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ADSTlu\CT 

Cola 11/tfda is kno,,•n for its high cofTcine eontcnl. CnfTeinc administration hns been sh0\\'11 tO couse 

glucose lntolcmnce nnd insulin resistance. I lo,vcvcr, there ore few studies on the etTect ofkplonut

and dccofTcinntcd kolunut on 11lucosc rnctabolism. This study ,vos designed 10 investigate the etTect 

of ncutc nnd chronic ndministrotlon of Ethanol E."<tmct of Kolonut (EEK) and DecofTeinated 

Ethnnol E.'<lroct of Kolnnut (DEEK) on glucose mctobolism in \Vistnr rots. 

Kolonut ,vos obtnincd fron, llobu, Osun Stntc and outhcn1ico1cd 01 Dcpnr1mcnt of Applied Biology, 

LAUTECII, Ogbomoso ,vith hcrbnrium number LIIO 442. The seeds (500 g) were air- dried, 

po,vdcn:d ond macerated in cold cthonol. DecofTeinotion ,vns ochicved by soaking equal amount 

of the seeds in distilled ,voter and adding dichloromcthnne. CofTeine content of EEK nnd DEEK 

,vos analysed usins Gos Chromatogrophy-r,,tnss Spectrometry (GC-MS). In acute studies, 24 

\Vis1nr rots (235-300 g) divided into 4 groups ,vcre orally administered single dose of cnfTe,nc (6 

mg/Kg), EEK (6 mg/Kg), DEEK (6 mg/Kg), ond 0.3 mL distilled ,voter (control). Sample 

collection commenced 30 minutes after odministrotion. In chronic studies, the some doses ,,-ere 

orally administered dnily for eight ,veeks to another set of 24 rots (240-310 g). Snmples ,,ere 

collected o day after the final dose ,vas given. In both phases, oral glucose tolerunce test \\'11.S c'.arried 

out using standard procedure and the Arens Under Curve (AUC) cnlculatcd. Blood somplcs (0.2 

mL) ond liver biopsies ,verc taken from each Mimal to detennine insulin levels, Li\'cr Glyco�n 

Synthase (LGS), ond phosphorylase activities using ELISA. Plasma glucose ,,,as determined using 

glucose oxidasc method. Glycogen level \Y3S detcnnincd spectophotomctricnlly b)· anthrone 

mc:lhod. Doto ,ven: subjected to descriptive statistics and analysed using ANOVA a.nd Student t· 

test at o oos. 

The GC-MS revealed caffeine content of 17.S% and 3.3% in lhc EEK o.nd DEEK. rcspecthcl) In 

the acute study, Aue.,_, increased by 19.�.ond I 1.8% ror cafTclneand EEK. rcspec:ti,'CI)' "hilc 

DEEK had no clTcct on AUC,.....,,.. The AUCmun incrcoscd b) 66.6, 21 5'- and 10.6�. f('r 

colTeine, EEK. o.nd DCEK, respectively. The li\'cr glycogen content signifiautll) dccn-a,cJ from 

2.4*<>. I (control) to I 1±0.1 and I .l.1:0.2 grlOOg for caffeine o.nd LC"- n:�rc--:ll\'CI) \\hilc DlC."­

�ho\\cd no etTcct. Acute odminislrDtlon of colTeinc and EC.._ otitnlficantb d«rt'L.<.td lhc act,, ;II� 

of LOS and phosphoryla..sc ,.,,hilc DLl.lK hnd no elT«t Chronic caffrinc �almrnt � 
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V 

AUC11....,,. by 9.2% while EEK reduced /\UCa1- by 3.2% ond DEEK hod no effecl. Caffeine 

lnorcoscd AUC,,...1m fro1n 131.4:kS.2 to 157.1:t:6.9 ng.min/mL, "'hile EEK reduced AUC.,,.. .. to 

114.5:kS.6 ng.min/mL, DEEK hod no effccl on AUC,,,,,.,.,. CofTcinc and DEEK hod no signilicon1 

effects on I.GS nnd phosphorylose oc1ivi1ies. On the contrary, EEK increased liver glycogen 

con lent fron, 1352.0.t:253. I 10 1987.IIJ:304.9 nlg/100 g, and LGS oc:1iv11ies from 1270.0± 154.4 to 

2470.0±229.9 ng/mg protein while the phosphorylosc ac11vities reduced from 21.3:t:1. I to 17 .6*0.9 

ng/11,g protein. 

Chronic administration of ethanol cx1ro.c1 of kolonu1 enhanced glucose tolerance and insulin 

scnsilivity while its aeule odministmtion resulted in glucose in1oleronce and insulin rcsisuince. 

DccoITcinotion hod no clTcct on insulin sensitivity and glucose tolerance. 
• 

Keyn•ords: Caffeine, Decaffeinated Kolnnut, Glucose tolcmncc, Insulin sensitivity. 

\Vord Count: 493 

' 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



vi 

ACKNO\VLEDGEI\IENTS 

\Vith n he11rt or pro round sm1hudc I ,vish 10 ockno,vlcdgc 1hc follo,ving pcrsonolhies whom God 

hos used 10 ossls1 111c In the cornplction or this progmmme. I laving reached 1his stage, I feel like 

one who hns climbed a very high moun1oin ,,•hich hod 01 lirsl seemed insurmountable ond ye,1 Huie

by liule ,vith n1uch guidance ond support from these people I have reached 1he penk. I realise 1h01 

the further I progressed, 1he more previously hidden opportuni1ics become visible to me; and so 

the end of this course represents 1he beginning o f  grenter things. I om therefore deeply indebted to 

the rollo,ving persons who hove ployed prominenl roles in bringing me to this point 

�1y Supervisor Prof ARA Aloda for his exacting 1u1clage both formal and informal. I hove truly 

lcomt o 101 n,ore than the intricacies of resenrch through his conslanl guidance a.s I negotiated the 

complex stages of the design implemcnLntion and interpretntlon of my ,vork. There is one catch 

phrase I ,viii ohvays remember him for ''It's not like that". I re:ilisc ,vith humility Lh111 I om just 

beginning 10 appreciate the full romilitlltions of the programme. His commitment \YllS such th:11

when I reached the limits ofmy underslJlnding, he prncticolly carried me through. 

My teachers for the enlightenment they hove given me. Question! 'Ho,v do you mnkc a blind man 

sec'? Ans,,·cr, by explaining something 10 him very ,veil such that "'hen he fully undcl'SWlds. he 

,viii ,vholcheortcdly say, "I SEE"! I om gro1cful for the m11ny eye opening experiences I ha<c hod 

in my interaction ,vilh Pror 0.0,0 Oyobolo, Prof Bohuinv,o. Prof A.R.A Aloda. Prof A.A 

Fosaomadc, Prof. Y.0 Raji, Ors. Ololcyc, Olu,volc, Adc,,oyc, lbironke, Akande. Onas.an,,o. I am 

grateful for the constonl encouragement received rrom them in form of such questions and phr.iscs 

os "ho,v for hove you gone"? "\Vhcn is the D-doy"? .. no problem". \\h1ch \\'CfC some,,h.:u 

rcossunng. 

My predecessors in  the Mctnbolism o.nd Endocnnolol!)' Unil, On S�ohdttn. lshcltun,,a. 1111d 

S11lman for 1hclr cmpothy having rcccnlly trod the p:1ths I no\\ lrelld. Their undcrsui.nding. COC\Slarll 

won:11 of encouragement 11nd successful completion hllS been a 11,rca1 soun:c of moli,·111K'n C'\ en in 

the roce of nagging doubts. 

' 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



vii 

My contcrnpomtics 1vithin Ilic unit Shchu Shittu, Dr. Mrs. Taiyo Losisi, \Villioms Nobofo (or the 

comorodcric bom out of shored and on-going experiences 1vhich hove seemed 10 make lime Oy. 

\Ve hove shored the sheer ccstas) of success and the numbing dejection of major se1bocks and arc 

oblc 10 look buck ond conclude thnt h ,va.s 1vcll 11•orth the ups and do11'l'ls. 

fvly ,vifc and children for their sacrifices and understanding during the prosecution of the 

prograntmc. t,ity wife in porticulnr hBS hod to suffer the Ignominy of shoring the oucntion due to 

her 1vith my cxpcrin1cntol anintolst fvtany o 1in1cs she hos threatened to do a1voy 1vith the rats but 

hns been nppenscd by the nssuronce 11101 the programme 1vould soon come to on end. 

The Sccrctoriol stolT of The Department of Physiology College of Medicine University of Ibadan 

for their un1vovcring support ond encoumgcment. 

lvlrs. Ope Akindele for her nssistoncc in carrying out analysis on the micro plate relldcr 

Mr. Okon for technical support in carrying out procedures nnd helping in the care of my rats. 
f 

Mrs. T Lo1vel of Animal Nutrition for her help in carrying out the nnnlysis of my samples and so 

mony others too numerous to mention. I om indeed grateful to oil and sundry for all assistllncc 

rendered in various capacities no molter ho1v s,noll. 

' 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Viii 

TADLE OF CONTENTS 

DEDICATION 

CERTIFICATION 

ABSTRACT 

AC1-NOWL£DOEMENTS 

Tobie of contents 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF ABBREVIATIONS 

CHAPTER ONE 

1.0 INTRODUCTION 

CHAPTER nvo

2.0 LlTERATURE REVIB\V

2.1 CARBOI IYDRA TE METABOLISM 

2.1.1 Gluconcogcne.sis 

2.1.2 Glucose phosphorylation o.nd glycolysis polh\\'ll)'S 

2.2 GLUCOSE HOMEOSTASIS 

2.2.0 Sources o.nd Sinks or plnsmo glucose 

2.2.1 Sources of plasma glucose 

2.2.2 Sinks of plasma glucose 

2.2.3 The Role of the Liver in Glucose l lomeos1osis 

2.2.4 Control of I lepa1ie Oluc:osc Production 

2.2.S Autoregulotlon of hepatic glucose production 

2.2.6 Countcrrcgulotory Hom1oncs 

II 

111 

IV 

, 

VI 

... 

VIII 

XII 

XIII 

xv 

I 

9 

9 

16 

17 

23 

24 

24 

25 

25 

28 

31 

32 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2.3 PHARMACOLOGY OF CAFFEINE 

2.3.0 Introduction 

2.3.1 Chemistry 

2.3.2 Absorption and Distribution 

2.3.3 Mctobolism ond E.'Ccrction 

ix 

2.4 ACTIONS OF CAFFEINE ON DIFFERENT BODY SYSTEMS 

2.4.1 EITccts of Caffeine on the Central Nervous Syste1n 

2.4.2 Effects of Caffeine on the Cardiovascular System 

2.4.3 EITccts ofCalTcinc on the Reproductive System 

2.4.4EfTccts of Caffeine on glucose mctobolism 

2.4.4 Recent studies on elTeclS of caffeine on glucose metabolism 

2. 5 Pharmncology ofKoh1nut

2.5.1 E."<pcrimcntal studies on kolonut 

2.6 ADENOSINE AND ADENOSrNE RECEPTORS 

2.6.1 Adcnosine Receptors in Organs and Tissues involved in Glucose Metabolism 

2.6.2 Adcnosine receptors in the pnncrcas 

2.6.3 Adcnosine receptors in the skeletal muscles 

2.6.4 Adenosine receptors in the adipose tissue 

2.6.5 Adcnosine receptors in the Liver 

2.7 GLUCOSE TOLERANCE TEST 

2.7.1 The Oral Glucose Tolerance Test (OGTr) 

2. 7.2 The Intravenous Glucose Tolerance Test (I VGTI)

2.7.3 TI1e lntra-peritonenl Glucose Tolerance Test (IPGTr) 

2.8 TYPE 2 DIABETES MELLITUS 

CHAPTER Tl IREE 

3.0 MATERIALS AND METllOOS 

3.1 PLANT MATERIAL AND EXTRACTION 

3.2 PREPARATION Of DECAFFEINATED EXTRACT 

34 

34 

35 

37 

37 

38 

38 

40 

42 

43 

50 

53 

59 

60 

63 

63 

64 

65 

66 

66 

66 

69 

69 

70 

75  

76 

75 

76 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



X 

3.3 TOXICITY STUDIES 76 

3.4 GC-MS ANALYSIS OF KOLANUT EXTRACTS 76 

3.S PREPARATION OF STOCK SOLUTION 77 

3. 6 Body \Vei&(lt 77 

3.7 Food lntake/con�umption. 77 

3.8 \Voter Consumption/Intake 77 

3.9 EXPERIMTh'TAL DESIGN 80 

3.10 EXPERIMENTAL PROCEDURE FOR TIIE ACUTE STUDIES 80 

J. I 0.1 Group I Control 80 

3.10.2 Group II Co!Tcinc treated group 8 0

3.10.3 Group 111 clhonol extract of kolonut (EEK) treated group 80 

3.10.4 Group JV DetlllTcinoted ethanol cxtroct of kolonut (DEK) treated rots 81 

3.11 Experimental Procedure ror chronic studies 81 

3.11.1 Group I Control 81 

3.11.2 Group II CalTeine treated 82 

3.11.3 Group Ill EEK treated 82 

3.11.4 Group IV DEK treated 82 

3.12 Ornl Glucose Tolcrnncc: Test (OGTT) 83 

3.13 Determination of plnsma glucose 83 

3.14 Determination of Plosmo Insulin 84 

3.1 S Determination of Liver Glycoi;cn 84 

3.16 Determination of Liver i;lycogen synthase activity 87 

3.17 Determination of Liver glycogen phosphorylnse activity 87 

J.ISSTATISTJCALANALYSIS. 87 

CHAPTER FOUR 

4.0 RES UL TS 89 

4.1 Toxicity studies 89 

4.2 Gns chromntography ond moss spectroscopy (GC-t-1S) oft..olanut c,1111cts 89 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



xi 

4.3 The effects orC11ffeinc, EEK and DEK c:,trocts on body ,,eight in rots. 

4.4 The efTects of  Caffeine, EEK and DEK on rood consun1ption in rots. 

4.S The efTects or Caffeine, EEK ond DEK on ,,11tcr intokc: in rots.

4.6 Effects ofCufTcinc, EEK nnd DEK on Oral Glucose Tolerance (Acute). 

4. 7 Effects of Caffeine, EEK ond DEK on Oral Glucose Tolcronec (Chronic). 

4.8 Plosma insulin conccntmtion (ocutc) 

4.9 Plosmo insulin conccntmtion (chronic) 

4.10 Liver Glycogen ContenL 

4.11 Enzyme Activity Studies. 

4.11. I Glycogen synlhose activity 

4.11.2 Glycogen Phosphorylose activity 

CHAPTER FIVE 

5.0 DISCUSSION 

REFERENCES 

APPENDIX 

' 

94 

96 

97 

98 

IO I 

103 

104 

106 

110 

110 

110 

11S 

126 

148 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



XII 

LIST OF TABLES 

Tobie I: Expcrimcn\31 design of1hc study (Aculc) 

Table 2: Expcrimcn\31 design of the s1udy (Chronic) 

•

Table 3: Compounds detected on GC-MS nnol)'Sis of ethanol c.,troct ofkolonut (EEK) 

Table 4: Compounds detected on GC-MS analysis of dccaCfeino1cd ethanol extract of 

kolanut (DEEK). 

' 

' 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



xiii 

LIST OF FIGURES 

Figure I: Schematic diagram of steps in octi\'otion of slycogcn synthnse ond slycogen 

Phosphorylnsc 

Figure 2: Tissue targets of insulin action 

10 

12 

Figure 3: Schematic diagram of hormonal action on lhcr enzymes in the late post absorptive 

state (overnight fast). 14 

Figure.&: Krcb's (Citric acid) cycle 18 

Figure S: TI1c Randle cycle 20 

Figure 6: Embdcn-l'vlcycrhof-PamDS path,voy 22 

Figure 7: Sources nnd sinks of plosmo glucose (Steinberg, 1985 \\ith modifications) 27 

Figure 8: Strucrure of Caffeine (1,3,7-trimethylxanthinc) 36 

Figure 9: Colo nitido se1:ds (Kolanut) 55 

Figure 10: Coffeine ond odenosine structure 62 

Figure JI: PothophysioloS)' of type 2 diobe1cs mellitus 74 

Figure 12: Standard curve for insulin 85 

Figure 13: Standard curve for glyeoscn content 86 

Figure 14: Stondnrd curve for glycogen phosphorylnsc conccntrntion 88 

Figure IS: GC-MS chromatogram of ethanol extract ofkolanut (EEK) 90 

Figure 16: GC-MS chro1nntogrnm ofdcc:nlTcinatcd ethanol extract ofkolanut (DEEK) 91 

Figure 17: \Veisht gain in caffeine, EEK, ond DEEK treated rats 95 

Fii?ure 18: Average food eon.sump1ion in caffeine, El!K and Dl!l!K treated rots 96 

Figure 19: Doily ,voter con.sumption in Control, CAF, EEK and DEEK treated rots 97 

Figure 20: OGTT in caffeine, EEK ond DEK 1re:11ed rot (Acute) 99 

Figure 21: AUC during OGTT in rats oner ocu1c trutment JOO 

Figure 22: OGTT in caffeine, EEK ond DEK 1rco1cd rot (Chronic) JOI 

Figure 23: AUC during OOTT in Caffeine, EEK and DEEK trcnted rots (chronic) 102 

Figure 24: Plasma insulin during OGTT in rots oner acute trc;umcnt ,vith c,troct 103 

Figure 25: /\UC insulin during OGTT (acute) 10-i 

Figure 26: Insulin levels during OGTT (Chronic) 105 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



xiv 

Figure 27: AUC insulin during OGTT {Chronic) 

Figure 28: Liver glycogen content in CnfTcin, EEK nnd DEK rats (ocutc) 

Figure 29: Liver glycogen content in rots oner Chronic trcntmcnl 

Figure 30: Glycogen synthase activity in glucose chnllcnged rats (ocutc) 

Figure 31: Glycogen synthnsc activity in glucose challenged ruts (Chronic) 

107 

108 

109 

I I I 

112 

Figure 32: Glyc-0gcn phosphorylosc oc1ivity in glucose challenged rats (Acute) 113 

Fij?urc 33: Glycogen phosphoryl:isc activity in glucose challenged rats {Chronic) I 14

• 

\� 

r." . . 

, 
.... 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



ADP 

AMP 

a-pv)

AR 

ATP 

AUC 

CAF 

cAMP 

CHO 

CNS 

CoA 

OMS 

DEK 

EDs 

EEG 

EEK 

EGP 

FFA) 

G-6-PIISc

GC-t-,IS 

GDM 

GLUT 

GPCRs 

GR 

GTT 

HCI 

I-IFD 

I-IGP

HOMA 

I-IOMA-%13

LIST OF ABBREVIATIONS 

Adcnosinc diphosphotc 

Adenosine monophosphotc 

Aneriol-portnl vein 

Adcnosine receptors 

Adenosine triphosphate 

A rc;i under the curve 

CafTcinc 

3',S'-cyclic odenosine monophosph:uc 

Cllrbohydrote 

Central Nervous System 

Coenzymc A 

Dichloromethnne sodium 

DecafTelnotcd Kolnnu1 

energy drinks 

Elcctroencepholorgram 

Ethanol extract of Kolnnut 

Endogenous glucose production 

Free fatty acids 

Glucose 6-phosphatose 

Gos chromotogrophy and moss spectrophotometry 

Gcs1t1tionol diabetes mcllitus 

Glucose tronsponcrs 

G-protcin coupled receptors

Glucose-responsive 

Glucose tolerance test 

Hydrochloric acid 

HiQh-fot diet 

I lepotic glucose production 

Homeostatic n1odcl nsscssn,ent 

I lon1eos1ntic model O\SCSSn1cnt (l-ccll function 

' 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



xvi , 

HOMA-IR The homeostatic model assessment for insulin resistance 

HSu High sucrose 

ICV lntraccn:brol ventricle 

IDOM Insulin dependent diabetes mcllitus 

IP lntropcritoncol 

IPGTT lntrnpcritoncol glucose tolcruncc tcsLS 

IRS Insulin Receptor Substrate 

ISi Insulin sensitivity inde� 

ISla-p insulin sensitivity indc., glucose chunp 

ISloorr Insulin sensitivity index OGTT 

KOH Potnssium Hydroxide 

LH Loteral hypotholamus • 

LIRKO Liver-sp�ific insulin receptor knockout ,nice 

L-PIA L-N6-phenylisopropylodcnosinc

NADH Nicotinamide odcnine dinucleotidc 

ND Norn,ol diet 

NECA odcnosinc-5' -N-cthylcorboxomidc, 

NHGU Net hepatic glucose uptake 

NO Nitric oxide 

NTS Nucleus trnctus solitnric:s 

OGTT Oral glucose toleroncc test 

POK Pyruvotc dehydrogennse kinase 

PIJK Phosphntidylinositol 3 -kinosc 

POD • Peroxidase conjugnte

PPAR: Peroxiso1nc proliremtor-ac1ivo1ed �cptor

TIDM type I diobetcs mcllitus 

T2DM Type 2 diobctcs mcllitus 

TMB 3,3' ,5, S' 1ctmmc1hylbcn1Jdine substrate solution 

VlvlH Vcntromcdiol hypotholomus 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



CIIArTER ONE 

1.0 INTRODUCTION 

Colo nltlda (Venl.) Schott l!ndl. (Kolonu1), n member of the 11op1cal fom1ly s1crcuJ111ccac, 1s 

indigenous to \Vest Africn (Russel, 1955). Its fruils con1nin seeds kno\vn os kolonulS which o.re 

consumed by humans 1n d1ITercn1 parts of1hc world part1eulorly 111 Nigcno ond other \Vcs1 Afncao 

coun1ncs bccnuso of ilS s11111ulntory properties (Joyeolo, 200 I). II 1s o moJor source of caffeine nnd 

con therefore be described ns 1he "coffee" of \Vest A fricons. Kolonul is 1he seed of the Cola plan! 

wluch 1s indigenous 10 tho uopicol roan forcsis of \Vest Afnco, \Ves1 Indies, Bm7il and Java 

(Rusell, 1955). Coln nfclda nnd Cola ocumlnaco ore lhc n1os1 common Cola species of 

conuncrciol voluo in Nigcnn. The kolnnu1 is D source of essen11ol Oovounng in the confectionery 

industncs and wns port of 1hc onginol fonnulouon of lhe popular son dnnk Coca-Cola (Beattie, 

1970). KolMulS ore however \Vldely used os pyscho-s1ilnulon1s ond have been found 10 cbnuun 

cofTei.no up lo 51% in Cola nilido cxtrocl (Snlohdcen ct. al., 2014) in rcccnl analysis using ga., 

chromo1ogmphy and moss spccuopbotomelry (GC-MS). Ap:ut £rom coCfcmc, koln.nut n1so

contoins small amounts of the relo1cd methylxonthine theobrom1.nc, llnvonoidJ, onthrocynnin,, 

prolcin, carbohydm1c, fn1 and nsh (Joycolo, 2001; Odcbunmi er. al., 2008). Studies on the cITcctS 

ofkolMut ore scru,ty ond mostly ep1dem1olog1col (Lnwoyin ec. al , 2005; Momlcinyo and OdCJLdC 

2003). Small qUDnlities of kola11u1 hove been found 10 empirically increase mental aclivuy 

(Lnwoyin ec. al., 2005), reduce the need for sleep ond lo dispel hunger ond lh1m (Abdu1Jcanm ec. 

al., 2005). These propcrucs make II useful for students 1111d long distiwec dnvcrs who wish to 

rcmnin active ond nlen for long pcriodJ of lime. However, dcsplle this widespread c:omumplion or 

kolonut, invcs1igotions on lhe phys1olog1col or chnicol errccis of koln.nut have not rccci,cd much 

oucnlion. Expcnmcntol studies on lhe effccis of kolonut have mostly 10vcsogll.!Cd the 

psychostin1ulo1ory effects or lhc cx1rac1 (Scouo et. al., 1987}. Ajarc.m (1990) found lh.i.l 

mtropcrilOnClllly (1.p.) injected kolnnul cxtmcl 11gn11icon1ly mcn:ased tb.e locomotor acn�,t)' or 

mice ot o dose of S mg/kg while a low dose of2.S mg/kg bad no clTcct., a btab dose of 10 mg. q

depressed effects on locomotor activity. The results suggest tho! the Kolo c.'drlcl mduc:cs b1pb:u1c 

changes 10 the locomotor acti\'ily of mice depending on the dose and the trc1trnaJ1 ch&ratiou. Chun 

et. al., (1991) found 1h01 Kolonul e"mc1 gr=lly stunula1cd SI.SUic acid sccn:tlOo 10 CGIS. 

However, on cquivolcnl nmoun1 of caffeine conuuncd In the Kcill!JlUlS had 42% of Ille: potm.y of 

the kolonul e.�lrnct 10 1ndue1ng acid accretion The results �bo�cd lha1 c,,r,p•ml'bOD or '-"llml! 
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caused on increase in gastric acid sccrolion wluch wos greater 1.hon 1h41 produced by nn equivalent 

dose of co!Tc1nc thereby suggesting thnl cons111ucn1S other thnn cn!Teine may be responsible for 
I 

the stimulnuon of gnstne ocid production In o s1m1lnr study, (lbu et. o/., 1986) nlso found that

oxtrocl!I of boU1 Colo nit/do ond occun1/noto stimulnlcd gastric ncid secrotion. However, there 

nrc rclotlvcly fc\v studies on the effect of kolonut on corbohydmtc metabolism which hove yielded 

conOic11ng resulls. \Vlnlc the study or Onycn1111s1 11nd lkpc, (2004) showed 1hnt kolonut 

supplen1cnmtio11 or mt diet for six \vecks s111111ficnn1ly clcvotc:d blood 11lucosc nnd glycosylotcd 

hncmoglobin nbovc those of contJols, the study of Salahdccn ond Alodll, (2009) showed !hot 

intmvcnous 1nfus1on of tho olhnnol O)(lmcl of kolnnul 111ercnsed cnninc hind limb glucose uptake 

mainly by incrcnscd glucose O)(lfflClion In a moMcr compamblc 10 Llu11 of co creme. 

