f

r

o



Effect of insulin on L6 glucose uptake in the presence
of 100 mg/ml pheo A

4 ECgso5° 0.9 nM

31 ]

RFU (x10000)
v

O T T T T
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Log insulin concentration (M)

Figure 3.27 Insulin produces a concentratidependent uptake ofi9BDG by L6 cells in
the presence of 100 A ¢ohind T Theodbta repnesentphe meganmin A f r

SEM relative fluorescence unit (RFU) n=3.

Effect of flavonoids on L6 glucose uptake in the presence
of 100 nM insulin
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RFU (1000)
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Figure 3.28 Flavonoid extract fromi\. cominiaproduces a concentratiatependent uptake
of 2-NBDG by L6 cells in the presence of 100 mdulin. The data represent the mean
+SEM of relative fluorescence unit (RFU) n=3.
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Effect of pheophytins on L6 glucose uptake in the presence
of 100 nM Insulin

104

oo
1

RFU (x10000)
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Log pheophytins Conc (mg/ml)

Figure 3.29 Pheophytin A extract frorA. cominiaproduces a concentratiatependent
uptake of 2NBDG by L6 cells in the presence of 100 nM insulin. The data represent the
mean +SEM of relative fluorescence unit (RFU) n=3.

Effect of insulin and AC extract on
2-NBDG uptake by L6 cells

15+

*k*k

|_|

RFU (x10000)
T

Figure 3.30 Flavonoids and pheophytin A frol. cominiaenhance insulin activity in-2

NBDG uptake by L6 cells. Extracf8av for flavonoids and pheo for pheophyting}re used

at 10 or 100 eg/ ml. L6 cel vl pates aod ircdbateie d a n-
for 24 hours with theA. cominiae xt racts (10 or 100 eg/ ml) a
containing 5% C@and then assayed forNBDG glucose uptake. The tdarepresent the

mean + SEM of relative fluorescence unit (RFU) n=3. The data were analysed by Dunnett
posttest.** P < 0.0b and*** P < 0.0L versus basal level of the namsulin treated cells.
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3.4 Conclusion and discussion

Insulin produced a concentratiolependent stimulation of -RBDG uptake
(compared to the control untreated cells) by HepG2-[3T8broblasts, adipocytes

and L6 cells, which confirms that these cell lines were responsive to indefne?2

cells were reaching 70% confluence in three délgsvever, for unknown reasons,
these cells were growing on top of each other in a way affecting the results of the
glucose uptake, and therefore the usage of L6 cells as another cell line for the study
of the glucose uptake was necessaty.important fundonal aspect of these cells,
particularly differentiated 3T-B1 adipocyes, is insulin sensitivity.nksulin EGg of

93 £ 21nM in HepG2 cells decreased18 + 2nM in the presence of the methanolic
crude extract of AC. In 381 fibroblasts, insulithadan EGs, of >1000 nM that
decreased t@8 = 4nM in the presence of AC extract. However, in adipocytes,
insulin produced a significant concentratid@pendent increase and ansgEQf 30 +

8 nM was a further confirmation of the insulin responsiveness of dipoeytes to

the insulin. The results are consistent with the general observation that newly
developed adipocytes show increased insulin responsiveness and take up more
glucose than fibroblasts (Xet al., 2006). In L6 cells, insulin also produced a
conceftrationrdependent increase with an &©f 28.6 + 0.7nM; EGso decreased to

0.08 £ 0.02nM and5 + 09nM i n the presence of 100 ¢
respectively. This serves to confirm the importance of AC extracts in lowering the
insulin concentratio needed in diabetic models by enhancing insulin activity.

An incubation time of 1 h was chosen to avoid insulin degradation. For the glucose
uptake assay, an incubation time of 24 h was chosen for the extracts because of the
experience with thén vivo studies carries out by Veligt al. (2003) onA. cominia

Cell density of 8x1bc e | | s/ ml , 100 nM iNBBGuwlere chosann d 1 0 (

for higher glucose uptake.

Methanolic crude extract oA. cominia flavonoids and pheophytins produced
significant £<0.05) increases in-RBDG glucose uptake compared to the control of
untreated cells (HepG2, 393 adipocytes and L6).
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Differentiation of 3T3L1 cells done in vitro was having difficulties while the
differentiationprocess In 96 black well plates, 25 dflasks and 12 well plates the
differenciation of the cells was nsimilar. Therefore, the experiments carried out on
3T3-L1 differentiated adipocytes in a 9¢ll plate and the welio-well variation
affected the activity of AC extracts onNBDG glucoseuptake. However, the
differentiation was better in 25 éflasks; then MeoxyD-glucose uptake followed

and measured OYS analysis, which is assumed to be more accurate.

Many researchers have shown that the stimulation of glucose uptake by HepG2, L6
and 3T3-L1 fibroblasts is a welfecognised mechanism of action of asliaibetic

drugs and plants which have insulike activities (Wanget al, 2011; Wanget al,

1999 Xu et al., 2006 Alonso-Castroet al, 2008 Hu and Wang, 20)1 However,

the activity ofA. cominiaextracts on 2NBDG glucose uptake reported in this project

did not provide any information on the mechanism pathways involved in producing

this activity, thus requiring further work, including enzymes tests.
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3.5 Effect of extracts from A. cominia on 2-deoxy-D-glucose uptake
by 3T3-L1 by MS

3.5.1 Effect of wortmannin on insulin activity

3T3-L1 cells were differentiated using troglitazone as to enhance differentiation. The
glucose uptake assay was theerfprmed using insulirand wortmannin. After
blocking the uptake of-BeoxyD-glucose using preold PBS, cells were harvested
and the metabolites were extracted. Samples were submitted for MS (method
explained inchapter 3, section 3.2.6.3 for further confirmation of the india
activity. MS results were obtained from the Metabolomics Facility at Strathclyde
University. The parameters measured to detect-ttheo®yD-glucose uptake in 3F3

L1 adipocytes were peak time (retention time, RT) and the area under the peak curve
of it (MA) for quantifying the glucose uptake in each treatment. Firstly, the
parameters were measured for the standarde{XyD-glucose), and then were
compared with the resultsf the samples to confirm the glucose uptake in-BI3
adipocytes. Deoxy-D-glucose produced a concentratidependent increase of the
area under the curve (Fi§31). R* was 0.98. The unknown-RG concentration
uptake by 3Td.1 cells after each reading was calculated gisihe equation
presented in Fi§.31(y = 0.1042 x 0.0937; where xsithe 2DG concentration).

By comparing with the control cells (in the absence of insulin), the glucose uptake
increased significantly by thrdeld in the presence of 100M insulin (Fig 3.32).
Wortmannin (inhibitor) deeased the glucose uptake by #fetd in comparison to
insulin-treated cells. 34.4 pg/ml of-RG was uptake by 3FB1 adipocytes in the
presence of insulin (tested in 25 Tftask). 2DG concentrations uptake by 3T3
adipocytes in the presence of insulinhibitor and both insulin and inhibitor were
8.6 pug/ml, 14 pg/rhand 18.5 pg/ml respectively é&ble3.2).
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Standard curve of 2-deoxy-D-glucose by MS

6-
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& 44 y= 0.1042 x - 0.0937
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Figure 3.31 2-Deoxy-D-glucose standard curvBata are presented as mean + SEM of AA
(x10°) via 2deoxyD-glucose concentration (ug/ml) of three independent experiments. AA
represents the area under the curve obtained by MS.
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Effect of insulin and wortmannin on 2-DG glucose uptake
by 3T3-L1 adipocytes

AA (x10%)

N

&

N o
@) &

Figure 3.32100 nM insulin increases@oxyD-glucose(2-DG) uptake by differentiated
3T3L1 (metabolites), whereas ligthe inhibitorwhich is wortmannin (10 nM) inhibits
insulin activity. AA represents the area under the curveuleare presented as AA+ SEM
of three independent experiments. Data was analysed by Dunn#tgiost P<0.05versus
control.

Treatment Mean 2-DG
AA (ng/ml)
No addition 0.8 8.6
+ Inh 1.4 14.0
+ Ins 3.5 34.4
Ins + Inh 1.8 18.5

Table 3.2 Concentration of 2leoxyD-glucose uptake uptake by 3T3 cells of different
pretreated cells in the presence or absence of insulin 100 nM (Ins) and 10 nM of
wortmannin (Inh). 2DG concentratioexpressed in pg/ml were calculated with relevance to
the AA (area under the curve by MS).
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3.5.2 Effect of pheophytins on 2 -DG uptake analysed by MS

The data presented in F§)33 were used to quantify glucose uptake by XT3
adipocytes in the presenceraence of 100 ¢€g/ ml of pheo)
A. cominia In comparison with the control (ndreated cells), DG uptake

increased twdg ol d in the presence of 100 nM i
increased DG uptake by two folds in the absence oulin. However, DG

uptake by 3T4.1 adipocytes increased in the presence of both 100 nM insulin and

100 eg/ ml pheophytin by comparison with
statistically significant (Fig.33).

2-DG uptake by the untreated 3L 1 adi pocytes was 10.3 ¢€g/
nNM insulin, the uptake was 18.5 ¢€g/ ml
pheophytin, the uptake was 16.6 ¢€g/ ml I n
100 nM insulin, pihcecaspdh g€ i op( 4R &f 2iD&/ &l ¥ g/
(Table3.3.
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Effect of insulin and pheophytin A on 2-DG glucose uptake
by 3T3-L1 adipocytes
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Figure 3.33 Pheophytin Aincreases 2leoxyD-glucose uptake by differentiated 3T3
adipocytes. Values are presented as AA + SEM.régresents the area under the curve of
three independent experiments. Data were analysed by Dunneegtosto significant
difference was shown.

Treatment Mean 2-DG
AA (Hg/ml)
(-) Ins- pheo 1.0 10.3
(+) Ins 1.8 18.5
() Ins +100pg/ml pheo 1.6 16.6
(+) Ins +100pg/ml pheo 1.8 18.6

Table 3.3 Concentration of 2leoxyD-glucose uptake by 3FB1 cells of different pre
treated cells in the presence or absence of insulin 100 nM (lds)0énpg/ml ofpheophytin

A (pheo). 2DG concentrations expressed in pg/ml were calculated in relevance to the AA
(area under the curve by MS).
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3.5.3 Effect of flavonoids on 2 -DG uptake analysed by MS

The data, presented in F&)34 were used to quantify glucose uptake by 313

adipocytes inte presence or absencelob 0 ¢ gflavorioidsacdntaining extract

from A. cominia In comparison to the control (ndreated cells), DG uptake was

not affected by the presence of 100 nMuln as well as in the presence of 100

e g/ ml flavonoids (in the absence of 100
both insulin and 100 €9/ ml-fold(Fg¥%3)noi ds, t |

2-DG uptake by the untreated 3T3 adipocytes was 9. € g/ ml . Treated
nNM insulin, the uptake was 6.7 ¢€g/ ml and
the uptake was also 8 e€g/ ml. FI avonoi ds

e g / ml-DGanfthe gresence of 100 nM insulingBle3.4).
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Effect of insulin and flavonoids on 2-DG glucose uptake
by 3T3-L1 adipocytes
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Figure 3.34Flavonoid extract frond\. cominiaenhances insulin activity in@eoxyD-
glucose uptake by differentiated 3L2 (metabolites)AA represents the area under the
curve of three experiments. Data were analysed by Dunnetgsbst P<0.05 versus
control.

Treatment Mean 2-DG (ug/ml)
AA

() Ins 0.9 9.3

(+) Ins 0.6 6.7

(-) Ins +100pg/ml flav 0.7 8.0

(+) Ins +100pug/ml flav 15 15.6

Table 3.4 Concentration of 2leoxyD-glucose uptake by 3FB1 cells of different pre
treated cells in the presence or absendaseiiin 100 nM (Ins) and 00 pg/ml of flavonoids
(flav). 2-DG concentrations expressed in pg/ml were calculated with relevance to the AA
(area under the curve by MS).
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3.5.4 Effect of differentiation on 2 -deoxy-D-glucose uptake analysed by MS

The cells were differentiated in the absence or presence of troglitazonel) TNF
flavonoids or pheophytins in 25 énflasks then 2deoxyD-glucose uptake was
quantified by MS. The data presented in Bigs were followed to measure the

glucose uptake by the cells. As shown below, gelals control, while peakgs2, F3,

F4 andF5 ae for cells treated with troglitazone, FNU, f | avonoi ds, and
A respectively. A significant increag®.5 fold) in 2-DG glucose uptake was shown

by 3T3L1 pretreated cells by flav and pheo, as well a low but statistically
significantdecreasef the 2DG uptakén the TNFh (2.5 fold decreasg)retreated

cellsby comparison with the control/untreated céR4) (Fig 3.3).

2-DG concentration uptake by the untreated control-BIT3adipocytes wavery

low, 2.7¢ g / anwell asn thepretreated cells with troglitazon&.3¢ g / ml . I n t
pretreated cells with 00 ¢ g/ ml and plebpaytino Athe iugtake was
higher (2DG uptake wa$.1and5.2¢ g/ ml respect rreated with . I n

TNF- h 2-DG uptake was significantlylecreasedby comparison to the control
untreated cells (DG uptake wad.8c g / mablg3.5( t
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Figure 3.35MS spectrum representing thed@oxyD-glucose uptake by differentiated 3T3

L1 in 25cnfflasks following different treatments (metabolite extracts) in the presence of 100
nM insulin. RT is retention time, MA is area under the curve, m/z represents the molecular
weight of 2deoxyD-glucose. RT for ZleoxyD-glucosearound 123 minutes The 2
deoxyglucose is mainly present as its formate adduct with a mass of 209Tb&7ble

insert explains the treatments followed during the differentiation process of tHel33e8ls
starting from day 1.F1: control, F2, F3, F4 and F5 are cells treatetl wiglitazone, TNF

U flavonoids and pheophytin A respectively.

Effect of different pre-adipocytes treatments on 2-DG glucose uptake
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Figure 3.36 2-Deoxy-D-glucose uptake by differentiated 3L3 (metabolite extracts) in the
presence of 100 nM insulin and the effect of different treatments on the glucose uptake assay
after differentiation. AA is area under the curve. Results are presented as meaSEM +
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of three independent experiments. Data were analysed by DunnetegtysP<0.05, and
*** P<0.01versus control.

Treatment Mean 2-DG

AA (ng/ml)
Control 0.19 2.7
Trog 0.25 3.3
TNFh 0.097 1.8
Flav 0.54 6.1
Pheo 0.45 5.2

Table 3.5 Concentration of 2leoxyD-glucose uptake by 3TB1 cells of different pre
treated cells with TNRJ , fl avonoi ds -RGiodnceptratoospdxpyrdssed ia . 2
pg/ml) were calculated with relevance to the AA (area utitecurve by MS).
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3.6 Conclusion and discussion

Insulin increased the glucose uptake by tHodé. Wortmannin blocked insulin
activity. The presence of 100 pg/ml pheophytin increased glucose uptake but did not
enhance insulin activity. Howeveflavonoids containing extracalone did not
increase the glucose uptake, althoitgiid enhance insulin activity by twiold. No

effect of flawonoidsand phephytinsextractswas found on the glucose uptake when
they were added to the cells during thefedéntiation process. The stimulation of
glucose uptake by 3TB1 adipocytes is a welecognised mechanism of action of
antidiabetic drugs. Active compoundsich as thepheophytinsextract fromA.
cominia have insulinlike activities (Xuet al., 2006 AlonseCastroet al, 2008;
Wanget al, 201). All theseMS results were confirming the results obtained by 2
NBDG uptake by 3T3.1 cells in the presence of the extracts, as well the discussion
in section 3.3.3.6MS results alsemphasizehe importance of the metabolomic
study for testing and quantifiying the glucose uptake by cell lines by comparing to
the 2-NBDG glucose uptake. -Reoxy-D-glucose uptake can be considered an

orthogonal experiment providing and confiming thARRDG uptakeexperiment
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3.7 Summary of in vitro studies involving the A. cominia extracts in
the glucose uptake

In summary, then vitro assays using HepG2 cells, 3T3-L1 fibroblastsand 3T3

L1 adipocytes confirmed the asttiabetic effect of the Cubafllophyluscominia

The crude methanolic extraitom A. cominiaand different fractions from the eluted
extracts containing a mixture of flavonoids and pheophytins was safe and did not
affect cell viability of different cell lines, although higher concentrationghef
extracts were reduced less than 10% of-BI3ell viability. According to the non
toxic characteristic of the extracts Af cominia a glucose uptake assay was carried
out using 2ZNBDG and 2Deoxy-Glucose glucose asutbrescent probesn HepG2
cells the crude methanoliextractproduced an increase iIRNBDG uptake. In 3T3

L1 fibroblasts, no significant enhancement of insulin activity was shown, although
the data of ZNBDG glucose uptake assay were not conclusive of a significant effect
of AC. Furtrermore, a DG uptake assay was performesing MS. Results were
confirming that the extracts had produced significant increase in the uptake
(pheophytin) and significarénhancemendf the insulin activity (flavonoids). In L6
myoblasts, both flasnoids and phe@hytins extractsproduced an increase in 2
NBDG uptake. Therefore, all these results confirmed the importantecoiminiaas

a natural antdiabetic product which has been used by diabetic patients in Cuba.
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4 Invitro determination of lipid accumulation in 3T3  -L1
adipocytes

4.1 Introduction

Adipocytes are the primary functional units of the adipose tissue. The terminal
differentiation of the fibroblast precursor cells to adipocytes is an essential
component of glucose dnlipid metabolism. Adipocytes are responsible for the
storage and balance of energy and fat (Gregaied, 1998). In the last 20 years, the
cellular and molecular mechanisms of adipocyte differentiation have been widely
studied using pradipocyte culire systems. The process of adipocyte differentiation
has been implicated in many studies in human diseases, particularly in the search for
a treatment for DM and obesity (Calabret al, 2005). Recently, pradipocyte
differentiation has been primarilgtudied usingin vitro tissue culture models of
adipogenesis.