Cafcmc, o methylxanth1nc dcrivouvc ., arguably the most widely consumed drug 10 the world 

{Fredholm, 1999) mnlnly due 10 Its ub1qui10UJ nature being a n1ojor comronenl of many bevemgcs 

such os coffee, tea ond son drinks (Beanie, 1970). Funhermorc, besides being present in all cocoa 

b11Scd confcclionorics, ii is n common ndd11Jvc 1n entl'iY drinks (CDs) and paui rchcvmg drugs 

(Bnronc ond Robcn.s, 1996; Tonda ond Goldberg, 2000). In the USA nnd mony wcslClll countries

caffeine intoke could be os high as 151-300 msfday (Manin nod Bracken, 1987) mostly due to 

consumption of coffee, tea :uid chocolo1c. HO\Vcvcr, here 1n Nigcno ond 1n much of the West 

African subcon1inen1 large omounl!I of co ff cine ore consumed 1n the form of kolanu1 which ho.s 

recently been sho,vn 10 con111in up to 51% co!Tcmc (Solahdccn et. al., 2014). In companson. the 

co ff cine con1co1 of coffee, ten 11nd some son drinks averaged l.-2o/. and 1-4%. 

Caffeine is kno\vn to be a powerful ,1imulon1 of the nervous systam ond is in fllct so widely 

consumed because of its psychotropic acuons (Fredholm, 1999). However, though u is r:ilccn for 

its psychotropic ocuons, it affects \·1nu.1lly oll the organs and ussucs of the body such as lhc 

muscles. kidneys ond other orgons. 11 readily crosses the blood brain barrier (Oleadorf ec. al., 

1971, Von HAndlc et. a/., 1983) and acts directly on ,ogal, medulliuy and \"UOIIIOIOT c:aum 

(Syed, 1976). Sm.oll omounts ofco!Tcuic hove been n:poncd 10 11Tec1 blood ('RSSW'C; heiut mr. 

rcspim1ory rote ond n1eLObolic rote (Lombnn:lo, 1986), while larsc doscs tna}' produce \\Uclulness, 

nervousness, 1mU1bil11y, aruuccy, 11nd 1ruomru11 (Goldslclll, 1964) 

The effects of caffeine on corboh}-dratc mcuibolism has been e�tmsl\�ly m\"CStiptcd in humans 

(Orohom IIJ'ld Spncl, 1995; Greer et. o/. 2001; KciJtCB tt. al., 2002: Tbona rt. al .• 2001: l.cc 

ec. al., 2005), dogs (Pencek et al 2()().1, Salahdccn and \laJ.a. 2009) anJ rat, {Budobooiu ,c. al,. 
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1984; Steinfeldcr nnd Pctho-Schromm, 1990; Vcrgouwen ct. al., 1993) among many other animal 

models A large nun,bcr of the human s1ud1es 1n healthy, obese and type 2 diaberic mco and 

prcgnnnt women hnve documenred insulin rcs1s1nnce nnd reduced glucose rolerancc on  

nd1nln1s1rn1ion o f  cnITtinc. Grnhnm 01 ul., (2001) sho,ved 1hnt corrc1nc ingestion resulted tn nn 

exoggemted response 1n blood glucose ond insulin dunng nn oral glucose tolernnce rest (OG1T) 

when c1gh1ecn hcnllhy odull 1nnlcs received caffeine (S mg/kg) or placebo ond I h later 1ngcs1cd 

75 g of dextrose nnd underwent OGTI. In rhc: corrc1no lriol the scn1m insulin ond C peptide 

conccn1rn1ions ,,..ere signllicontly grcnlcr (P � 0.00 I) than for plocebo but did not result 1n n lower 

blood glucose levol auggesling thol cnfTe1nc ingestion moy hove resulred 1n insulin resutnnce. 

Petric ec. a I., (2004) examined the efTcctJ of cofTeino 1ngcs11on on insulin ond glucose homcosl3.S1S 

in obese men before nnd oner o nutnuon ond exercise intcrvcnuon Sedentary, obese men, wcrc 

given S mg/kg cofTcine or plnccbo I h before c:.ieh OGTI nOer o 12-wk n111ri11on and c:xerctSe 

intervention, lhe OGTrs were repealed. \Vhile lhc nu1ri1ion and exercise intervention rcsulled m 

decreases 1n body ,vcight, perccntoge body fol, ond fasting glucose, 1nsulm, and prolDSUJin 

concen.trntions ond mcrcoscs 1n the iruuhn sens11iv11y index (ISi) for the placebo OG'TT, coffeUJ.e 

CllUSed o grentcr OGTT insulin response ond II lower ISi bolh before and afie:r weight loss. The 

proinsulin-insulin rolio indicated thol neither ,vclght loss nor coffeinc affected lhc ruirure of the I) 

cell sccn:tion of insulin. Moosa and Akthcr, (20 I 0) lnvcstign1cd the cff ccts of caffeme on fasting 

glucose & insulin levels and on glucose & UISUlm response to a mucd-meal tolerance test were 

srudied in T2D�I hllb1rual coffee dnnkers \Vbilc caffeine did not affect the fllSUDg le\cls of pb.sma 

glucose or insulin when compnred \Yith placebo, lhc AUC 2h valuc.s dcmonstrnled significant 

caffeine effects for both plBSITIJI glucose ond pl;ism:i 1nsuhn (P < O.OS) responses to lhc m.utcd· 

meal tolerance tcsL They concluded that acute odmin1stn11Jon of caffeine and carbohydrate 

impnircd post•prnndiol glucose metnboli,m ond msulin responses. Such effects could bal."e 

tmplicotion for lhc lllOIIJlgemmt of type 2 d1abctJc pollcnts RoblllSOo ct al., (2009) � the 

effect of acute caffeine 1ngcs11on on glucose tolerance 1n \\-Omc:n with or \\1thout ccst:a!!onal 

dlabc1c:s mcllilus (ODM). The di11bc1ic nnd non dinbet1c \vomcn completed 1\\-o lnlls ooc \\eek 

apart 1n a doublc-bhnd rondomi7ed CrolSOver study In the control sroup. ca1TCJ11C did 001

s1gnjficantly 11ITcct blood glucose, insulin, or C-peptidc In the OD�l r.roup. glueog 1m1 under 

Lhe curve (AUC) wos greater C·pcplldo AUC \\'U limiter and uuuhn -.c:ns1l1v1t)' indc1 ,,,as lov.cr 
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oner c:arreinc U,on oner placebo. They therefore reached the conclusion that 

c11ffc1nc ,mpnircd insulin sens1uvlty ,n women with GDM. 

In dogs which nrc kno,vn 10 be very sensitive 10 cnfTe1nc, expcnmcnllll s1uthcs have paradoxically 

shown cofTc1ne to s1in1ulo1e ghlcose uplnkc in 1hc liver (rcncck ct. al. 2004) ond skelcial musolcs 

of lhe lnnd limb (Snl11hdcen ond Alndo, 20090). rcncck ct al, 2004, Infused enfTc1ne v10 the 

inlrnponol roulc ol roles ( I .S 11n1ol/k11 · rnin) dcsii:ncd to creole conccnlrDtions similar to that seen 

with nomml dicUlry intnke. J\hhough nncnol insulin, glucngon, norcp1ncphnnc, and glucose drd 

not d1fTcrbe1ween groups, 1n dogs infused ,vitl1 cafTcme, nel hcpn1ie glucose uplllke (NHGU) was 

s1gnlficon1ly higher than 1n conlrols oven as ncl hcpn!lc loclnlc oulpul wos found to hove increased 

compared ,v11h controls indienting thnl physiologic circulnling levels or cofTeme can enhance 

NHGU during o glucose lond, and that ndded glucose consumed by tl1e liver iJ 1n pan convened 

to loctnlo. Snlll.hdccn and Alodn (2009n) showed lhot cafTcinc incrcnscd glucose upcake in lhc 

co.nine hmd limb nt rest ond during conlroction ond tltot tho increased uptake was due to incn:.:ised 

glucose cx1111ction. A similar study detcmuncd tltol the increased glucose uplllke at rest but not 

during contrnction wns modulated by odrcncrgic receptors (Solnhdccn and Aloda, 2009b). 

In rots Kolnese1 al .. 2010 incubated mt  cpitrochleans muscles ond solCUJ stnps with insulin and 

different conccnlrnllons of caffeine and lhcophylhne 1n order to measure glucose upl&kc, ron:e 

dovclopmcot nnd PKB phosphorylntion. 111cy found that cofTcine and thcophylline complclcly 

blocked insulin-stimulnted sJucosc uptake in both solcus and cpttrochlcaru muscles ot 10 m.\L

Caffeine reduced nnd thcophylline blocked U\Subn-sumulatcd glycogc:n 5)"'tb;,se actiYlltion. 

Caffeine nnd lhcophyllinc reduced eon1tnction-s11muln1ed glucose uptake by about SO%, wbcn:as 

contraction-stimulnted glycogen brc.1kdo1vn ,vas normal. They hypothesized that caffcmc and 

thcophyllino olso inlub1t glucose uptake ID skclccal muscles via an 11dd1uonal and luthcno unknov.,i 

molecule mvolvcd in GLUT4 tronslocntion. I lowovcr, tl1crc hove been rccau rq,ons of catrcmc 

edministrotion improving insulin scns1uv1ty and glucose tolcra.ncc ID the 111L Coelho, (2014) in a 

PhD Thesis used prc:d1abc1tc \V1sl3r rnts which were g,vco to 3So/o or sucrose (lugh � Hsu 

model) in drinking wo1cr over a period or 28 doys, O.S, 0 75 and I g/1 of caJJ'C111c gt\U to coutrol 

ruts and m HSu model over a period or 12 wccl.s lnsulm scns1UV1ty, baw glyrcrnta. glixosc 

tolerance, adipose ltssue mass, Glul4 tmnsponcl'I and n1tnc o:\lde o,;O) cx,ntc:nt ui dckta.l muscle

and in the liver ,vcrc determined l'hey round lhat cafTcine restored insulin JenSlb, ,ty and 1iluro-SC 

tolerance 10 HSu nits CafTc1ne (I &fl) restored Glut 4 c,rrcsaK"n l�-cls in llclc&al moxie ui HSu 
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nnhnols, Bnsed on these results they suggeS1ed 1h01 cafTc1nc could be used os n thempculic tool for 

the trcnlmenl or prcdlobclcs ond prevention of T20M Similarly, Yeh ct al, (2014) found lhnt 

chronic co!Tcinc consumphon reduced supcrox1dc 11cnem11on and enhanced insulin signaling ID

the nucleus trnctus solitnrics (NTS) lending 10 n reduction in blood pressure in rolS ,vith fructose­

induced hypcncnsion Funhennore, 1hc trc:.1tmcn1 reduced scrum fnsung glucose. insulin. 

homcostnhc n1odcl nsscss1nc111-1nsuhn rcsistonce. ond triglyccnde levels ond 1ncreosed the sCTUm 

direct high-density lipoproteu1 level 111 fructose-fed rots Their results suggested thot enfTc1ne mDY 

enhnncc 1nsuh11 receptor substmtc 1-phosphotidyhnositol 3-kinosc-AJct-ncuronol nitric oxide 

synthnse signnling 10 dccrensc blood pressure by abolishing superoxade producuon an the !'ITS. 

However, co!Tcinc is rorcly i f  ever token in 11S pure ronn outside cxpcrimcntnl conditions but 

consumed ns o mnJor con11i1uen1 of colTcc, ten, choeolntc, and energy dnnks. ColTec being the 

n1ost co1n1no11 rom1 in which colTeino 1s consumed ho.s been widely studied. An overwhelming 

number of studies mostly cp1dcmiolog1col hove lnd1coted lrnlt colTce consumpuon ts ossoc1111ed 

,vith lower risk of d1obctcs ond metnbolie disorders (vnn Orun ond Fcskcns, 2002, lsognwa ct al.,

2003; Snlozor-fvloninei ct. of., 20()4; Snnorclli ct of., 20 l 0), In Europe and Nonh America, colTec 

is lhe most common ronn in which c.,ITeine is consumed pon1cularly in the adult population. \Vhile 

ocutc cofTeine ingestion has consistently been sho,vn to dccl'C3SC glucose tolaance, 

cpidcmiolog1col studies hnve equally consistently dcn1011Jtroted 1h01 chronic ingesuoo of coffee 

decreases lhe risk or developing type 2 diobc1cs mc1Ji1us (T20M) (Sal�-MArtiru:z cL al .. 2004, 

VI\!\ Dam ct. of., 2004, Yamoji c, of., 2004), Mosl published orticlcs cpidmuological wbc1hcr 

retrospective or prospective invcstigo11ng the nssocinlion between colTcc ond TID1'1, lllthough 

strong in their methodology. hllve relied hc.,vily on o sclr-reponed du1gnosis of diabetes, which 

may be more prone to m1sclassifiC11tion or undcm:ponmg. Expcnmeotal studies ID which coffee 

wos administered 10 humans ond loborntory BDIDlols hove somcluncs corroborated (Rustc:obd. cL

of., 2014, �tomkinyo ct al., 2014) the ep1dem1olog1C11l ftndings IDd 111 other times rclutcd 1bcm 

(von Dom et af., 2004). Rustenbeck ct of., (2014) studied mole mice tn wtuch dabc-tc, and obesity 

,vos aoduccd by high-fol diet (55%liplch, I !FD) were given regular coffee or water compared with 

mice fcedtng on II defined normal diet (9•4 hp1ch ND) found that waght pm UI HfD aucc "'-U 

dosc�epcndcotly rctorded, the modcrotc weight gaao tn ND IOJce \\U aboli.sbcd b)· corr�

consumption lntrnprntonenl glucose iolcruncc tcsu (LPOTI; &bowed a Jo�'wtcr 

decline or elevated glucose le-.·els in cofTcc-consum,"i Ii.FD m.itt, bw not IA ND IIIKC. � also 
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observed o decrease in non-fJ1Sling glycocmia ofter week 21 1n 11ll lre4tmen1 groups !POTT showed 

d11n1111sbcd pcok or glucose levels 1n corrce-consuming HFD mice. Unll'Clltcd HFD mice were 

hypcrinsulinncmic ond hod s1gnilicnntly cnl11rged islets. Coffee consumption did no1 orrect lslcl 
size or pommctcrs o r  bcto-ccll opoptosis, prolifemuon ond 1nsuhn granule conlenL Coffee 

consumphon rctnrdcd weight gnin ond improved glucose 1olcmnce 1n a mouse model of type 2 

dinbetcs nnd corresponding control� Mornkinyo ct. 111,. (2014) showed lhnt Coffee consUT?puon 

rctnnlcd weight gnin ond improved glucose tolcrnnec in n ml model or type 2 diabetes. These 
v11ry1ng findings w1U1 regards 10 the effect of caffeine and coffee hove miscd mony questions 

concerning 11S safety to hu.man hcolth not only in healthy individuals but olso 1n T2DM pntiencs 

(Lnne ct nl., 2008; Lnoc. 201 I). The disparity in the findings CAn be so1d lo be due to the d1rfenng 

animal n1odcb used, the cxpcnmcntol method ,vhethcr cp1demiologicol or experimental or whether 

!he cnffcmc IS administered acute or chronic. Moreover there 1s o question as to whetl1cr coffee

consumption can be token to be the Mino M coffcmc consumpuon. Expcnmcntal studies
addressing this qucsuon added the expenmcotal dose of corf cine to dccorfc1Mtcd coerce or coerce

itself nnd found similar resullS to those that presented pure coffcmo in copsulcs, ,Yith both lands of

trcntmcnts leading 10 insuhn rcsistnocc or impaired glucose 1olerancc (Bonrnm ct al,, 2006, Lane

ct al., 2007; Louie ct. nl., 2008; Greenberg ct al., 2010), suggesting that coffee has elTects similar

to pure caffeine. Funhermore, t.hc dumuon or consumption of caffeine whether acute or chronic

iuls produced differing results which tend to add to the confwion as to whether u LS harmful or
beneficial to he11lth (Conde et. al., 2011; S11cnuncn10, 2015). There ruu however bc:cn a lot of
dcb3te in recent times regarding the acute and chronic cfTccts of coCTcll\e III coffee regarding the

possibility of tolerance to caffeine being behind the: observed dilTercnce. \Vbile some 111vcs11ptors

(Robenson ct. al., 1981; Ocn.iro et al., 1991) bclic-.e lhot hob11uol consumpuon of coerce or other
c:4fTcin11ted beverages lcods to the development of tolerance to c:aCTcme, and lhcrc.forc
disappe.1T3nce of its adverse acute eCTccts over the long term, others (Lane. 2007; Dcld..c:r t"L al .•

2007) hove shown th:11 ,vilh chronic coffcine 111tnlcc, insulm n:sistancc and disrupted glucose:

tolcrnncc persisted oner 2 weeks or diuly consumptaon. Studies on the clTect or ca!Tci.oc and coffee

h4ve therefore produced v11t1cd and coofl1cling results. Given the \\idcsprcacl ('nDS11mpooo of 

colTcioc 1n 115 voriow form, and the documented odvmc and beneficial effects v. uh ttp.nis ID 
carbohydmtc mcuibohsm, there is o need to rcconctle the dtSp&nt) tn the flDdini \\'bile the 

dispanty in the rcsulll or acute trcauncot and chroruc treatment n\,\) be d� to tolcnni:c. ot.bcr 
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factors such os route of odmmistml1on of the cnffeme orol or parentcrol may a«ount for the 

differences in the results. Moreover, the lorgc numbers or chem1cnl components of coffee could 

account for the differences observed in the octtons of cnffeine ond thnl of coffee ns some ,vorkcrs 

hnvo idenlificd substnnccs thot moy modulotc the adverse effects of caffeine (Shearer et al. 2003). 

The lnck of cons1s1eney in the cfTcct of cnffclne on g.lucosc 1olcronce has wam1.n1ed further study 

on 1he cfTcct of cnfTeine on glucose 1olcmnce under chronic condition. Although there ore rcport.s 

which showed 1h01 Kolonut seed cxlrocl s1gruficantly increased both blood glucose ond hind hmb 

glucose uptake in dogs (Solohdeen nnd Alodn, 2009), there IS no infonno1lon on the effect of 

Koh1nut on glucose tolcmncc in ony animal modal. Given tJ1c ,v1dcspre11d coruumpuon of Kolanut 

1n the \Vest Afncnn subcon11ncn1 ond recent rcporu of high cofT0in0 content (51%) 1n kolonut 

extmcts, studies Implicating colTcine in 1nsuhn rcsislDncc in hcoltJ1y (Greer 01. al., 200 I; Ki:1J1.e111 

ct. al., 2002; Bottron1 et. "I., 2006) and type 2 dinbc11c subjects (Lone ct al., 2004; Robinson ct, 

al., 2004; Lone ct. al .• 2007: Robinson ct. al., 2009), ond the conlr.ld1ctory cxpcrimcnUII and 

cp1dcmiologicnl finding., thot cofTc1nc (Conde 2012: Yeh, 2014; SocromenlO 2015), and cofTee 

(whose major active component is cofTe1ne) reduced 1nsuhn rcsistonce and prevent lhe 

development of lypc 2 d1nbc1es, there is the need 10 invcsuga1c the cffcc:LS of kolanu1 on 

COJbohydrote metabolism in the rn1 Moreover, mnny s1ud1es on b1olog1cal efTccts of kolanut have 

attributed lhc effects of kolonu1 to the caffeine contoincd therein (Salahdccn and Al.ado 2009; 

Salohdccn t!I. al., 2014; lbu t!t. al .. 1986) C\'Cn lbough none of these studies have investigated the 

effect ofdecofTei.nntcd lcolMuL The study ofOsim ct. al, (1991) found that the c1Tcc1 ofkolanu1 

in increasing gastric ncicl secretion was greater than that COU$ed by a.n cqtu\llllmt 111Doun1 of 

caffeine suggesting tlui1 components of kolnout other lhlln cafTc1nc were 1cspous1blc for observed 

elTcct of kolMul on gastric acid secretion. 111c use of dccafTcint1tcd kolanut 11.'Quld have given an 

indtrcct indication of the significa.ncc of caffeine con1cn1 m the actions of kolMuL 
' 

This study was designed to invcsugotc fUtlhcr the cfTcclS of cafTCUJe and Kol.anu1 on 1Jucose 

10lcn1ncc in the raL Spcc1fically. the following issues �·ere odresscd. 

I. The c!Tccl or ca ITcine on glucose tolerance, insulm n:spoasc and IJ\'tt glycogen dq,oaiooo

1n the roL

2. The efTcct or ethanol e�umct of kolonu1 on gluco1c tolerance, insulin �� a.ad b,cr

glycogen dcpo$illon 1n the raL
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3. The erTcc1 of dccarTcirullcd cx1roc1 of kolanu1 on glucose 1olerance, insulin response and
I

liver glycogen deposition in the ro1.

4. The erTcc1 of ncu1e and chronic adminis1m11on of cafTc1ne on glucose tolerance. insulin

reJ.'J)OnliC nnd liver glyco11en dcposn1on ,n 1hc ml

S. The erTcct of acute nnd chronic 11dminis1m11011 or cthnnol exUllct or kolonut on  glucose

tolcmncc, rnsuhn response nnd ll\•c:r glycogen deposition in  the ml

6. The cffccl of acute ond chronic od.mllllSUllUon or dccaffe1no1ed ethanol cx1mc1 or kolonu1

on glucose tolcmnca, insulin response ond hvcr glycogen dcposiuon rn the ro1

• 

' 
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CUAPTERTIVO 

l.O LITERATURE REVIE\V

2.1 CARBOHYDRATE l\tETABOLISl\1

Cnrbohydmte mcu,bolisn1 is the scnc., or b1ochcmlcol processes responsible ror the rormolton,

brcnkdo,vt1 and i111crconvers1011 or c11rbohydm1es 111 living 0'1lon1snu.

In 1h0 1n1111cd1010 pos1pmnd1ol or fed stnte, under the inOuenec of insulin, lhe liver, muscl� nnd

adipose tissues bcco1ne 1111porltlnl sites of glucose dispoSlll. Under the influence of prcvo,hng high

conce111m11oru of glucose, insulin is secreted by lhe bc111 cells of lhc pancreas. Insulin sumulo1es

the transfer of glucose 1010 the cells, especially 10 the liver nnd muscles, although other organs are

nlso nblc lo metabolize glucose. lo the liver nod muscles, most of the glucose 1s converted 1010

glycogen by the process of glycogcncsis (Shulman c1 11/, 1995) Glycogen llynll1osc 1s tJ1c enzyme

responsible for adding UDP-glucose lo o growing chnm of glycogen. There nrc two forms of tJus 

enzyme. The inactive form which conics o phospholc group is called glycogen synlhnsc b and II is 

dephosphorylo1cd 10 the netivc form which 1s cnllcd glycogen synthase a, wlucb doe, 001 carry o 

phospha1e group. The octivhy of glycogen synlluuc IJ eonrrollcd by covalent mod1ficauon through 

phosphorla1ion or the cl\Lymt by k1noscs (Hnystead c1 nl., 1989, Dcn1 c1 nl., 1990), cyclic MIP­

dcpcn.dcnt protein kinosc A the ocuvily of which is rc3ula1cd by the messenger molecule cycbe 

MlP (cAt.lP). Cyclle AMP is m11dc from A Tr by lhc enzyme adenylyl cyclase 1111d 111.5 degraded 

by lhe action or phosphodies1ernsc. 

\Vhile 1he glycogen stored in lhe muscle is used for lhe proYUion of energy, lhc gl)-cogcn 'm the 

liver is stored until needed n1 some le1cr time when glucose levels lll'C low paniculllrly 111 the n:moic 

posl absorptive slate. Insulin dircclly or indircctJy influences lhe uptake or glucose by the b>:er h 

octs dircctJy by binding 10 hepatic insuHn rc:ccp1ors o.nd lhert:by aclivoltng 11\SUlm 11gMhna 

1>3lhwnys in the liver. These effects have been demonstnu.cd 1n ,nnous models. In LSOwcd ru

hepa10ey1es, insulin inhibil$ glucose produclton through 1nhlb111on or gluconcogcncsu (Clllus and 

P1l.kis. 1976) o.nd glyeogcool)'Sis �1orks Md Bolelho, 1986). In lhe dog, an acuie stlecu,-c lllC1'CUIC

(S1ndclM cl al., 1996) or dee= (Sindclor ti. ol., 199S) 10 hepatic lllSUlin 11:'·el (so 1h41 the 

oncrial insulin level ,vns kept constan1) rcsuhcd 10 ,·cry rapid suppression or oimul•taon. 

respectively, of hcp;iuc glucose produclion (IIOP). In odd1llon. 11\·CNpeelfic insulin m:qMDt 

knockou1 (LIRKO) mice, which lock hcpaltc lnsuhn rccq,1on Crom blnh. b:&,� bc,cn ahl)•u lo 

dcmonstra1c scv- hepauc 1nsuhn �islDncc (� lllhcr and Kihn. lOO)} 
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Insulin's indirect effects Include reduction of glucagon secretion 01 the poncrcllS (llo cl al., 1995). 

inhibition of lipolysis in fot {which reduces clrculotlng llpl!b nncl glycerol availability for 

gluconeogcncsis) {Sindelar cl 111 .. 1997). ond clecrc11Sc:d pro1cin cotobolism in muscle (protein 

sporing effect) fi1r1hcr reducing gluconcogenie �ubsuutc a ,  oilobili1y (Wolfe and Volpi. 200 I). ond 

In odclhlon, recent Muclits in 1hc rnousc oncl rut suggest that hypothalnmic insulin signllling may 

o1so ploy on in1por1ant role in insulin's ability to Indirectly regulate HGP (Obici e,. ul .. 2002:i, 

Obicl 1:1. al. 2002b). Insulin's indirect hcp.itic effects ,,ere "ell demonstrated in 1he dog, \Vhcrc nn 

acute sclcctlvc increase in or1criol insulin level while the hcp;uie insulin level ,vas kept constant, 

resulted in inhibition of HGP (Sindelar cl al., I 996), This \\OS sho1vn 10 be p:iniolly due to 

insulin's effect on lipolysis, since ,,hen plasma FFA levels 11ere prcvcn1ccl from foiling, 1 IGP only 

dccruscd by holf us much (Sindelar rl al., 1997). In rots, introccrebral ventricle {ICV) infusion of 

insulin suppressed glucose production, onJ this effect wns independent of circulating insulin levels 

(Obicl el. al., 20020). In addition, in mice. I !Or wns supprcucd by insulin despite 95% reduction 

of hcpntic insulin receptors by antiscnsc oligonuelcotidc ltClltmcnt (Uucnncr cl al., 2005). These 

studies, and others. demonstrate that in addition to insulin's direct effects on the liver, the hormone 

also regulates HGP through indirect mc:ins 

The amoun1 of glucose taken up by the lh er is rcgulnted by circulnting glucose and insulin 

concentrations and by 1hc arti:riol-porllll \cin (a-pv) glucose gradient (Pogliassotti and Cherrington. 

1992). It has previously been dcn1onstrated (Poglio.ssotti ti. al., 1996) that the incre:isc in net 

hepatic glucose upwkc (NHGU) induced by the portal signal is o result of the stimulation of hep.llie 

glucose uptake processes and not o suppression of hepatic glucose producuon The rise III hq>.1lic 

glucose uptake results in increased intracellular concentrations or glucose 6-phosph3te and other 

hc:<ose monophosphatcs, which in tum stimulolc glycogen S)11tlu1�c. le.ldlng 10 si&niliC11111 

glycogen deposition. In fact, -75% of tbc cxlro glucose taken up b)· the lh er 1n response to the 

portal signal is stored 115 glycogen, \\hcrcas the remainder primllril) lc:i1es the li\tr Ill l.icutc. 

Other metabolic pnth1�.iys (oxidation, pentose phosphate cycle. con,c11ion to hpids) :ippcar to pb) 

minor roles in the intmhcpntic fate or glucose. 
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In the tn1c pos111bsorp11vc stole os occur ,n on overnight fost. Glucogon is secreted by the cells of 

the pnncrcns 1n rcs1,on_sc 10 lo1v blood glucose conce111r111ion Olucagon restores the blood glucose 

conccn1ro11on 10 o &1Clldy-s1ntc lc1·el by aumulating glycogen dcgrodolion and gluconeogcncsis 

The liver cells nlmost cxclus1vcly possess glucogoo receptors (Gcnch, 1993), so gluc11gon Is 

c11rcn1cly selective In its 111rgc1, The efTccl of glucogon is opposllc 10 lhot of insuhn 1n thnt 11 

tnggcrs cJ\l\!P synthesis lending to the shuning do1vn of glycogen synthesis while at the S41Tle lime 

s1in1uln1in11 glycogen degrodallon 10 make more glucose nvnllnble for ulilisntion by glucose 

dependent tissues s11ch os the bro1n (Blom ond Groves, �001). 

Glucogon activates the glycogen dcgmdo1ion enzyme glycogen phosphorylose by pbospboryloting 

11 from glyc�gcn phospborylosc b in its unphosphorylo1cd form to glycogen pbosphory!Juc o the 

oc1ive form (Hendrickx nnd \V11lcms, 1996) There 1J o rec,procal rclouonslup of lhe glycogen 

synthase nnd glycogen phosphorylasc cn1.ymes \Vhen both ore phosphorylatcd, glycogen 

dcgmdntion ts ocuvc ond glycogen 5yn1hcs1s 1s not. \Vhcn both on: dcphosphorylatcd, glycogen 

synthesis is octivcond glycogen dcgrudotion is blocked suggc.sllng o s1nularbu1 mutuaJJycxcl1151ve 

mcchanum of rcgulotloo for the two cnz.ymcs (A1ston ct al., 2003). Epincphnnc hu sunilnr cffcc:ts 

on glycogen but i s  rele:ised by the adrenol glands 1n response to ncuml signalJ lhot lriggerlhe fight­

or-flight response. Epinephrine surnulotes t.he brcolcdown of glycogen to glucose 1-pbospbat.c, 

which is converted to glucose 6-phosphnlc. The incrcase 1n 1nt.111ecllular glucose 6-phospbatc 

incn:nses both the rate or glycolysis in  muscle l10d the amount of glucose n:lcascd into t.he blood 

Stn:llm from the liver. 

\Vh1le epinephrine triggers B response to B sudden energy requirement.. glucogon and insulin •-orit
• 

1n tnndem over longer period.s lo maintain o relatively constant cooccnl111t\on of gluc:OK in 

lheblood Epinephrine binds to P.ll<lrcncrgic n:ccptors of liver and muscle eclls and IO al­

odrcncrgic rcccplors of lh•cr cells. The binding of epinephrine IO �� receptors or or 

glucagon 10 its rcceplors nctivotcs the odcnylyl cyclase 51gtWJOS pAt.hway The secood mc:ssatacr, 

cycltc AMP (cAi.iP), then nc11\11tcs protein kinMc A 11,bich 10 tum acth,na sl�=sa,

phospho,ylosc by addmg II phosphate group to 11 (l'illlJIC 3) 
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Apart from glycogenolys1s for hcpnlic glucose production the process of gluconcogcnesis is also

s11mula1ed by glucogon and 10 a lesser exlcnl epinephrine, cortisol and growth hormone which arc 

collcchvcly kno,vn as coun1em:gulo1ory hom1oncs. The bmin hns been found 10 consume about 

holf of all glucose produced 1n tho body (C1scnbcrg and ScllZer, 1962), even though it can neither 

syn1hcs1Lc nor slorc n1orc 1hnn o few m1ou1cs' supply of glucose. Normol cerebral funcuon 

1.hcroforc rcquuc.s o conunuous supply of glucose from the cm:ulauon As U10 plnsma glucose

levels rcnchcs o lo,v threshold, 1 l  1J sensed by 1hc bm1n even while lhe drop 1n blood glucose is Slill

osympromntlc cnuslng the sccrcuon of coun1cm:guln1ory hormones 1h01 ac1 111 concen 10 incrcose

glucose producuon nnd decrease glucose uUh£ouon (Bolli cl. nl., 1984; Arruel cl al., 1987). The

bmln monhors plosmo glucose levels by both direct (Anllnd cL al., 1964) ond indirect moons

(llovcncr cl. al., 1997). Oomuro ct al. (1964) ond Anand ct al. (1964) identified neurons within

area, of the lotcml hypothnlamus (LH) and vcntromcdial hypolhoh1mus (VMH) lhol altered their

firing rates when plosmn glucose levels changed. Oomum el al., (1969) showed lho1 directly

applied glucose altered the firing rote of select neurons. They defined "glucose-responsive" (GR}

neurons os those thnl increased and "glucose-sensitive" (GS) neurons as 1hosc tha1 dccrcnsed their

firing nuc.s ,vhcn nmbicnl glucose levels rose. In areas such Ill the LJ-1, V�1H, and nucleus of the

solillliy trncl. 20-40% of neurons sru:npled show such glucosc-scns10g properties

(t-.1azuno ond Oomuro 1984). S1udic.s have demonstrnlcd lhn1 neural p3thwoys linlong the br.1in aod

cndocnne organs arc involved in the conlll)I of  secn:1ion or the counterrcgul:irory hormones

(Frolunon and Bcmardis, 1971; N1ijimo, 197S; K.1uaJuclu e/. al., 1985). 11us v.-as aptly

dcmonstrnled 10 a srudy by  Biggers ct. al .. (I 989), in which peripheral bypoglyccm1:i wus

moU11111ned while cen:brol hypoglycemt11 was selectively cluninatcd by the infusion of glucose 10!0 

the cnro1id llnd vencbrnl or1enes or conscious dogs. They observed that the countc1 •'1l'•l-1tory 

response 10 hypoglycemia WllS 11lmoJ1 chm1nn1ed when cerebral eugl)'CCml-1 "-'U nwnl.lulcd. tn 

further suppon of a glucose-sensing role for lhe bram. Borg and co-v.orkers (Borg ti al_ t 99-l: 

Borg cl al., 1995) conducted several srudtcs ln the conscious mL They first obscl'\·cd that bdiuaal 

lesions or the vcntromediol hypothnlnmus (Vt,,1H) abolished the ooun� n:spoox IO 

hypoglycemto (Borg cl. al, 1994). They then created localtzed slucopcni.a v.1lh.in lbc \�I}{ aod 

observed the ini1J11uon of a coun1em:gulo.1ory rcsronse 1n the abmlce or pen� hypcsl)ttm.1-1 

(Borg ct al., 1995) Taken rogclhcr, lbcsc stud.Jes pro,,de c,idcncc to �n lbc b)'J')thcsis I.bat 
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1ho countcm:guln1ory honnono rcspo11,c to h)110Blyccm111 11  1n111a1cd 1n, or DI lcas1 involves, the 

bm111 

1.1.1 Cluconco�cnt1l1 

Glutonco11cncsb Is lhc fonnntlon of 'nc\v glucose' by ussucs 1n the body (llver, kidney and OIT) 

lho liver, kidneys and OIT ore nblc 10 rclcnsc glucose 1n10 1hc c1rcula110n hunu&e they e'Cclu11vcly 

poucss 11luc01c 6,rh01rhn1nsc (t.lnycs, 1993 Mhhicux rt <1I, 2004) Olucose 6-phoapbauue (0· 

6-ra�) Is II cruolnl cntyn,c tn tho con1n1I of alucosc hon1cos111111 It catal)'7.et the Lut b1ochcm11:aJ

rcnc1ion ar alucanco11cne111 nnd 11lyco11cnolya1J, I c the hydroly1i1 or 1luco50 6-phosphate (0-6-

1') in10 11lucosc ond l'ho1ph111c Olc-6-ro,c II therefore unique In 1!1111 it conrc:rs upon the uuues 1n 

which 11 Is o�prcuw the upochy 10 rclcnse glucose into the blood. Glucose-6-phosphatuc 

Clltolyzcs the hydrol)'JiJ of glucosc>6-pho1pha1c 10 produce gluco10 and phosphate The enzyme, 

Is e�prcsscd mainly to 1!10 liver, kidney and GIT it cnucol III prov1d111g glucose 10 other orpn1 

dunn11 prolonged fost or s1AM1tion. More recently, the C1Uyme hu been found 1n the mwl 

int�unc (RIIJRI ct al., 1999; Croset ct .  al., 2001, t-1-,thiewc cl al., 2004) 11.'bich II alJo now known 

to contnbutc 10 glucose homeostasis portieulMly 10 the fasung 11111e. Th11 ffll)TIIC II ablcns an 

muscle nod other tissues, wlucb thcn:forc cannot release glucose to the blood lltrCam.. Actlvuy d 

intubated by both 1nsuhn and glucose, wluch become elevated after feeding. Iha.by rcdiJCma 

endogenous glucose produc110n In the fed state. Levels arc incn:ased by px:ap,o and 

glucocoruco1ds (Chnst t!I. al 1986; Lange t!r al. 1994) wlucb arc sccmcd 1.11 &Ji, fv!ma '"""­

The enzyme tS mcmbnmc-boundcd. U$0Ciolcd with the endoplasmic reticulum.. lllc CZIZ)'IDC 

glucosc-6-phosphowc tnuuloc�uc aci. c.o transport 0-6-P Crom the C),oplum c.o ct--b1 10 ,ofdlc 

mdoplasm1c rcuculum 

Release or alucosc m10 the cm:ulauon occun lhrouah two m&JD lffl)"cssa· lhc de mm, •.l'•> sa 

or glucose from noo-glucosc prccurso11 (gluconcogcnau) IUld the �11 of &IJ001m 

Calycogcoolysu) (Ornch, 1993) ln normal lwnwu III tbc ovauipt r..umi � 1hnucsc� 

and glycoamolysit c:1eh contnbule approumaicly 50% of lbc &h&cOK �-cm! 

cll'CUbuoo (Landau tt al •• 1966) /11 \'lln> a.lUdia ba,c ah1w.11 �ma pw b·E!::at:.sn; bu::s 

the glurooeogcn1e cap,ic11y of lhc lidncy c,cuds 1h11 of h,u (t.'.rtt:1 I

,, 
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cari,ob�dr&Jd arc DOI affibhk, b) fannalJOD of po« or ,l)CO£CD from ooacarhohydnte 
soan:cs. lr edd1UOQ. the gtac� pcocas clean IDdaholic products.� as la.:tatc r,od�cd

by rm1x� md Cl)1hroc:ytcs and glycaol producPC! � adlpol,c IJ>snc, from lhc c1rculanon The 
rqul&uoo of c:udogCDO\&.i ch:x:ole produaioo u c:aiaal tn the rontrol or blood gluoosc 
cooccnlntlODS, md the In-er Cid kidney arc the pm,npal orpns responsible for glucoocogcncs1s 
�hny of the emymcs of gl)-.:ol)'SU and ghac�< � i.harcd. 1nc:ludU1J; thOIC lrom 
pbosphocnolP)TV\'ale to liuc1osc I.�. IA IJ,cr. gl�phosphata.SC atalyus the 
raic-lUJ11tu1g Step of ghx-s.cn,· sis. Ho,.'C'lu. for gluc:oncogcnc:sU to occur, the cnz)fflC::.

pyruvau cart,oxywc and pbospmn,ol p),vnte carl,o:'<)bsc mllSl be present and can hmll nu"

thn:lu&b I.he gluc:oocogauc pa!hT.-ay (Banbcl md Schmoll, �3) 

2..1.? Glucose pbo1pbol')laJJoo ud gl_)col)1k path•n1ys 
A belancc bdv.ccu bq,atic: sJuconcoscncsu and pcnpbcra1 pycolym is on 1mpor111J11 homcoslJIIIC 
funcuon. espcciall) dunn& a p,oJon.cd wt. Gl)Wl)'SU tu'Ul'S m ,,rowly all h,,ng cells ,vith the 
oxicbtion of 1l1KOK to p)1U\-atc and lactate A coollDuous supply or glucose i$ ncccssnry ns n 
IOUtcC of tuUJY, cspcciall) for the nct\'OUS S)"Slcm "hose cells have m1nllll41 stomgc C11pnb1hucs 
and (or CJ)1hroc)tcs. v.h1.:.h � uMblc to store alu� or use other substr11tcs o.s fuel. 
a ryruvotc formnuon 
0-6-r u phc.nphof)btal bypbo•phofNCtol:inasc 10 fonn fructose l,6-d1phospha1c. The micuon is
1ubjcc1 to allostcnc conuol by ccllulu levels of ATP, MIP, and phosplultc.
b Krcbl cyeleiom>b1c glycolysis.
Under 1m>b1c: conJ111on,, lhcrc can be con1rlctc oiuwitioo or corbohydrntci, rony oc,w, ond
rrotcuu to aubon d,o,1dc and �Ater, although glucose thot enters the cycle Clio be released os
1114'.tite. p)111,,1e, and alanlne �lcul11rlydunna eond,tlonsofo prolonged fosL Aerobic glyc:olys1s
yields the net production of 38 molecules or ATP per molecule or glucose consumed ryruvn1c
croucs the mitochondnal membruoc lo supply fuel for the Krcbscyc:lc or for glucoocogcncsis. The
p)1Uvalc dch)urogcrwe compleit dctcnruncs the tnlnSformnuon of pyruvnlc to ocetyl-CoA
(cocnzymc A) This cneymc complex u UUICU\llltcd by ATP when cellular energy stores ore lush
and by p)1U\'Dle dchydrogcn.uc kuwc (PD!q (Rondle et al., 1994). POK 1-4 c:nn regulotc the
p)'111vo1e dch)urogenasc complex by  1ohibi1ory phospborylotion of the complex The cn.z.ymcs
PDK2 and rDK4 ruc expressed 1n most tis.sues, whcreos PDKI 11nd PDKJ d1stnbulion 1s more
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lunilcl.l Levels of PDK4 nrc up-reguln1ed during stnrvnllon, thereby inhibiting Lhc complex when 

gl11cosc conscrvnlion is neces�ory (Sugden et. ul,, 2001, \Vu 1/1. nl., 2000). 
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Activi1y or lhe pyruvotc dchydrogcnnse complex is o n1njor de1erm1nnn1 or the glucose ox1�a11on 

m1e. Glucose ox1do1ion can then proceed though 1he Krebs cycle, n sequence or reocuons 1n which 

ncetyl-CoA is metllbolizcd to CO2 and hydrogen 01oms. In brier, ncetyl-CoA 1s lirsl condensed 

whh oxnloncelotc to rom1 citmlc. In o series or seven subscqucnl reactions, 1wo CO2 molecules ore 

sphl off, n:gcnemung oxoloncctnte (Colen1nn ond Kuzavo. 1991) l:.xercise C11n increase the nc11v11y 

of pyruvntc dchydrogcnnse (Nnkni el al , 2002), nnd pyruvotc dchydrogcMSe acuvity ,s I� 

responsive 10 nuuhn stirnulouon bo1h 10 patients ,vilh d1obclCS nnd in their offspring (Most en �, 

111., 1999). OCClluse phosphoryln1ed con1pounds ore cbllrgcd, most do 001 cross membranes, ond 

pyru,•otcdehydrogcnnseoc1ivhy rcmn,ns w11lun lhc mi1ochondrio. Likc,vise, nicotin41Tlideadcrune 

d1nuclco1idc (NAO! I) is not diffusible across mcmbmnes, so 1hc rcduclion cquivolcnlS produced 

by Krebs cycle oxidnuon must be tronsfcrred 10 Ilic cytoplasm by complex ohemnlc rcducuon­

reoxidnllon cycles 1nvol\•ing a membrane diffusible substrolC such 115 malotc. The 10ncr 

n1itochondnol membmnc contoins the rcsp111110ry cho10 proteins, which consist of a series or 

electron occeplors !hot ore rcvcn1bly reduced ond then rcoxidiz-Cd as they receive electrons 111\d 

form J\ TP. �ti1.ochondrio ore onen loc111ed nearsubccllulnrsll\lclures lllnl require energy or provide 

o substrote source (Mosten cl, al., 1999). Moreover, mi1oebondriol processes a.re coupled to

penphcral glucose uputkc, phosphorylation, ond glycolysis by lhe spati41 proximity to bcxolon:'lses

(\Vilson, 1995).

The Rnndlc cycle provides on 1mponon1 link between glucose and llitty acid metabolism (Randle

c1 al., 1963) whereby fouy oc1d or ketone ox1d111ion leads to clcvauon or mitochondrial 11cctyl­

CoA ond NADH, leading 10 increases in cytosolic cilr.ltc. Increased cytosoliccitrntc could anlul>1t

gl}"eOlys1s n1 lhc level of phosphofructolunasc, thereby decreasing the use of glucose as a fuel" bile

incn:ostng glucose 1ncorpomt1on into glycogen (Rnndlc ct .  al., 199-1, �taizels cL al .• 1977)

�l11lonyl-CoA, which is involved 1n the rcgulo1ion of lhe trnnsfcr of long-chain fatl) Kids tnto lhe

m11ochondria bllS been proposed 10 play a ccntrol role 1n 1h15 process mcdJat111& fuel SC11.Sio1-

glucosemc10bolism, ond msuho action (Rudcnnan cl al .. 1999, RudcrtDAJl ct u/. 2003).

' 
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---LIA --- LCFA f-=-TAG 

Figure S Toe Randle e),:le (Adapted from RAndlc c t .  al. 1963) 

LCf A Long clwn fllll)' ocids 

TAG Tn 11eyl gl),:crol 
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M11ochondrio ond glycolytic processes ore olso coupled with insulin sccrcl1on. As o result or 

glycolysis, ns,ng ATP levels lcod to the closure or ATr-dcpendent polllSS1um cl111Mels ond 

opening or coJc,um channels, which tnggcrs 1nsuhn secretion The role or m11ochondno 1n insulin 
secn:uon 19 lughlightcd by the linding of defective insulin secretion followed by 0-cell loss In 
tmn.sgcmc rodents ,vlth pnncrcntie D-ccll-speci!ic disruption of rnitochondriol Lronscripuon factor 
/\ (Silvo cl nl., 2000). 
Kn:bs cycle oct1v11y IS not rcgulotcd solely by the rrutochondrioJ ocetyl-CoA concentmuon , 
rn1h,voy ocuvity vorics over n ,vide range depcnd1ng on the subslrDte source; for cxomplc, occtyl­
CoA levels 1nny be 10-fold lower ,v11h glucose coo1pan:d with fatty ocid BS o substrntc source for 
the some t)clc nux (\Vilhomson nnd Cooper, 1980). Cilnlte syn1hBSe, isoc11ra1e, ond er 
t..ctoglutnmtc dchydrogcooscs arc gcncmlly considered to be 1mporton1 rcgulotory enzymes 
controlling OuJt through tho entire Krebs C)'tlc (Rustin 01 al., 1997). The pyridine nuclcoude 

p• ADP 
rcdox po1cn11ol (N::�' � rolio), the matrix phosphorylation po1cn1iol ( ' ATP raUo ). and the Co1

'

eonccntmhon octos key rcgulutory foctors 01 sevcml steps of the cycle (Rusun ct ol 1997). K.n:bs 
cycle nclivity 1s further influenced by thyroid honnone, odrcncrg.ic compounds, nnd 
glucocortico,ds (Wtlhnrnson and Cooper, 1980; Rustin ct al., I 997). 

Few cases ,v1th pnmory disorders or enzymes of the K.n:bs cycle hnve been reported in humans 
However, incrcnsed pyruvotc dehydrogcnose kinase (PDK4) o,etivity seen in insulin rcsut!!occ and 
1)1)C 2 dinbctcs, moy be o direct or indirect lllr&ct or Peroxisome prolifcrator-activated rcccpto� 
n (rrARo), ond could n:p�cnt on odditionol drug torgel for these medical conditioM (Sugden 
and Holness. 2002: I luong ct. al .. 2002). Deficiency of u,.keioglutarule dcbydrogC'WISC, succin:lte 
dehydrogennsc, cind fumol'DSC bAS been reported Ill rare patients ood lends 10 neurological 
imp:nrmcnt wnh or ,v11hou1 musculor involvcmcnL Ocnnline mutations of sucamtc 
dchydrogcrwc C8use hereditory pamgonglion1a and phcochromOC)-10ma (AstulJ ct of, 2001) 
More recently, mutations of fumarole hydmtosc hove been o.ssocu11cd with utcnnc fibroids, skin 
lciomoto. ond, to o lesser cxtcnl, papillllry renal ceU C3DCCT (Tomlinson ct oJ , :?002) Btt1111sc 
neuml cells ore most dependent on glucose oxidation for fuel, 11 IS not surpn sang 1!\s1 duorden of 

these key enzymes are chmcally manifest in these ussucs.. "1lhou1 abnomuahues in blood 11-
or 1nsuhn levels 

2J 

•

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



c. Anacrohlr i;lycolysls: the Emi,dcn-l\tcycrhof-P1ro1s p1th11 ay.

In erythrocytes, tl1c glyoolytlo p3lhwny olwoys tcrminntc:s in the fonnotion oflacu11e, bccouse thC$c 

cells lnck cnzym� or the Kreb� cycle. llowevcr. in otl,cr trnucs under nnocrobic cond11loru. 

glucose l1 Illa! to gcncrntc hl11h-cncrgy ATP as fuel, with fonnouon of loctntc as II by-product. 111c 

n:.1ct1on is ca!Alyzal i,y lnctotcdchydrogcnnsc, and in controst 10 the Krebs cycle, which occur$ in 

both C)10solic: nod 111ltoc:hondnnl comp;inmcnts, oll the cn.zymcs or Lhc Embdcn-l\1cycrhof-Pnmns 

pnthwny nrc found In the C)1osol. 

Embden-Meyerhof' 
(Glycolysis) 

Glucose ATP 
l c.----. ADP

Glucose-6-P 

l 
Fructose-6-P 

l< • 
Fructose-1,6-dl-P 

l 

ATP 
ADP 

DHAP .... .__.•Glyceraldehyde-3-P 
2NAD 

l< • 2NADH
(2) 1,3-di-P-Gl

r
cerlc Acid c.---- 2ADP

• 2ATP
(2) 3-P-Glyceric Acid

l 
(2) 2-P-Glyceric Acid

l 
(2)PEP 2AOP 

le 
__ _ 

.-----1•• 2ATP 
(2) Pyruvato

J)
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Under a04crobic conditions, glucose is the only ruel sowcc lhat can be used by skeletal muscle, 

ond dunng muscle conlmcllon o conunuous supply of ATP is necessary Anaerobic glycolys1s 

yields the net produclJon or only 1,vo molecules or ATP nnd only two molecules or reduced NADH 

per n1olcculc of glucose consu1pcd. Thus, onacroblc n1c1nbollsn1 is inefficient ond cannot be 

sustnincd ror long 1n1crvnls of time. In oddition 10 erythrocytes nnd skclellll muscle, other 1issue.s 

1h01 produce lnctntc include brain, gnstrointestinol Imel, rconJ medulh1, adipose ussue, ond sksn 

Loctote cnn be con, encd back into glucose by the gluconeogcncsis pnthwoy, n:qulring ATP (Duke, 

1999), or con be used 1,n muscle 10 help restore glycogen ofter intense exercise (McLo.nc nnd 

I lollos.iy, 1979) T110 energy po1enliol of loctie ocid cnn only be recovered 1n the presence of 

OX)'l!tn with conversion bock 10 pyNv1c ocid. In tum, pyNv111e con then be me111boh2cd in the 

c1lri0 acid cycle. 
, 

2.l GLUCOSE IIOJ\1EOSTASIS

Olood glucose eonccntrolion IJ ono of the most finely regulated phys1olog1cal poramcten 

of the morumohnn orgorusm. Glucose homcostns1s is achieved by a physiological balnncc bct"•ccn 

glucose production ond 1ntnke 1n the form or enrbohydrotes ond utlliz.otion by tho pcnpherul l!SSUCS

(Sccloy ct nl,, 1998). \V11cre.is most ussucs coo readily utilize free folly acids or other substrates 

when glucose becomes uoovniloblc, the n:d blood cells and the brain utilize glucose almost 

exclusively os their sole energy source (Cryer, 1981; Zierlcr, 1999). Consequently, suswned 

hypoglyccn1io enn lend 10 coma, and if not corrected immediately permanent brain damage and 

eventunlly denlh (Andres et al.. 19S6). Abnormol elcvation of plasmn glucose leveb 

(hyperglycemin) docs not pose an urgent Lhrcot 115 docs bypoglyccmio., )'Cl prolonged 

hypcrglyecrruo is also ulumotcly life thrcntcrung. Therefore blood glucose bas to be l-q,t \\,thin a 

lllllTOW range for the proper functioning of the body in general and these "'-o tissues in paruculu. 