Insulin promotes glucose uptake by many tissues that express the glucose transporter
GLUTA4, e. g. skel et al muscle cells and f:

activities by thenumber of transporters in the cell membrane.

Many studies have shown that TNF i nhi bi t s adi gbgenesi
differentiation by down regulation of microRNAs (Cawtharnal., 2008). TNFU

has also been reported in some studies to contribute to apoiptasany cell lines.

Apoptosis is a mechanism by which cells respond to a full damage by activating a

program of cell death (Krowet al.,1996).

In type 2 diabetic patients, troglitazone acts as insdimsitising agent. It improves

insulin sensitivity by combining to PPARs. Troglitazopeevents the inhibitory

effects of inflammatory cytokines such as TNF o n -ndused ladipocyte
differentiationin 3T3-L1 cells Bouaboulaet al.,2005) Troglitazone were used by

many studies for enhancing adipocytes differentiatioritro.

In our project, we have tested the extracts flancominiaon 3T3L1 adipogenesis,

their effect on the lipid accumukd in the cells, then investigate their ability to

induce or not apoptosis in 33 adipocytes. TNKJ was wused as adi

inhibitor and troglitazone as adipogenesis enhancer. Many researchers suggested that
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the decrease in lipid accumulation in 3IB cells may be associated to the
expression of GLUT4 transporters translocation in the cell membkéoen(et al,
1990;Khil et al, 1999. The aim of this chapter is to study the effect of the extracts
from A. cominiaon 3T3L1 differentiation, on lipid droplets that already are

accumulated in 3T-R1 adipocytes and on the number of GLUT4 transporters.

4.2 Methods

4.2.1 Adipogenesis

Differentiation of 3T3L1 was also carried out in the presence of extracté.of

cominia (flavonoids and pheophytin A) at day 1 and day 3 of the differentiation
protoco. TNFU at 10 ng/ ml (tumour ISignarTob89) s f ac
was used as control to inhibit the differentiation of the cells. Troglitazone at 1 uM
(purchased fronsigma TA573-5MG) was used to enhance the differentiation of-3T3

L1.

3T3-L1 cells were seeded in 25 Eiitasks (at 8x18cells/ml); 3 days after the cells

were confluent troglitazone and TNF was added to the diffe
both: day 1 and day 3 as wals the extracts oA. cominia (flavonoids and
pheophytins both at 100 pug/ml). At day 5, the differentiation medium was replaced

with fresh DMEM with 10% FBS. Twelve days after the differentiation induction,

the lipid droplets were measured with oil Rédas explained isection 3.2.2.8

4.2.2 Lipid accumulation

Five days after differentiatiorA. cominiaextracts (flavonoids and pheophytins)
were tested on 3TFB1 adipocytes, with the aim of exploring the effects of these
extracts on the lipid metabolism. 3L3 cells were differentiated in 12 and 24 well
plates as explained in section 3.2.2.2.3 in theeee of troglitazone (1 puM). The
effect of the extract ofA. cominiaon lipolysis was followed over 3 days post
differentiation using 100 pg/ml of the extract in DMEM containing 10% FBS. For
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some wells, the media were replaced with DMEM free FBS in dalstarve the

cells. Then Oil RedD staining followed.

4.2.3 Caspased assay

Caspas8 is a protein from the family of caspases that mediate cell death and is
considered a critical apoptotic enzyme of (Porter and Janicke, 1999) leading to
chromatin condensatn, DNA fragmentation and blebbing of cell membranes
(destruction of cell cytoskeleton).

The caspas8 colorimetric assay is based on the hydrolysis of the peptide substrate
(acetytAsp-Glu-Val-Asp pnitroanilide) by the caspaseenzyme liberated during
apoptosisintoami t roani |l ine moiety witfAY185gh abs
which can be easily detected on a plate reader.

To determine whether or not the inhibition of 3IB differentiation, by TNFU ,

flavonoids and pheophytins, was the result of apoptosis, a ca3passay was

performed using a caspalecolorimetric assay kit purchased from Sigma Aldrich,

UK.

3T3-L1 cells were differentiated in 25 énflasks (F) using different cell treatments
where control was the untreated, undifferentiated cells. F1 is the untreated,
differentiated cells in the flask. F2 is the differentiated cells in the presence of
trogl it a)zR3msd¢he flagk cant®ning differentiated cells in the presence of
TNF-U . F4 is the flask containing differer
and F5 is the flask containing differentiated cells in the presence of pheophytins.
Twelve days aftedifferentiation initiation, the cell medium was removed and cells
were washed twice with PBS. Two ml of triple Express was added to each flask and
harvested cells were transferred into Eppendorf tubes then centrifuged at 600 x g for
5 minutes at 4°C usjna microfuge Sigma 115K (Laborzentrifugen, Germany).
Supernatant wasdiscarded and cell pellets were washed twice with 1ml of PBS,
where the supernatant was discarded with each wash. Cell pellets vsaspeaded

in 1ml of lysis buffer 5X (Lysis buffet2912, including 250 mM of HEPES, pH 7.4,

25 mM CHAPS and 25 mM DTT). Eppendorfs were incubated on ice for 20 minutes,
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and then centrifuged at 18000 x g for 15 minutes at 4°C. The supernatants containing
cell metabolites were transferred into new Eppersdand analysed immediately or
stored at80°C if further storage was required.

Assay buffer preparation: 1X assay buffer was prepared by afa@ dilution of

10x stock (20 mM HEPES, PH 7.4, 2 mM EDTA, 0.1% CHAPS, 5 mM DTT) with

17 megohm water.

Substrate preparation: Caspase substrate, acepfAsp-Glu-Val-Asp p-nitroanilide

stock solution was 20 mM (1 mg of subst
stored at-20°C. Working solution was needed, and 2 mM was prepared by diluting
10-fold the stock substta with the assay buffer (1X).

Caspase3 enzyme preparation:Caspase enzyme was only added to the positive
control wel | s. 100 ¢eg/ ml of stock sol uti
di ssolved in 50 ¢l of -ROPC).nileegvorking soltioh e r  a n
was 5 &€ g/ ml-fold diutioa ofeghe #ock Zdution was made with assay

buffer (1X).

Standard preparation: P-nitroaniline standard was used for developing a
calibration curve for assays in 9&ll clear plate. A stock solution was made by
dissolving 1mg of mitroaniline in 0.72 ml of DMSO andtored at-20°C. The

working solution was prepared by diluting f2dd the stock solution in assay buffer

(1X).

Staurosporinewas used as a positive control to induce apoptosis in the cells, used at

1 eg/ ml (stock sol ut i ondirdcubated §pf 24 lhgurs atd d e d
37°C in an atmosphere containing 5% ,@®air before lysing the cells.

Caspase3 inhibitor: Acetyl-Asp-Glu-Val-Asp-al (Sigma A0835, 0.5 mg) was
diluted from 20 mM stock solution (0.5 mg dissolved in 500 pl of DMSO) to 2 mM
with 1X Assay Buffer.

Assay experiment:An appropriate volume of assay buffer was added to each well of
agwel | pl ate (the final volume in the we
3 inhibitor and caspas® positive control were added to their apgmiate wells as

well as the mitroaniline which was added at different concentrations to the
appropriate well s. The reaction wa3¥ t hen

substrate to all wells except those for thaitpoaniline calibration cwe, after

140



mixing the plate gently. The plate was then covered with aluminium foil and
incubated at 37°C for 90 minutes (further incubation was done if the signals were too

low). Absorbance was measured using Spectramax at 405 nm and the results were
analyed by comparison to the calibration curve efifpaniline.

Thecaspas8 acti vity was cmatloaniline eleasetl par minueemo | C

per 1 ml of cell lysate or positive control, using the formula below:

A e o n oA s o ok BA
| AOCEQEAGUE 1 EOOI Al E—|—%—|—A

2020
Where(™was 10. 5, v i©is the volume of sampl e
factor (20f ol ds as 100¢l total volume was wused

(90 minutes followed).

Then the calculation of the concentration afifyoaniline produced per well in pmol

was made following Table 4.1 below as guideline:

MM p-NA pmol p-NA per 100ul
10 0.001
20 0.002
50 0.005
100 0.01
200 0.02

Table 4.1 Guideline table presenting the amount afipoaniline (pNA) in umol produced
per 100 ul per well and their relative concentration in uM-df4a

4.2.4 Protein assay

Protein assay (Quick Start Bradford protein assay kit purchased from BioRad
Laboratories, USA) was used for a simple and accurate procedure to determine the
concentration of protein in solution.

3T3-L1 cells were prareated and differentiated in 25 trflasks and cells were

harvested in lysis buffer as explained in section 4.2.3. BSA and G&twbalin
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were used as standards for studying the linear range of the assay, which was 125
1000 pg/ml with BSA and1251500 pg/ml with GammaGlobulin. Standards or
unknown samples from the pteeated 3Td 1 cells with troglitazone, TN , flav
and pheo were added to a-®6ll clear plate (5 ul/well). Fibroblast cells were used

as control. Blank was made using water and dye reagent. 1X dye reagent was then
added to edcwell (250 pl/well). The dye reagent was removed from fiiestorage

and warmed up at room temperature before each use. Samples and standards were
incubated with the dye reagent at room temperature for 10 min (not more than an
hour) and then the absorlz@nwas read with a Spectramax miptate reader using

595 nm.

4.2.5 Western blot

3T3-L1 cells were seeded and differentiated as described in before, in & f&stm
treatment with TNF (10 ng/ml), flavonoids and pheophytins frofn cominiaat

100 pg/ml was done from the beginning of the differentiation process. Three days
post differentiation; cells were washed twice with PBS. Cells were harvested and
transferred into Eppendorf tubes in PBS. The PBS was removed by centrifugation at
600 x gfor 5 minutes at 4°C usingiicrofuge Sigma 15K. Supernatant was
discarded and cell pellet was washed twice with 1 ml of PBS, the supernatant was
discarded after each wash. Cell pellets wersuspended in 1mLX lysis buffer

(10X lysis buffer stock werdiluted 16fold with 9 ml of 18 megohm waterLells

were incubated on ice for 20 minutes then centrifuged at 18000 x g for 15 minutes at
4°C. The supernatants containing cell proteins were transferred into new Eppendorfs
and analysed immediately or stdrat-80°C if further storage was required. SDS
PAGE was carried out by preparing 12% of resolving gel (RB, about 4.65 ml/gel)
and 4% of Stacking gel (SB, about 1 ml/gel), where RB was prepared by 5 ml (2X)
RB, 4 ml acrylamide, 1 ml distilled water, 200qflAPS and then 8 ul TEMED. SB

(4%) was prepared by 4 ml (2X) SB, 1.2 ml acrylamide, 2.8 ml distilled water, 200
ul of APS and finally the addition of 10 ul TEMED. Then the gel was poured on top
of the set resolving gel, and a comb was inserted to atltavset (isopropanol was

added before then removed to polymerise the gel). The comb was removed and the
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lanes were washed three times with running buffer. The gel cassettes were
transferred to the electrophoresis tanks and filled with running buffersdingles

were then loaded at 30 pl per lane and a marker with low molecular weight was used
as a control (15 pul), usingamilton syringe. The gel was running for half an hour

at 80 mV then increased to 150 mV for one hour. The transfer of the proteins was
done by disassembling the gel plates; the gel was placed in transfer cassettes, and
then the transfer was run in transfer buffer (25 mM Tris base, 0.2 M glycine, 20%
methanol and pH 8.9) at 120 mA at constant AMPS and left overnight. The blockage
was mae with 5% SCHIM (proteins) for an hour at room temperature and then
incubated with Abcam antibody (1:1000, Glucose Transporter GLUT4). The
cyclophilin B antibodies were purchased from Abcam PLC (Cambridge, U.K.). The
polyclonal GLUT4 antibody was raised rabbit with the immunogen located in the
C-terminus of GLUT4. The polyclonal cyclophilin B antibody was raised against a
C-terminal peptide of human cyclophilin B), and then a secondary antibody IRdye
(1:12500) was added. The plate was washed three tntlesPBST (phosphatase
buffer saline Tween 0.02% volume) for 10 minutes after the addition of the first and
the second antibodies. Finally, the plate was scanned undeitC®RI Odyssey

infrared scanner and the results were analysed by Licor Studio Intagttware.

4.3 Results

4.3.1 Effect of extracts from A. cominia on 3T3-L1 adipogenesis on the first day
of differentiation

To establish whether the extracts frékn cominiaaffected adipogenesis, 313
fibroblasts were grown to over 100% confluence, and then treated with or without
both of the extracts oA. cominiain the presence of insulin from day 1 of the
differentiation process. In control wells, the medium was replat the first, third

and fifth days. In some wells, troglitazone was added to enhance the differentiation,
and TNFU wa's used as -Ll differenbatian.oTiwelve tlays 3affeB
initiating the differentiation, lipid droplets accumulated in thescei#re measured as
optical density after staining the cells with Oil +&d(Fig 4.2). Compared to the
control cells, where the differentiation process was followed without any treatment,

there was an increase of the optical density by one fold in theermessof

143



troglitazone (Fig 4.1), and a significant decrease of the optical density was shown
with TNFU. Both fl avonoids and pheophytins d
compared with the controP€0.05) (Fig 4.1).

Effect of A. cominia extracts on 3T3-L1 on first day of
differentiation
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Day 1 | IBMX IBMX IBMX IBMX IBMX
Dexamethasone| Dexamethasone | Dexamethasone | Dexamethasone Dexamethasone
Insulin Insulin Insulin Insulin Insulin
Troglitazone 1 uyM| TNFh  mn Yy 3 Flavonoids 100 pg/ml | Pheophytin A 100 pg/ml
Day 3 | Insulin Insulin Insulin Insulin Insulin
Troglitazone 1 uM| TNF My 3 Flavonoids 100 pg/ml | Pheophytin A 100 pg/ml

Day5 | DMEM 10% FBY DMEM 10% FBS | DMEM 10% FBS | DMEM 10% FBS DMEM 10% FBS

Figure 4.1 Inhibitory effects ofA. cominiaextracts on 3T2.1 differentiation starting from
day 1 of the differentiation. Values are mean + SENht#e independent experimefihe
data were analysed by Dunnett ptestt,*** P<0.05versuscontrol. Oil Red O staining was
done. Tablénsert is showig different additions over three days of the differentiation
protocol for each treatment.
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Figure 4.2 Morphological examination of adipocyte differentiation influenced by extracts of
A. cominiaand drugs treatments. Control: fully differentiated dT3adipocytes untreated.

+ Troglitazone: fully differentiated 3FB1 adipocytes treated with troglitazorie|(M). +

TNF-U fully differentiated 3T3L1 adipocytes treated with TNB(10 ng/m). + Flawonoids:
fully differentiated 3T3L1 adipocytes treated with flavonoids containing extract ffom
cominia(100 pg/m). + Pheophytin Afully differentiated 3T3L1 adipocytes treated with
pheophytin A fromA. cominia(100 pg/m).
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4.3.2 Effect of extracts from A. cominia on 3T3-L1 adipogenesis on the third day
of differentiation

The addition of extracts oA. cominia(both flavonoids and pheophytin A at 100
pg/ml) on the third day of the differentiation process did not significantly affect the
differentiation & 3T3-L1 adipocytes by comparison to the control cells (Fig 4.3). A
significant increase in the lipid droplets was shown after addition of troglitazone on
the third day of the differentiation process (Fig 4.3) but not as potent as that of the
addition at he beginning of the differentiation.

Effect of A. cominia extracts on 3T3-L1
after day 3 of differentiation
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Day 1 IBMX IBMX IBMX IBMX IBMX
Dexamethasone | Dexamethasone] Dexamethasone | Dexamethasonel Dexamethasone
Insulin Insulin Insulin Insulin Insulin
Day 3 Insulin Insulin Insulin Insulin Insulin
Troglitazone1 | TNFh  mn  y 3 Flavonoids 100 | Pheophytin A 100
uM ug/ml pg/mi
Day 5 DMEM 10% FBS | DMEM 10% FBY DMEM 10% FBS | DMEM 10% FBY DMEM 10% FBS

Figure 4.3 Inhibitory effects ofA. cominiaextracts on 3T2.1 differentiation starting from
day 3 of the differentiation. Values are mean OD + SENhcée independent experiment
The data was analysed by Dunnptisttest *** P<0.05 versuscontrol. Tableinsert is
showing different additions ovéinree days of the differentiation protocol for each treatment.
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4.3.3 Apoptotic effect of extracts from A. cominiain 3T3-L1 adipocytes

To confirm whether the flavonoids and pheophytins flantominiainhibited 3T3

L1 adipogenesis by causing apoptosis and cell death, ca3passay was done.
Expected apoptosis was due to the appearance of the cells when viewed under an
inverted microscope (Fig 4.4), cells treated with TMF appeared to b
(cell shrinkage) by comparison to the vehicle controls. Therefore, the cells treated
with both extracts fromA. cominiawere different by comparison with the vehicle
controls. Cells treated with flavonoids and pheophytin A at 100 pg/ml were unlike
the cellspretreated with TNFU during the differentiati
optical density OD (11 fold versus control cells) was observed with celsgated

with staurosporine. In cells pteeated with TNFOU, 100 Og/ ml of f
pheophytinA; a lack of increase of the OD was shown by comparison to the control
cells. Significant decrease in the OD was observed in the presence of the inhibitor by
comparing to the cells ptteeated with staurosporine. OD was very low therefore; no
hydrolysis @ the substrate resulting from the absence of caspamgzyme was
observed (Fig 4.6). By comparison to thenipoaniline concentration curve (Fig

4.5), the concentration ofmitroaniline produced in the casped@ositive control in

the presence of theubstrate was 50 uM. In the cells fireated with staurosporine,
p-nitoaniline produced by the cell lysate in the presence of substrate was 12.5 uM.
Caspas8 activity of staurosporine in umol ofmtroaniline released per min per ml

of cell lysate was alculated using the formula presented in section 4.2.3 and the

activities are presented in Table 4.2.
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Figure 4.4 Series of pictures of 3TB1 cells depicting the effect of TNB , fl avonoi
pheophytin A and staurosporine effect on the morphology of -BI3at day 8 of
differentiation by comparison to the undifferentiated cells. (x20). Vehicle controls
represented fibroblasts and fully differentiated adipocytes in the presence of troglitazone.
TNF-U  ( @/®l), fravonoids (100 pg/ml) and pheo (100 pg/ml) were added to the cells
during the differentiation process. Staurosporine (1 pg/ml) was added to the cells for 24

hours
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p-Nitroaniline concentration dependent curve
caspase-3 assay
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Figure 4.5 p-Nitroaniline concentration dependent curi@sorbance was measured at 405
nm. Results are presented as mean £ SEM of absorbance reading of three independent
experiments.

149



Effect of TNF-a, flavonoids and pheophytins on
3T3-L1 differentiation caspase-3 assay

0.10+

*k%k

© o © o
o o o o
Y F @ 92

Absorbance (405 nm)

Figure 4.6 TNF-U , flavonoids and pAl eomipiddp indt maducee xt r ac
apoptosis in 3T&1 adipocytes. Caspa$e assay was done. Control represented the
differentiated cells in the presence of troglitazone. INF ( 10 ng/ ml ) , flavo
pg/ml) and pheophytin (100 pg/ml) were added to the cells during ifffiereshtiation

process. Staurosporine (1 pg/ml) was added to the cells for 24 hours. Inhibitor used was
Acetyl-Asp-Glu-Val-Asp-al (2 mM). Absorbance was measured at 405 filme data was

analysed by Dunnett pestst, ***P<0.05 versus control cellResultsare presented as mean

+ SEM of absorbance reading of three independent experiments.

oD p-NA activity UM of p-NA

Caspase positive control 0.079333 0.00503 50
Control cells 0.002 0.000126 <1
Staurosporine 0.021333 0.001306 13
TNF-h 0.006667 0.00042 4

Flav 0.001333 0.000085 <1
Pheo 0.004333 0.00028 <1
Inhibitor +staurosporine 0.005667 0.00036 <1

Table 4.2 Caspase3 activity of different cell lysate of preeated cells with staurosporine,
TNF-U , flavavonoids (fl av) and pheophytin A |
nitoaniline released per min per ml of cell lysate.
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4.3.4 Effect of addition of extracts fr om A. cominia on the accumulation of lipid
in 3T3-L1 cells

To determine whether extracts of AC are affecting the accumulation of lipid droplets
in the cells following differentiation, cells were differentiated inwi&ll plate as
described before in theresence of troglitazone (1 pM). Lipid droplets accumulated

in the cells were measured as optical density after staining the cells with-Qll red

As shown in Figs 4.7 and 4.8, there was no effect of starving the cells over three days
on the lipid dropletsn the cells. The addition of flavonoids has no effect after 24 h;
therefore, a decrease in the lipid droplets was clear after 48 h and 72 h. Pheophytins
significantly decreased the lipid droplets in 30B adipocytes starting from 24 h

after addition othe extract to the adipocytes, and this decrease was greater after 48 h
and 72 h.
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Effect of extracts from A. cominia on 3T3-L1 adipocytes over three days
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Figure 4.7 Inhibitory effects ofA. cominiaextracts on lipid accumulation in adipocytes for
72 hours.Values are presented as mean % control £ SEM of three independent experiment.
The data was analysed by Dunnett gest,*** P<0.01 and P<0.05versuscontrol. Oil Red

O staining for quantifying fiid droplets was done.

Control + Flavonoids + Pheophytins Serum starve

48 h

Figure 4.8 12-Well plate representing the inhibitory effects/Afcominiaextracts on lipid
accumulation in adipocytes for 72 hours.
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4.3.5 Effect of withdrawal of extracts from A. cominia on the accumulation of
lipid in 3T3 -L1 cells

To confirm whether or not the effect Af cominiawas decreasing the lipid droplets
already existing in the differentiated 3T3 cells, the experiment was repeated and
the extracts of AC were left on the cells over five days. Then the extracts of AC (flav
and pheo) were withdrawn and the OD of lipidmlets in the cells (stained with Oll
RedO) was measured after 1, 2, 5 and 6 days. There was a significant decrease of
the lipid droplets inside the cells starting from 24 h of the addition of 100 pg/ml of
the flavonoids and pheophytins extracts frAmominia (Fig 4.9) The change of the

OD was significantly decreasing over days even after 5 days by comparison to the
control untreated cells. After 6 days of withdrawal of the extracts, the medium was
replaced with normal growth medium supplemented with E®8. By comparison

to the control, no fat raccumulation was observed in the -fneated cells with
extracts ofA. cominia The cells prareated with the flavonoids containing extract
showed fewer fat droplets inside the 3B adipocytes after 5 dayd the treatment

(Fig 4.10.B) compared with the control cells (Fig 4.10.A).
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Effect of addition and withdrawal of flavonoids and pheophytin A on 3T3-L1 lipid
droplets accumulated in the cells over days
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Figure 4.9 The inhibitory effect ofA. cominiaextracts on lipid accumulation in adipocytes
over 5 daysand the withdrawal effect of the extracts on the adipocytes over 6 days. Cells
were differentiated in a 24ell plate andA. cominiaextracts were added over days at 100
eg/ ml . After 5 days of the incubat raeimg of
days, extracts were replaced by fresh DMEM supplemented with 10% FBS. Lipid droplets
were quantified by Oil Re@® staining. The results represent the mean percentage control of
four experimental results + SEMhe data was analysed by Dunnett gest, *** P<0.05
versus control at each day.

Figure 4.10 Morphological examination of 3FB1 adipocytes influenced by the extracts of
A. cominia Red droplets are the fat accumulated in the cells. A. Control differentiated 3T3
L1 in the absence of extracts froln cominia B. Differentiated 3T3.1 in the presence of
flavonoids extact fronA. cominia The blue circles surround differentiated celith fewer

fat droplets in them.
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4.3.6 Effect of the extracts from A. cominia on protein concentrations in 3T3 -L1
adipocytes

To determine whether the total protein concentration irtneed 3T3.1 cells with
troglitazone, TNFU , fl avonoi ds and pheophytin A
determination assay (Bradford assay kit) was performed. As shown in Fig 4.11.A,
BSA was used agandard. BSA produced a concentratdependent increase in the
absorbance at 595 nm. The unknown sample concentrations were calculated using
the equation presented in Fig 4.11.A and results are presented in Table 4.3. Lysis
buffer was used as blank andlaiot show high protein concentration. No significant
difference between adipocytes, fibroblast and thetneated cells with TN
flavonoids and pheophytin A was shown. Furthermore, compared to the protein
concentration in the fibroblasts cell lysateatt was used as control, all the other
metabolites from the prgeated cells with troglitazone, TNF, fl avonoi ds
pheophytin A containing similarity in the total protein concentrations in these cell
lysates (Fig 4.11.B). Protein concentration was &bbs00 - 1600 pg/ml as
calculated from BSA standard curve. All these results confirmed that these cell
lysates contain similar protein concentrations and were able to be used for further
western blot for the identification and quantification of the GLUféhsporters in

these prdareated 3T3d.1 cells.
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BSA calibration standard in protein quantitation assay
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B. Protein determination of samples from{reated 3T 1 cells

Figure 4.11 Protein determination of the pteeated 3Ta.1 cells with TNFU , flavonoi d
and pheophytin A. A. Standard curves of BSA standard in the protein determination assay.

B. Protein determination of samples from -memted 3Td.1 cells. Adipocytes and

fibroblasts were used as control. Results were presented as mean absorbanceTheéSEM.

data were analysed by Dunnptisttest no significant difference was shown by comparison

to the fibroblast$tandard and cell lysate were added to the plate with 1X dyenteagd

incubated at room temperature for 10 min. Then the absorbance were measured using micro

pl ate reader at o = 595 nm.
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Protein conc (pg/ml)

Absorbance BSA
Adipocytes 1.24 + 0.002 1681
Fibroblasts 1.07 £ 0.048 1336

TNF-U 1.23+0.023 1661
Flav 1.14+0.010 1474
Pheo 1.17+£0.028 1534

Table 4.3 Proteinconcentration in préreated 3T3a.1 cells. Protein concentration was
calculated using BSA standard curve.
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4.3.7 Effect of the extracts from A. cominia on insulin -mediated GLUT4
transporters

To investigate the effects of flavonoids and pheophytin extracts Aooominiaon
insulinrmediated glucose transporter 4 (GLUTA)3T3-L1 adipocytes, western blot

of the pretreated differentiated cells with TNF, flav and pheo was carried out.
3T3-L1 fibroblasts and adipocytes were used as a vehicle controls. As shown in Fig
4.12, the GLUT4 transporters from differentiated 3T3cells appeared around 46
kDa (Fig 4.12.A), represented by prominent bands, whereas, cells treated with TNF
h showed lighter baas. The effect of TN#, flav and pheo was confirmed in Fig
4.12.B, while a significant decrease of GLUT4 transporters only appeared in the
TNF-h pretreated 3T3.1 cell line. Flavonoids and pheophytin A did not affect the

GLUT4 transporters in the 37131 intracellularmembrane.
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KDa Fibroblasts Adipocytes Blank TNF-a Flav

GLUT4 transporters

Effect of extracts from A cominia on GLUT4 transporters

Amount of GLUT4 (x10000)

Figure 4.12 Western blot showing the effectof TNF, f | av and Apchnenia e xt r a
on GLUT4 protein in plasma membranes in dT13adipocytes. A. Representative Western

blot analysis of GLUT4 proteins in 373L cells. B. Bar graph representative of GLUT4
transporters in fibroblasts and adipocytes and the effect of the treatments-tf I and

pheo. Relative amount of GLUT4 protein was determined by Western blot in total extracts of
3T3L1 adipocytes. Equal amounts of protein were loaded into each lane. The several bands
noticeable for and GLUT4 probably represent differential glyatgyt of the transporters.

Total bands were quantitated by densitometry, and results are represented as mean amount of
GLUT4 + SEM of three independent experimeiitise data were analysed by Dunnett post

test,* P<0.05 versus adipocytes.
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4.3.8 Conclusion and discussion

Flavonoid and pheophytin extracts fradn cominiadecreased lipid accumulation in
3T3-L1 once added from the first day of the initiation of the differentiation process.
No effect was shown once added after three days of the differentiati@tionit

This confirms that these extracts, aswellasTNF ar e only acti ve

of di fferentiati on. Thi s can be rel ated

important role as an essential regulator in adipocytes differentiation (&aato
2007). Extracts fromA. cominiadecreased lipid droplets accumulated in the cells
over days. However, no lipid 4@&ccumulation was shown after removal of the
extracts over days. This can be related to the lipolytic effect of these extracts.
Lipolysis in adipocytes is known to be triggered by an increase of intracellular cAMP

level. cCAMP activates protein kinase A and downstream lipases €&it2007).

Cells pretreated with TNF' showed a decrease in GLUT4 transporters in
comparison to that ahe adipocytes, as in the control undifferentiated fibroblasts,
confirming that the decrease in GLUT4 transporters is due toONF St etplh e n's
1997). Flavonoids seemed to work differently than INRBt has been reported
(Moonet al, 199Q Leeet d., 1994 Khil et al, 1999 that the hypaglycaemic action

of compounds may be due to the stimulation of glucose transport and metabolism in
insulin target organs, such as 3IB adipocytes. The translocation of GLUT4
transporters is mediated by the fusiof the plasma membrane and vesicles
containing GLUT4 proteins, in which the intracellular calcium causes
conformational changes in the membrane compartment to facilitate the translocation
process Muller et al, 2014 . FIl avonoidsdé mechanism of
in the blockage of GLUT4 receptors rather than decreasing their translocation, thus
preventing the cells from the uptake of nutrients and accumulation of fat droplets,
which further implies that gluse uptake by 3T-81 adipocytes did not increase in

the presence of flavonoids in the absence of insulin. Previous results in adipocytes
showed that flavonoids inhibited the uptake of methylglucose, a substrate that enters
the cells through GLUTA4 transporsein 3T3L1 adipocytes (Strobedt al, 2005).
Flavonoids and their related synthetic compounds such as flavones and isoflavones,

are tyrosine kinase inhibitors that cause the inhibition of glucose transportgera
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al., 2001). As shown in the Westernohl there was an increase in GLUT4
transporters in pheo ptesated cells but not as much as in the control differentiated
cells, which shows that the mechanism of action of pheo in the differentiation
process was not similar to that of the TNRhat is, it blocks the GLUT4
transporters. Lysis buffer was used as blank only in the absence of any cells to ensure
that the bands of GLUT4 transporters did not exist. Cells differentiated and treated
with staurosporine for 24 hours did not show any GLUT4 tramnspgrconfirming

that none of flav or pheo extracts had apoptotic eff®sduced glucose transporter
expression is therefore likely to be a manifestation of impaired differentiation rather

than a mechanism to explain reduced differentiation.
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4.3.9 Summary of in vitro studies involving the A. cominia extracts in

adipogenesis
AC extracts were tested on adipogenesis at the beginning of the differentiation of
3T3-L1 fibroblasts; both flavonoids and pheophytin A extracts had blocked the
differentiation process without having an apoptosis effect on the cells. In addition,
we confimed by Western blot that the flavonoids blocked the lipid accumulation, but
by comparison to the control, the extracts did not reduce GLUT4 transporters on the
3T3L1 cells. After differentiation of 3T21 cells, AC extracts were tested to show
their effe¢ on the lipid accumulation and both extracts have produced significant
decrease in lipid droplets inside the cells and no lipid accumulation were seen after
withdrawal of the extracts from the cell growth medium. The reduction in lipid
droplets caused 4. cominiaextracts, may not be due to reduced differentiation, but
a result of impaired fat synthesis or increased lipolysis. Further study should be
carried out to determine this and to compare whether or not the mechanism of action
of AC extracts in inlbiting the 3T3L1 differentiation is similar to or different from
that of TNRh,
We conclude that these extracts with their effect on decreasing lipid droplets in the
cells could be a new candidate to prevent the fat formation that leads to a decrease in
the risks of the obesity when associated with diabetes. Therefore, all these results
confirmed the importance &. cominiaas a natural antbesity product which has

been used by diabetic patients in Cuba.
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5 Effect of the extracts from A. cominia on the activities of
040p" h $GOPANOELE A Aadaseehziimes

5.1 Introduction

In this chapter, all extracts from cominiawere tested on for their effect on PTP1B,
DPPI VM, uld osi damgase aatimity Thdse enzymes were reported in many
studies as new drug targets for the treatment eDVE and possibly, obesity. Many
inhibitors have been identified through chemical synthesis and natural products
(Chenet al, 2002; Neet al, 2006)

Mechanisms that dve a high impact on glucose uptake are numerous, such as
activation of glucose transporters GLUT4 in cell plasma membranes, insulin mimetic
acting at posteceptor level, activation of AMP Kinase, an increase in nitric oxide,
glucose6P, glycogen store$\(iernsperger, 2005) and deficiency in PTP1B. Further,
many plants extracts may inhibit the action of the enzyme PTP1B that regulates
negatively the insulin signalling by dephosphorylating phosphotyrosine residues on
the insulin receptor (Chapter 1, Fig 1)1Plantssuch asGalega officinalis can also
stimulate the glucose uptake (Moongtyal.,2008). Wiernsperger (2005) found that

the inhibition of PTP1B is the main principle underlying the type of approach
according to the activation of glucose uptake.