Blood glucose homeostasis is nchJeved by lhe intensction between insulin and the 
• 

countcrrcgulntory hormones (glucagon, cortisol, cpmcphnne and growth hormone) dunng periods 

or reediog ond ros11ng (Clnrke et al., 1979.1'>'11lnllrou et al., 1991. Zicrlerct. al. 1999; Sacca tt 

"'· 1979). The nofllllll f1Ul1Jlg level of plllsm11 glucose 10 pcripherul \"CDOUS blood is S0.90 a:ii'Jl 

{Guy100 and Htill, 2000). Follo"ing o meal, such as breakfast., glucoK u 1"1r1dl) clC'alN J0.50 

pcrccnt above thu level; bu1 within two hours glucose lcve!J Ii» been �I.Qm.l \0 normal, and 11 

rcm111ns 11 80 mg/di unul lhe ncx1 mc,,I nnd the r,,ucm u rcl'ca1,d (Sl:.bctn1'cts ct GI� IQ.lO, 
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Under anaerobic conditions, glucose is the only rucl source that can be used by skeletal muscle, 

and dunng muscle contrnclion n continuous supply of ATP is ncce1sary A1111crob1c glycolysis 

yields the net production of only rwo molecules or ATP nnd only two rnolcculcs or reduced NADH 

per nlolcculc of glucose consun1cd. Thus, nlllltrobic n101nbolism is 1nefficlcnt nnd Cllnnot be 

sustnincd for long inlcrvnls of time. In nddilion 10 erythrocytes nnd skclellll muscle, other 11ssucs 

thnt produce lncllltc include brain, gnstromtcslinnl lmcl, rennl mcdulln, nd1posc tissue, nnd skin 

Lnctnlc con be convened back into glucose by the gluconcogcnesis pnthwny, requiring ATP (Duke, 

1999), or con be used ,n n1uscle 10 help restore glrcogcn ofter intense exercise (Mclane nnd 

I lollos.r.), 1979). The energy polcntial of lnctic ncid can only be recovered 1n the presence of 

oxygen wnh con,•ers,on bock 10 pyruvic ocid. In 1urn, pyruvn1e Clln then be mclllbohzcd !n the 

citric nc1d cycle. ' 

2.l GLUCOSE 1101\fEOSTASIS

Olood glucose concenlllllion 11 one of the most finely n:gulntcd phys1olog1cnl parameters 

oftbe mammnliao org1111ism. Glucose homcos111s1s is achieved by a physiological bnl:in.cc: between 

glucose producuon nnd 1nlllke 1n 1he form of carbohydrotcs ond utiliz.ntioo by the pcnpheral llSSUCS 

(Seelny ct. nl., 1998). \Vhcrcas mosl tissues coo rClldily utilko free fatty acids or othCT substrolCS 

when glucose becomes uoovoiloblc, lhc red blood cells nnd the bruin uuliu glucose almost 

exclusively ns their sole energy source (Cryer, 1981; Zicrler, 1999). Consequently, sustained 

hypoglyccm.ia ct10 lend ro comn, ond if not com:cted 1mmcdia1ely pcnruincnt brain damage and 

cvcntunlly dc:ith (Andres ct al.. 1956). Abnormal clevauon of phmna glucose levels 

(hypcrglycem,o) docs not pose on urgent lhrcDt os docs hypoglycemia, yet prolooged 

hyperglycemia i., lllso ultunntcly Life lhrcDtcrung. Thcn:fon: blood glucose ba.s to be l-q,t v.,thul a 

ruirrow range for the proper functioning or the body in general and these t'll.'O tissues m puucular. 

Blood glucose homcos1ru11s is achieved by the interaction bct\\·c-cn insulin anJ lbe• 

countcrregulotory hormones {glucagon, cortisol, cpincphnne and growth hormone) dWllli pcnocls 

of feeding and fasting (Cl:irke ct al., 1979, �btrakou ct. al� 1991, Zicrlc:r cl al., 1999; S4caa ct.

c,I., 1979). The normal Insuns level of plasma glucose 10 pcnphcl'lll ,,:nous blood is o.� � Jl 

(Guyton and H11U, 2000). Follo'll.�ng o meal. such M breakfiut, glucose 15 niridl> clC\atcd JO-.SO 

percent above lhu te,·cl; but within two hours gluc01e tc,cb has been re-lOn:J to normal. ULt 11 

remains 111 80 mg/di un11I the next 1ncol nnd the J13llcm 15 l<'fdl<d lSthcint-crg .-t .  IJI .. t�c>. 
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Nordlie ct. al., 1999). Afiercach meal and in the 1mmcd101c post obsorp11vc state, insulin stimulotcs 

lhc conversion o r  glucose 10 glycogen (in skclclJII muscles ood the liver) ond ralS and rcdutcs or 

prevents bep111ic gluconcogencsis (('roger cl al., 1987; Ader ond Bcrsmnn 1990; Vikam1 ct. al., 

I 999). Insulin hos been sl10,,•n 10 be the only hom1one which lends 10 reduce blood glucose 

conccnlrntion ,\lhile the countcrrcgulotory hormones hnve the reverse efTccl by 1ncrcns1ng blood 

glucose concc111m11on (\Voll ct al., 19S1; Soskin and Levine, 1987). 

High or low blood 11lucosc con cause thobcles or hypoglycerruo respccuvcly. \Vhcn glucose 

is nol bcmg h111cs1td, 11 1s the role or lhc liver 10 produce lh1s nutnent, either from us s1ores 

(11lycogcnolys1s) or de novo rrom three carbon precursors (gluconcogencs1s). This 1na1n1cnoncc i_s 

ncl11cvcd 1hrough a balance or scvcrol foc1ors, including the ro1e of consump1ion and in1cs1i11AI 

obsorp1ion or d10U1ry carbohydmle, the role or u1ilizotion of glucose by periphcroJ tJssues and lhe 

loss of 11lucoso 1hrollQh 1he kidney lubulc ond 1he rote of removal nnd release or g.lucosc by lhe 

liver (Zieler, 1999). 

Source., And Sinks of plAsn111 glucose 

2.2.1 Sources of phumA glucose 

The grc:11 lllllJOrity of glucose 1n lhc plaslllll comes from two sources: intestinal absdrpuon 

of diclnry glucose and 1lS precursors ond the release of glucose from lhe liver. 

Sources of plosmo glucose: 

Glucose per sc (o minor source) 

Glucose containing disocchruides 

Sucrose (fruc1osyl glucose} commonly coiled table sugar 

Lactose (galoc1osyl glucose} called m1lk sugnr 

l',laltose (glucosyl glucose} 

Glueose-conu1uung polysoccboridcs (o major source): stnrcb from plants md gl),:ogm from 

orumal uuues 

Sugani readily converted Lo glucose: Fruclose ond gaJactose 

Gluconeogcnic amino nc,ds 

Glycerol mo1c1y or tnglyccndcs 

2.2.2 Sinks of phuma i:tucosc 

AJI body LUSUes Cl1ll and do 11$0 plnsm11 glucose, bu1 some such u the DC!'OUS l'�ICID;.. hkb • 

requues about 120.ISOg or glucose dn1ly undct most cood11Jons and the ml �II,� ot-h1awl) 

24 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



users In prolonged slArvation. studies show 1h111 lho bnun undergoes an 1ntcrcs11ng metabolic 

switch that ollo\\s It to utili1e ketone bodies (l}-hydroxybutymtc nnd occ1oacc1Ate) 1n pl11cc of  over 

50% of 11s usual glucose rcqu1rcn1cn1 (Owens ct. al., 1967). Folly oc1ds nre conunuolly mobilized 

fro1n the huge stores of odipose tissue triglycerides ond n portion oCthcm nro conunuolly convened 

to kc101,c boJles In the liver. This odoptotion in mctobolism of  the brain ensures thnt It can survive 

,vithout rcqu1nng drastic dcpleuon of muscle protein to provide substrates for gluconcogcnes1s 

(\Vest, 1998).The red blood cells, the intcstJnnl mucoStt (inner epithelium) ond the rennl medulla 

use glucose lnrgcly exclusively vrn onoerob1e glycolysis. Most of the body tissues however, nrc 

focultouvc users of glucose, Dunng fasuog, these tissues can ond do s,,'itch to use free fouy nc1ds 

(FF'A) ns their primory metobolie fuel (Zieler, 1999). The liver 1s both o source ond o sink of 

glucose nnd both uptokc ond rclcose o_rc occurring 01 oil 1in1es ,vith tho net bolonce being under 

hom1onol control (Zieler, 1999), Under normal circumstances, no glucose 1$ lost m the unnc 

through the kidney, so, the kidney is not normnlly o sink. Although glucose is freely filtered by the 

kulncy, it 1s reabsorbed 1n10 the blood strc.1111 unless the cnpaeny for glucose reabsorpllon by the 

kidney 1s exceeded If plum11 leveb of glucose ore greatly elevated above the n:naJ threshold for 

glucose (I SOmg/lOOmJ), then thot amount of glucose thnt <::IMOI be reabsorbed is lost in lhe unnc 

(Zieler, 1999). 

2.2.3 The Role or the Liver in Glucose Uomeostasis 

The liver ploys o unique role 10 the reguJn1ion of caroohydn11e metabolism because it is able both

10 tnke up ond rclC3Se glucose, thus helping to dampen variations i n  blood glucose (Soskm ct al • 

1938) In the postobsorptive Slllte (,vben oil nutrients from the lo_st meal bO\"C been absorbed from 

the intestine). the liver 1s o net producc.r of glucose. If odcqWllc omounts or glucose arc 

adm1n1,ten:d 111 thjs point, the liver S\vitcbcs from net glucose producuon to oet glucose uptake. 

HypcrglycC1T110, hyperinsulinemio, and o negative anenal-portal venous (a-p,·) glucose gradient 

("pon.ol signal") ore kno"''" to pos,uvely alTccl the �le of net hepatic glucose: upw.e (NHOU) 

These three factors when present simultancously rcsuh in peak rotes o f  NI IOU (>,iyers l'I. ul .• 1991, 

Pogl11uso1u ct. al., 1996). Ctmllnung insulin incrcnscd NHGU m o  dosc-dq,cndcnl = m lbc 

presence of o fixed bypcrglyccmio 111 all tDSUlin level, tested (>-i)'en cl. a/ 1991). �HOU •-u

greater tn the prcscnc:e than 1n the absence of the portal signal If anmal uuuhn ,.....,, mamwocJ 

conslllnt, both ot basal (Adkins-�lorshl\11 ct. al., I 99:?, raalwsotu rt al� 1996) and at fOW'fl•IJ 
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basal lc\-cls (Myers er of. 1991), NIIOU 1ncreucd u tho glucose levels were progressively 

mcrenscd, ond ogoin NIIGU wo.s greater 1n the presence or the port.Ill s,gnnl thon 1n tts absence 

(Myer, cf al., 1991). 

Tltc modulation of net glucose uptake: by the portnl signal also extends to  extrohepolic tissues. A 

dccmuc 1n ncl glucose uptake by nonhcp�llc cissucs in the presence of the port.Ill 11gnol was 

Indirectly demonstrated 111 several previous studies (AtlJdns-Morsholl er al., 1992, Pog.hassot11 ct 

of. 1996), This reduction wos or the some mognnudc os the 1ncrcasc 1n NIIOU, thu, suggcsung 

ll101 the portal s,gnol controlled ll,e whole body distribution or glucose. Golosscui ct al., (1998) 

rcccntlydcn1onstrotcd that tho rcducuon in extrohcpolic glucose uptake caused by the ponal sig:nnl 

wos pn11111nly llto result or o dccrcoso 1n glucose uptake by skeletal muscle. 

• 

• 
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DIET LIVER 

GIT 

OBLIGATORY FACULTATIVE 

(brain and nerve, (muscle, adipose tissue, 

Red blood cells, GIT and essentially 

intestinal mucosa all other tissues 

renal medulla} 

SINKS 

(minor exc:ept1n 
prolonged fasting) 

URINE 

(negligible unless 

plasma glucose is 
above 180 mg/di) 

LIVER 

fia. 7 Sources and sinks Cl( rtasmn alu«r>e (Sldnbcrg. 19 S "ilh 1lll..J1f�t",ru\ 
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Although oll previous studies investigating tllo partlll signal were conducted under hype�l)«mic 

cond111ons, indirect evidence indicates that 11S clTects mny bo present even under cuglytcmic 

cond1uons. Several s1ud1es (Donovan ct. nl., 1994; l:-lnmillon-\Vcssler ct al., 1994) showed tlult 

tho sympothoodrcool response 10 hypoglycemia wos blunlcd when sys1cn1ic hypoglycem10 wu 

allowed to occur, bul the hcpJtoportnl region ,vos kepi euglyccmle by partol glucose 1nruS1on In 

the process of moinu11111ng hcpnlie euglyecn1in, tho nuthors created a ncga11vc o-pv glucose 

smdicnl Thcn:rorc, the dccrcosc in the sympothoodrcnnl response may well have been due lO the 

cfTccis of thci portnl signal. If 1hc JlOrtlll signal con be octh•olcd under eugl)«mic cond111ons, II 

should inerensc NI IOU in response 10 ,nsuhn nod pos.sibly exert iu 1nh1b11ory c:ITcct on glucose 

up111k0 by nonhcpouci tissues even 111 lhe absence ofhypcrglyeemm. 

In lhc postprandial stnlc. 1hc liver becomes nn 1mpon11n1 she of glucose removal. The omounl of 

glucose lnkcn up by the hvcr is n:guln1ed by ctrculn11ng glucose and insulin concentn1uon, ond by 

lbc n-pv glucose gmdient (Pngliossotu o.nd Chcrringlon, I 992). h h4S been previously 

dcmonsirntcd (Poglinssolll ct. of., 1996) 1hn1 lho 1ncrcosc in ne1 bepaue glucose uptake (NHGU) 

induced by lhe portal signnl is 11 rcsuh of the sumulauon of hepalic glucose upiake processes and 

1101 o suppression of hepatic glucose produeuon The rise 111 hepauc glucose uptoke rcsulis Ln

increased intrncellulorconc:cntrallons of glucose 6-phosphotc and other hexose mooopbospha.tcs, 

which in tum stimulate glycogen synlh11Je, lc.iding 10 signific4Dl glycogen dcpos1uon. In fact, 

-75% oflhc cxtrn glucose token up by lho livcr 1n response to the portal sign4l 1s stored as glycogen.

whcrcns 1hc remainder pnmnrily leaves lhc li\lcr as lactoic. Other metabolic pathways (oxidation.

pentose phospho1c cycle, conversion to lipids) appear to ploy minor roles 111 lhc U11nlhcpa11c fate of

glucose.

2.2.4 Control of llepntic Glucose Production

Insulin 1s kno,vo to reduce hepatic glucose production (HGP) by acung bolh directly and l.llducc:lly

on lbc hver (Cherrington ct of., I 998).lnsulin acts directly by binding lO bepa11c UlSUlin m:cpiors

and !hereby activoung insulin s1gn11lling path...,11ys Ill lhc b\lcr These effects b:&\C been

demonsuntcd 111 vanous models In 1solntcd mt hcp:itocytcs, insulm mhi"b1ts gl1.1COSC production

through 1nh.ibt1ioo of gluconcogeocsis (Claus and P1lkJJ, 1976) and gl)�motyus (�iarb o.od

801eU10, 1986) In the dog, on ocuteselecuve U1Crcasc(Slndchlr ct af .. 1996) crdccreuc (Smd.c:rl.v

�, al., 1998) lll hepatic insullll level (such that 11.1'\cnal insulin IC\cl mna.uicd COIUtUII) """1lal m

very mp1d suppression or �umutauon, rc$J>CCU\'CI)', of HOP fwthmnorc. li\cr-,.p«ir� u:isu.ho
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receptor knockout (LIRKO) n,lco, wluch lock hcpnllo Insulin rcccpto11 from birth, dcmonttn'llc 
severe hepatic uuulin rcsislllncc (l!l1hcr and Kohn, 2003), These srudics, ond others, dcmon1trntc 
lhnt insulin nets d1rc,;tly on 1hc hvcr 10 rc11ulnto 1101' 
lnsulln's Indirect effects include reduction of 11l11cn11nn secretion ot the: panc:reAS (ho"' nl, 1995), 

inh1b1uon of lipolys" 1n  fnt thereby reducing circulntln11 lipids nnd glycerol ov11l1b1l11y for 
eluconca11cnCJII (Slndcl11r r/ 11/ 1997), and dccn:01cd proh1in cataholl1m ,n muscle which further 

rcd1tcc111tuconco11cnic pnxunor ovoilnbilily (Wolfe ond Volpi, 2001). Srud1cs rn the mouie and 
mt su1111e�1 that hypothnlnmlc Insulin slan11llln11 1n11y also piny on Important role: In Insulin's ability 
10 lndlrcctly rc11ulo1c 1101' (Obicl rt al .• 2002,). Insulin's Indirect hepatic: effecu were well 

1krnoiutn11cd In 1ho dog, where an acute 1etcc11ve incrco,o in oncriol uuuhn level (so 1h41 lhc 
hcpnrtc insulin level ,111u lc('pl constonr) resulted in inl11hirlon of I ror (Sindelar ti n/., 1996) Th11 
WIIS 1hou11h1 10 be partlolly due 10 Insulin's err«1 on lipolyals, since v.h('n pluma FFA levels wen: 
prc,•cntcd from follin11, 1101' onlydccrascd by hlllfos much (Slndelu rt of., 1997) In mice, HOP 
was supprascd by uuulln de1pitc 9So/e rcducllon of hcpohc insuhn receptors by l1l1UCmC

ohgonuclcoudc u�uncnt (Bucuner ct al .• 2005) These 11udlcs, and olhm, dcmorutnrtc tha1 m 
addition to Insulin's direct effects on the liver, the hormone also rcJulalCS IIGl' lhrou&JI indirect 
means 
Dcspilc evidence demonstroting both dim:1 and 111d1rcc1 effects of tMU.lin on the Iner, 11 has beca 
hypothesized lh.lt c:on1r0I oflhc hvcr is pnmnnly 111d1m:1 (Bergman. 2000), To addn:ss lberdatn·c 
importance of insulin's direct versus Indirect errccu. an c�pcrimcnt wu dola,icd IO dd.crminc 
11o•hich elTcc:1 domm:11cs con1r0I of basol l!GP E.JCpmmcnlS were earned ou1 wma lbc �,..;,qJ11-
fiuted conscious dog, 10 wlucb. dunng a pancreatic clomp, lllSU.lrn infusion •-u ,-,,cbod fn,m lbc 
hcpaue ponal vein 10 a pcnphcnl vein. Thu �led ,n • doubhng or I.be an.cna1 •nsulm � a:id.
at the same ttme, D 50% decrease in the insulm level within the bcpatir ,m,,,,...,,. 11 •v 
hypothcsiz_ed lh:u If HGP is primarily rcgulmd b) Insulin's inJIIUl cfTccu.. d:m .-urial

hypcrinsuhncmia "1ould CAUJC a decrease in IIGP. d�ite a n:dllCtioa ofins:l&lm'• =a:a cfrm a:
the liver On the other hand. ir insulin'a dlm:t hq,alJC clTccu arc domumu, 111:lf,. asn1 HGP llbol&ki 
occut Ocsp11e mild hypcfil)'l'Cllll and pcnpbcnl hypc:r>omlmanaa HOP l'lf,idl:, � �" 
than 2-fold and rmu1ned � .. led throua,houl lhc )•hew c.� raw Ouch� 
dcmom1t11lin1 that Insulin's d1rffl effect on lhc 1t,a "'u d.."Clllllml 135 ·� pc:=.., ttr�lkf 
or bull IIOP III the nond11be11e dog 
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ln an cffon to dclennlDC -wluch mode of insulin ac:rion is most lDlp01Wll ID the regulauon ofHGP. 

Bucnnert, ol. (200S) recently sho"'ed that 95% ablauon ofboplltlc: tDSW.lD receptors by treatmcnl 

wnh U\Sllhn receptor anusense ol.igodcoxynuclcotidc over I week did not 1mpa1r the ab1hty of 

insultn to tnhibll glucose production during a b)'pcrimuboem1c c:l.llmp. The conc:lusaon dra'l'11 Crom 

this study was th:Jt hcp;itic insulin m:eptors are likely to pllly an important role an the long-term 

rcgulntion of HGP. ma1oly Vlll changes in gene ll'IIIISC:npuon, but rapid control can still occur ID

the presence of a severe 1mp:u:nncnl in liver 1nsuhn sign:,lling. Thus, ns prcvJously dcmonstr.ncd 

(Sindelar cl. al., 1996), In the mouse. HGP can be sclcc:uvc:I)' inhibited by insulin's indirect clTcc:IS, 

bul these findings do not di'ttctl) address whether insulin's dim:1 or indim:1 effects dominalc 1hc 

acute control ofHGP. Guplllcl. al_ (2002) fouod th:11 the prcvoihng gl)�cmic level 1s a dc1crm111nn1 

of the b3Jancc bel\vecn insulin's direct and indirect cfTcc1s on HGP in individuals ,vilh type 
• 

)diabetes. They suggested tha1 when gl)�gcnolysis is aln::id)' maximally suppressed by 

hyperglycemia, hept11ic insulin ma) not further suppress HGP, wh=. ";th corrccnon of 

hypcrgl}�c:m111. glycogcnolysis as restored, oJlo"''lng for the dircc1 clTcc:l of insulin on 

glycogcnolysas to become mo.rufcst. In other studies, obese pa1icnts \\ilh l}11C 2 diobc1cs \\•ere 

found 10 luive defccis in both lhc. d1rec1 nnd lhe 1nd1rec1 clTccis of insulin on ll1e lh•er (Su1cbr cl. 

al., 2002). \Vhen lhe estima1cd hcp:llic: sinusoid.ii insulin levels ,vcrc increased by 11 µU/ml, in 

those stud1cs, lhe impoirmcnt in ll1e dircct c1Tcc1 of insuhn ,vns overcome, bul the defective indirect 

rcsporuc pcrsi,ccd as a rcsulc of impaired suppression of FFA nnd glucogon levels. Thus, while lhe 

d1n:ct effect of uuulin on HGr is don11nan1 1111he nonnnl individual, 1n lhc dlnbetic stole, insulin 

rcsisl4nco of c.1(trnhq,:i1ic. ussuc.s nnd the pre,11iling glucose le,•cls become factors. 

In studies in tho rat, Ob1ci cl. al .. (2002) sbo\\ cd thot ICV infusion of insulin resulted in 10cn:nscd 

hcpauc insulin scns11ivi1y (so that glucose producnon fell during o cumsulincmic poncl'CllllC cl11mp 

during ICY insulin infusion) In oddi1ion, when irasulin receptor nntisense oligonuclco11de, insulin 

ontibodics, or P13K inh1b1tors ,vc.rc infused into the third ventricle, glucose producuoo wo.s nol 
I 

suppressed by a rise 1n oncnal insulin IIS much os in o control group (Obici cl. al., 2002). These 

findings led the null1ors 10 conclude thnl hypothlllnmic insulin siglllllling is required for nonnnl 

inhibillon of glucose produc1.ion by insulin (Obic1 cl al., 2002). 

Tho blood-brain bonier Is pcnnC3ble 10 insulin (\Voods cl al., 2003), ond previous studies 1n ll1e 

dog hove demonstrated lhnl mfusion into the carotid nod vertebml ortcnes rcsul1cd 1n c,eo 

d1s1nbu11on rhroughout ll1c blood Oowlog through the heod (Biggers cl. of., 2003). lo odd1tioo, o 
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rapid chonge 1n syn1pothc1ic outOow rrorn lhc bmin w11• prcvin111ly dcmon11n11cd in response to 

hC4d insulin infusion 1n 1hc dog (D11vi1 ,,, 11/1 1995). l'rcvloua •tudlc, In the dog dcmonJtratcd that 

ccrcbrosp11U1I nu1d uuulin lc\·th ,ncrcosc (aOcr n JO-rnlnutc Ing) during a hypcnnsuhncm1c clnmp 

(Schwartt ct. 11/ , 1990). In UIJII study, when lhc phurnn 1ns111in level wo, clnmpcd al oppro1C1ma1cly 

90 11U/ml, ccrcbro�p1nal nuld Insulin WiH aprroxlnrntcly 2 11lJ/ml oOcr 1110 minutes Okamoto ct 

11/., (2005) rcccn1ly dcn1on11m1cd hcpouc Insulin rc•is111ng,c in 1111ulln receptor knockout mice wnh 

rcMorcd 11\·cr h11uh11 111111,,1111111, hut reduced A111nnll1nii tn lhc hypothalamus. Tb11 JUUC:SIJ dut 

h)JKllhnlnmlc ,111nallln11 flhl)s an important role In Insulin's abllity 10 regulate I IGP In lhc mouse,

ThuJ. bocl..iiround h) pothnlamlc insulin 11gMlling n1oy dc:tcmunc the: D'111C ob11i1y of the liver to

ducclly ttspontl 10 ,nsulln, but not be involved 1n the mlnu1c-10°minutc rc11ul111on of I IOP

2.2.S ;\utorcgulatlon or hepatic glutosc produtllon

A moJor factor oncctlna blood glucose •• the ability of U1c liver 10 make glucose availlblc 111

s1111411ons of bypcrglyccmln even ,n tho ob&cncc of direct or Indirect uuulln acuon. In response to

hypcrglyccm111, net hcpollc sluc;osc output can be decrcasc:d by OJ much u 60z9"/4 by nonhonnoo.a.l f ..
mc:chontsrnt. Under condition, ,.n which hcpauc 1lycoacn stores are lush (1 e. the ovcmight-wtcd

suuc), o dc:crca.sc 111 lhc glycogenoly11c nttc and an incre.uc 1n the 111e of ,1ucosc qclms wuhin

the hvcr appear to be lhe C.'(planauon for the decrease in hepatic glucose output 1CCt1 ii, , ClpOi••

to hyperglycemia Ourin1 more prolon1cd fasuoa. when glycogen IC\cb are reduced., a dcaaK

10 gluconcogcocsu may occw u o pan of the noohormoMI raponse to

hypcrgl)'tctrull A substantial role for hcpauc autorqulation m the r�IIJC to imulm-mSuccrJ

hypoglycmiio is most clearly CV1dcnt 1n SC"ere hypoglyccnu• (<2.8 mmol'I). 11:r DONV/1.-.I

response to hypoglycemia is Lhought ID ID\'Olvc cnhanc:cmcnt of both atuic:ona,ga,c,n w

glycogcoolysis and may supply enough glucose to meet at lcut balf of I.be rcqmra:Dm& cf &be

bro.in. The oonhormoo.al response can UJCludc oeurlll s1gnalm1, u ,.clJ at w111wr111h110D.