Prolonged DPPIV inhibition has a potential effect on reducing-@stdial glucose

levels and HbAlc levels, which confirms that DPPIV inhibitors are novel, efficient
and tolerable treatment of @M (Ahrén, 2005).

UA my | a s egluasiddse dhibitors such as acarbose act by blocking the activity
of these enzymes leading to a reduction in the breakdown of polysaccharides, and
thereby decreasing the pgstindial increase in the blood glucose level in addition
indudng weight loss (Zhongt al., 2006). The aim of this chapter is to study the
inhibitory effect of the extracts froA. cominiaon P TP 1 B, -aniylBse and , U
Uglucosidase enzymes and study the kinetics of their inhibition in each of these

enzyme assays.
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5.2 Material and Methods

5.2.1 Z-factor

The Z-factor is a measure oétatistical effect sizeuseful during piloting for the
quality of assay conditions. It has been proposed for uséighthroughput
screeningo quantify how well the assay warlafter at least after three independent
experiments. This will produce a statistically significant data set for evaluation
(Zhanget al, 1999).

The Zfactor is defined in terms of four parameters: theeragesand standard
deviationsof both the positive and negative controls. Given these values;fatot
is defined as:

. .. 03% 03%
EAAOD O 84

SD . is the negative control standard deviation
SD. is the positive control standard deviation
Ave, is the positive control average
Ave.is the negative control average

Once the Aactor is calculated, Table 5.1 shows the expeptadntial performance

for optimising the assay conditions.

Z-factor Assay validation

1>72>0.9 Excellent assay

09>72>0.7 Good assay

0.7>Z>0.5 Benefit assay

Z=05 Minimum recommended assay

Table 5.1 High-throughput screening assay fitness table.
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Different assay conditions should be ranked and qualified by theaZ t or 6 s v al
Therefore, repetition and modification of assay conditions are needed until suitable

conditionsare found.

5.2.2 Plant sample preparation

Plant stock concentration was prepared beforehand at 10 mg/ml in DMSO or water
(stored at-20°C). In all the enzyme assays, sample&.o€ominia(crude or pure
compounds) were screened at 30 pg/ml in av@8 roundbottom clear plate (U
shape plate, Greiner bane, Germany). 10 ul of the prepared sample was added to

the enzyme and substrate in the enzyme assay plate.
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5.2.3 DPPIV assay

5.2.3.1 Buffer preparation

7.88 g of TrisHCI (Trisma hydroxylchloride) was dissolved 00 ml of distilled
water (100 mM). Then 50 mg of bovine serum albumin (BSA) (concentration needed
at 0.1 mg/ml) was added. T+#$CL (T5941) and BSA (A2153) were purchased from
Sigma. pH was adjusted to 8 using a Mettler MP220 pH meter.

The buffer for theassay was prepared on a weekly basis and stored at 5°C.

5.2.3.2 Enzyme preparation

Dipeptidyl Peptidase IV enzyme (Sigma D7052) was soluble inH@E (100mM
and PH 8). Stock concentration (0.27 pM) was store@G2C until required. 0.3 nM
as final concentratn was required. A working solution (0.6 nM) containing 5.6 pl of

the enzyme solution was added to 2.5 ml of the DPPIV buffer.
5.2.3.3 Substrate preparation
Gly-pro-7-amido4-methylcoumarin hydrobromide (Glyro, Sigma G2761, 25 mg)

was dissolved in distilled watt at 50 mg/ml and stored #0°C, Km is 22 uM. 30

uM final concentration was needed; therefore, 120 uM stock was prepared.

5.2.3.4 Inhibitor preparation

P32/98 inhibitor (3N(2S, 3S)2-amino3-methylpentanoyl}l,3-thiazolidine)
hemifumarate, and 10 mg (Togr2136), stored as powder in the fridge. P32/98 was
dissolved in water at a stock concentration of 10 mM. A 1:10 dilution was made for

the displacement curve, with a concentration range between 0.0003 and 3 uM.
5.2.3.5 Assay method
In a 96half-well black, flatbottom plate (Costar®), 10 ul of the standard (P32/98) or

samples were added to the plate, then 20 pl of DPPIV enzyme was added to each

well. The plate was incubated for 30 min at 37°C in an atmosphere containing 5%
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CO,. 10 pl of the substrate was added to the wells and then incubated for 30 min.

The plate was testedon a Wallac Viétosing ex 355 nm/em 460 nm.
5.2.3.6 Z-factor method

In a 96half-well black flatbottom plate, 10 ul of DPPIV substrate was added to the
plate. 10 ul ofbuffer was added to replace the plant sample volume. 20 ul of DPPIV
enzyme was added to half of the plate as positive control, and to the other half
(negative control) only buffer was added (20 pl). The plate was incubated for 30 min
at 37°C in an atmosphe containing 5% C©O The umbelliferon was tested using

Wallac Victof using ex 355 nm/em 460 nm.

5.2.3.7 Kinetics of the inhibition of DPPIV enzyme by A. cominia

Various concentrations of theA. cominia extract (KLMN(9t175)6672,
concentration range 0.B0 pg/ml) were incubated at 37°C in an atmosphere
containing 5% C@ with DPPIV enzyme (0.3 nM) for 30 min. Various
concentrations of the substrate (€piyo, concentration rangeX20 uM) were added

and incubated for another 30 min. The mechanism of inhibition of DPPNA by
cominia extract was compared with the commercial inhibitor P32/98. The same
procedure was repeated with various concentrations of the DPPIV inhibitor (P32/98,
concentration range 0.08-3 puM). The umbelliferon was tested usingVdallac

Victor? using ex 355 nm/em 460 nm.
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5.2.4 PTP1B assay

5.2.4.1 Buffer preparation

The buffer was composed of the following: 2.975 g of HEPES (25 mM, Sigma
H3375), 1.461 g of sodium chloride (50 mM, Sigma S96223R @ of dithiothreitol

(2 mM, Sigma D5545), 0.365 g of ethylenediaminetetraacetic acid (EDTA 2.5 mM,
Sigma E1644) and 5 mg of bovine serum albumin (BSA 0.01 mg/ml). All were

dissolved in 500 ml of distilled water and the pH was adjusted to 7.2.
5.2.4.2 Enzyme preparation

100 ul of the enzyme protein tyrosine phosphatase 1B (Sigma P6Q44g, MW
37400) was added to 25 ml of the buffer and aliquoted into 1 ml (100 pl was
sufficient for each plate) then stored-80°C. A working solution of 2 nM was
needed. 100Iof the stock was added to 2.5 ml of PTP1B buffer.

5.2.4.3 Substrate preparation

6,8-difluoro-4-methylumbelliferyl phosphate (DiFMUP) (Invitrogen Ltd, D656

mg) was stored aR0°C at 5 mg/1.71 ml of DMSO, with a Km of 6 uM. A 7 pl of

the stock (10 mM) waadded to 1.75 ml of buffer. 10 pM was needed therefore 40
UM stock was prepared. For each plate, 5 pl of the 10 mM stock was added to 1.25

ml of buffer.
5.2.4.4 Inhibitor preparation

TFMS inhibitor (Bis(4Trifluoromethylsulfonamidopheny},4-diisopropylbenzine),
(Calbiochem 54021110 mg, Km 6 puM) was soluble in DMSO (10 mg in 1.64 ml).
The TFMS displacement curve was done (concentration range €30Q03).
JA0008 (a sample from Maybridge with Ki is 0.12 uM) was also used as a standard
inhibitor for PTP1B as weklis a new TEMS inhibitor.

5.2.4.5 Assay method

In a 96half-well flat-bottom black plate (Costar®), 10 pl of the standard (TFMS) or
samples were added. Then 20 pl of PTP1B enzyme was added to each well, and
incubated for 30 min at 37°C in an atmosphere contaifigCG. 10 pl of the
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substrate was added to the wells then incubated for another 10 min. The plate was
testedon a Wallac Victar(ex 355 nm/em 460 nm).

5.2.4.6 Kinetics of the inhibition of PTP1B enzyme by A. cominia

Various concentrations of. cominia extract (both flavonoids and pheophytins,
concentration range 0.€B0 pug/ml) were incubated with PTP1B enzyme (2 nM) at
37°C for 30 min. Various concentrations of PTP1B substrate (DiIFMUP,
concentration range-80 pM) was added and incubated at 37°C in an atmosphe
containing 5% CQfor another 10 min. The mechanism of inhibition of PTP1BR\by
cominia extract was compared with the commercial inhibitor P32/98. The same
procedure was repeated with various concentrations of the PTP1B inhibitor (TFMS,
concentration ange 0.00038 pM). The umbelliferon was tested usingVdallac
Victor? using ex 355 nm/em 460 nm.
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5.2.5 |]-glucosidase assay

5.2.5.1 Buffer preparation

Phosphate buffer at a concentration of 0.1 mM was freshly prepared by mixing 25.5
ml of solution A and 24.5 ml afolution B. The volume was topped up to 100 ml

with distilled water. The pH was adjusted to 6.8.

Solution A: sodium phosphate monobasic dehydrate ,R&H2H,O (purchased
from Sigma 04269k) prepared at a concentration of 0.2 M in distilled water (13.9 g
in 500 ml distilled HO).

Solution B: sodium phosphate dibasic heptahydrat¢iR@&,.7H,O (purchased from
Sigma S9394500g) prepared at a concentration of 0.2 M in distilled water (26.8 g in
500 ml distilled HO).

Stock solutions A and B were kept at roormperature.

5.2.5.2 Enzyme preparation

Y e a sglucodidase (EC 3.2.1.20) purchased from sigma G0660 was dissolved in
distilled water (750 units in 1 ml water). Further stock of 75 units per ml was
prepared and stored &0°C. A working solution of the enzyme @2 units per ml

was needed, where 13 pl (of the 75 units per ml) of the enzyme solution was added

to 2.5 ml of phosphate buffer.
5.2.5.3 Substrate preparation
4-nitropheny}tU-D-glucopyranoside purchased from Sigma N1377 (1 g), stored at
20°C was dissolved in pBphate buffer, Km is 0.83 mM. Final concentration

required was 1 mM; therefore, a stock of 4 mM was prepared. 1.8 mg of the substrate

was dissolved in phosphate buffer and sonicated before each assay.
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5.2.5.4 Inhibitor preparation

Acarbose was purchased froBigma A8980 (1 g) stored as powder at room
temperature. Acarbose was dissolved in distilled water at a concentration of 100 mM,
a 1:10 dilution was made for the displacement curve (concentration range from 10
UM into 30 mM).

5.2.5.5 Assay method

In a 96half-well clear flatbottom plate (Costar®), 10 ul of standard (Acarbose) or
sampl es wer e add e d-gltcosiddséanzymeewas asided t@ €achO |
well and incubated for 10 min at 37°C in an atmosphere containing 526G QI of

the substrate was addexthe wells and then incubated for another 10 min at 37°C in
an atmosphere containing 5% £Qhe optical density was tested on Spectramax
plate reader at 450 nm.

5256 +ET AOEAO | £ OEdlucosidage ByWAE Olihid 1 & |

Various concentrations of th& cominiaextracts (both flavonoids and pheophytins,
concentration range 0.€B0 pg/ml) were incubated withy e a sdlucosidase
enzyme. The plate was incubated for 10 min at 37°C in an atmosphere containing 5%
CO,. Various concentrations of the substradenitrophenytU-D-glucopyranoside
concentration range-00 mM) were added and the plate was incubated for another
10 min. The mechanism of inhibition &fglucosidasedy A. cominiaextracts was
compared with the commercial inhibitor (acarbose). The sameegwoe was
repeated with various concentrations of tbeglucosidaseinhibitor (acarbose,
concentration ranges froh0 pM to 30 puM. The optical density was testedon

Spectramax at 450 nm.
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5.2.6 | -amylase assay

5.2.6.1 Buffer preparation

HEPES buffer was prepareahd kept at room temperature. HEPES (purchased from
Sigma H33751l00 g) was prepared at a concentration of 50 mM, with 5.96 g
dissolved in 500 ml of distilled water. pH was adjusted into 7.1.

5.2.6.2 Enzyme preparation

Uamylase (3.2.1.1) from porcine pancreasichased from Sigma A6255 (25 mg),
was dissolved in distilled water (1402 units per mg) at a concentration of 29 mg/ml.
The enzyme was prepared and storeeR@®C. A working solution of the enzyme
was needed at 125 units per ml; therefore, a stock oIk per ml was prepared.
15.4 pl (625 units) of the enzyme stock solution was added to 2.5 ml of HEPES
buffer.

5.2.6.3 Substrate preparation

4-nitrophenytU-D-maltohexaside purchased from Sigma 73681 (100 mg), stored at
2-8°C was dissolved in water at 50 mg/riin is 1.8 mM. The final concentration
was required at 1.5 mM. A stock concentration of 6 mM was prepared; therefore 8.3
mg of the substrate was dissolved in 1.25 ml of HEPES buffer before each assay.

5.2.6.4 Inhibitor preparation

Acarbose purchased from Sigma98® (1 g), stored as powder at room temperature,
was dissolved in HEPES buffer at 100 mM. A 1:10 dilution was made for the

displacement curve at a concentration range from 10 uM to 30 mM.
5.2.6.5 Assay method

In a 96half-well flat-bottom clear plate (Costar®)Q1ul of standard (acarbose) or
samples were added t-amylaséenzymd was aelded to daehn 2 0
well. The plate was incubated for 30 min at 37°C in an atmosphere containing 5%
CO,. 10 pl of the substrate was added to the wells anditfeeibated for another 30

min at 37°C in an atmosphere containing 5%,.Clhe optical density was tested

using Spectramax plate reader at 450 nm.
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5.2.6.6 Results analysis

The following protocols were used in a #0per well reaction mixture. 16l of

buffer (withthe equivalent volumes of DMSO or distilled water used in preparing the
10 mg/ml concentration A. cominiaextracts) was added to the control wells. The
fluorescence or umbelliferon released from the hydrolysis of the substrate by the
enzyme when the bstrate was alone was considered the control. Hydrolysis of the
substrate by the enzymes, in the presence of extracts or inhibitors, was calculated as
a percentage of that of the control. The control was assumed to have no inhibitory
effect; thus, the subsite underwent 100% hydrolysis. The results were analysed
with Prism program version 5. Statistical significance is recognised when P value is
less than 0.05. Kithe dissociatiorconstantof the enzymenhibitor complex, was

determined from the nelmear regression analysis in Prism 5.

In competition study, alpha which is the ternary complex constant (calculated by
Prism) was adapted. Alpha determines the mechanism of inhibition; its value
determines the degree to which the binding of inhibitor chartgesiffinity of the
enzyme for substrate. Alpha value is always greater than zero. When Alpha value is
one, the inhibitor does not alter the binding of the substrate to the enzyme, and the
mixed-model is identical to neoompetitive inhibition. When the Alma is very

large, the binding of the inhibitor prevents the binding of the substrate and the
mixed-model becomes identical to competitive inhibition. When Alpha is very small
(but greater than zero); the binding of the inhibitor enhances the binding of the
substrate to the enzyme, and the mixed model becomes almost identical to an

uncompetitive model.
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5.3 Results
5.3.1 DPPIV enzyme

5.3.1.1 Z-factor of DPPIV assay

DPPIV enzyme assay fithess was screened using DPPIV enzyme at 0.3 nM in the
presence ofjly-pro-7-amido4-methylcoumarin hydrobromide as substrate @iy,

30 uM). The positive control was in the presence of bothpgly and DPPIV
enzyme. The negative control was in the presence of the substrate-fadyoravas
calculated as explained in secti®2.1.