Howc:,,cr, even In I.be absence of the abthty to scc:ntc liQIIC:r,rg41J1:my b:wro;111CJ

(glucocorucotds, c.-siecbolamm�. and aluaaoo). doa,s �,lb dcncn'&led li,1:0 (to m:u.,q,c rx:maJ
pathways bctlloccn the h\cr and bram) were able 10 n:spood to h)-poal)OI 111,a"'

bepauc glucose output Thus, C\-m though lhc cndoc.nne I;™ •""'ides lb.: p car,-� 10

dlan1cs in 1t�nni1, •u�uoo rtay11t1 imJ'C)nant ad;i.mtt1,-c role (�t� rt oL. l ),• 
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2.2.6 Countcr-rcgul1tory llorn1onc1 

The coun1crre11uln1ory honnoncs nre II group of hoi:111oocs that tend 10 act on blood glucose lc:\•cls 

1n n rcc1procol manner 10 1nsuhn. \Vlulc insulin tends 10 lower the blood glucose conccntrn11on, 

the countcrregulolory honnoncs ,vhich include glu011gon, con1sol, epinephrine and gro\vth 

hom,onc tend to elevate 11. The bmut 1s depcndcn1 on o continuous supply or glucose from the 

olrculnlion (McCall, 1993), depending almost exclusively on glucose ror IIS energy prodllcuon 

under physiolog1col concht1ons Olucosc ox1dn1ion 11om1olly accounts for almost all or the oxygen 

con11ut1cd by 1hc hmm (Sokoloff ti nl., 1989), and tho bmm respiratory quolltnt approaches 1.0 

(McColl, 1993), The brain canno1 synthesize glucose one.I le con store only a few minuccs' supply 

as glycogen (fvlcCnll, 1993). Therefore, 1l depends on 1he c1rcul1111on for 11S minute 10 m1nu1c 

supply of mc111bolio fuel. Furthermore, the brain canno1 quickly incrc;isc 11.S cxtrncuon or glucose 

Normally, tho ra10 of cruricr-mcdinced (GLUTI )  fnc1limled glucose trnnspon across the blood bruin 

barrier do,\TI n eonccnimtion gmd1cn1 execccJ, the mce of bmm glucose mc111bolim1, therefore, 

tmnspon is nol role limiling. 1-lowcvcr, 1f the plasmn glucose conccnlllluon falls below a cnucal 

level (or ifbroin glucose 1nc111bolism incrcucs substontinlly) glucose ll11nsport rrom blood to bmm 

becomes ratc-limiti.ng 10 brain glucose mclllbohsm ond, thus, bmm funcuon and survival (McCall, 

1993). Hypoglycemill, scnscc.l in the brain 11sclf(Biggcrs ct. al. 1989) and ut pcripbcml strucru.n::s 

suc.h ns the hvcr (Donovan et al., 1991 ), triggers o series of cc:ntrn1 nervous system (CNS) 

media1ed changes (Schwanz et al., 1987; 1'-i11111kou 19!) l ;  Cryer, 1993) These include, bu1 an: 001 

limi1cc.l 10, changes in bonnonc ,ccrcuon, symptoms, cognitive dysfuncuon. coma and, uJ11m41ely, 

death. Given the swvivol vnlue of mn101cn.ince of lhc plnsma glucose concenl/11UOO. 11 is lwdly 

surprising thn1 physiologic.ii mechanisms 11131 very effcc1ively prcvcnl or com:ct bypo&l)i:CIIUA 

(Cryer, 1993) hove evolved. The countcrn:gulotory honnoncs on: v110I defence components 1h41 

prevenl Ii fe llm:.11cniog hypoglyaicmio which pllfOdoXJcally occurs u o side effect or compliatJoo 

of insulin rcplaccmcnl therapy for insulin dependent diabetes melhlUS (IDD�1). Dcc:rements ID

phumo glucose ,vithln the phys1ological rnngc decrease insulin sc.crction (Scbv.-.nz a. <Jl .• 1987, 

Cryer, 1993). Glucose dcc�mcnts JUSI bclO\\ the physiolog.ical ra!liC u,crcasc the s«rrttoo of 

glucose coun1crrcgulntory hormones (Schy,•anz cl al., 1987; l'-htnakou. 1991) Funbcr sl\ll.'0$C

decrements chcu S)'Ulptorm of hypoglyccOUJ1 (Scbwll.lU ct al. 19S7, l'-111.ruou. 19QI), "hilc C\"Cll

rurther dccrcmenlS cause cogm1ive dysfuncuon (M1trol.ou. 1991) HO\\C\Cf, tbc:,c sl)'tffllk 

thtesholdJ ore dyrwruc rather th3n suitic. 

)2 
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Ph1smo levels of gluc11gon (Ocnch et. al., 1974), cotccholomincs (Vcndsnlou, 1960), growth 

honnone (Roth ct. al .. 1963), nnd cortisol (Orccnwood ct. al., I 966) increase in response lo 

hypoglyccm10 1n mon. Although coch of these countemigulntory honnones hos mclBbolic acuons 

winch moy polentiolly reverse hypoglyccn1io, their 1ndividunl contnhution lo the rcsromtion of 

nonnoglyccm10 1s uncqu11I. For instance, Gnrber ct, al .. (1976) using n sensitive isoropc denvouvc 

method, round 1h01 early 1ncrcmcn1s 1n pln�mn cntecholnn1inc concenlmllons dunng 1nsubn· 

Induced hypoglyccmin In hurnon subjects preceded the mojor compcnsotory changes in glucose 

fluxes m1s11111 the possibility that odrcncri;1c mechanisms moy be unpor1an1 1n 1ni11a1ing glucose 

countcrreg11ln1ion. However, oppan-nlly normal glucose coun1erreguln11on hos bun ob,crvc:d 1n 

cotcchohuninc- delicicnt pi!ticnts 1v1lh sp10DI cord 1.n1nscc11ons (Brodows et al., 1976; Polmcr ct. 

al., 1976), cp1ncpluine-dclicien1 odrcni1lcc1om11.cd potienlS (Ensinck ct. al., 1976; Gerich ct. al., 

1979), ond normol subjects during the infusion or a or �odrenc'll1e bloclcing agents (Wolter ct 

al., 1974; Clnrke ct al,, 1979). II lw therefore been suggested that foc1ors other Lluln 

co1ccholomin� mus1 be cnpable of rcs1onng normoglycemio II 1s commonly thought Lha1 

glucogon, growth hormone, ond cor11sol olso ploy some role 1n ocutc glucose countcrreguJauon. 

The odmin1sun1ion of somotosuuin, on 1nh1b1tor of glucogon ond growth hormone sccrc:uon, 

impairs bu1 docs no1 prevent recovery of pl11Sm11 gtueosc from hypoglycemia m baboons IUld 

normal man (Gerich et al., I 979; Christensen ct. al., 197S). However, SOIIllltostatin mfUS10a did 

prevent recovery of plasmn glucose from hypogl)'ccrrun m dex.amclhasone-treated 

adrc:nalcctomizcd pnticnt.s (Gerich ct al., 1979). Ahhough chronic growth hormone and corusol 

excess may cnuse resistance 10 lhc ochons or 1nsuhn (Lun ct al., 1967; Cahill ct al. 1971). the 

importance of ncute chnngcs m growl.Ii hormone ond corusol sccn:uon 10 counu:r11cnng the acute 

hypoglycemic action or insulm con be questioned bccousc normal plamul glucose recovery from 

insulin-induced hypoglycemia b:is been observed under conduions 1n which acute release of these 

hormones wns 001 possible (Ensinck ct al., 1976; Gerich ct al., 1979, Feldman ct al., 1975) It 

has su1ce been shown thol i i  15 glucagon lhnt plays the primary role in coun1cn-cgulatioo and that 

adrencrgic mcchllnism.s, 1h10ugb odrcnomcdullory cpincpbnnc, play a second.an· role by panw.ly 

compcnmung for glucogon lack (Ocnch ct al., 1979). 1'111s ,,.., dcmons1n1.ted b) Rizza rt al� 

(1979) when lhcy showed IC$10rauon of normogtyccm1a ancr Ul.$\lhn,1nduced h,�t)unua .., 

pnmorily due to o compenso1ory 1ncn:asc 1n gluCO$c producuoo \\b� thctt "-u �, aluca.o,i

secreuon, but not growth hormone secretion and that odn:ncrg1c rncch:mums wd D0l aonn.ill� pla� 
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nn essential role in restoring nonnoglycc111io bul only become criticol 10 recovery• from 

hypoglyc:en1io when glucngon sccrcllon wns lmp11ircd. Therefore, glucose homeostasis is 

mo1n1omed by o horrnonol network ,n wluch insulin nnd glucngon ore the main agents SynthestS 

nnd secreuon of ,nsuhn is stimulated by incl'C4sod glucose levels, particularly aner feeding. Insulin 

release allows the quick rcmoYlll of glucose from circulnllnn by stin1ulaung the cnuy of glucose 

11110 peripheral ussucs, mainly in muscle ond adipose tissue cells. In parallel, 1nsuhn 111creascs 

energy 51omgc by 1ndue1ng glycogen syn1hcs1.s 111 liver !Ind muscle, ond fotty oc1d synthesis in liver 

ond adipose 11.ssuo (Dcsvcrgnc c1 al, 2006). rost-pmndinl surges ond intcr-pmndial declines of 

insulin lcvcl.s ugtulycontrol glucose levels such that both hypoglycemia ond hypcrslyccm10, which 

o.rc intolcmblo for most tusues, ore prevented. Ono key 10 glucose conlIOI IS the ob,hty of

poncrcotlc (k:clls to react qu,ckJy 10 changes in blood glucose by ollcnng 1nsuhn sccreuon. A 

primary effect of insulin on odlposcond n1usclc cell function is its stimulation of glucose tronsport 

activity (Levine and Ooldstcin, I 9SS: P11rk cl al., 19S9; Crofford and Reoold, I 96S}. Glucose is 

tmnsportcd across tho cell's plasma membrane by a fncilitntcd diffusion process in both the basal 

and insulin-stimulated stales (Jcnnrcnnud, 1968). \Vhcn insulin levcl.s ore low, between mbl.s or 

upon fnsting, the hormone glucngon ,ncrcoscs the hcpntic production Mid release of glucose by 

increasing glycogcnolysis ond sLin1uloting gluconcogcnesi.s. The pancreas is the chier organ of  

these duol regulations. os II senses &lucose lc\•els ond produces 1osul111 nod gluengon occordmgly 

(Dcsvcrgnc et. al., 2006}. 

2.3 PHARl\1ACOLOCY OF CAFFEINE 

2.3.0 Introduction 

CAFFECNE (1,3,7-trimethyl.Jlonthine) is Lbe most ubiquitous member of a group of plant •lknlo1ds 

found in eorTce, tea, chocolate, son drinks, coergy drlnlcs (EDs) and mMY over-lhc<OU111CT 

medicotioM A h1rgc percentage or the hUll\llll population consume c:nffernc chtorucally os o 

rcgulnr p11r1 or their diet (Fredholm ct. ol., 1999). While the csunullcd mean consumpuon of 

cnffeinc III American ndulis 1.s 3.0 mg/kg/doy \vilh h\o-thiJds of it enroaog from coffee. ui cluldn:u 

O.S to 1.8 mglkg/doy of cnfTcine 1s consumed mainly 1n form of son dnnb s�. and chocolaJ.e

products 3HW/4 (Fredholm ct al, 1999). �lore recently energy dnnls (EDs) such u Red Bull 

(80 mg of caffcanc per can), b.1\'e been gnin,ng prom,ocnce u mCIIJI$ or caJT� 00nsurnrooo 

(FtMCg.Dn, 2003). Other means by which caffeanc as consumed (somcumes WWIO"in&I)·). UIC.hak 

propricuiry onalacsics, cold ond ·nu l'ffl'lcdies. diet pill, and d1um1es-fOf c\JllJlrlc. Anad1n E.,tn.. 
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o ,vcll kno,vn brood of oruslgcsio contoin.s 90 mg of colToinc per dose. In persons who 111e hob11ual

colTco dnnkcrs (2-3 cups/d11y), enough cnrfclno is consumed 10 posi1ivcly aITccl human 

psychomotor ond cogn1uvc pcrfonnnnce (Jomes, 1997). However, high doses of cafTcanc (>)00 

mg/kg/day) ore kno,vn 10 produce ncga11vc cffccrs such ns nervousness, onx1e1y. and sleep 

distUJbnnce (Benow,12, 1990). 

Caffeine being s1m1lor an s1rue1urc 10 several endo11cnous 1nc1nbolhcs, crosses lhe blood'-bnun 

bBrricr nnd 1he plnccn1n, nnd as d1stnbu1cd an lntrocellulor Ouid (Arnoud, 1987). These prorcnics 

nllow cnlTc:inc to affect mlllly huotnn tissues, aocludiog lhc ccnltDI nervous system, cardiova�ulnr 

syMc:111, on<l smooth as well ns skclc141 muscle (J\mnud, 1987, Hordn1on �, al., 1996). 

2.3.1 Chc:nilstry 

Caffc:inc, Theophylline ond Theobromane ore mcthyln1cd xnnthancs wluch arc dao,cypunncs 

struclumlly rclnlcd 10 Unc ncid. Cnffdnc is l ,J, 7-tnn1elhyl,conlh1nc; Tbcophyllinc, I,). 

dimcll1ylxonlh1nc nnd Thcobroo11nc.3,7-<11mcd1ylxon1hinc. The solub,lily of the mclhy!Jcooythincs 

is low nnd as much enhanced by lhc fonnouon of complexes w,lh o ,vidc vancty of compouodJ 

(OoodmllD ond Gilmnn, 1996). A huge number of dcn,•ntivcs of the mclhylxonlhincs have been 

prepared nnd cxnrnined for U1eir nbili1y 10 1nh1b11 cyclic nucleotide Phosphod1cstcrn.scs (Bcnvo and 

Rrifsnyder, 1990) nnd 10 antagonize rcccplor-mcd101cd oclions of Adcnos,nc (Daly, 1982; lmdcn, 

1991).Thc structural fonnado ofcalTcinc i s  shown below 

• 
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2.3.2 Absorption and Distribution 

Caffeine obsorpuon fron, the goslrOintcstinol trocl 1s ropid ond reaches 99% wilhm 45 

minutes of 1ngcs1.1on (Olonchnrd ood Sowers, 1983; Amoud,1993) in humans. Although 11 11 almost 

completely absorbed 1n the pure form Ill onimnls (Amnud, 1993) when 14ken as coffee lhe 

absorphon is incomplete (Morgon ct nl., 1982). Caffeine Is hydrophobic ond is lhcrcforc oblc to 

pnss through oil b1olog1eol membranes. Furthermore, there is no blood-bro in bomer to coITcmc 1n 

the adult or the fctnl n111n,nl (Lochcnce ct ul, 1983; Tonnko cl. ul, 1984) nnd blood-10-plnsma ratio 

is close to unity (McColl ct al, 1982), 1ndlcoung limited plasma protein b1nd1ng and free passage 

into blood cells. Similarly. lhcrc lS no ploccntol bonier to caffeine (Ikeda <'I nl, 1982: Kimmel ct 

nl, I 984), thus lugh levels of coffernc hllvc been observed in premature infants born to women who 
' 

ore hcovy colTcine consumers (KhM.1111 ond Somoln, 1984). 

For caffeine doses lower than IOmg/kg, holr life ranges from 0.7 10 1.2 hours 1n roe., and 

roicc, J to S hours in tvlonkeys (001111h ct. nl .. I 984: 1985) ond 2.S to 4.S hours m humons(Amnud, 

1987). \Vbilc there is no difference Ill colTcine half-life 1n young ond elderly humans (Blanchard 

nnd Sowen, 1983), the half-life is rncrused during the Nconntal period due to lower octiviues of 

some dcmcthylouon and ncetylnuon p;ithwoys (Amndo cl. al., 1974: Carner ct. al., 1988) Md of 

cytochrome P-450 (Aranda ct. nl., 1979) For these reasons, h11lf-bfc of co Cf cine is 11bou1 I 00 hours 

in premature infants (Pnnons ond Ncims, 1981) and 23-80 hours in the full-term oewbom 1ofanis 

(An!ndo cl. al., 1977; Le Guermec ond Btllon, 1987). ru the p:ilhways mnrwc, the half hfe of 

caffeine dccrcllSCS ,,-ith poslnOt:11 age (Poire cl nl., 1988 nnd Pearlman ti al. 1989). Other fllCIOrs 

such os smoking (Murphy et ol., 1988), use of oral controccp11vcs (PatwardhAn et al .• I 9SO) God 

pregnancy porticularly in the ]1151 trin1cs1cr (Aldndgc cl. al., 1981; Bnmer ct. nl, 1983) reduce, 

increase and funhcr incr= lhe half life of coffcme respectively Ill the body. 

2.3.3 l\lclabolllim aod Excrclioo 
' 

Studies indicnte that c:alTeme is  mciaboliz.ed by the liver to form dimethyl- llDd 

monomcthyl-xonthine, dimethyl 11nd monomclhyl uric 11cids, uimC'lhyl- and dimC'lh�1 •ILior.orui.. 

and uracil derivatives (Amnud, 1987; 1993) The d1mcthyl11uoo, C-S on<bnoo and U�ll 

formation occur mostly in liver m1crosomc, and the mctobohc dtlTcicnce bct\\u:n rodClllS a.ad 

hwn11.ns 1s that. 10 the nu, 4�, of the caffeine mc11bolitCJ arc tnmcthyl dm,11n,cs as «'fflJ'lll'N 

with (cs, thlln 6'• Ill hulllllns (Arnaud, 1985, 1993, Fredholm ct al� 199Q). II was abo UIO""U that 

some mcuibohtcs of e111Tc:1ne ha,·e marked phannncoloaical acti,·11), �fl.'�. I..'.'· 
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dimethy!Jtonthine (lhcophylhne) ond 1,7-<hmethyl:cnnthinc (pol1Ulll1th1ne) mUJI be taken into 
I 

occount when considering the biolog1c41 ocuons of colTe1ne-contoUllllg bevenigcs (Fuhr ct al .•

1996; Fredholm cl al. 1999), In rodents, ponw,nt}unc as lhc moJor mctobolircs In plll51Tla (Miners 

nnd l3irkcll. I 996). 

It hiU been observed thot oOer long-term co1Tc1ne 1ngcs11on, the levels of thcopbylhnc 1n 

the brnin of nucc might be higher thnn those of cofTcine tlunng n substonliol port of  the doy ond 

usually higher thnn the levels of pnrn:con1hine. ll hos been suggested lhot colTernc 1n the brain is 

mctobollzctl pnrtly vm spccllic, locol enzyn1011c potll\voys and that colTeine odmin1stmtion leads 

to lugh ccnl.1'111 nervous system (CNS) concenlnlt1ons ofThcophylune (Fredholm <'I al.,1999) It 

\\'IIJ also rcponcd 1h01 d1mcthylouon ofcorTeinc 10 poroxonthine tn rats appears to be prcdom1lllllllly 

entolyscd by cytochrome P-450. \\ hcrcas d1me1hylo1ion to thcophylline and lhcobromine may olso 

toke pince vin Flnv1n-c:onlnanang monoxygennse (Chung nod Cho, 1997). The local ecnll'lll nervom 

sys1cn1 conccnlrntions ofThcophylllne or rnroxonllunc hove been observed to be higher ancr the 

1nges1ion of CorTcinc (13cnowitz c1. al., 1995). Fredholm cl. al .. (1999) reponed that Thcophyllinc 

is lhrco to live umcs more po1cn1 thon Caffeine ns on inhibitor of both Adenosine A I and A2 
I 

receptors ond Ponunnllune is olso 01 IC3.SI ns potent ns CarTcinc (Fredholm eJ. al., 1999; Dcnowitz. 

ct. al., 1995). This then 1mpbes that the CNS effects of colTeinc through odcnosine rceeptor 

on1ogon1sm 1s dependent on iLS metobohsm UI the liver further implying lb.at the observed 

tlilTcrences 1n the c1Tcc1 of cnO'c10e on vonous ind1V1duols IJUIY be due to differences in the obiluy 

oftho1r livers 10 n1c1oboliie coJTeinc 

2.4 ACTIONS OF CAFFEINE ON DIFFERENT BODY SYSTE!\IS 

2.4.l Effects or Cnrrclnc on the Ccntrnl Nervous Srs1en1 

The e1Tcc1 of eorTcine on eogni1.ive ond psychomotor function tS lhe most cxtc:nsJvcly l:'..tu:itcd 

oelion largely because cnlTcinc is consumed in rnony beverages and formulations for us psycbo­

sumulnnl effects. The documented crTects of colTctncon the ccntml navous S)�lc:m showed a great 

dc:il of \'onotion depending on dose of ca1Tc1ne atlm1nnlercd. the fonn ( pure or m fonn of  coffee 

or other beverages) 1n which ii IS admin1s1crcd ond whether the cxpcrunc:n1ll.l �JC:ClS w-crccalI'cux 

no1ve or hnbiluotcd 

In single-dose e,ipenmentol studies, doses os low as 1.8mg of caffeine b.Jd a StgJliflt'alll ,crrcct 

comp:i.red 10 11141 of placebo (�lumford <'I nl. 
1994) Consumruon of caffcuae I.) lo• u --0.2 

ma/kg 1n the pure form improved mood nntl cognuavc pcrfonnancc (S m11 and Rt>� ::000). and 
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0.4-0.6 mg/leg IU cilhcr pure caffeine or ,n coffee, 1en, or energy drinks (EDs), increased alertness 

and hnproved mood ood psychomolor performance (Quinlan ct al., 2000, Smilh, 2009), 1 lowevcr, 

consu1np1ion of os li1lle a.s O. 7-1 .4 mg/leg caffeine was ossocllltcd with increased oruc1e1y, reduced 

psychomolor performance, nnd/or decreased hnnd steadiness 10 some subJCCLS compared to 

placebo (Rogers ct. al., 2003). Adverse rcnction.s such ns nmcicly (Smtth ct al,. 2006) visual 

disturbnnecs (Coren, 2002), 1ncrcnsed hnnd tremor (Huma-yun ct. al., 1997), and 1mpo1rcd'mo1or 

lcnm1ng (l\1ednick ct al., 2008) were oncn reported 10 result from 1ntokcs of2-3 mg/leg cnffcinc:. 

However, mnny other s1ud1cs did 001 d1splny the adverse psychomotor effects from similn.r intokes 

(Sn1i1 and Rogers, 2000; lloword and MllJ'CziMkl, 2010;). This ,v1de vonauon 10 results has been 

otlnbutcd 10 polyn1orphis1ns 1n I.he genes coding for the ndcno11ne and dopnm,nc rccc:p1ors, which 

n1cdin10 the effects of cnffeine (Childs ct al., 2008), as well ns the CYPIA2 and NAT2 genes, 

which code for 1wo enzy,nes imporlllnl for ea ff cine membolisrn. 

Higher doses corresponding 10 -4-7 mg/kg enused Jilleriness, imlllbthty, OJIUSc:J, poor motor 

s1endincss, pnlpiu1110ns, o.nd prultC ollock.s 1n ind1v1dwlls with psyehologu:nl disorders, in oddiuon 

10 heightened oroticly (Rogers ct al., 2008; Mosdmlas ct al., 2009;). 

Fronk life threatening toxicity hove been observed with single dny inmkcs of -7-17 mg/leg cn!Tet.ne 

os coffee, coin, or ED ,vi1h effects including sc:izurc:s, melobolic ocidosis. lllchycordili, llnd 

rhnbdomyolystS (Trabulo et. nl., 2011; Mortc:lmons ct al., 2008). In on tndividUDI who mgcstcd 

caffeine tablets -143 mg/kg convuls1ons, canliac orrcst, and ultimately death no:sulted despite 

medical trcntmcnt (Shum ct. al., 1997), whereas another who ingested a similar amount h;i,d 

nnusc.1, vomiting ond cord1ovosculo.r collapse:. but survived with mcdiC4I u-catmc:nt (Kllpur and 

Smith, 2009). Howe,,cr, considerably lower doses -2.4-14 mg/lcg/dlly ca1Tc:1nc (or one or more 

days, have been found to be toxic to subjects who bod psychological dts0rdets, their conc!Juoo 

dctenoratcd oner eoffcine in111ke of with crrecu such os mnn1c episodes, uuomn1a, 1g,gn:sswn. 

delusions, pnmnoio, Md seizures (Kaufman ond Sachc:do, 2003, Cbelbcn c:, al., 2008). LodJvtduals 

who were oot eaffc111c•hnb1tuotcd tended to hnve more odvcrsc subJcclJvc cfTccts than rc-gu.w­

cofrcc consumers nt given caffeine ch;illcngc dose. ObJccUvc mc.i.surcs (cogrutivc pcrfonn:m:c. 

BP) were similar in l11e 1,110 groups tn some stud.Jes, but olhm found that b.lb1ruattd IUbJ«u

l)Cfformcd bcucr on c.ogniuvc as.soys, c:spec:ially n1 the bcgtnnina or lbe test Some 111,a11pion 

spcc:ulatc thnt lhe bcnclic,ol clTects of e,1Te1ne were merely a �'ff'lal of aJTaoc v.11.bdn•lll

crTcclS such as h�e. dro,\.,incs\, dysphoric mood, d� ala1ne:S$. fa!Ag\»C. � Ou-like 
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feeling (Jo.mes, 1995; Jo.mes nod Gregg, 2004). This theory, however, "'DS shown to be 1nvolid, ns 

coffcu1c induced similar, cognitive and psychomolor (ond other) changes in habi1un1ed ond non­

hnbi1u11tcd subjects (Smith er 111., 2006). 

The consumplion of cofl'emo con1om1ng bevemgcs 10 order 10 enhllnce alertness and ward off sleep 

has been justified by vonous s1udics which sho\vcd 1h01 cofTc111e trca1men1 rcsulled 10 lncrC4llcd 

arousal, from 1n1okes as lo,v as -0.6 mg/kg, ,vilh the response dose dcpcndcnl up to -8 mg/kg, for 

bolh hnb1tunl nnd non-h11b11unl caffeine users (Rno 111 111., 2005; Seidl er al., 2000), Effcc:1 of 

caffeine lncokc on sleep occurred with doses n111g1ng from -1.4-17 mg/kg/day with cffccis ranging 

fron1 dch1ycd sleep 01ue1, sleep d1Jrupllon, shorter sleep dum11on, enhanced n1gh1 11mc body 

1cmpcm1urc, 1nelo1.onin supprc:ss,on, 11nd ahered EEG oc11vt1y being documented Bonnee ,ct al.

(2005) considered use of caffeine as a sumulnnc 10 be wnrrnn1ed, under medical supervision, when 

public hc:ilch 0111! safety personnel are responding to o disruner or when m1h111ry pcrsoMel must 

engage in prolonged opcra11ons. 

2.-f.2 Effects of CofTelnc on the C11rdlovoscol11r System 

There is o diebolomous he.irt nue(HR) response 10 c.iffeine, with caffeine doses os low os I mg/kg 

in children 11nd I .4 mg/kg 111 oduhs c.iusing slowing of the bean rote (Temple et al., 20 I 0) while 

higher doses gre;icer chnn 1.8 mg/kg c.iused increased HR. This response ha.s been nttnou!A!d to a 

vagolly 1111:dintcd bradyc.ittlio by bruorcOc11 oe1ivotioo, 11nd also ::i direct card1o-accelerntory effect 

on the hC4r1. Nun1crous studies s_ho,v tbnc there is colcrance to the cardiovascular effects of chronic 

caffeine c�osump11on (Robc�n et. al., 1981) ,.,.hicb have been ottnbutcd to upregu'4uoo of 

odcnosine receptors (Bioggioni et al .. 1991 ). Tius hypothesis seem 10 be supported by o 1wdy by 

Kennedy ond Haskell, (201 l)in which c.i!Tcme was found to dccrcll.Sc cerebral blood Oow greatly 

in non-hnbitunl consumers wlule hoving no sign11iean1 effect on blood now 10 hob1tual coDS11mcn 

TI1cir findings thus suggested that �fTclne's effects arc subject to tOICTllnte. 

A Jorge number of cp1dcm1olog1c studies hnYe been oonc focusuig on the rclabonslup bm\«n 

die111ry coerce ond c.ifTe1ne 1n1nkc and caroiovo.scul11r funcuon (Eche,·cm ct al .• 2010) Caffcmc 

consumption increases blood pressure and contribute to cardlo\'asculor morubt)· or mortnd.ny 

(James, 2004) However, there m: mony 1nconsi11enc1cs 111 thc l'C$UllS from the sll.tics. coctnrol.l.Djj

10 the con1rovc:rs10J problem of c1ud1ova.scular coxicity of c:.o1Te1ne (�INtof1\.1 ('t al� ::01.i Di 

Rocco ct al., 2011) Cose control studies 1111,·c demonsll"lled • s1P16cant rclaoomlur l'ICtv.ccn
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coffee consumpllon Md c:ard1ovasculnr disease wilh on increased nsk u,u11lly observed for 11n 

intake of live or n1ore cups of coffee during the day (more th11n SSOO mg c11fTcmc/doy). Severn! 

studies dcrnonstralcd II direct effect of caffeine on the corchovosculor system, tnlnslnting ln10 on 

incrcnsc in the incidence or c:ardmc nrrhyt11mms, increased ht:411 mle, scrum cholcs1crol 110d 

homocystc1ne, u well os tnggercd hypenens1on (Boyhn cl al., 2006; N11wro1 "' (11., 2006). The 

effects of c:a1Te1nc on blood pressure differ m hobnuol or nonl111bilulll caffeine dnnkcrs, 11nd this 

hn.s been 1n1cnsively 1nve5tigo1cd using different types of coffee (boiled. ftltcrcd, espresso, nnd 

dccnffcinnted), Cnffe1nc 1n1nke was foun<l 10 be positively BSsoeioted wilh coronary onery disease 

(vnn Don,. 2008). I hgher consumption of caffeine hns nlso been llSSOC101ed w1t11 hypenens1on 10 

\\'Omen, (Bonn.n Cl al., 2007). I lowcver, the cffccl on blood pressure 1s suongcr nmong people 

\\•ho do not consume coffee on n rcgulnr basis nnd 1110 prcssor effect or c:a1Te1nc wns smaller if 

Ingested through coffee (Nurmincn 01 nl., 1999). S1udics focusing oo t11e coosumptton of 

dccnfTcinn1ed coffee, 1c:1, and non•pnpcr-!illercd coffee found no significant associaoon., between 

coffee consumption and coronary bean disease (van Dam, 2008) In studies 1nvolVU1g the 

c�nsumplion of dcco!Te1DOtcd and regular coffee 10Lakcs, lhe results wen: similar bc'iwcen 

individuals who ,vcro not usual coffee consumers and individunls iliot were dccaffeinated-eofTc,c 

consumers, lhus, indica1.ing lhllt the blood prcssure·mislng effects are due 10 caffeine ni1bcr lhon 

olher components of coffee (Bon1tn ct al., 2007). Caffeine is lhoughl 10 exert this effect by 

odenosine rec:ep1or antagonis,n rcaulL111g III v11SOCOnstrieuoo oru1 causing u1cn::ased scaenoo of 

stress hormones in phum:i, such as cp1ncpbnnc, norepinepbrine, and conl$0l The S)inpatheuc 

nervous system is also ocovnted by c.affeine 101ake and can have an important role an the regulation 

of the carc!Jova.sculnr system. 

Caffeine overdose bas been linked to coronary v11SOsp.um, a.s well as to a ,11.ncty or 

suproventrieulnr and ventricular o.rmytbmios (Pclchovitz and Goldberger, 2011) Ca.fTeine IO'OCII}' 

in cases of oucmptcd suicide produces 14cbyorrhytluruas, including suprnvcorncular tach)'CIU'dia., 

otriol fibrillnuon. veotrieulnr 14chyainiia, and ventricular fibnllation. Risk or acute mi,"OCUdial 

anf111C1ton 1n D1Jddlc-oged men free from S)fflptomauc coronary bean dJvase is UKreascd by boa"). 

consumption or ca!Tcine<onl4irung corrcc (doily omounll c.�c«di.ng SOO ml). EIC\-al.C'd 

coDCCIJtrnlions or caffeine may hove odvcm: local effectJ 10 the lschcnue m)'OC&rc!Jwn. by blocJ.ma 

odcno$1oc receptors (Hopponen ti nl , 2004) 
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2.4.3 Effects of Caffeine on the Reproductive 1y11cm In llum1n1

Although conflicting evidence ,vos found regarding the 1oxici1y of caffeine 10 human gonads and 

reproduction, lhc weight of evidence ind1ootcs tlmt there is o pos11ive ossoc1011on with chronic 

coffelnc inmkc. Epidcmiologicol studies showed delayed conception or decreased fccundab11i1y 1n 

non- s1nok1ng n,cn nnd ,vontcn, ond in s111oking women whose only source of  caffeine was coffee, 
I 

,,
11th on ln1okc of �300 n,ivdny (Jensen ct. al., 1998). in ,vomcn with on inlllke of >500 mg/dny 

(Dolumnr c1 nl .. 1997). and In 11on-s111okin� won1cn who consumed �O I n1g/doy. Florack ct al., 

(1994) found lhnt fccundobllity was decreased in women with on 1nU1ke of S cups of1eofcby (--4 

mglkivdny) ond in men with on lruokc of>700 rng coffetnc/dlly (IO ms/kg{doy), but was increased 

1n \\'Omen ,v11h on intnkc of -100· 700 mg coffcme per doy. Cunis er al. ( 1997) observed dccreascd 

fccundnbility nmong women who were coffee drinkers ond among men who were heavy lea 

drinkers, but found no ossoclotlon with toltll caffeine intake. An inUlkc of� I cup c:offcc/d.iy h.id 

no effect by itself, but cnhnnecd the negative effect of alcohol on fccundllbil.tty (Holom ct al., 

1998). 

Other caffeine ns.soci11tcd odversc effects tn women included on increased incidence of 

cndomctriosis ,vith on intnkc of �300 mg/do} (Berube ct. al .• 1998), uterine leiomyom.nt4 in 

,,·omen <JS years old with nn intake of�OO mg/duy. dccrc.ised menses and cycle length with on

intake of>300 mg/doy (Fenster ti. 111 .. 1999), tncl'CllScd prcmcnstruDI anxiety and mood clwlgcs 

with on intake of24 l-320 mg/cloy (4-5 ms/kg/day) (Gold ct al., 2007), and dystocUl from o cbily 

caffeine intako of 200-299 n1g (3-5 mg/leg) (Kjaerganrd ct al., 2010). Severn! studies noled 

C4£rcine altered honnooe levels in women including estrDdiol, progesterone, and/or sex bcnnone-­

bind,ng g.lobuliru from on 1ntoke of t-3 mg/kg/day (Kotsopoulos ct .  al .. 2009; Lucero ti. al� 2001. 

Fcmni and Barren-Connor, 1996) 

Conversely, some studies found no rclol1onsh1p of coffetne 1ntoke with various reproducllvc 

parameters. Co!Tctne inUlkc did not n!Tcc:t ovulatory d1sordc:r 1nfcntlity (Oul\'lUTO t'l. al .• 2009). 

Kinney cl al. (2006; 2007) found no effect on age al menopause from an intake of>400 �day. 

ond no effect on ovorlnn ogc during the reproductive )'QlS in \\Omen \\ilh an inlAkc of�l60 

mg/day. 

Seveml studies noted 111Jvcrsc reproductive/gonadal caffe1nc-rcbted effects tn mala An mcnasc 

was seen in sperm ancuploldy for lhe X 1111d Y ch.romosomcs fiom 1111 inw.c of'>-1 CUJ.' J.a� c-on« 

(Robbins eL al., 1997), spcnn DNA doublc-suud lmab "ere 1nc!U)CJ v.·1lb an tni:alc of >'.'O 
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1ng/d corfcine (Schmid ct. al., 2007). and there ,v115 a weak a.ssocl111ion of tthigh" e4ffelnc inlllkc

and spcnn morphology nllernuons (Vane ct al., 1997) Jensen et al. (2000) observed dull o high 

inlllkc of coin (>14 bonlcs ofO.S•lilcr per week; -1 4 mg/kg/day) ond/or coffcine (>800 mg/doy; 

11 mg/kg/day) wos nssocin1cd '"•lh reduced sperm counc. However, Kobeissi nnd lnhom, (2007)

concluded lhnc cnrTe1nc 1111nkc wns noc on unporlllnt risk factor for mnlc infertility. 

Ruder ct al., (2009) concluded 1hn1 exposures nssocin1cd with oxidnuve sircss and with evidence 

10 Influence the riming nnd n1oin1cnnnce of n vinblc prcgnnncy include alcohol, tobacco, ond 

corrcinc inlllke. Anderson ct. al., (20 I 0) nssertcd thnl o pcn;o11'11in1e to pregnancy ond their chnnce 

of hnving n henllhy, live birth mny be 01Tcc1ed by factors 1nclud1ng corfc1ne COI\S\lmpuon. In n 

comprchc1uive rcvi�v of cnlTcino crfccl.1, N11wro1 ct al., (2003) concluded 1h01 for hen I thy adults. 
' 

coffeu10 inlllkc up to 400 mg/d (6 mg/kg 1n o 6S· kg person) is not nssocin1cd ,vith errccu on male 

fen1lity, bul recommended lower consumpllon for two '01 risk' subgroups: reproductive-aged 

\\'Omen should consume �00 mg corTemc/doy (4.6 n1g/kg body ,veight for o 65-lcg ptTSOn) and

children should consume �.S mg/kg body wcighL Similarly, Sodeau ct al., (2010) recommended 

thnl couples trying to conceive should limil their consumption 10 no more thnn 3 cups of  

corfcc/doy, despite the conn,ccmg dntn of the crTccts of carTeine on reproduction 10 hUllWI.S. 

Conversely, Peck ct. al., (2010) felt that 1he weight of evidence docs not support a positive 

relolionship bet,vcen cnrreine consurnplioo nnd odvcne reproductive or perinatal outcomes, due 

10 the inability to rule out plausible cltcmouvc cxplruuitions for the observed �ssociqtions, namely 

confounding by pregnancy symptoms ond smo.king, and by exposure measurement error. 

2.4.4 Effects of Carrdnc on s:lucoso metabolism 

The crfccl of caffeine on blood glucose rcmanu a controvcrsu1I topic of discuss•on amongst 

researchers with widely dlrrcnng results observed oo C11ffcmc odmuustnlllon. :,.1oreovc:r, 

odminislJ'!ltion of coffcine in lhc pure fonn produces pbys1olog1cal erTccts which are 111 '"llfWICe 

with those llull occur oo odmmtSlr.lUoo or substonccs such as corrce ,n which cafTemc is a major 

constituent (Tunicllrfe nnd Sb=r, 2008). The large numbers of studies 1n,·atipung lhc cfT«t.J 

of caffeine hnvc used differing methodologies 1n human and arumol subJCCIS "',th diffmna routes
and dosages of odrm.nist111t1on 11.nd duration of the experiments (Solahdt>CD and Aleda :?009; 

Tofov10 ct al., 200 I, Grahnm c:t al., 200 I. Thong cl. al .• 2002) 

A large number or studies hnve reported that ICllle caffe1.nc l11iCSUC10 induces• d� ill lmuwJ .  

med1111ed glucose uptAke (Omhnm ct al. 2001, Grttr ti al. 2001. Kl"l)tc:n,, Ill. :002: �.., 
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al., 2005). It remains unknown whether this c1Tcc1 15 mcdu11cd either cn11rcly or 1n pllll by 1hc 
I 

smnll, olbci1 significnn1, 1nercnsc in ndrcn:ihnc conccn1111uon (0.6nM) following ealTcme 1ngesuon 

(Gruhnm ct. nl .• 200 I). Thong and Gruham, (2002) showed lhnl when calTcine was odm1nis1crcd 

s1mulU1ncously w11h proprunolol, lhc cfTcc1 of cnfTcinc wns nbohshed suggesting 1h01 calTcinc 

c1<erts 11.s efTccl ind1rcc1ly vin adrenaline. A lorge body of evidence show 1h01 adrenaline. by 

oc1iv111ini: lhc l}-Adrc:nc:rg1c n::ecptor, countc:rncts insulin s11muln1ion of \Yholc body glucose 

membolism (Daron cl nl , 1987; Lm1kso 01 nl., 1992; Avognro 01 ul., 1996; J\Jlcsc:n Jensen, 1998). 

Apnrt from this, lhc poss1bllily olso cxislS 1hn1 caffeine may mnucncc anolher prom1ncn1 cfTcc1 of 

Insulin, the 1nh1bi1ion of endogenous glucose produc11on (l!GP) CafTc1nc-1nduccd increase 10 

sympalhcllc ncuvhy mny s1irnuln1c EGr (Cluuer c1 al, 1980; Gals1cr el. al .. 1981; Sacca et. al.,

1983). Thus, if l11e Cnffoino exerts a gcncml suppressive efTccl on insulin ochon (811wam el. al. 

2005), one \\/ould cxpccl 1h01 ear \VOultl be less 1nlub11cd by 1nsuJin Le on increase in EGP v."Ould 

be observed. CltlTcine hns been shown 10 s1.in1ulo1c odrcnnlinc rclcnsc in ,-ivo (Grohrun nnd Spnci. 

1995: Greer cl. nl., 1998, Thong, 2002) by 1ncrcnsing ndre:nnl meduUllT)' secretion in response 10 

dirccl s1imulo1ion (De Scbacpdryvc:r, 1959) or mdircc1ly by increasing eentrol slimul11tion, causing 
I 

incrcnsing sympnlhclic ou1no\Y (Grobnm ct ol.,2000). 

Rccen1ly, Bn11111m cl. nl., (2007) examined lhc effects of colJcine and adrenaline (ADR) in 

concert 10 determine if lhe1r clTccts would bo nddilivc wilh rcspccl 10 I.heir o:ap:urmcnl on whole 

body lnsuhn-mcdio1cd glucose disposal nnd lhen:forc lo elucidale lhc role of admlaline in 

cnfTcinc's oclions. They found 1ho1 1hc mechanisms byv,hich CAF ond ADR impair iruulin 11cuons 

while not be111g idcnucol ore likely 10 be closely n:lo1ed and share some common pathways. lflhey 

were octing v111 mdependenl mechanisms D fully oddilive clJccl on whole body gluC05C chspos:il 

would hnve been observed. They bn\'c dcmons11111ed lha1 bolh c:affcmc and adn:mline 

independently elicil similar n:louvc rcduclions in whole body glucose d1Sp0sal m accorcb.nce \\llh 

previous fi.ndmgs (Greer ct al., 2001; Keijurs ti al. 2002. Lee et al 200S; Ba.Uram ti al .•

2005). \Vhile calJcine ingcsuon n:suhcd 10 o plasma odre:n:il1oc: conccntnauoo of 0.62om. Iha 

cooccnlmUoo wns SO% lhal achieved by adrenaline tnnJ (l.2run) Due lO lhe Caci tmt admi.llinc 

1mp:11rs whole body glucose d1sposnl in o dose-depc:ndcnl manna (De1ben and Defrm.ro, I 9SO, 

Baron cl al,, 1987; Lourcol cl al .. 1998), if ndre:naline \\ns solely n:si,onsible forcalfa.n<·s cflce\. 

one would cxpccl II lesser response w11h CAF compnrcd lo ADR ralhcr lmD" �im1l.a, ·cs�D.K 

These findings suggest lhal Ibo oclion oraifTcme on ,nsuhn 11C1U1u,11y � oot toltly eo,cmal by 
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indirccl actions of odrcruilinc ond thal add111onol mechanisms arc hkcly 10 be involved, a finding 

confirmed by c111licr \\'Ork of Bauram et. nl , (2005). 

SIUdics conduclcd on bolh rodcnlS and humans have dcmons1ro1cd on aboliuon of 

caffeine's elTccl on glucose mclllbohsm when either the calTcino induced release of adrenaline 1s 

prcvcnlcd (vu1 odrcnalectomy or due 10 tcunplcgia) or the actions of adrenaline on reriphcral 

11ssucs 1s on1ogon12c:d by odrencrgic rcccplor antogon,sl5 (Strubel!, 1969; Sacca et al., d 975: 

Thong ond Gmhrun, 2002; Bnurnm cl. (II,, 2007), Tlus suggeslS 1h01 co1Te1nc must ehc11 some 

odn:naline-indcpcndcnt clTccts on whole body 11lucoso disposnl. 

\Vlth lhc present dose or colTcinc, odcnos1nc receptor nnlllgonism is suggested to be the 

prcdom1nnn1 1ncchnnis111 by which cofrcmc clic11S us cffcclS (Fredholm, 1995), Ca1Tc1ne, in 

addition 10 bcang on important conalltucnt of the diet, LS widely used ci1hcr alone or in combiruufon 

with olhcr drugs ns o ll1crnpcuuc ogmt. 

\Vlule scvcrnl published studies hove reported o hypcrglycoemic elTcct of colTeinc (Chcrask:in & 

Ringsdorr, 1968; \Vochmon ti al., 1970) and 1mp:,irmcnt of glucose 10lcrnncc in IDJIJ\, others have 

rcvClllcd oiU1er no dilTercnce between cnffcU1c·trc3lcd subjects ond controls or actual improvement 

in glucose tolcrnncc (Feinberg ct. al., 1968; Dnubresse ct. al., 1973). Epidcmiologic s1udics have 

sho,vn that coffee conrumplion con reduce the risk or type 2 diabetes (van 0nm ond Feskcns. 2002; 

Tuomilcblo cl. al, 2004), The results of most studies or th.e acute elTccts of ca!fcine ingestion on 

glucose metabolism and insulin sensi1ivity, a.s m=rcd by using nn orul-glueoso-tolenince test or 

hypcnnsullnnem1c euglyccm,c or hypogl)'l:Cl'lllC clnmp shon,ly BfieT c.iCfeiue U1t.ake, arc at odds 

with ll1e cp1dcm1olog1c study ftndlllgs lhllt long-term coffee consumption can U1crease uuulu, 

scnsi1ivity ond decrease diabetes risk. Lane el nf .. (2004) coutioncd 1h01 the consumption of 

coffcinated bcvcrogcs by persons 11.11h diabetes could increase lbe nsk or dinbctcs compllcaiiom. 

This finding is consistenl wuh lind1ngs in mo,1 studies Ill hWMllS lhal glucose metabobsm is

1mpo.ired shortly aner the ingestion of caffeine (Kcijz.crs and Galan, 200:?; l.11.oe ct u/., 2004, 

Pi:z:ziol et. al., 1998), ground caCfcUU1ted eoffcc(BntlJ'IJD CL 11I., 2006), or ln�Wlt cafTdnatcd coerce

(Johnston e1 al., 2003; \Vatchrnann ct "I., 1970; Jankclson cl al., 1967) A llllDOnty of tbcsc

s1ud1es have found no 1D1p:>irmen1 in glucose metabolism oner ingestion of calTClllC (Inu.bca:se ,.,_

al, 1973, Qruluun ct. al., 2000) or instanl CB.ITcmatcd coerce (Astrup et al, 1990, J..o,-.cs ct u/.,

2004) 
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Two humnn studies that distinguished between ca1Te1n111cd and dec:olTeinotcd coffee 

suggest o possible resolution of the dilTcrcncc between colTcinc's negative short-term effects on 

glucose mclDbolism ond coffee's long-tcnn ab1h1y to decrease dinbctcs nsk. No1s-mith ct. nl (I 970) 

found tbot consumpllon of decaffeinated coffee for 14 days dccrc.'IScd blood glucose in healthy 

volunteers occustomcd to consuming 560 mg c:affcinc/doy. They used o crossover design \Vi thou I 

rnndom1zat1on, and the 20 volunteers served as I.heir O\vn controls. Onnmm "' nl (2006), using a 

sim1lnrdcsign wuh mndomi:mtion nnd IO volunteers, found thnt the ingesuon of  caffeine incrca.scd 

plasma glucose and insulin more thnn did 1h01 of ground colTcinotcd coffee and also thnt the 

ingcsuon of ground cnfTcinntcd coffee Increased plasma glucose more lhon did 1h01 of ground 

dCC11ffcinntcd coffee, which octuolly decreased plosma glucose: The1t findings suggest that lhcn: 

ore non-caffeine compounds in coffee that countcrnct colTcinc's acute Impairment or glucose 

metabolism nnd hence c:ontnbulo 10 the ability of long-term consumption of ground coffee 10 

enhance glucose lolcmnce and insulin sensitivity. The findings of Bau.nun ct. al., (2006) also 

suggested 1h01 ground dcc111Te1na1cd coffee ho, stronger potcntiol lhlln docs ground coJTe1noted 

coffee to cnl111nce insulin scos11iv11y nnd n:ducc dinbctcs risk over the long term. It IS possible 

that tolcroncc develops to caffeine's Impairment of glucose met.abolism, although no c:vidcnec or 

tl1is exists n.s yet in humlll\S (Keijzcrs and Golan, 2002). In a randomized controlled tnal. van Dam 

ct. al., (2004) found thnt such tolerance did not develop in a period of 4 \Vetks. Choi ct. al., (2002) 

found lhot rats fed ca!Tcinatcd coin for 28 wk h.ld UISUlin sensitivity sigruficanlly higher than th.tit 

of controls, wluch suggested that such tokrunce docs develop in mts. Petric ct .  al., (2004) and 

Robinson ct. al. (2004) found evidence that. \l>hcn tolernnce does develop in humans, it LS re\·crsed 

by s-18 h of abstinence. 

Evidences suggest tllnt caffeine induces n deer= in UISUlin scns111vity primllllly by 

diminishing the glucose uptake in skeletal muscle. Caffeine ingcsuoo ho, bcco sbov."D to maasc: 

glucose uptake 111 lhc liver m dogs (Pencek ct. al. 2004), and to increase it in dog skeletal muscle 

(Salohdeen and Alado, 2009) and dccreaso 11 in human skeletal muscle (Tbona rr al, 2002). 