For theDPPIV assay (Fig 5.1), the value offactor was 0.7. By comparison to the
high-throughput screening fitness assay Table 5-fgc¥or is between 0.7 and 0.9,
confirming that the DPPIV assay and its conditions were acceptable and can be

followed for further screening tests.

Z-factor for DPPIV

60000+ .
B positive control
iy .:ﬂ. " i s A negative control
[ \Y
|#._ T é-_
40000+ u
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[
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i FIVIVITVVV I IVVIVIIVIVIVIVVIIIWIIY WIswivew wa
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Well No.

Figure 5.1 High-throughput screening fitness f@PPIV assay using ghpro-7-amido4-
methylcoumarin hydrobromidas substrate arfdPPIV enzyme
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5.3.1.2 Effect of extracts from A. cominia

on DPPIV enzyme

Extracts ofA. cominia(crude and eluted samples) were tested on DPPIV enzyme

assay at 30 pg/miThe extracts were compared with the standard DPPIV inhibitor
P32/98, which produced a concentratt@pendent inhibition (Ki 0.9 + 0.01 pg/mi;

Fig 5.2). Among the samples tested, significant inhibition (75.3 + 2.33%) was found
only with the flavonoid sampl from A. cominia(AC-MC-KLMN(91-175)66-72)

% control
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Figure 5.2 Effect of variousA. cominiaextracts on DPPIV enzyme in the presence of Gly
pro substrate. Extracts concentration at 30 pg/ml were incubated with DPPIV enzyme for 30
min at 37°C in an atmosphere containing 5%,.G&ly-pro (30 uM) was then added and
incubated for 30 min at 37°C. The hydrolysis of -@tp by DPPIV enzyme was measured at
355/460 nm. Data represents mean + SEM of DPPIV enzyme hydrolysis (% control) of three
independent experiments. Insert shows the effect of different concentrations of P32/98
standard (0.03.00 uM) on DPPIV enzyme in the presence of-@g. Kifor P32/98was 0.9

+ 0.01 pg/ml. The data were analysed by Dunpesttest *P <0.05 versus control.
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The effect of fractions frorA. cominiawere repeated at two different concentrations
(3 and 30 pg/ml). Significant inhibition was shown at 30 pg/ml in samples/&C
AC-MC-KLMN and AC-MC-KLMN(91-175)66-72 with a decrease in the
percentage of control in comparison to that of samples at 3 p§aniple AGMC-
KLMN(91-175)66-72, with 30 pug/ml produced a 73 + 2.33% inhibition (Fig 5.3)
was compared with the inhibition produced by at 3 pg/ml (17.5 £ 2.5%). Neither
pure quercitrin (F1) nor mearnsitrin (F2) at 30 pug/ml inhibited DPPIV enzyme (Fig

5.4),

The Effect of P32/98 in the DPPIV Assay
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Ki 0.2 ° 0.04 ng/ml
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Figure 5.3 Effect of various extracts of AGC on DPPIV enzyme at two different
concentrations (3 pg/ml and 30 pg/ml) in the presence ofp@lysulstrate. Extract
concentrated at 30 pg/ml were incubated with DPPIV enzyme for 30 min at 37°C in an
atmosphere containing 5% G@sly-pro (30 uM) was then added and incubated for 30 min
at 37°C. The hydrolysis of Gigro by DPPIV enzyme was measured at 355/460 nm. Data
represent mean + SEM of DPPIV enzyme hydrolysis (% control) of three independent
experiments. The insert shows #féect of various concentrations of P32/98 standard {0.03
100 uM) on DPPIV enzyme in the presence of-@lg with Ki 0.2 + 0.04 pg/ml. The data
were analysed by Dunngtosttest *P <0.05 versus DMSO (100%).
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Effect of flavonoids extracts from AC-KLMN-91-175 on DPPIV
1504
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Figure 5.4 Effect of various extracts of ARLMN-91-175 on DPPIV enzyme. F1 and F2

are fractions separated from AQMN -91-175 by HPLC. Samples were tested at 30 pg/ml

in the presence of Glgro substrate. Data were presented as mean + SEM of DPPIV enzyme
hydrolysis(% control) of three independent experiments. The data were analysed by Dunnett
posttest *** P <0.05 versus control (100%).
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5.3.1.3 Concentration dependent inhibition of the flavonoids from  A. cominia

The effect of a range of concentrations of the flavonaxture (0.£30 pg/ml) was
tested on DPPIV enzyme activity. Flavonoids produced a concentomendent

inhibition of DPPIV enzyme with a Ki value of 2.6 £ 0.2 pg/ml, which was three
times the Ki value of P32/98 (0.9 £ 0.02 pg/ml) (Fig 5.5).

The Effect of KLMN(91-175)66-72 in the DPPIV Assay

. = Ki2.6°0.2pug/ml
100+ i '
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Figure 5.5 Effect of each fraction KLMN(94L75)6672 (mixture of flavonoids) fromA.
cominia extractson DPPIV enzyme. Extracts were incubated with DPPIV enzyme for 30
min at 37°Cin an atmosphere containing 5% £@ly-pro (30 uM) was then added and

incubated for 30 min at 37°C. The hydrolysis of -@tp by DPPIV enzyme was measured at
355/460 nm. Data represent mean + SEM of DPPIV enzyme hydrolysis (% control). n=3.
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5.3.1.4 Kinetics of the inhibition of DPPIV by the flavonoids from  A. cominia

Various concentrations of the flavonoid sample were incubated with DPPIV enzyme
and increasing concentrations of the substrate. The results were graphed using a
MichaelisMenten plot. \fnax and Km were calculated (Fig 5.6). As the flavonoid
concentration increased so did the Km. The Vmax was unchanged (~230 RFU) with
increased concentration of inhibitor (Fig 5.6). The shape of the curve in the
MichaelisMenten plot was hyperbolic. Alphaas around 1.541e+009 > 1 (very
large). All these factors were indicative of a competitive inhibition of the flavonoid
sample. The mechanism of action of the P32/98 inhibitor used in the assay also
confirmed its competitive inhibition. As the P32/98 corraion increased, the Km
decreased. The Vmax was unchanged with increased concentration of inhibitor. The
shape of the curve in the MichaelMenten plot was hyperbolic. Alpha was around
6.369e+010 > 1 (very large) (Fig 5.7). The mechanism of actioneofldkronoid
sample extracted frorA. cominiawas comparable to that of the P32/98 inhibitor of
DPPIV enzyme activity.
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Effect of P32/98 on DPPIV assay
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0 1le-006 2e-006 3e-006 4e-006
[S] (mM)
Inhibitor Concentration (UM) | Vmax (RFU) Km (M)
0.1 226.5 2.55E07
0.3 228.5 2.99E07
1 230.2 2.71E07
3 246.1 2.69E07
10 256.8 2.79E07
30 238.1 3.08E07

Figure 5.6 MichaelisMenten plot of the inhibitory effect of the flavonoid fraction Af
cominiaon DPPI\(catalysis hydrolysis of the enzyme. Data are expressed as mean RFU
(relative fluorescence unit) for n=3 replicates of each substrate concentration (0.01 to 30
png/ml). The insert figure shows the effect of P32/98 on DPPIV assay with Ki 6 + 0.5 nM.
The table below the figure represents Km (M) and Vmax (RFU) with each inhibitor
concentration.
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Effect of P32/98 on DPPIV assay
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10 118.3 1.21E06
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Figure 5.7 MichaelisMenten plot of the inhibitory effect of P32/98 inhibitor on DPPIV
catalysis hydrolysis of the enzyme. Data are expressed as mean RFU (relative fluorescence
unit) for n=3 replicates of each substrate concentration (0.01 to 30 pg/ml). The ionset f
shows the effect of P32/98 on DPPIV assay with a Ki of 3.7 + 0.8 nM. The table below the
figure represents Km (M) and Vmax (RFU) with each inhibitor concentration.
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5.3.1.5 Conclusion and discussion

The ability of DPPIV inhibitors to improve glucose control inD®, has led to the
examination of natural products as DPPIV inhibitors (Mardaretaal., 2011). Our

in vitro studies showed that a flavonoid mixture extracted from the CAbaominia
inhibited the enzymatic activity of DPPIV and the inhibition appeared to be
competitive. However, the separated flavonoids did not modify DPPIV activity.
Quercitrin and mearnsitrin were active only in synergy. After separation, these
compounds lost their actiyi on the DPPIV enzyme. The flavonoid mixture
produced a concentratia@iependent inhibition with a Ki three times of that of the
P32/98 inhibitor. The inhibition of DPPIV by the flavonoid mixture was competitive,
as was P32/98. All the aforementioned fing suggest thah. cominiaas ant

diabetic treatment contains active DPPIV inhibitors.
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5.3.2 PTP1B enzyme

5.3.2.1 Z-factor of PTP1B assay

For PTP1B assay (Fig 5.8), the value ofattor was 0.902. By comparison with the
high-throughput screening fitness assay (Table 5.ifgctor is between 0.9 and 1,

which shows that the DPPIV assay and its conditions were excellent and can be
highly recommeded to follow in further screening tests.

Z Factor for PTP1B

5000+ .
m gua® "Ege mE_ o e g ® positive control
4000+ A negative control
5 3000+ Z7=0.902
o
2000+
10004
FVVVVVVVVVVVVVVVVVVVVVVV .
O n n n
0 10 20 30
Well No.

Figure 5.8 High-throughput screening fitness fBf P1Bassay using TFMS as substrate and
PTP1Benzyme
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5.3.2.2 Effect of extracts of A.cominia on the PTP1B enzyme

All plants extracts were tested on the PTP1B enzyme assay at 30 pg/ml and
compared with the standard inhibitor, TFMS, which produced a concentration
dependent inhibition with a of Ki 1.1 + 0.03 uM (Fig 5.9). Plants containrakve
classes of secondary metabolites and the biological activity of the plant may be the
result of all these metabolites working in synergy. Therefore, all the compounds
isolated from different crude extracts frofn cominia as well as all the samples
eluted by different phytochemical techniques (particularly the active compounds

tested in the glucose uptake assay) were also tested in the PTP1B enzyme assay.

5.3.2.3 Effect of compounds isolated from AC -HEC on PTP1B enzyme

DMSO did not produce any effect on PTP&Bzyme compared with the control. All
the samples from AGIEC (hexane and ethyl acetate crude extract and its fractions
eluted by silica gel column chromatography) significantly inhibited PTP1B enzyme
(P <0.05) (Fig 5.9). A 71.6 £ 3% inhibition of PTP1B svabserved by the crude
extract (HEC). More than 70% inhibition was observed only with samples38C
38, 48 and 5b3. These samples were identified to be a mixture of flavonoids, fatty

acid and tannins.
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Effect of TFMS in the PTP1B assay
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Effect of extacts from AC-HEC in the PTP1B assay
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100+

= all samples 30 pg/ml

754

% control

50+
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control
AC-HEC

AC-HEC-1-12
AC-HEC-13-19
AC-HEC-33-34
AC-HEC-35-38
AC-HEC-39-43
AC-HEC-44-47
AC-HEC-48
AC-HEC-49
AC-HEC-50
AC-HEC-51
AC-HEC-52
AC-HEC-53

Figure 59 Effect of various AGHEC fractions (separated by silica gel column
chromatography) on PTP1B enzyme in the presence of DIFMUP substrate. Extracts
concentrated at 30 pg/mvere incubated with PTP1B enzyme for 30 min at 37°C in an
atmosphere containing 5% GM@iFMUP (10 uM) was then added and incubated for 10 min

at 37°C. The hydrolysis of DIFMUP by PTP1B enzyme was measured at 355/460 nm. Data
represent mean + SEM of PTPMhzyme hydrolysis (% control) of three independent
experiments. Insert shows the effect of various concentrations of TFMS standarii0@.03
UM) on PTP1B enzyme in the presence of DiIFMUP. DMSO was used as contfol. Ki

TFMS was 1.1 £ 0.03 uM. The data meanalysed by Dunnegpbsttest *** P value < 0.05
versus control.
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5.3.2.3.1 Effect of compounds isolated from AC -MC on PTP1B enzyme

All the samples from AGMC (methanolic crude extract and its fractions eluted by
VLC) significantly inhibited PTP1B enzymd(<0.05) (Fig 5.10). A 62.6 = 0.9%
inhibition of PTP1B was observed by the crude extract (MC). More than 70%
inhibition was observed only with samples NIC(68.3 + 4.8%), H (61 + 1.5%), |
(64.3 £ 1.3%), J (78.3 £ 2.6%) and KLMN (79 + 4.3%). These samples were
identified to be a mixture of flavonoids, pheophytins and tannins. A further PTP1B
assay was done on the eluted samples from D and KLMN onlyfr&etibn D was
found to be a mixture of pheophytins, while KLMN was a mixture of flavonoids. The

flavonoid mikture was the most active.

Effect of AC-MC extracts from A. cominiain the PTP1B assay
125+

1004
[ all samples 30 pg/ml

754

% control

50

254

AC-MC-A(VLC)
AC-MC-KLMN

Figure 5.10 Effect of variousAGMC fractions (separated by VLC) on PTP1B enzyme in the
presence of DIFMUP substrate. Extracts concentrated at 30 pg/rel meubated with
PTP1B enzyme for 30 min at 37°C in an atmosphere containing S5%DEMUP (10 pM)

was then added and incubated for 10 min at 37°C. The hydrolysis of DiFMUP by PTP1B
enzyme was measured at 355/460 nm. Data represent mean + SEM of PRt en
hydrolysis (% control). n=3. The data were analysed by Duposttest *** P value <0.05
versus control.
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7.2.2.3. Effect of compounds isolated from AGIC-KLMN on PTP1B enzyme

AC-MC-KLMN was identified as a mixture of flavonoids and was then separated by
sephadex column chromatography. Samples collected and pooled together (after
TLC) were tested in the PTP1B enzyme assay. DMSO had no effect on PTP1B
enzyme. The highest inhiltn (77.6 £ 4.4%) of PTP1B was with the mixture sample
(KLMN) (Fig 5.11). Separated fractions from KLMN, including24, 4490 and 91

175, significantly inhibited PTP1B enzyme (66.3 + 3.3%, 53.3 + 6.2% and 62 + 1.7%
respectively). More than 60% inhibitionas observed only with samples24 and
91-175. Samples-24 were identified as tannins. Only samplesl9% were showing

the presence of a mixture of flavonoids separated from the tannins. This sample was

then separated by sephadex column chromatograghtharactivity of the fractions
was tested in PTP1B assay (Fig 5.12).

Effect of AC-MC-KLMN extracts from A. cominia in the PTP1B assay
125+

100+
8 all samples 30 pg/ml

754

% control

504

254

Figure 5.11 Effect of various AGMC-KLMN fractions (separated by sephadex column
chromatography) on PTP1B emze in the presence of DiIFMUP substrate. Extracts
concentrated at 30 pug/ml were incubated with PTP1B enzyme for 30 min at 37°C in an
atmosphere containing 5% GM@iFMUP (10 uM) was then added and incubated for 10 min

at 37°C. The hydrolysis of DIFMUP by PTP1B enzyme was measured at 355/460 nm. Data
represent mean * SEM of PTP1B enzyme hydrolysis (% control). n=3. The data were
analysed by Dunneptosttest *** P value <0.05 versus control.
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Significant inhibition of PTP1B was observed with samplés &18, 5658, 59, 60

65, 6672, and 73135 (Fig 5.12). The highest inhibition (100 + 5%) was with
fraction 6672, which was identified as the mixture of flavonoidparated from the
fatty acids. This fraction was further separated by HPLC. Both fractions produced
significant inhibition of PTP1B (25 + 6% with F1 and 32 *+ 6% with F2). However,
none of the separated compounds produced more than 60% inhibition of thB PTP

enzyme (Fig 5.13). Therefore, individual flavonoid compounds were not accepted as
active inhibitors of PTP1B.

Effect of AC-MC-KLMN (91-175) extracts from A. cominia in the PTP1B assay
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Figure 5.12 Effect of various AGMC-KLMN-91-175 Fractions (sepded by sephadex
column chromatography) on PTP1B enzyme in the presence of DiIFMUP substrate. Extracts
concentrated at 30 pg/ml were incubated with PTP1B enzyme for 30 min at 37°C in an
atmosphere containing 5% GMiFMUP (10uM) was then added and incubdi@dl0 min

at 37°C. The hydrolysis of DIFMUP by PTP1B enzyme was measured at 355/460 nm. Data
represents mean = SEM of PTP1B enzyme hydrolysis (% control). n=3. The data were
analysed by Dunneftosttest *** P value <0.05 versus control.
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Effect of flavonoids extracts from AC-KLMN-(91-175)-66-72 on PTP1B
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Figure 5.13 Effect of various fractions from A®LMN-(91-175}66-72 (separated by
HPLC) on PTP1B enzyme in the presence of DIFMUP substrate. Data represent mean *
SEM of PTP1B enzyme hydrolysis (% control). n=3. The data were analysed by Dunnett
posttest *** P value<0.05 versus control.
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5.3.2.3.2 Effect of compounds isolated from AC -MC-D on PTP1B enzyme

All the fractions separated from AKRIC-D (by silica gel column chromatography)
produced significant inhibition of PTP1B enzynt<(.05) at 30 pg/ml (Fig 5.14).
Fraction 513 was the most active, producing 65 + 2% inhibition of the enzyme.
Fraction 513 was identified as pheophytin A. Fraction-24} identified as
pheophytin B produced significant inhibition of PTP1B enzyme (53.3 0o).
However, fraction 144 was not considered to be active (inhibition was less than
60%).

Effect of AC-MC-D extracts from A. cominia in the PTP1B assay
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Figure 5.14 Effect of various AGMC-D fractions (separated by silica gel column
chromdography) on PTP1B enzyme in the presence of DIFMUP substrate. Extracts
concentrated at 30 pg/ml were incubated with PTP1B enzyme for 30 min at 37°C in an
atmosphere containing 5% G@iFMUP (10 uM) was then added and incubated for 10 min

at 37°C. The hyalysis of DIFMUP by PTP1B enzyme was measured at 355/460 nm. Data
represent mean + SEM of PTP1B enzyme hydrolysis (% control). n=3. The data were
analysed by Dunneftosttest *** P value <0.05 versus control.
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5.3.2.3.3 Concentration dependent inhibition of the flavonoids and pheophytins

TFMS produced a concentratiolependent inhibition of PTP1B enzyme with a Ki
value of 1.13 + 0.03 uM. Samples showing more than 60% inhibition of PTP1B
enzyme at 30 pg/ml are presented in the table in Fig 5.15. SampletEACHEC-

35-38 and 48 were from the ethyle acetate and hexane extracts. These fractions were
identified by NMR to be a mixture of flavonoids. Flavonoids were also identified in
the methanolic extracts MELMN, as well as in fraction KLMN91-175 and
fraction KLMN(91-175)66-72. In addition, pheophytins were identified in MIC

and the separated pheophytin A in NDE5-13 and pheophytin B in sample M-

24-44. The effect of a range of concentrations of these sample8qQQuM) was

tested on the hydrolysis of PTP&Bzyme using DiIFMUP as substrate.

The Effect of TFMS in the PTP1B assay

* Kil.13° 0.03 uM
100+

50

% control

Log conc (M)

Figure 5.15 Effect of TFMS inhibitor on PTP1B enzyme in the presence of DiIFMUP
substrate. Inhibitor concentration range was incubated with P EAZme for 30 min at
37°C in an atmosphere containing 5%,COIFMUP (10 uM) was then added and incubated

for 10 min at 37°C. The hydrolysis of DIFMUP by PTP1B enzyme was measured at 355/460
nm. Data represent mean + SEM of PTP1B enzyme hydrolysiso@ol). n=3. Ki for
TFMS was 1.13 + 0.03 pM.
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The crude ethylacetate hexane extract produced a concenttapendent inhibition

of PTP1B enzyme with a Ki value of 0.15 + 0.01 pg/ml, which was 7 times less than
the Ki value for TFMS (1.13 + 0.03 pg/mlfFractions AGHEC-35-38 and 48
separated from the crude AGEC also produced a concentratid@pendent
inhibition of PTP1B enzyme, with Ki values of 0.13 £ 0.01 pg/ml and 0.12 + 0.07
pg/ml respectively (Fig 5.16). Ki dhe eluted fractions was the sansetlhat of the

crude extract. Hence, the inhibition of PTP1B by-AEC appeared to be due to the
flavonoids present in the extract.

The effect of AC-HEC-35-38
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Figure 5.16 Series of graphs showing the effect of various fractions ofH&C extracts
(AC-HEC, AGHEC-3538 and AGHEC-48) on the PTP1B enzyme. Extracts were
incubated with PTP1B enzyme for 30 min at 37°C in an atmosphere contadingQ.

DiFMUP (10 pM) was then added and incubated for 10 min at 37°C. The hydrolysis of
DIFMUP by PTP1B enzyme was measured at 355/460 nm. Data represent mean = SEM of
PTP1B enzyme hydrolysis (% control). n=3. Kifor ACEC was 0.15 N 0.01
AC-HEC3538 was O0.13N 0. 0HEG4QY miasand. KA N ox. 0ATC
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The crude methanolic extract @&. cominiaproduced a concentratiatependent
inhibition of PTP1B enzyme with a Ki value of 0.15 + 0.02 pg/ml, which was 7
times less than thi€i value for TFMS (1.13 = 0.03 pg/ml). Fraction D, a mixture of
pheophytins (separated by VLC), produced a concentrdipendent inhibition of
PTP1B enzyme with a Ki of 0.5 + 0.03 pg/ml. Fractions-lC-D-5-13 and 2444
separated from AGIC-D also prodiced a concentratietlependent inhibition of
PTP1B enzyme with Ki values of 0.64 = 0.05 pg/ml and 0.88 = 0.03 pg/ml
respectively (Fig 5.17). Ki values of tleéuted fractions were higher than that of the
crude extract. The inhibition of PTP1B enzyme by-KIC-D was made by the
pheophytins in addition to other secondary metabolites in the plant, which may be
responsible for the activity of the plant extract.
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The effect of AC-MC-D-24-44

The effect of AC-MC-D-5-13 in the PTP1B assay

150~ in the PTP1B assay 150~
Ki 0.64° 0.05 pg/ml * Ki0.887 0.03 g/ml

100+ 1004

% control
% control

o
o

Log conc (g/ml) Log conc (g/ml)

Figure 5.17 Series of graphs showing the effect of various fractions ofMKC extracts

(AC-MC, AC-MC-D, AC-MC-D-5-13 and ACGMC-D-24-44) on the PTP1B enzyme.

Extracts were incubated with PTP1B enzyfime30 min at 37°C in an atmosphere containing

5% CQ. DIFMUP (10 pM) was then added and incubated for 10 min at 37°C. The
hydrolysis of DIFMUP by PTP1B enzyme was measured at 355/460 nm. Data represent
mean + SEM of PTP1B enzyme hydrolysis (% controlB.r& for AC-MC was 0.15 + 0.02

eg/ ml , KMC-Df oma sA@ . 5 N 0. 0-BIC-13-913 mvds,0.64K+4 0.05 o r AC
eg/ m andMkD-24446rwa€ 0.88 N 0.03 eg/ ml
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Fraction KLMN (separated from the crude methanolic extract) produced a
concentratiordepeandent inhibition of PTP1B enzyme with a Ki value of 0.6 + 0.05

pg/ml which was 2 fold less than the Ki value for TFMS (1.13 £ 0.03 pg/ml).
Fraction 91175 (flavonoids and fat) separated from the crude KLMN also produced

a concentration dependend inhibitiohPTP1B enzyme with a Ki value of 1.08 *

0.005 pg/ml (Fig 5.18). Ki othe eluted fraction 6682 (separated from the fat) was

hi gher than that of the crude extract (K
enzyme by AGHEC was made by the flavonoidsparated from the crude extract.

This inhibition was higher in the presence of fatty acids in the sample.
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Figure 5.18 Series of graphs showing the effect of various fractions ofMKGKLMN
extracts(AC-MC-KLMN, AC-MC-KLMN-91-175 and AGMC-KLMN -(91-175)6672) on

the PTP1B enzyme. Extracts were incubated with PTP1B enzyme for 30 min at 37°C in an
atmosphere containing 5%GMiIFMUP (10 pM) was then added and incubated for 10 min

at 37°C. The hydrolysis of DIFMUP by PTP1B enzyme was measured at 355/460 nm. Data
represent mean + SEM of PTP1B enzyme hydrolysis (% control). n=3. Ki feM&€C

KLMN was 0.6 N 0 .-MCSKLMNy91-th 7 5 Wwasf ar 0OBCN 0. 005
for AC-MC-KLMN -(91-175)667 2 was 3.2 N 0.09 &g/ ml
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5.3.2.4 Kinetics of the inhibition of PTP1B by the flavonoids and pheophytin A
from A. cominia

Various concentrations of the flavonoids and pheophytin A samplesincereated

with PTP1B enzyme and increasing concentrations of the substrate. The results were
graphed using a Michaelidenten plot. Vmax and Km were calculated (Figs 5.19
and 5.20). As the flavonoids and pheophytin A concentration increased, so did the
Km. The Vmax was unchanged with increased concentrations of inhibitors. The
shape of the curves in the Michadlienten plot was hyperbolic. Alpha was > 1 for
both samples. All these factors were indicative of a competitive inhibition of the
flavonoid and phephytin A samples. The mechanism of action of the TFMS
inhibitor used in the assay also confirmed its competitive inhibition. As the TFMS
concentration increased, so did the Km. The Vmax was unchanged with increased
concentrations of inhibitor. The shapkthe curve in the Michaelislenten plot was
hyperbolic. Alpha was around 1.941e+015 > 1 (very large) (Fig 5.21). The
mechanisms of action of flavonoid and pheophytin A samples extractedArom

cominiawere comparable to that of the TFMS inhibitor of PTP1B enzyme activity.
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[Substrate] vs. Velocity

Flavonoids from A. cominia on PTP1B
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Inhibitor Concentration Vmax (RFU) Km (uM)
(LM)
0.01 21482 26.36
0.03 22312 35.98
0.1 19187 21.48
0.3 22474 27.96
1 19725 29.05
3 21214 47.04
10 20901 131.3
30 20313 296.8

Figure 5.19 MichaelisMenten plot of the inhibitory effect of the flavonoid fractions/Aof
cominiaon PTP1Bcatalysis hydrolysis of the enzyme. Data are expressed as mean RFU
(relative fluorescence unit) for n=3 replicates of each substrate concentration (0.01 to 100
HUM). The table below the graph represents Km (uM) and Vmax (RFU) with each inhibitor
concentration.
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[Substrate] vs. Velocity
Pheophytin A from A. cominia on PTP1B
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0.03 22151 29.93

0.1 20295 26.08

0.3 21838 44,14

1 20940 38.14

3 20189 48.4

10 22671 169.2

30 21659 276

Figure 5.20 MichaelisMenten plot of the inhibitory effect of the pheophytin A fractiomof
cominiaon PTP1Bcatalysis hydrolysis of the enzyme. Data are expressed as mean RFU
(relative fluorescence unit) for n=3 replicates of each substrate concentration (0.01 to 100
UM). The table below the graph represents Km (uM) and Vmax (RFU) with each inhibitor
concentration.
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20000~ [Substrate] vs. Velocity
TFMS inhibitor on PTP1B

0.03
0.1
0.3
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100
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ALPHA | ~ 1.941e+015 |

O-I 1 T
0 50 100
[S] (mv)
Inhibitor Concentration Vmax (RFU) Km (uM)
(LM)
0.01 17619 18.59
0.03 18869 26.22
0.1 18520 26.99
0.3 17491 27.77
1 18974 52.8
3 18413 56.94
10 19633 79.19
30 19323 154.4

Figure 5.21 MichaelisMenten plot of the inhibitory effect of the TFMS on PTRd&alysis
hydrolysis of the enzyme. Data are expressed as mean RFU (relative fluorescence unit) for
n=3 replicates of each substrate concentration (0.AD@ouM). The table below the graph
represents Km and Vmax with each inhibitor concentration.
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5.3.2.5 Conclusion and discussion

Like TFMS, the flavonoid mixture and pheophytins strongly inhibited PTP1B
enzyme at 30 pg/ml. The flavonoid mixture was highly act{t00% inhibition).
Pheophytin A (65% inhibition) was more active than pheophytin B (53% inhibition)
compared to the control. Therefore, only pheophytin A was used in the glucose
uptake assay. After separation by HPLC, quercitrin and mearnsitrin producsd

less inhibition, although it was statistically significant (25 and 32 % inhibition
respectively). After separation, quercitrin and mearnsitrin did not inhibit PTP1B
enzyme,which suggests that these compounds are only active in synergy. Both
flavonoid mixture and pheophytins produced a concentradiependent inhibition of
PTP1B enzyme with Ki values of 3.2 + 0.09 pg/ml for the flavonoids and 0.64 + 0.05
ug/ml for the pheophytin A. The presence of fatty acids in the sample of flavonoids
increased thedvity of inhibition. These low Ki values reflect the high potencies of
these compounds. Kinetic studies demonstrated that the inhibition of both flavonoids
and pheophytin A, as well as the TFMS inhibitor of PTP1B enzyme, were
competitive inhibitors. Thisconfirms that these compounds can be reported as
PTP1B enzyme inhibitors. Such chemical classes of PTP1B inhibitory compounds
from plants including phenols, flavonoids and other compounds have been reported
previously (Na., 2006 a, pZhanget al., 2010. These reports show that PTP1B
enzyme inhibitory compounds from plants belong to a diverse group of chemical
compounds. Both flavonoids and pheophytin A also stimulate glucose uptake (as
shown in Chapters 3 and 4). It is possible that the inhibitioT&flIB contributed to

the enhancement of the glucose uptake as well as to the enhancement of insulin
sensitivity in differentiated 3781, L6 and HepG2 cells. The mixture of flavonoids
produced the greatest effect (100% inhibition of PTP1B enzyme). PTP}Ehenz
inhibition enhanced insulin activity oA. cominia by this mechanism. This is
supported by reports on the effect of flavonoids on peripheral insulin sensitivity
(Strobelet al, 2005; Nomuraet al, 2008 Brahmachariet al, 201). The hype
glycaemic ativity of many plants has been linked to the presence of steroidal
glycosides (Katet al, 1995; Dhanabadt al.,2005 McAnuf et al.,2005.
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5.3.3 | -Glucosidase enzyme

5.3.3.1 Z-Z£A A O -Qucdsidase assay

Ugl ucosidase enzyme as s agucoSidaserreyne at®.a s
units/ml in the presence ofritrophenytU-D-glucopyranoside as substrate (1 mM).
The positive control was in the presence of both substrate-ghatosidasenzyme.

The ngative control was in the presence of the substrate only.

For U-glucosidase assay (Fig 5.22), the value $&cor was 0.79. By comparison to
the highthroughput screening fitness assay (Table 5.4xc#or is between 0.7 and
0.9, confirming that the OV assay and its conditions were acceptable and can be
followed for further screening tests.

Z Factor for a-glucosidase

2.0+ N
B positive control
[ ] .
H gE [] A
1.5+ _l'li."!.'!._l. at . negative control
u mg N
D Z=0.79
L 1.0+
@
0.5+
(e YYVVVVVVVVVVVVVVVVVVVVV YV

0 10 20 30
Well No.

Figure 5.22 High-throughput screening fitness forglucosidasessay using -itropheny}
UD-glucopyranoside as substrate dhglucosidase enzyme
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5.3.3.2 Effect of extracts from A. cominial T  O-Bldcosidase enzyme

The control was presented as a displacement curve for the acarbose inhibigor. All
cominiae Xt r act s w eglumsidase assag at 30qug/ml.UAcarbose produced
a concentratiod e pendent i -glucdsitbaset enzyme widhf a KUvalue of
0.22 £ 0.05 mg/ml (Fig 5.23).

Acarbose
a-Glucosidase Assay

* Ki0.22° 0.05 mg/ml

Hydrolysis
% Control

-6 -5 -4 -3 -2 -1
Log Conc (g/ml)

Figure 5.23 Effect of acarbose on tHéglucosidase assay in the presence-nitebphenyt
glucopyranoside (substrate). Acarbose at different concentrations (10ip8@nmhg/ml) was

i ncubat gldcosislaseé énzyrde for 10 min at’@7in an atmosphere containing 5%

CO.. 4-nitrophenytglucopyranoside (4 mM) was then added and incubated for 10 min at
370C. The hydr ol y s-glusosidase enzyme was inbasured att4@5 nin.y U
Data represent -gneosidase Rnzy®d&tolysisf(% Etbntrol) of three
experiments. Kior acarbose was 0.22 + 0.05 mg/ml.
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5.3.3.2.1 Effect of crude extracts from A. cominial T -glucosidase

Samples which showed 40% or less of the control (more than 60% inhibition) were
considered to be potentially active. As shown in Fig 5.24, only methanolic crude
extracts ofA. cominiaat 30 pg/ml showed 94% inhibition (6% of the control). HEC
crudeextrachad no si gni-flicesmase enmayrhefbg aomparson tolihe

control. DMSO (1%) did not produce inhibition of the enzyme.