Because caffeine is known to antngooize odcnos1ne receptors. and adcoosine is kno\1111 to fac1hta1r 

the acuon of insuhn on lhc glucose uptake by od.Jpocytcs, il as possible that admosu,c..rcttpeor 

blockade 13 0 key mechanism by which ca1Tc1nc mtokc dccrc:LSCS insulin scrwuvit) (\\'ynnr �t Ill., 

2004). 
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Two hum11n studies thAt dis11ngu1Jhcd between caffc1notcd and dccafTe,noted coffee 

suggest o possible resolution of the difference bc:t"c:c:n caffeine's negocive short-cenn effects on 

glucose mc!Abolism 1111d coffee's long-lcnn ob1hly 10 dccrc:nsc d1obc1es nsk. Naismith ct. al. (1970) 

found thol consumpllon of dccafTe1no1cd coffee ror 14 days decreased blood glucose in healthy 

volunlecrs occustomed to consuming 560 mg caffeine/day. They used o crossover design without 

mndom12ntion, nnd the 20 volunteers served as their 01vn controls. Bnnmm cl al (2006), using a 

s1m1lnrdesign 1v11h mmlomizouon nnd 10 voluncccrs, found thot the 1ngcs1ion of coffc,nc 1ncrc:o.scd 

pl3Smn glucose and insulin 1nor11 thnn did 1hn1 or ground cnffemolcd coffee and olM> that the 

ingcsL1011 of 11round cnfTcinnlcd coffee Increased plosmo glucose more !hon did that of ground 

dc:cofTeu101cd coffee, which actually dccrcnscd plasma glucose. Their findings suggest lhal there 

ore non-caffeine compounds in coffee that coun1cmc1 caffeine's acute impainnenl of glucose 

metabolism ond hence contrlbulc to the ob11i1y or long-1cnn consumption or ground coffee 10 

cnhonco glucose 1olcmncc and 1nsuhn scr1Ji1ivity. The findings of Bourom et. al., (2006) obo 

suggested 1h01 ground dccoffe1no1cd coffee ha, stronger poccntioJ than docs ground coffc1na1ed 

coffee to cnhoncc insulin acnsi1iv11y and reduce diabetes risk over the long term It IS possible 

that tolcmncc develops to caffeine's impairmenl of i;lucosc metabolism, although no evidence of 

this exists ns yet in humllllJ (Keijzcr, and Galan, 2002). In a randomized controlled tnal. \lllll Dam 

ct. al .. (2004) found thnt such lolemnco did not develop in a period of 4 \Vccks. Choi t'I. al., (2002) 

found lhot rots fed caffeiru11cd coin for 28 wk bad msulin sensitivity sigruficanlly higher th.:m 1h41 

of controls, which suggested thol such tolcruncc doc:a develop in rots. Peuie ct al., (2004) lllld 

Robinson et. al . (2004) round evidence thnt. whm tolerance docs develop in humans, it is m·eBCd 

by �8 h of abstinence. 

Evidences suggest that caffeine induces II dccrcosc: to msultn scnsil1v11y primarily by 

diminishini; the glucose uptake 1n skeletal muscle. ColTc:toc ingcsuon hlu been s.hown to LDCrQSC

glucose uptake in the liver 1n dogs (Pencek ct. al., 2004), and to tocn:ase it to dog snlctal muscle 

(Salahdcen and Alndo, 2009) and dCCTellSC 11 1n hUITll\n skeletal muscle (lboaa ct al. 2002). 

Bccall$C uffeine i.s known to antagonize adcnos1ne rcc:cptors. and odcno110C tS known to fDCthllllc 

the acuon or 1nsultn oo the glucose uptake by ndtpocy1cs, II as poss.1ble thst adcnosuic-n:ccpcor

blockade tS O key mechanism by which caffc1oc mtakc decreases U1SUWI SCIUIU\'11} ('\'yanc ct. al.

2004) 
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Evidences also suggest that caffeine acutely 1nh1b1t.s insulin scns111vity nnd glucose 

tolerance pnmarily by incrcnsmg epinephrine 1n humnns first, there ore reports 1h01 caffeine 

inercoses circuloting coneentro11ons of epmcphnnc (Ocnow112 cl al., 199S; Grahnm ct al., 2000; 

Kcijzers ond Golan, 2002; Thong and Orohom, 2002) ond simultoncously dccn:.iscs insulin 

scns111vi1y (Bc:nowitz ct al., 199S; Kjjzc:rs nnd Golan, 2002) in humnn subjects. Secondly, so1nc 

s1udlc:s in humans sho\\cd thol adrenalin activates the �odrcncrgic receptor nnd dccrCllSCS insulin 

sthnulo1ion of  whole-body glucose mernbolism (Avognro c1 al, 1996: Laoskso cl al, 1992), 

Thirdly, reports c,ust thnt cnlTemc 1ngcs1lon in humans with 1mpo1rc:d cp1nephnnc response h4J no 

effect on glucoscorinsulin «inocntrotions (van Soren ct al., 1996), Fourth, Ke1jzers ond De Gnlnn, 

(2002) found thnt ingestion of colTclnc by human subJCCt.s 1ncl'Cll.Scd cp1ncphnnc and dec�sed 

insulin scnsi11v11y, whereas ingcshon of dipyridomolc, on odcnosine reuptoke inhibitor, did not 

induce either of 1hcsc changes. Fi Rh, Thong nnd Grolulm, (2002) found th11t insulin sensitivity Ill 

humon subjects wos reduced ond plosmo concentrotions of insulin were: increased wbc:n calJ'c:inc: 

was odministcre<l olonc but not when colTcinc wos odminJ&tcrcd together with proprnnolol, a 
' 

nonsclcctivc �odrcncrg1c rcccplor blocker. 

Vcrgouwcn 01 al. (1997) found thnt odcnosine receptor antagonism by cnffe1ne sumulatc:d 

rather than inlllbitcd net glycogenolysis in o contracting isolated rat bmdlimb perfusion. This srudy 

demonstrated thnt odcnosinc: inh1biLs glycogenolys1s in contrncting oxidntive muscle fibers and 

may be o potcnual modulator of Cllfbohydrntc mclllbobsm. Funbennorc. R.ogu.so cL al., (1996)

used stable iso1opcs and indirect colorimcuy to dctemune the clJcct of thcophylline on substrate 

mctnbohsrn during JO nun or moderote $\lbmuimal exercise. 

Three possible mccbllmsms through which Lhc metJ1ylxonthines may exert their metabolic cffccu 

incl udc incre:ised tntmce II u loren1
• release: (81anchi, 1961 ), inb1bi uon or cAMP pbospbodiesttmsc

(Butcbcrnnd Sutherland, 1962), ond ontagorusm of odcnosinc receptors (Satun and Rall. 1970). II 

is now established that adcoosinc receptor cmtngonism 1s the most rclevaru mccbarusm i.o vi,·o

(Fredholm, 1985) bccausc pbo.nn11colog1cal doses or mcthyllconthincs (m\1) 111tbcr lhao 

pbysiolog1col doses (mlvt) are needed to elicit a en1
• or phosphodsCSlcnsc uilub1tion effect 

(Smellic cl, al., 1979) Hop.ever recent findings tend to coou.dic1 thc:sc assertions, thhqoigh, 

functJonaJ role for odenos1ne hn.s been shown tn 1SOlllted odlpoe)1CS (Joost ,,. al /9S6, �l.ln>WI ,t. 
al, /987), cnn:hnc mu�clc (Law ct al, /988)), tnd rodent �l.clcal muscle (''crga.u...a:i cL uJ.�
/994, Hon cl al, /998), it.s role In lnsuhn rcgulouon of QIUCO\C tmuron 10 1-vrnans lJ unclcv 
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since whole body insulin scnsi1iv11y (Kei1zcrs ct al., 1001) and glucose uptake in the forunn 

(N11U1h ct ol., 1994) "ere 11n11fTcc1ed by infusion or dipyridlimolc (nn odcoosine rcupt11kc i.nbib11or) 

llOd odeoosrne, n:specuvely. Mon:ovcr, lhc pn:sence in human skclctol muscle o(the odcnos1nc At 

receptor, which is proposed 10 mcdi111e ndcoos100 101crncuon with 1DSUhn, is unccruun (Lynge "' 

al., 100{1). Thong and Gmhrun, (2002) therefore hypothesized th.at rcducuon ,n ,nsuhn action in 

vivo oner cafTe,ne 1nges1ion \\'llS mediated by elevated epinephrine levels, and not by adcnosmc 

receptor nnt11gonism. They administered caffeine in the presence and absence of o J)-odrcncrgic 

receptor blocker, proprnnolol llOd observed that dcsplle similar levels of cprnephnne o.nd coffetoe, 

insulin nod C-pcptidc cooccotrntions wen: compomblc 10 those obser.·ed ID placebo ,n response lo 

on oml glucose load, suggesting th:11 the gmncr insulin response 10 Cllffetnc wos indeed secondary 

to clcvuted epincphnnc levels. A large body of evidence indicates thn1 elevated epinephrine levels 

acting vlo �ndrencrgic receptors sclec1ivcly induce whole body insulin rcsislOOce by uuosiently 

increasing hcpotic glucose production and impouing glucose clearance by skclcl41 muscle (Deibert 

ond DeFron.io, 1980: Jomes ct. al., 1986; 811S'On el al., 1987; 1..ollkso el. al., 1992; Avoglll"O ct. al.,

1996). II hns olso been found lh,ll epinephrine cnhD11ccs l}-ccU respoositivtty 10 glucose during on 

intmvcnous glucose 1olcr11Dce test (Avognro 01. al., 1996). Thong ond Graha.m, (2002) thus 

proposed 1hn1 enhanced insulin response \\'itb caffeine ingestion was likely due to epinephrine's 

oppos,ng 11c1ions on 11uulin-stimulot0d glucose clcamncc by periphcml ussucs nnd, poss,�ly, nn 

increase in hepatic glucose output. in 11D cffon 10 mDlntnin glucose homeostasis. The dntll from the 

studies of Thong ond Grohnm, (2002) did 001 suppon the notion that the insulin antagonistic cfTecis 

of CllfTeinc in vivo ore mediated by odcnos1nc recep1or antagonism in skeletal muscle. lns1cad, 

findings from the study ond previous (Thong t!I, al, 1001) studies suggest th.at 1be oegauvc effects 

associnted with colTcine in11cs11on on insuhn ocuoo ore coupled 10 tncreoscd cp10ephnnc 

production and ils subsequent inlubitton of U1Sulln-mcdin1ed glucose uptake 1n skeletal muscle 

Studies on the c:O'ccl or c111l'cio0 on glucose ore mony and vaned. 1110 following an: JUSI o few of 

such studies. 

Greer C!/. al., (2001) CJUJrnincd the cffccl of enfTeinc on whole-body glucose dispow 10 humans 

using o hypcrinsulincmic-cuglyccmic clomp tccltn1quc. The most sigruficao1 finding Yo'l\S 11 24%

decrcose in glucose uplnke ond 11 35% dccTC11Se 1n Cllrboh)'llrnte storage encr calTcine ingcstfon

compared \vith ploccbo ingestion. CalTe,ne inges11on also resulted 111 higher pl11Smo cp1ncphnnc

level, thnn placebo ingcstton (P < O.OS). 1110 dolD thus supponed thetr hypothcsu that ClllTcmc
' 
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ingesuon would decrease glucose disposal and suggest that adenosme plays a role 1n regulating 

glucose disposal in rcstmg humans 

Gra.hnm ct. al., (200 I) found that coffeinc ingestion resulted in on increase (P SO.OS) in serum 

fnny acids, glycerol, and plnsnm cpincphnne pnor to the OGIT During the OGlT. these 

parnmerers decrc;ised 10 placebo le\ els \Vi1h caffeine uie scrum insultn and C- peptide 

concenlrnlions \Vere increased (P SQ.DOI) for the last 90 min of the OGTI ond AUC ,vcre 60 and 

37% grcuter (J> S0.001), l'Qpcctivc:ly. I lowc:vcr, u,e prolonged incrc4Sc in insulin did not decrease 
, 

blood glucose; in foct, the AUC for blood glucose ,vn.s 24% gre111er(P"' 0.20) in tho caffeine group 

suggesting lhot caffeine ingestion m11y h11ve resulted 1n insuhn resist.once. 

During n 100-min euglyccm1e-hypcrinsullnemie (100 microU/mL) clamp, whole-body glucose 

disposal was reduced (P < O.OS) in caffeine vs. placebo; the AUC over 100 min for insulin­

stimulated glucose uplllkc in caffeine ,vas reduced -SO¾ 1n rcsrcd Md excr-cised muscle. Caffeine 

also reduced glycogen synthnso ocuv1ty before ond during insulin infusion in both legs. Exercise 

incrc4Sed insulin sensitivity of leg glucose upt.oke in both caffeine and placebo. Caffeine did not 

oiler insulin sigonliog in either leg. Plnsma epinephrine and muscle cAl'vlP cooccntrntions ,verc 

increased ,vith caffeine (Thong e,. al., 2002). 

\Vhen overweight subjects were given cnffc:ine o greater (PS O.OS) OGTI insulin response and a 

lo,ver (P< • 0.05) insulin sc:nsuivny mde.'< both before and nncr weigh1 loss ,vere observed. The 

proinsulin-insulin ratio indicated tho1 neither weigh1 loss nor caffeine nffcctcd u1e noturc of the 

bcto cell secretion of insulin. Thus, n nulrition and exercise m1ervcnuon improved, wbc:n::is 

caffeine ingestion impaired, insulin-glucose bomeostosis in obese men (Petric cl. al., 2004);
Coffe,ne signifienn1ly incrc3Scd scrum 1nsuhn, pro1nsulm, nnd C -pepude dunng the OG1T (75 8 

CHO) rcln1ive 10 ploccbo. lnsuhn AUC wns 25¾ gren1er oner caffeine uum placebo even 1n the 

foce of increased blood glucose in the cnffcine tnnl Anc:r caffeine ingcsuon, blood glucose 

rcmoinc:d elevated at 3 hr post-glucose lood (S.9 :I: 0.7 mmoVL) vs. baseline (6.7 :1: 0.4 mmoVL). 

Tho insulin sensitivity 1ndc, wns lowc:r(l4o/o) oftcrcoJrc1ne thnn oner ploccbo ingesuon (Robinson 

Cl al., 2004). 

Caffeine incrcnsed glucose ond ,nsulin during the m1ited-meol tolcroneo test (�U,.flT); no effect

on the fasting levels of plo.sma, glucose, or insulin eompnrcd to placebo; the 2 hr AUC \'alucs 
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, 

sbo\\·cd significant c111Tetne effects ror bolh plasma glucose (P<0.04) and pl3Sma 111Sulin (P<O.O I) 

responses 10 lhe MMIT. Lane cl al 2004 

Banram ti. al. (2006) round tha1 AUC ror glucose Md insulin ,,·ere higher �.OS) aOcr ingestion 

of ca1Tc1ne capsules than placebo or decaf during an oral glucose 1olcrance rest (OGTT). 1\ s1mLlor 

bur less pronounced c1Tcc1 was seen aOer coffee inlDke. However, decor co!Tcc rnlllkc resulted rn 

a SO¾ lower glucose response (P� OS) thilll placebo suggcsiing thol the effects of pure cofTcine 

ond coffee 1vus 1101 identical lhus providing cxplanouon os 10 why acute pure colfe1no ingcsuon 

impn1rs glucose 1olemnce ,vbile chronic coffee ingestion prolcclS ogoins1 1ype 2 diabetes. 

\Vitlnn the lirsl hour or the glucose (7S g) 1cs1, glucose ond insulin ,vere higher for dccar than ror 

placebo (P < O.OS); decaf yielded higher insulin 1hon placebo ond lower glucose nnd o higher 

insulin scnsi1ivi1y index lhM cn!Tcine (Greenberg ct (II,. 2010). 

2.4.5 Recent studies OD cfTccls of co!Telne OD glucose metabolism ' 

Solobdccn nnd Alado, (2009) showed th111 cn!TclDe 1ncrcnsod glucose up1nkc in the canine hind 
liD1b nt rest and during cootroction ond tlull the 1Dcrcased up1nke ,vBS due 10 increased glucose 
cxlroction 

Ko Ines cl Al., 2010 1es1ed tl1c hypolhcsis tl1n1 coffcane ond thoophyllinc inhibit U1S1Jlin. 

shmula1ed glucose up1okc in skclclDI muscles by ineubnuog rol cpilrOChlenris muscles and 

solcus strips with uuuli.n Md different concenlrlllions of cn!Teinc ond 1heophylline ror 

mcasurcmcnl of glucose uplDkc, force dc,·clopmen1 and PKB phosphorylation. They found 

that ciurcinc and theophylline complclely blocked insulin-slimulolcd glucose up1nke in bolh 

solcus ond epitrochlcoris muscles 111 10 mi-t. lnsulio-s1imulo1cd PKB Scr•1l ond Tbr4' and 

GSK-31) Scr9 phosphorylation \\crc olso blocked by caffeine Md thcophylline. C11ffcine 

reduced ond U1cophyllinc blocked 1nsulin-stimuln1cd glycogen S}'lllhasc acuvuuon. 

Dnntrolenc (2S �1). o wcll,known lnhibi1or of0l1' -rclCMC. pn:vcn1ed c.iffcinc-induccd rorcc

dcvclopmcnl, bul cofTclDe inh1bi1cd insulin-slimulolcd glucose uplnkc in  Ibo presence of 

dontrolene. CofTclDc ond thcophyllinc reduced conlrllcllon-sumuto1ed glucose upUlke by 

about SO%, whereas conlrDcUon•sU01ulo1cd glycogen brcakd0\\11 was nomull. They thus 

concluded ihnt caffeine and 1heophylhne block rnsuhn·sltlllula1ctl glucose uplllko 

independently of 0i1• rclC4Se, ond tlull the hkely mcchnnism is \•ia blockade or tnsuhn­

stimulaled PO,kuuisc/PKB nc1ivo11on. Ca!Tclne 1111d tl1cophylllnc olso reduced cootl"IIClioo-

so 
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stimulated glucose UpLDkc. which occurs 111dq,endcntly of Pll-kanasc/PKB. They further 

hpothcsiscd thnt caJTcinc and thcophyllrnc also inhibit glucose uptake m skclcLDI muscles vaa 

m ndd1tionnl nod hithcno unknown molecule involved III GLlIT-1 ll'l1llSlocnuon. 

Ega"'ll ct. al., (20 I I) mvcsugotcd tho effects of incubotion \Vlth caJTeine on msuhn sagMling in rot 

cpatrocblcaris muscle. Caffeine suppressed insulin-sumulotcd insulin receptor substrate (TRS)-1 

Tyr612 phosphorylauon tn o dose- and time-dcpcndcna manner. These responses \vcrc associated 

\vith inhibition of the insulin-stimulnied phosphorylation of phosphntidylinositol 3-kinnse (P13K) 

Tyr458, Akt Ser473, end gly-cogcn synthase kinasc-J_ Set9 nod \vith inhibition of 1nsulin­

st1mul11ted l-O-n1cthyl-D-glucosc ()MO) trnnspon but not \Yith inhibition of the phosphorylation 
of insulin receptor-_ Tyrl 158/62/63. 111c results indicated thn1 e111Teine inhibits insulin signaling 

partly through the lKK/lRS-1 Scr307 pothwoy, via a Ca2_· nnd AMPK-indcpendcnt mccbllnism 

in skeletal muscle scnnc phosphorylntion; Alc:1; S=-AMP-octivntcd protean. 

Socramcnlo ct. al., (2013) anvestigntcd whether the mcchnnism that contributes to the differences 

between acute and chronic colfcinc cITccts on UISULtn sc:nsauvity is mediated by alten:d 

insulin/AMPK signaling pntltwoy tn skclellll muscle Expcnments were perfonncd in 3 months 

\VistllT rots Glut-I expression decrenscd by 59.35% an high sucrose HSu nnimals, llll effect not 

1nodilicd by chronic coJTcine. In contrast, acute caffeine administration decreased significantly 
' 

Glut4 c.xprcssion at O.S1tl\l of caffeine (p<0.01). IISu ond IIP diets dccrcoscd significantly 

AMPKal expression b)• 70.45% nnd 33.9Jo/., respectively. Chronic cnlfcinc intnkc increased 
significnntl)' AMPKal in I ISu onimals (-12.54%) and in HF group AMPK al expression \Vas

restored 10 control levels. AMPK al nc1ivi1y decreased significantly in IIF nnimals (44.74%), 
however chroniccolTcinc tntnkc did modify those vnlucs. In opposite, acute calfernc intokc did not 

niter Al\lPK al expression. Insulin 1cccptor decreased significantly in HF anim11ls (59.43%) but 

chronic colfcrne intnkc did not alter !his ,•aluc. /\cute and chronic cafTc:inc did not altered uu-uhn 

receptor phosphor-Tyr1322 expression. ln conclusion, the elfcct of chronic cofTcinc inLDke on 

insulin sensitivity 1s not mcd1111cd by altered insulin and/or MlPK signaling pathway. In coolnlSt. 

the effect of acute cofTcinc odm1nastra1ion on insulin SC1UtllY1ty seems to involve II dccre3Sc in
Olut4 trnns-poncis. Sacramento ct. al,, (2013) 1nvcstigo1cd the involvement ofodc.nosinc receptors 

on insulin rcsismnce induced by single-dose colfeinc odminastrouon. They tested the effect oftht 

administrouon of e31feine. and various odenos1ne receptor nntngonisLS on wbolc-body uuuhn 

scnsiuvily. Acute coffcanc dccrcnscd insuhn scnS1t1\•1ty in o conccntn1uon dtpcndcnt maonu an 
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effcc1 th:11 was mcdillled by At and A19 adcnosine rcccptors Add1tio1111lly, 11cu1e caffeine 

odmmistrotion signiflcnnlly decreased Glu14, bu1 nol Mll'K expression, 111 skclctol muscle. Bnsed 

on !heir findings Ibey suggested th:11 insulm rcsulllnce mduced by aculC cafTeutc adm1niscrnuon 

,vo.s mediated by A I nod Am odcnosinc n:ccptors. 

Solahdcco cl al .. (2014) cvolu,ned 1hc effect of chronic con_sumplion of ethanol cxtrocl ofkolonul 

on cordiovosculor functions in rolS 1rca1cd o,·er a period of si.x \\'eeks. kolanut ei.1rac.1 

nnd coffcinc reduced the contr11ctilc response to norudrcruiline, nnd reduced the relaxation 

response 10 bolh occiylchohne ond sodium nirrcprussidc. Since 1rc:itmen1 \\•ilh both k9htnu1 

cx1rnc1 nnd caffeine hod similar charoc1cris1ics between 1he 1wo groups, they suggested that 1hc 

oc1ion of kolonut e.�trocl wns due 10 ils co!Tcine con1cnL 

Rus1enbcck ct. al., (2014) designed o con1rcllcd experimcnlOI srudy in order 10 confirm or rcfule 

lhc cpidcmiologitlll evidence sho,vs lhnt chronic coffee consumplion in hum:ms is correlated \\•ith 

a lower incidence of 1ype 2 diobcles mellitus. The onunol model oflypc 2 diabclcs used ,vns high 

fol fed mice basically bccnusc of their sbon lifespan. Chrome coffee consumplion retarded \\"eighl 

gain and improved glucose tolcl'IIJ'ICC in o mouse model of type 2 diabetes and corresponding 

controls. 

Coelho, (2014) in her PhD Thesis using prtdiobctic \Vis1or rots which were given to 35% of 

sucrose (high sucrose HSu) in drinking wntcr over o period of 28 doys, 0.5, 0. 15 and I &fl of 

caffeine given 10 control rots and in 1-!Su model over II period of 12 weeks. Insulin sensitivity, 

bosnl glyccmio. glucose 1olcruncc. adipose tissue mnss, Glut4 tmnsponcrs and nitric oicide (NO) 

con1cnt in skclctol muscle and in the liver ,vcrc determined. They found lhal caffeine restored 

1.0SUhn sensitivity ond glucose 1olcronec in HSu rnts. CoCfcinc (lg/I) restored Glut-I c.xprcssion 

levels in skclctnl muscle in HSu onimals. Dosed on these rcsulis they suggested that cafTcinc could 

be used as a lhempcutie 100I for the trCQtmcnl ofprcdiobctes and prevention ofT2DJ\1 

Socrumenlo cl, al., (2015) invcstignlcd 1hc in"ohcmcnl of odcnosinc receptors and the 

mcchanisrn behind their mcdia1ion of Insulin rcsis111ncc in skelellll muscle induced by single-dose 

cofTc,ne administr.11ion. 11icy tcs1ed the effect of the administrolion of cafTeine, ond \'&rious
ndcnosine receptor an1agonislS on whole-body insulin sensitivity. Acute caffeine de<:�
insulin scnsilivil} in a conccnuruion dependent manner an cffccl thol ,vo.s mediated b) i\ 

1 
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Alo adcnosine receptors. Additiomill). acute caffeine odministrotion significantly dccl"Cllscd 

Glut 4. but not AI\IPK expression, in sl.clcuil muscle. The results suggested that insulin n:�istoncc 

induced by ncutc caffeine administration \\a!i mcdio1ed b) A, ond A,11 odcnosine n:ccptor.; ond 

that both Glut4 1111d NO ITlllY be downstrca.m effectors invoh cd in the insulin rcsisllll\cc induced 

b) oculc colTcinc.

Kim ct al., (20 I 5) investigated the clinicol changes induced by o high fot diet (HFD) and ca ff cine 

consumption 111 o ml model The mean body \Ye1gh1 of the HFD ,vith caffeine (liFDC)-fcd rot \\'.IS

decreased compnrcd to that of the liFD-fed rnl without caffeine. The le,•els of eboles1erol, 

triglycerides (TGs). nnd free folly oc,d. IIS well os 1!1e size of adipose tissue:. ollcrcd by HFD, were 

improved by ca!Tc,ne consumpuon. ca!Tctno might potenuitlly inhibit HFD-induced obesity nnd 

we suggest poss,blo b1oma.rkcr cnndidotcs using t-1S-bascd met.abolite profiling. 

' 

2. S Pharmacology of Kolonut

Cola Schon & Endl. (Stcrculiaccac) is a genus of about 125 species or trees indigenous to tlle 

tropical mm-forest African region (Rnuch, 2005). Phylogcnctically the genus wus formerly 

clnssilied 1n the fomily Mnlvoccac. subfamily Stcrcuhaiceoc ond wos Inter transferred into the 

separate rom,ly Stcn::ulioccoc. Colo is one of the la.rgest tn the fnm,ly Stcrculioce:ie and is related 

10 the South 1\mcncon genus T11cobroma. It comprises of evergreen moderately sized � oncn 

gro,ving to o height of 20m with glossy o,·oid leaves up to 30cm long. Cola species Bie found 

mostly in the rclotivcly dry ports of the min forest, olthougb Cola 111illc11/i o.od Cola g,gantco ore 

widely distributed in ,vet ond dry forest enYU'Onmcnts (Kuoomc o.od S0C11nde, 2006; Olorodc, 

1984). Chevalier nnd Perrot, (1911) ercotcd tbc Subgenus Eucola contornrng five spccres of edible 

kolonuts- Cola nltitfo (import.ant for tmde), Cola ac11ml11ata (imporumt for socio-<:ulturol \'Dlucs). 