Effect of crude extracts from A. cominia on a-glucosidase

150~ 3 Alsamples 30 ng/ml
&0 5 100+
2 'E 1
° 0o
Eo
TS 50
*kk
C L] L] L] L]
° o} O] Q
5 g <

Figure 5.24 Effect of variouscrude extracts of. cominiafrom maceration extractionn the
Uglucosidase assay in the presence -oftédbphenyiglucopyranoside (substrate). Extracts
concentrated at 30 Ogucositlaseveezyme foi 10 cnim bt87°@id wi t |
an atmosphereontaining 5% C@ 4-nitrophenytglucopyranoside (4 mM) was then added

and incubated for 10 min at 3-@udsSidaseTehzgmehy dr o |
was measured at 405 nm. DMSO is a negative control and acarbose is a positive control.
Datarep esent me a n -gludosidage Mnzyme hydrolysis (% control) of three
experimentsThe data were analysed by Dunrpasttest *** P value < 0.05 versus control.
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Of the HEC samples (Fig 5.25) separatedsiiga gel column chromatography,
fraction 52 produced much less inhibition, although it was statistically significant

(37% inhibition) by comparison with the control.

Effect of extracts from HEC of A. cominia on a-glucosidase

3 Al sample 30 ng/ml

150+
p— T .
0 = 100 pe=—— = -
= O l
0 S T T
S5 = x
9 ) p— p——
=] (@) |
TS 501
O L] L] L] L] L] L] L] L] L L L L L L
> I AN 3 o> QA 2 @S .
R I AR = A LY I AR R A S LY LY < < d
DA RCARIR AV A A A A ¢ S S S G G G G
A N I P SR AN
g g < [ o < v v v v v v
A SO SO SO SO o

Figure 5.25 Effect of variousextracts ofA. cominiafrom hexane and ethyl acetate crude

extract separated by silica gel column chromatographythe Uglucosidase enzyme.
Extracts concentrated a tgluc®dsidas®denzyme forwGmireat i nc u k
37°Cin an atmosphere containing 5% £@-nitrophenylglucopyranoside (4 mM) was then

added and incubated for 10 min a-glucdidaseC . The
enzyme was measured at 405 nm. DMSO is a negative control and acarbose is a positive
control . Dat a r e p r-gusosidase emrgme mydrblysisS (BMontoof) of U

three experimentsThe data were analysed by Dunnptisttest *P value < 0.05 versus

control.
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Toconfrmwh ch fraction of t he qglecosidaseentyinec e xt
assay was carried out on all the samples extracted from MC by VLC separation and
only samples from fraction F to f-ractio
glucosidase enzyme, witln values < 0.05. 79% + 2.67, 92%, 87% * 0.33, 89% =+

0.33, 89% + 0.33 and 91 * 0.33 % of inhibition"eglucosidase by F, G, H, I, J and

KLMN, respectively (Fig 5.26). After chemical identification of all the fractions,
fractions D (crude pheophytins) and KLMN (flavonoid mixture) were carried out for

further separation and purification, while all separdfted act i ons w-er e t e

glucosidase enzyme assay.

Effect of extracts from MC on a-glucosidase

150 = 3 Al sample 30 ng/ml

=

o

o
M

Hydrolysis
(% Control)

a1
o
L

*k%k
*k%k
*kk *k%k *k%k *kk Kkk
0 =5 [ = 69 55 55 e
L L L L L L L L L L L L L
NS o 1) S o Q 12 « © > & > S
00‘\&\ & ?*U@ W~ o‘“o o“\o o'@O cﬁ\o cﬁo cf‘\o g NS
R O S L SO SO R vy W
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Figure 5.26 Effect of variousmethanolic extracts oAA. cominiafrom vacuum liquid
chromatography separatiam theU-glucosicise enzyme. Extracts concentrated at 30 pg/ml

wer e i nc ulgadsddse enzymd for A0 min at 37°C in an atmosphere containing

5% CQ. 4-nitrophenylglucopyranoside (4 mM) was then added and incubated for 10 min at
37U0C. The hydr ol y sglugosidase enzyme was unbasured att4@5 nin.y U
DMSO is a negative control and acarbose is a positive control. Data represent mean £+ SEM

of -gliicosidase enzyme hydrolysis (% control) of three experimdts. data were
analysed by Dunnegtosttest *** P value < 0.05 versus control.
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5.3.3.2.4 Effect of extracts from AC-MG+ , - .  Iglucosjdase

As shown in Fig 5.27, all the samples separated byhagkgx column
chromatography si elucodidase emyne,yas dich the brudé e d
KLMN sample (30 pg/ml) withP value < 0.05. The highest inhibition &f-
glucosidase (95% inhibition) was with the samples-19%, identified by
chromatographic tecloues as a mixture of flavonoids.

Effect of extracts from AC-MC-KLMN on
a-glucosidase

150~ 33 All sample 30 ng/ml
v = 100+
g g
S5
g (@]
TS 50-
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Figure 5.27 Effect of various methanoliextracts ofA. cominiafrom KLMN extract fraction
separated by sephadex column chromatograpiythe U-glucosidase enzyme. Extracts

concentrated at 30 Ogucaositlaseveezyme foi 10 cnim bt87°@id wi t |

an atmosphere containing 5% £@-nitrophenytglucopyranoside (4 mM) was then added

and incubated for 10 min at 37°C. The hydrolysi$ df e s u b sgtucosidase erfayyne U
was measured at 405 nm. DMSO is a negative control and acarbose is the positive control.
Data represent -gneosidase Rnzy®é&E Mdrotysis (% control) of three
experimentsThe data were analysed by Dunrpsttest *** P value < 0.05 versus control.
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5.3.3.2.5 Effect of extracts from AC-MGKLMN-91-p x v fglucosidase

All extracts separated from ARIC-KLMN-91-175 (except B, 1928 and 2934)
produced significant inhibition of -glucosidase enzyme by comparison with the
control (Fig 5.28). The highest inhibition of the enzyme was with samples 46 to 59
(95% inhibition). Sample 682 (flavonoids mixture) also produced significant
inhibition of h-glucosidase enzyme (79 + 1% inhibit). The activity of the extract

KLMN -91-175 was affected by all the chemical metabolites in it.

After separation of the flavonoids (quercitrin F1 and mearnsitrin F2) from sample
66-72, neither compound produced inhibition fofglucosidase (Fig 5.29). This
confirms that the effect of the compounds fomglucosidase occurred when both

compounds were in synergy.
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Effect of extracts from AC-MC-KLMN-91-175 on a-glucosidase
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Figure 5.28 Effect of variousmethanolic extracts oA. cominiafrom fraction KLMN-91-
175 separated by sephadex column chromatographyhe Uglucosidase enzyme. Data
represent me a rylucdSidass Eeityme thydrolysis (% control) of three
experimentsThe data were analysed by Dunrmisttest *** P value < 0.8 versus control.

Effect of flavonoids extracts from AC-KLMN-(91-175)-66-72
on a-glucosidase

1501
control

water 1%
AC-MC-KLMN-91-175
AC-MC-KLMN(91-175)-66-72
F1

F2

f
|
goamng

% hydrolisis

]
o
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Figure 5.29 Effect of separated flavonoids Af cominiaby HPLC (fr act-i ons
glucosidaseenzyme. Extracts concentrated at 30 ug/ml were incubated -plucddidase
enzyme for 10 min at 37°C in an atmosphere containing 5%. @@itropheny}
glucopyranoside (4 mM) was then added and incubated for 10 min at 37°C. The hydrolysis
of t he s udusasidaseteazynte was Wneasured at 405 nm. DMSOhégyative

control and acarbose is the posi-gluceselasecontr o

enzyme hydrolysis (% control) of three experimefiise data were analysed by Dunnett
posttest *** P value < 0.05 versus control.
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5.3.3.2.6 Effect of extracts from AGMG$ 1 Iglucpsidase

AC-MC-D produced less, but statistically significant inhibitior? eflucosidase (Fig
5.30). None of the extracts of MO including the pure pheophtins A and B
(respectively fractions 124 and 2%44) possessed any inhibitory acii t y +n t he

glucosidase assay.

Effect of extracts from AC-MC-D on a-glucosidase

150+ 3 All sample 30 ng/m
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Figure 5.30 Effect of variousmethanolic extracts &. cominiafrom fraction D separated by

silica gel column chromatograploy theU-glucosidasenzyme. Extracts concentration at 30
Og/ ml wer e i mlocodidase endymevfort1B mit) at 37°C in an atmosphere
containing 5% C@ 4-nitrophenyiglucopyranoside (4 mM) was then added and incubated
for 10 min at 37°C. The hydrolysis of the substiate -glitosidase enzyme was measured

at 405 nm. DMSO is a negative control and acarbose is the positive control. Data represent
mean N Sigldosidabe ehkzyme hydrolysis (% control) of three independent
experimentsThe data were analysed by Dunrmtsttest *** P value < 0.05 versus control.
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5.3.3.3 Concentration -dependent inhibition of the flavonoids

To study the effect of concentration of the extract'eglucosidase enzyme, crude
methanolic extract, fractions | and KLMN (from VLC), sample-MC-KLMN -91-

175 and sample AGIC-KLMN-(91-175)66-72 were tested. Acarbose produced a
concentratiordependent inhibition df-glucosidase with a Ki value of 0.19 + 0(b
mg/ml (Fig 5.31). AGMC, AC-MC-I and AGMC-KLMN produced a
concentratiordependent inhibition of the enzyme with Ki values of 60 = 0.02
pg/ml, 45 + 0.01 pg/ml and 32 £ 0.009 pg/ml respectively (Fig 5.32). However, a
concentratiordependent inhibitionof h-glucosidase was produced by AGC-
KLMN-91-175 and AGMC- KLMN-(91-175)}66-72 with Ki values of 2 + 0.07
pg/ml and 1.7 + 0.5 pg/ml respectively (Fig 5.33). Purification of the flavonoids

decreased the Ki value.

Effect of acarbose on a-glucosidase
Glucosidase Assay

80~
= Ki0.19° 0.0005 mg/ml
60+ I
N —
» 2
> -~
S & 40
- O ]
z8
20+
0 L] L] L] L] L]
-6 -5 -4 -3 -2 -1

Log Conc (g/ml)

Figure 5.31 Effect of acarbose on tHéglucosidase assay in the presence-nitebphenyt
glucopyranoside (substrate). Acarbose at different concentrations (10ip8@nmhg/ml) was

i ncub at gldcosidasé énzyidler 10 min at 37°C in an atmosphere containing 5%
CQO.. 4-nitrophenyiglucopyranoside (4 mM) was then added and incubated for 10 min at
37U0C. The hydr ol y s-glusosidase etizyme was umbasured att4@5 nin.y
Data represent -goesidase Bnzy®e drolydis (% control) of three
experiments. Kior acarbose was 0.19 + 0.0005 mg/ml.
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Effect of AC-MC on a-glucosidase Effect of AC-MC-l on a-glucosidase
Glucosidase Assay Glucosidase Assay

100+ . 100+
= Ki60° 0.02 ng/ml = Ki45° 0.01 ng/ml
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Hydrolysis

% Control

Hydrolysis
% Control

9 8 7 6 5 4 9 8 7 6 5 4
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Effect of AC-MC-KLMN on a-glucosidase
Glucosidase Assay

100+
* Ki32° 0.009 ny/ml
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Figure 5.32 The effect of some fractions of ARIC extracts(AC-MC, AC-MC-I and AG

MC-KLMN) on Uglucosidase enzym&xtracts were incubated withiglucosidase enzyme

for 10 min at 37°C in an atmosphere containing 5%. @@itrophenytglucopyranoside (4
mM)wasthermdded and incubated for 10 min at 37UC
glucosidase enzyme was measur ed agtucodiddse n m. C
enzyme hydrolysis (% controf=3. Ki for ACMC was 60 N 0. O0-MC-tkg/ ml,
was45#0 . 01 &g/ ml -MakdL MN waosr 332C N 0. 009 &g/ ml
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Effect of AC-MC-KLMN-(91-175) on Effect of KLMN-(91-175)-66-72 on

a-glucosidase 100- a-glucosidase
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= Ki2° 0.07ng/ml = Kil.7° 0.5 ng/ml
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Figure 5.33 The effect of the flavonoids mixture of AC (AKIC-KLMN -91-175 and ACG

MC- KLMN-(91-175)66-72) on U-glucosidase enzyméExtracts were incubated witb-
glucosidase enzyme for 10 min at 37°C in an atmosphere containing 5%-Qitophenyt
glucopyranoside4d mM) was then added and incubated for 10 min at 37°C. The hydrolysis
of t he s udlusosidasetemzyme was theasured at 405 nm. Data represent mean +
S EM glficosidlase enzyme hydrolysis (% controB3.
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cominia
Acarbose produced a concentratagpendent inhibition df-glucosidase with a Ki
value of 0.45 = 0.05 mg/ml. Various concentrations of the flavonoids sample were
incubated with h-glucosidase enzyme and increasing concentrations -of 4
nitrophenylglucopyranoside. The results were graphed using a MicHdelgen
plot. Vmax and Km were calculated (Fig 5.34). As the flavonoid concentration
increased, the Vmax remained unchanged. The iKcreased with the increased
concentration of inhibitor (Fig 5.34). The shape of the curve in the MicHdelnden
plot was hyperbolic. Alpha was 5.722e+016 (very wide). All these factors were
indicative of a competitive inhibition of the flavonoids sdaeprhe mechanism of
action of the acarbose inhibitor used in the assay was active by competitive
inhibition. As the acarbose concentration increased, so did the Km. Vmax was
unchanged with the increased concentration of inhibitor. The shape of the curve i
the MichaelisMenten plot was hyperbolic. Alpha was around 1.190e+018 (very

large) (Fig 5.35). The mechanism of action of the flavonoids sample extracted from

A. cominiawas si mi |l ar to that egfucosidase enayme r b 0 s «

activity.
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Acarbose
Glucosidase Assay

150+
* Ki0.45° 0.05 mg/ml
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i
o
<
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[Substrate] vs. Velocity

159 AC flavonoids
— 0.03
7777777777777777777777777 - — 0.1
. — 0.3
— 1
a — 3
g — 10
30
[ ALPHA T ~5.722e+016 |
00 T T T T 1
0 2 4 6 8 10
[S] (mM)
Inhibitor Concentration (mM) | Vmax (RFU) Km (mM)
0.03 0.9528 0.3112
0.1 0.9948 0.3485
0.3 1.2 0.3496
1 1.215 0.3609
3 1.252 0.3953
10 1.236 0.3806
30 1.231 0.5447
Figure 5.34 MichaelisMe nt en pl ot of the inhibitory eff

glucosidaseatalysis hydrolysis of the enzyme. Data are expressed as mean RFU (relative
fluorescence unit) for n=3 replicates of each substrateectration (0.05 to 10 mg/ml). The

i nsert graph shows -glucosidasefassayavith KoOf45 20008 mgind.s e o0 n
The table below the graph represents Km (mM) and Vmax (RFU) with each inhibitor
concentration.
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[Substrate] vs. Velocity

Acarbose kinetics

2.0

1.54

— 10
— 12

— 100

ALPHA] ~ 1.190e+018]

0.0I | | 1 1
2 4 6 8
[S] (mM)

Inhibitor Concentration (mM) | Vmax (RFU) Km (mM)
1.2 1.327 0.1662
4 1.335 0.2331
10 1.278 0.2298
12 1.377 0.7979
40 1.418 1.727
100 1.485 2.675
Figure 535 MichaelisMent en pl ot of the inhibitory

ef fe

glucosidaseatalysis hydrolysis of the enzyme. Data are expressed as mean RFU (relative

fluorescence unit) for n=3 replicates of each substrate concentration (0.05 to 10. figéml)
table below the graph represents Km (mM) and Vmax (RFU) with each inhibitor

concentration.
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5.3.3.5 Conclusion and discussion

Only samples containing -plicasaseenzyrde. he mp o n-
flavonoid mixture produced a concentratidepaer d e n t i n h-gldrosidaseo n o f
with a Ki value of 1.7 N 0.5 e€g/ml. Kine
flavonoid mixture demonst rgutosidhse @anzyme.mp et i
The activity of the flavonoids was comparable to thathefacarbose inhibitor used

by patients with TD M. Ther e f egiuesidase mhibitarsarbrA. tbminia

could be an attractive source for the management of postprandial hyperglycaemia.
However, it is very important to confirm the activity of theséractsin vivo asin

vitro studies do not always correlate with those carriedout/o (Ye et al.,2002).

Many studi es h a vgucosidase wmhibitopsdrone extractsadf plabts
such as cranberry, pepper and soy bean (Apostaided, 2006;Georgettiet al.,

2006 Pullela et al, 200§ . | nhi bglutosidmase erzyme, Bg. cominia
extract, involved in the carbohydrates digestion, can decrease blood glucose level
and therefore is an important strategy in the management -&fM'ZAli et al,

2006). And thereby induce weight loZ&honget al, 2006 Bhatet al, 2008.
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5.3.4 | -Amylase enzyme

5.3.4.1 zZ-Z£A A Ol -@myias&asgay

Uamyl ase enzyme assay f ianyaseseszymgassl25s cr e e
units/ml in the presence dfnitrophenytU-D-maltohexaside as substrate (1.5 mM).
Positive control was | n t-émyglase eneyse hee of
negative control was in the presence of the substrate only.

F o r-amylaseassay (Fig 5.36), the value offZctor was ®06. By comparison to
the highthroughput screening fithess assay (Table 5.3fgpcfor was between 0.9
and 1, confirming that the DPPIV assay and the conditions used were excellent and

can be followed for further screening tests.

Z Factor for a-amylase assay

B positive control
0.6+ .
A negative control
D 041 un _npnlisgu NSsnl ssnlsgs RSy 7=0.906
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Figure 5.36 High-throughput screening fitness foramylaseassay using-nitrophenytU-D-
maltohexasid@s substrate arldamylaseenzyme
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5.3.4.2 Effect of extracts from A. cominial T  O-Brdylase enzyme

Acarbose produced a concentratsigpendent inhibition of -amylase enzyme with

a Ki value of 0.29 £+ 0.05 mg/ml. All extracts Af cominia(Fig 5.37) were tested on

h-amyl ase enzyme at 30 eg/ ml. DNM8Qymel %) dI
in comparison to the control. Only ARIC-G, K, LMN-91-175 (flavonoids), AC

HEC-53 (tannins), AGMC-D-25-44 (pheophytin B) and F1 sample (mearnsitrin)
produced statistically significant inhibition bfamylase, although the inhibition was

less thar60% (29, 10, 18, 14 and 9 % respectively). However, none of the extracts

was considered to be active foramylase enzyme.

Acarbose
a-amylase assay

1004 Ki 0.29 ° 0.05 mg/ml

Hydrolysis
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a
e

7 6 5 4 3 2
Log Conc (g/ml)
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AC-MC-KLMN
AC-MC-KLMN-1-24
AC-MC-KLMN-25-4:
AC-MC-KLMN-44-91
AC-MC-KLMN-14¢
AC-MC-KLMN-91-17!
AC-HEC-1.

Figure 537 Ef f ec t of v ar i o+amylask @nzyine m ¢he presemsedob n U
nitrophenytU-D-maltohexasidesubstrate. Extracts concentrated at 30 pg/ml were incubated

wi t damylake enzyme for 30 min at 37°C in an atmosphere containing 5%4€0O
nitrophenytU-D-maltohexaside (1.5 mM) was then added and incubated for 30 min at 37°C.
The hydrolysis of the substrate by enzyme was measured at 450 nm. Data represent mean +
SEM of enzyme hydrolysis (% control) of three independent experiments. The insert shows
the efeect of various concentrations of acarbose standard (10 BM@ mM) -amglase U
enzyme in the presence ohitrophenytU-D-maltohexaside. Kior acarbose was 0.29 + 0.05
mg/ml. The data were analysed by Dunpetttest *** P value < 0.05 versus control.
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5.3.4.3 Conclusion and discussion

Uamylase enzyme plays an important role in the digestion of starch and glycogen.

| nhi bi t-amglase enfymeUvas considered an important approach for the
management of carbohydrate uptaktated problems (such as diabetes and obesity).

A. cominiaextact s at 30 e g/ rmiamylase énzyme tHighérn hi b i
concentration of these extracts may potentially inhibit the enzyme hydrolysis. Thus,

the inhibition ofh-amylase enzyme was less with the flavonoid mixture but was
statistically significantAmongstthe plant constituents that have been investigated,
flavonoids produced t h-amylasegrzygne (Salesalhi bi t o
2012; Liuet al.,2013). The potential of inhibition related to a number of hydroxyl

groups in the molecule of the cpound (Loet al, 2008 Nickavar et al, 2008

Najafianet al, 2011).
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5.3.5 Summary of inhibition studies involving the  A. cominia extracts

Inhibitory activity of the extracts &k. cominiawere tested on four enzymes; DPPIV,
PTP1®, udosi damgase. and U

Only a mixture of flavonoids produced a significant and concentraipendent

inhibition of DPPIV. The inhibition of DPPIV enzyme by the flavonoids was
competitive, as shown for tisandard inhibitor P32/98.

Among the extracts ok. cominia flavonoids and pheophytin A produced significant

i nhi bition of PTP1B at 30 eg/ ml . Met hanc
active. Competitive inhibition of PTP1B enzyme was observed thighflavonoid

mixture and pheophytin A, as well as with the TFMS inhibitor. Furthermore, these
fractions significantly stimulated glucose uptake in T3adipocytes, and L6 cells.

Only methanolic extracts containing the flavonoid mixture significanttyiinb i -t e d U
glucosidase. The flavonoid mixture produced a concentrdémendent inhibition of

this enzyme and the inhibition was- compe
glucosidase enzyme.

Of all the extracts oA. cominig the least inhibitionof he f | av-amytaseds on
enzyme was shown at 30 eg/ ml

In all the enzyme assays, no significant inhibition of the enzymes was produced by
separated flavonoids (identified by H@S and NMR after fractionation). This

suggests that there is synergism agitire components.
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6 General conclusions and suggestion s for future work

The present study investigated the aliibetic activity of extracts fromllophylus
cominia, which isused to treat type 2 diabetes mellitus in Cuba. Setection of the
plant was basedn its importanceand some primary results provided by Cuban

researchers.

Leaves fromA. cominiawere extracted by maceration usingxane, ethyl acetate
and methanol. Successive separation of the fractions from the mlathextract
from A. cominiawas carried outisingvariousphytochemical methods such as VLC,
Sephadex, silica gel and pr&hC. Fatty acids, tannins, pheophytins (A and B), and
a mixture of flavonoids were detected. The identified flavonoids were mesrnsit
(~70%), quercitrin (~30%), quercetirB-alloside, and aringenin7-glucoside.

Quercitrin and marnsitrin were separated by HPldh an amino column.

On HepG2 ced, the crude methanolic extract frgfn cominia(17 1 0 0 8§ djd ml
not affect the cell countb comparsonto theuntreatectontrol cells. After separation

of the crude extract, three fractions containing flavonoids, pheophytins and tannins
were testedor the viability of 3T3-L1 fibroblasts. Etractsfrom A. comina did not
reduce the viability of L6, 3T-B1 fibroblastsor adipocytes. This provided evidence

for a safe and notoxic natural medicinal plant

Insulin remains a useful ardiabetic drug for the treatment of type 2 diabetes. It
produces hypoglycaemia tugh stimulation of glucose uptake into peripheral

tissues such as muscles and adipocytes.-8BRG glucose uptake by HepG2 liver

cells, insulin producga concentratiolependent increase of glucose uptake with

ECso value 0of93 £ 21 nM. In the presencefdhe methanolic crude extract from.

cominia( 100 ¢eg/ ml ), further confirmation of
was shown witha lower value 0ECsp 13 = 2 nM. A significant increasén 2-NBDG

uptake was observed win increase ahsulin concemration in the presence of the
extract. 100 eg/ ml of t he ext-foldntthei ncr e
absence of insulin and by elevisld in the presence of 100 nM insulim

comparisorto the basal control uptake. This confirms evideoicthe potential anti
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diabetic activity of the methanolic crude extract frémcominiaby increasing the

glucose uptake and enhancing insulin activitylepG2 cells.

On 3T3L1 fibroblasts, insulin produced Bw increase inthe glucose uptake

starting from 0.31M of insulin. However, the crude methanolic extracAotominia

did not enhance insulin activit3T3-L1 fibroblasts are not insuliresponsive cell

lines, with fewer GLUT4 transporters than the 3T3 adipocytesfurthermore these

fibroblasts request higher concentration of insulifter differentiation of 3T3.1

into adipocytes, insulin produced a significant concentradependent increass

the glucose uptakex10 cells/ml of 3T3L 1 , 100 nM of insulin ¢
NBDG werethe optimum concentrations used tbe better glucose uptake assay.
Experiments dondn vitro, in a black 96-well plate underwentdifficulties in
differentiation and didhardelyshow activity of extracts frorA. cominiaon 2NBDG

glucose uptake. 3TB1 differentiation wasperformedin 25 cnf flasks and 12well

plates.And then, 2deoxy-D-glucose wasarried outand the uptake was measured

by massspectrometry 100 nM insulin produced &-fold increase in the glucose
uptake,while wortmannin inhibitednsulin activity by decreasing glucose uptalxg

twof ol d. Pheophytin A at 1 0 O-deaxgD-gladosep r o d u «
uptake without effect on insulin activitfrlavonoids containing extradtom A.

cominia did not produce an increase ind2oxyD-glucose uptake. However,
flavonoids enhanced insulin activity by tvold. This also confirms that both

extracts fromA. cominia (flavonoids and pheophytingre potential antdiabetic

extracts

On L6 cells, insulin produced a concentrati@pendent inerase of ZNBDG uptake

with an EGo value of 28.6 £ 0.iM. This increase was alsoundin the presence of
extractsfrom A. cominig which lowered EGy valueto 0.08 £ 0.02 nM and 5 + 0.9

nNM in t he presence of 100 € g/ entrects o f fl
respectively. Both flavonoids and pheophytins produced a concertdapmandent
increase n the presence of 100 nM insuliin general,a significant increase of
glucose uptake by L6 <cells was shRown wi

cominiain the presence of 100 nM insulin.
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During the differentiation process, 3L3 cells were treated with flavonoids and
pheophytin extracts. These extracts emtifat accumulatiorhad no apoptotic effect

on 3T3L1 adipocytes and did not reduce the numkeGbUT4 transporters. No
significant decrease of lipid droplets was shown when treatmentamasd outafter

2 days (second stage of differentiation) of the differentiation initiation. A decrease of
lipid droplets was shown after 48 h of the treatmenthef fully differentiated
adipocytes with flavonoids and pheophytih® fat accumulation was observed after
withdrawal of the extractsWe conclude that these extracts with their effect on
metabolsing the lipid accumulated in the cells could be a newlickate b prevent

fat formulation thusleadingto a decrease in the risk of obesity when associated with
diabetes.

The activity of A. cominiaextracts on NBDG glucose uptake reported in this
project did notprovideany information on the mechanism pa#ys involved inthe
produdion of this activity, thus enzyme testuch as PTP1B, DPPIN}glucosidase
andU-amylasewere carried out. Onlffavonoids containing extradétom A. cominia

at 30 pg/ml inhibitecthe DPPIV enzyme (75% inhibition). Flavonoigsoduced a
concentratiordependent inhibition ofthe DPPIV enzyme with a Ki value of 26

0.2 pg/ml. Flavonoids produced a competitive inhibition of DPPIV enzyme in the
presence ofjly-pro-7-amido4-methylcoumarin hydrobromide as substrate. DPPIV
inhibitors such as the flavonoid extract from. cominia may directly increase
incretin levels (GLPL and Gastric inhibitory peptide, GIP), which inhibit glucagon
release, and in turn improve glucose tolerance and increase insulin secretion in

response to glucosevels.

Both flavonoid and pheophytisextracts fromA. cominiaproduced a concentration
dependent inhibition of PTP1Bvith Ki values of 3.2+ 0.09 pg/ml and 0.5+ 0.03
pug/ml for the flavonoids and pheophytingespectively. Both extracts were
competitve inhibitors of PTP1B enzyme in the presence of DiIFMUP as substrate.
This is evidence of their effect on the insulin secretion and leptin recgibtersfore
confirming the increase in the glucose uptake by the-l3T'adipocytes and L6

muscle cells.
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The flavonoids containing extracrom A. cominiawas t he mo s+ acti
glucosidase enzymewith 79% of inhibition shown. A concentratiatependent

inhibition with a Ki value of 1.7 0.5 pg/ml was produced by the flavonoids. A
competiti ve -glucosidase enzyme was shéwn With this extract in the
presence of itrophenylg| ucopyr anosi de@ucosidase hibitorst r at e .
such asflavonoids containing extradrom A. cominig work by preventing the
digestion of carbohydrates. Hence, these inhibitors reduce the impact of

carbohydrates on blood sugarhichleadsto hypoglycaemia.

No effect of the extracts frorA. cominiao n -arbylase which breaks down large,

insoluble starch wlecules into soluble starchess found

Separated quercitrin and mearnsitrin did not produce any significant inhibition of
DPPI V, RgluBosidaseor Wamylase. These resulpsovidethe evidence of

these compounds onbeingactive in synergat 30pug/ml.

Overall, using three different cell lines, results provided support for the
ethnobotanical use &. cominiain treating type 2 diabetes mellitus in Cuba. It also
supports the general observattbat traditional usef this plant hold great potential

for the discovery ofnew candidatesavailable locallyfor the management and

treatment of type 2 diabetes mellitus.
All these findings suggest further work thauéd be carried out:

- To determinethe effect of these compounds on instiiduced glycogen
accumulation in livethroughactivating glycogen synthase and inactivating
glycogen phosphorylase.

- To determinethe effect of thecompoundsfrom Allophylus cominia(A.
cominig on insulin and glucagon secti in the pancreatic cells The
activity of the flavonoids fromf\. cominiaon DPPIV enzyme would bekey
achievenent of t est i ng this extr xald andothe t he
enhancement of insulin release.

- To investigate the effect of extracts fradn cominiaon blood glucosandits
potential side effectsin norrinsulinndependent and insaotdependent

diabetics inn vivo study.
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- Further to confirm the effect of the extracts on the metabolism of lipid
droplets Thetriglyceridecontent of adipose tissue depends on both synthesis
and lipolysis. Lipolysis could be measured by glycerol release. Fat synthesis
could be measured by incorporation @dr example tritiated glucosginto
triglycerides.

- To determine the effect of the extracts fradn cominiaon kinases and
receptors Kinases such aAMPK (5' adenosine monophosphatetivated
protein kinase)could lead to prowmg the effect of these extracts on
lipogenesis and therefoeedecrease in lipid accumulation in the adipocytes.
Receptors such #@PAR (peroxisome proliferat@ctivated receptor) play an
important role in the pathway involved in lipid metabolism. PPAR agonists
are mainly used for lowering triglyceride and blood sugar levels.

- To carry out further work on the effect of Sirtuins irffelient pathways
related to adipogenesis (obesity) and as a new therapeutic approach for the
treatment of type 2 diabetes mellitus and its complications. Sirtuins (SIRTS)
are NAD-dependent deacetylases that regulate metabolism and have
beneficial health féects. In adipose tissue, SIRT1 also regulates adiponectin
that in turnregulates energy homoeostadis. the liver, SIRT1 plays an
important role in lipolysis and gluconeogenesis. In the pancreas, SIRT1 has a
direct effect on -cehsmuivai n secreti on an:

- To comparghe components o&. cominiacollected during different seasons
for monitoring the active constituents of the plasing the same extraction
method or quality assurance of the herbal medicine used in (Gdjzaration
and identifcation of different compounds could be carried out using NMR,
HPLC, LG-MS and other techniques.

- The work in this project was onlyarried outon the leaves fromA. cominia
(the plant was normally used in the herbal medicigre work could be
carried ot using other parts of the plant such as stem, roots or even seeds
from A. cominia with the aim of quantifying the levels of the active

compounds in each part of the plant.

Taken overalljt is clear that the current study has opene@ mgw area of resesh

in the extracts from\. cominiamay have a limited role in glucose uptake and insulin
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activity. Indeed, leaves fromA. cominia could be a new target for possible

therapeutic applications for the treatment of type 2 diabetes mellitus.
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Appendix 1.*H NMR spectrum (400 MHzdf the flavonoid mixturérom AC-MC-
KLMN -91-175in DMSO-d6.
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Appendix 2. 'H NMR spectrum (400 MHz) of MeO® (crude) inCDCls.
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Appendix 3. *H NMR spectrum (400 MHz) opheoplytin A (fraction 5
13) in DMSQGd6.
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Appendix 5. A. *H NMR spectrum(400 MHz) of HEC solid of A. cominiain

DMSO-dé6.
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Appendix 5. B. *H NMR expandedspectrumfor the aromatic regio(d00 MHz) of
HEC solid ofA. cominiain DMSO-d6. (1) is for mearnsitrin, and?j is for quercitrin.
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Appendix 5. C. 'H NMR expandedspectrumfor the sugar regioi400 MHz) of
HEC solid ofA. cominiain DMSO-d6. (1) is for mearnsitrin, andj is for quercitrin.
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