Cola balluyi, Cola ,-er1ici/la10 and Cola sp/1aerocorpo I lowcvcr, of these five, only Colo ni1Jd11 

nod coin ncuminoui ore known to be cultivorcd. 
• 

The mature fruit of Cola species is o nut kno,vn ns kolanut (Duke, 200 I), It hl\S n bitter flavour ond 

high c:iffcinc content (Blades, 2000; Bcnjnm,n ct. al., 1991). II rs chewed 1n mnny \Vest Afnc40 
cultures lndivrduolly or in o group scrung It IS onen used ccrcmoniolly, pl"C$Cnted 10 tnoal chiefs 

or to guests Chewing kolonut rs thought to case hunger pangs, ond hove sumullllll and cuphonant
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qwilitics effects similar to other x11ntlune contaarung herbs like cocoa and tea However, the elTects 

arc distineuvcly d11Tercn1, producing II suongcr slllle of euphono ond well being (BenJ11m1n ct. nl,, 

199 I). They hnve stimulont effects on the ccnll'1ll nervous system nnd bean ond arc \Vldely 

consumed among Nluslims llS o substitute for olcohobe bevcrogcs wluch arc prohibited Kolanuts 

ore used as a soun:e of olkalo1ds an phann:tceutieal preporauons (Newoll et. al., 1996; Opeke, 

1992). 

The seed or kola compnscs 13.5% waaer, 9.5°/4 crude protein, 1.4% rnt, 45% sugar ond slOn:h, 

7.0% cellulose, 3.8% U1nntn nnd 3% GSh. It i.s 11lso rich an cnlTcinc (2.8%) nnd thcobrom1ne (0.05°/4) 

(Purscglovc, 1968). Cbrom111ogrnphic onolysis ofkolo nuts ho,·c andicnled the presence of phenolic 

constituents 1n qllllllllllcs tho! ,ire lughcr thnn those typical for many fru11s. \Vhcreas apples contnm 

0.1 - 2.0 g / 100 g fresh weight of polyphenolie compounds (van Buren, 1970). kolo nuts conlDin 

nn excess of4.0 gt 100 g fresh weight orpolyphcnolics. Mnny polyphcnolic compounds ore highly 

reactive ,vilh huru11n body constituents and hove nn 1mp11ct on membolic processes. Nyomien ct 

11/., (2014) determined the polypbcnol (l111vono1ds 10 pnrtieulor) nnd caffeine content or vanous 

species of Cola nitido nuts from Cote d'Ivoire. Red Col3 nitido (RCN); \Vhitc Cola nitida (\VCN): 

Purple Colo rutido (PCN) were extrnctcd using d11Tcrent cxtrncuon solvents such ns ,voter, 

ocidificd wotcr (O.OIN citric ncid), methanol, ctha.ool. ocetono 60% nnd mcthonoVacctlc acid 1% 

solution. Phytochcmical screening showed that kolo nuts contain antioxidants such os Oovonoids, 

tannins and alkaloids in vo.rying proportions ncconhng to the species. S�trophotomctric analysis 

rcvcolcd Phenolic contents ore 26.76±0.54; 23.08±1.06 on<l 17.06±1.03 for \VCN, RCN. o.nd PCN 

respectively. flovonoids, levels were 803.03±14.48, 697.13±12.76 ond 647.76*21.16 for \VCN, 

RCN nnd rCN respectively. Cn!Tcinc con1cn1 determined by revcrse-phnse high pcrfonnonce 

liquid chromntogr.iphy (HPLC} o.nalysis indicated thnl conccntrn11ons ore higher in RCN 

(10812.S:t:6 27 n1g/l<g f\V). The findings si1ggc.�1 thnl kolo seeds can be used GS a pomblc soun:c 

of o.ntioxi<lo.nt nn<l t111Tc1nc for African populations o.n<l Europco.n industries. 

• 
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Figure 9 Colo n/tttlo seeds (modified from olib.lba,con1)
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Nyumieol et. al., (2015) determined caffeine content from varieucs or kola outs (Cola nftlda) 

using UV spectrophotometric method and nlso examined the effect of cxtn1e1100 solvent and solid· 

bquid ratio for the Ppllmal cnffeine c.�tn1cuoo from kola nuts. Sbt solvents (\Vatcr, Ethanol 100%, 

Methllnol 100%, methanol 500/o in wnter, ethnnol SO% 10 water and \VaterfEthMolfMethanol 

(\VEM) (2/1/1, v/v/v) and five solid/hqu1d (w/v) rauo ( 1/100, 3/100, 4'100, Sfl 00 1111d 6/100) ,vcre 

used 10 evnluotc cafToinc content and determine the efTccl of each solvcoL Results sbo,ved that 

cx1rac1ion solvc:nl ond solid/liqu1d ratio had significant effect on caffeine con1co1 ,vith op1im11I 

extrac11on ob111incd \\11th \\rE�I solvent. solid/liquid of)/1001111d slirrins al ISO U'Slmin applied for 

20 hours. CofTcinc con1cn1 observed under tho conditions wns between 1.84% nnd 2.56%. Tho 

nmoun1 of caffeine cxtroctcd from kola nuts co!Tc1oc depended on the type of solvent nnd 

solid/liquid rnuo used 1n the eX1mction. l11ey recommended Kola nuts area good sourccof cnffcine 

pnrliculorly for beverage producers who ore 1ntcrcs1cd in other sources of cnffeine other thnn the 

common Correa concphorn. 

Odcbunmi ct al (2009) compnrcd the proximate composition and the mineral content of kohmut 

(Cola 11itida), bincr kola (Garclnla cola) and alligator pcppcr(Afromomum 1nclcg11cta). The results 

show that C. nlrfda hns the highest mo1s1urc, crude fat a.od crude fibre contents of 66.4, 5.71 and 

7. t 3°/4, rcspccuvely. A. 111clcg11eta hns aon-dc1CCU1ble qWlnllty of pouissium and phosphorous but

hos the highest quantity of c.,lcium (388 mg/Ks dry mnucr), magnesium (960 mg/Kg), iron (37.S 

mg/Kg), unc (32.93 n1g/Kg) and mangnnese (68.53 mg/Kg). C. 11/tldn hod the hishcst content of 

polassium (3484.67 mg/Kg) and phosphorous (411.43 mg/Ks), G. cola also recorded the least 

content of oil nunemls except K ond r which were absent in A n1clcg11etn Mongnnesc was 001 
• 

detected in either ofko!Jl nut or biller kolo. 

Muhnmmad nnd Fotimn (2014) pbytochemicnl nnalysis of rod nod white Cola n11ida (kola nut) 

e:<1rnc1s were cvoluatcd usin& qualit:itivc nnd qW101iU11ivc method. Thin toyer chromotograpby 

(TLC) ,vos used to evaluate the phenolic contcnL s,�ptococcus anginosus and Pscudomonas 

ncn,ginosa) ob1ai.nod from stock cultures. Pbytochem1col screening revealed the 11resc:nce of 

alkaloids, novonoids, saponm. tonnins, glycosidc, steroids, volotile oil lllld balsams. Higher 

content of olknloids, saponin and glycoside WIIS ob1111ocd 10 the aqueous cx1roc1 thJ1n the mclho.ool

for both red and wlute kolo nut. The rcsullS of TLC lllllllysis revealed the presence of qucrcclln
and coumorin ,n red kolo 1111d keomfcrol 11Dd coumorin in "'hitc kolo rcspecuvcly. 
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t 

Anlllyses by Odebode, ( 1996) showed that the two major species (acum,nata and ni11da) differed 

nuukcdly in the nmount of lotnl phenol and that differences also CJCisted between d1!Teren1 colour 

vnri1U11S within the same species. The 101111 phenol content w'IIS grc31er tn C nltlda than C

ac11mlnata • In Cole, nit/do, the q1131luty of 10111I phenol 1n red nuis w-as up 10 lhree limes tbnt or 

while and pink nuts; but in Cola acununata the difference was not significanL lnvc:sllgations 

suppon the general v1e,v that Cola nit/do is more ostringcnl !hon Cola acim1inatn, be<:4use 

astringency is rcl111cd lo the phenolic content of fruits (Odcbodc, 1996). Ata,vodi c1. al., ( 1995) 

analysed both C aa1n1lnata IUld C. nltida for their content of pri.mo.ry and secondllry amines, and 

o.sscsscd for their rclouvc mcthylo11ng potcnlllll nnd found that seeds of both species contained 

nigh qunn1iues of both pnmary and secondary omines. Methyloting activity ,vos signjficonlly 

higher In kola nuts (170-490 11g/kg) thnn h11s ever been rcponcd for a fresh plant producL The 

authors urge that the possible role or kola nut chewing 10 human cancer aetiology should be 

explored in countries where kola nuts o.rc widely consumed os stimulnnts. !bu et al., E1986) 

reported that both species of cola induced s1i;nifican1 mcre.ises in gnstric acid scc.rction. They 

odviso sufferers from peptic ulcers 10 ovoid eating kola nuts. Kolo nuts arc ,vidcly consumed in 

\Vest Africa because they contain two 11lkalo1d.s, coCTcmc and thcobrominc, which nre powerful 

slimulonlS that counteract fnuguc, suppress tbust nod hunger, nnd ore bclic,·ed to  enhance 

intellecrual activily (Sundstrom. 1966; N1cknlls, 1986) 

Due 10 1hc1r unique biller taste, kola nuts are e!Tcctive for refreshing the mouth. and the l\vigs nro 

used ns "chewing sticks" 10 clcnn lhc teeth and gums (Le1\>is Ol1d Elvin-Lewis, 1985). Kolo nuts 

ore also used os o source or olkolo1ds in phormaccuticol prcporotions (Opckc, 1992). Lorge 

quon1i11cs or the nuts arc exported 10 Europe and North America, where they arc used eluefly for 

flavouring coin drinks such os Coca-Colo, which nre refreshing or stimulollng subslltutes for lea 

or coffee (Irvine, 1956). 

Sodo-cullurnl ,,ntucs ond uses 

The Colo ocuminoto IS more popular in the Igbo and lgeddo tribes of eostcm 1111d middle reg1ons
t 

of Nigeria, while the coin nlrlda is more common in the nortJ1cm port or the country 11n1ong the

H.ousn Fulnni (lbu et. al .. 1986). Ghe,ving or kolo nulS is o widcspl'Clld bob11 in lhc Sub-Sohomn

countries of AfriCll, cspcciolly in northern Nigcno and Sudoo. Kolo che1ving ploys a simih1rsocial

role lo ten and coffee drinking or cigo.rcnc smoking in \Vestcrn countn� (Russell, 1955,

Purscglovc, I 968; Roseognrtcn, 1984). C acumlnoto 1s widely used ecre.morually and socially by
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the people of\Vcst and Ccoual Africa. Al buth a koh1 tree may be plllllted for the nC\\•-bom child

The child rclDll.ins the lifelong O\\Ticr of the tree. A kola tree is also often plllllted 01 the head or o 

grave as pan of local death ntes (Tindall, 1998). Russell, (1955) dcscnbed cultural uses of kola 1n 

the Yorubnlo.nd o( western Nigono. He rcponcd that the seed is normally kepi 1n lhe house And nn 

offering of kola fonns pan of the greeting to on honoured guest. The older the kola the more highly 

II 1s regortled, nnd white and pink nuts ore kept for pnr11cularly favoured guc:Sts. The gift of kola 

nnd especially the splin1ng ond shnring ofkoln nuts between two or more people sigrufies o special 

bond or friendslup (Achebe 1958). Sim1lnrly, the shoring of kola nuts 1s a necessary prerequisite 

to bus1ncss deabogs I.hot UlVolvc a ilnct etiquette in prcscoung, dividing, and eating of the fruits. 

Propos:ils of marriage moy be made by o young man's prcscn101ion ofl..olo nuts to the prospective 

bride's father and her acceplllllcc or refusol may be conveyed by o n:c1pl'OCl'.ll gift of nuts, ,vith the 

me.ining depending upon 1he quality and colour. Kola nuts presented by the bride's fo.mily signify 

fcnility, produc1iv11y, prosperity, contentment o.nd desire for the union (Sundstrom, 1966; Johnson 

and Johnson, I 976). 

Kola figures prominc:01ly in rchgioo and magic. It is used in divination nnd to learn lhe mind or 

intent of o god for healing the sick or ogninst barrenness It is often offered 10 lfo along ,vith goats 

and chicken in seeking the favour of the oracle. In so1nc = ii is o component of on onth-llllcing 

process. Ln many societies lhc p0ss=1on 1tnd usc of kola nuts may be a symbol of wcallh ond 

pres1igc (Lovejoy, 1980). 

�1edicinnl uses of kolonut 

Tmdi1lonally, the leaves, twigs, flowers, fruits follicles, 11Dd the bnrk of both C. nitida and C. 

ocumi,rala were used 10 prepare tonics as remedies for dyscn1ery, coughs, diarrhoea, vomiLing 

(Aycosu, 1978; Buricill, 1995) and chest complo1nts. The nuts hove considerable patcotiol for lbc 

development of new phom1nccuticols and foods (Feredlly cl. al., 1997). Extracts or C nitido bnric 

hove been tested on various polhogcmc bru:tcria (Slophylococcus n11rcus, Klcbsiclla pnl!Un1onioc 
Protc11s mlrabilis. Pse11domonru oen1gfnoso. bcto-bncmoly11e s1rcp1ococci, Escherichia col, and 

Nc/sserlo gonorrboeoc) (Ebann ti al, 1991 ), \\�lh the c.�trncis showing inhibitory octivi1y ogllll\SI 

all the orgarusms. Benic ttf 0/, (1987) rcpon thol s1cm b.1rk cxl1'11ets of C. nilido inhibited lhe 

rclcoso of lutcinizing hormone (LH} from ml pituitary cells ond may therefore regulate 

d · I gncstin" thnl II may be used as a naruml fcruht)' regulator
gonn otr0p1n re case su  o ., 

' 
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Kolnnuts ore oflcn used lo treat whooping cough and osthmo. The C11fTcine pl'CJClll acis as a

bronchodila1or, c.xpnnding the bronchial oir possoges (Joyeola, 2001; Kim, 2001). Kolonuts nrc 

olso employed 1n the trcnln10n1 of n1ahuin ond fever (Odugboml, 2006). Experiments using onimnb 
tndiC11te thn1 kolnnuts hnve nnnlepl!c and lipolyuc properties ond s1imulo1c the sccrcuon of gastnc 

JUICCS (Osim ct. nl., 1991 ). Odugbcmi, (2006) reported that the leaves or Cola m//lcnlf arc used 1n 

1hc trc.,1ment or ringwonn, scabies, gonorrhoen, dysentery ond op1haln1in. 

Cola 11l1/tla hos been used ID folk medicine ns an aphrodisu1c, an appeu1e 5Upprcssant, to treat 

morning sickness, 1n111rn1110 hcadnchc, ttnd 111digcs11on (Esunonc et al., 2007). II hns also been 

npplicd d1rcc1ly to 1110 skin lo trcol wounds and inflommouon (Newall ct nl., 1996). The' tree's 

bitter twig hos been used a, well, 10 olc:in the teeth ond gum, (Esimone ct nl., 2007). In Afnca, 
duode1U1I and peptic ulcer is common among southern p11n of Afnco, Burundi, Rwnnda, llnd 

ensiem Zaire, high lnnd of Blluopio, ccntrnl Sudan ond cast Afnc:o c:$pcc1ally around K.ihlllllnJlll'O 

1'.lounlOin. However, ID N1gcno there 1s no record on the 1ne1dcnce of peptic ulcer, but 

scropre,•nlence or helicobocter pylon in p1111cn1S with gastric llnd pcpue ulcers was corned out 1n 

the western pnrt or N1gena. or 1he 92% pnticnlS sc:n:encd 41 % represented with pcpue ulcer 

disease. They nrc commonly used 10 countemct hunger and thirst, 1n some CIISCS to control 

vomiting in prcgnant women also as a pnne,pal sumulanl to keep awake and withstnnd liauguc by 

students, drivers, nnd other meninl workers (Chuk\\'11 tt nl., 2006). Colo nit/do is not advucd for 
individunls ,vuh stomoch ulcers due both to 11.S caffeine o.nd 11s 1nnn1n eon1cnt (lbu ti al. 1986, 

Nc,voll ct nl., I 996). 

2.5. I Experln1cntul studies on kolonut 
Ajarem (I 990) inJectcd kolanut (Colo nilida) extract inl111pcntoncnlly(i.p) into m.,cc ll!ld observed 

' 

th.at wlulc o medium dose or S mg/kg sigruficnnlly tDCrcnsed the locomotor activity, a lo\\ d� 

(2.5 mg/kg) hlld no effect ond a lugb dose (10 mg/kg) showed depressive effects on thc locomotor 

activities. The resuhs suggested thlll the Kolrulul extn1ct induced b1plw1c clanges in the locomotor 

ocuvity or mice depending on the dose and the trc::itmcnl dumtion 
Osim ti. al., (1991) folllld 1hlll KohtnulS (Colo Nit/do Alb3) ,11mulllted psinc acid scc:mion in 

c:ot.s to a.n extent Lh4t ,vBS greater than on cqui\'llltnt amount or c:afTetne \\b.ich Md 42% or lhc: 

potency of kolo oulS in Inducing Acid Secn!UOn. Furthcnnorc. they fOUDd that IU'Of'IM -1

eunctldinc were efTecuvc 1n supprcnmg kolanut-lnduccd Acid Sc<ntion. \\'bile Ibis li111hnp P'"
rise to the ,pcculauon lllllt componcnlS 1n the �olMUI othrr lhan cafTonc may t,c the ca- of the 
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incl'C3Sed gostric acid secretion, they did not test tho clTecl or dccalTcinnlcd kolnnut on gos1ne ocid

secretion. 

OyedeJ1 cl nl., (2012) s1ud1cd the effect or aqueous cxtmcl Coln 11/1/,ltJ (Kolo nut) on reproducuvc 

p:immctcrs of mole olb1no mts. They found significnnt dccrcosc in 1cs1os1cronc levels, spenn 

mo1ility, speml vinbili1y ond sperm eoun1 rclo1ivc 10 lhc control but 1hcrc was no significanl ehnnge 

in spcm, morphology. The testicular histopn1hologicnl study revealed that there WD5 moderate 10 

severe necrosis ,vith the d1ssolu1ion of 11un1crous seminiferous tubules m 1cstis. 

Salahdeen ct. 11/., (2014) cvnlun1cd the effect of chronic consumpuon of cthnnol ex1met ofkolnnut 

on cardiovnsculor func11011s in mis treated over o pcnod of six weeks. Kolonul extract 

and co1Tc1ne reduced lhe contmcule response 10 nomdrcnnhne, and reduced the rcloxotlon response 

10 bolh occ1yleholine nnd s.odium nltroprusside. Since trcotmcnl w11h both kolonu1 cx1.r11et 

and C111Te1nc hod similar choroelcristics be1w"n 1he 1wo groups, they suggested 1h41 lhe neuon of 
• 

kol11nu1 extract ,vns due to Its coif cine con1cnL 

2.5 ,\dcnoslnc nod Adcnoslnc Receptors 

Adenosine is on endogenous nuclcosidc mc1abohtc lhnt is released from oil tlSSUCS and cells 

1nelud1ng liver, pancreas, muscle ond fot, p11rt11:uhuly under strcSS, 1n1cnsc cxctc1Se, or  dunng cell 

d11mogc. It comprises o molecule of odcrunc attached by II glycosidic bound to o noose $\l&nt 

molecule. Dc1ng ubiquitous in nature, punnes hlwc evolved 115 1mport11nt moJcculC$ for both 

10Lroccllulnr nnd cxtmcellular signaling, roles lhnt ore distinct from their octh,ty relaled to

energetic mc111bollsm, as ndenosine dipbospbntc (ADP) and odenosine tnphospbate (ATP), 1111d 

synthestS of nucleic acids (Khnkh and Dumstock, 2009). \'/ithin the exU11ccllular sp;icc. adcnosme 

ocis on four di1Tercn1 G·protc1n coupled receptors lhnl ore classified DJ adc:nylyl C)'CWC mlub1una

{A,and AJ) or odenylyl cyclo.sc ocuvoting (A2A and A20) (Tucker and Linden. 1993). 

• 
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ln general, adcnosinc has been found lo 001 in concert with other honnoncs or ncurotransm111crs

in either on inhibuory or n stimulorory woy. The myriad modulntory ocilons or ndenos1nc suggest 

thnt: I) adcnosine moy simulloneously produce mulUplo errecr.s w11h1n rhc snmc cell: qnd 2) 

oc11,•ntion of A I rcceprors n1ay lend to either a decrease or on lncrcosc 1n the coupling of other 

receptors to their G proteins (Linden, 1991 ). S1gnnhng through lhc A
1
AR is olso centml to glucose 

tolcmncc ond insulin clcnmncc. Foulhober-\Vnltcr ct, al .. (2011) showed !hot chm1nation or A 
1
AR 

from 1nice ot young ogc (II weeks) on srnndnrd d1e1 ICllds 1.0 delayed plnsmo glucose ond insulin 

elCllrnnce The efTect ,vns susrnmcd 01 older ages (20-29 weeks) on both regular ond high fot dieL 

The ovemll cfTecr of odcnoslne s1gnnllng through A
1
AR rcsulrs 1n improved insulin scnSIIIVJIY 

(Vonnucci ct. al., 1989; Vannucc1 at. al., 1992: Green ct (II,, 1997; Dong cl al,. 2001; Schoelch 

cl 11/., 2004;), and pronounced reductions of plosma free forty acids, glycerol, ond tnglyccndcs 

(Jolumsson ct. al., 2007). Ovemll, A1AR ls import4nl for insulin scnsiuvity, glucose homcosto.sis

nnd lipolystS. 

2.6.1 Adenosinc receptors 

Adcoosinc receptors oro o clnss of specific purinerg1c rcccprors with odcnosine as the • 

eodogcnous hgond. There ore four :idenosme receptor subtypes omong vcncbrnrcs. wlucb have 

been cloned nnd chnrnctcrized 1.0 dare: odcnosmc A1, Av., i\J.11 ood A3 receptors that belong to the 

G-protem coupled receptors (GPCRs} fomiJy (Fredholm ct. al., 1994, Fredholm ct al. 2001) 

These receptors ore al.so kno\vn as Pl rcccpton (odenosinc selective) distinct from P2 �10rs

which ore ATP selective (BumstoClc. 1978). Neuromodulnllon by udcnosinc is etcrted through 

nclivolion of lugh-11ffin.11y odcnosine n:«pl011 (A I !Ind A2A) wluch ore probably of pbys1ological 

imponancc, 11nd of low-affinity odenosinc receptors (A28), wlucb aught be rtl�11111 lD

polhological cond111ons. The A)R is a hisb-afli.aity receptor 1n humllDS, but II has a 1011, cktu1t)· lD

most tissues (RJl>eiro &. Sebasuno, 2010). 

• 
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Adenoslne Receptors In Org1n1 and Tissues h1Volvcd In Glucose l\lctabollsm 

2.6.2 Adcnoslne receptors I n  lhc pancreas 

S1imulotlon of1he A1rcr.:eptor on the P<cll inhibhs Insulin 51:crction (Ocrtrnnd et nl .. 1989). Using 

1,vo sl.Oble P2rccep1or ogonlslS, o,P·mcthylcnc ATP and ADPPS, which ore more specific for the 

Pi.'< lllld the P1v receptor ogonists, respectively, Pe1i1 and colleagues have shown that both of these 

receptors c�lst on the �cell (Pe1i1 cl nl,, 1998). Thdr nclion is 1.0 po1cn1iotc glucosc-sumulo1ed 

1nsuhn secretion or the purincrs1c nx:eptors only the A I hos been sho,,,.n to be: important in 

phormncolo11icnl oction In the fl-cell, ns 11 is 11n1ogonucd by the group of compounds lcnown•as the 

n1ethylxn11thmes Ncuromodulollon by ndcnoslnc is exerted lhrough ocuvn1ion of high-offinily 

odcoosine receptors (A I and A2A) wlueh ore probably of phys1olog1Clll 1mport11nce, ond of low­

a!Tinuy ndcnosinc receptors (A28), which mlghl be rclevont in p11tholog1cal conditions Compbc:11 

ond Taylor, ( 1982) showed 1h01 odenosinc 11J1d its modified nnnlogucs, 2-deoxyadenosinc ond �­

phenylisopropylodcnos1ne, s1rongly inhibited 1nsuhn release from rol islets, probably because of 

their obi lily to inhibi1 the occumulo1ion or c)·clic AMP. They proposed 1h01 the !}cells, hkc mony 

olhcr !issues, moy possess 1wo dilTcrcnl siles 01 wluch ndcnosine nucleosides inleract 10 produce 

1hcir biologiC11l eflcets. Bacher, (1982) invcs1iga1ed the cfTc:ct of adcnosinc-S'-N· 

cthylcorboxam.idc, (NECA), o long-losung odcnosine derivative with pronounced vasoacuv11y on 

glucogon and insulin release from the in situ ts0lo1ed blood perfused pancreas Ill the ancstheuud 

dog. The round insulin release wos mh1b11ed by NECA 111 low concenlt81ions, but sigruficanlly 

increased 01 higher concentrations ofllic odcnosinc analogue. Similar clTccts were: obscr,,cd w1lli 

infusion or odenosinc ol 10-7 nnd 10 ... mol/1 Am1nophylhnc (10"""' moVI) produced a 10-fold
oncnuo1ion of Ilic ochons of NECA. They thcn:fore proposed lhal glucogon n:Jeasc 1h IO\lo 

conccnlrations of NECA ond ndenosine in contraSI IO lha1 of insulin release 11 high c:onccn1.n1uons 

lllllY represent o loco I p.incrc:ilic rcgulotory mechanism of adcnosinc in glw:osc bomeosllLia. 

Similorly, eer1rnnd ct. nl., ( 1989), used mouse ISiets 10 study the clTccis or odcnosme and ,is saiblc 
on:iloguc L,.N6-phcnyllsopropylodenosine (1.-PIA) on pone�llc bclA<cU funclJOn. TbC)' found 

lMI a high concentrollon (500 µM). adcno,ine augroentcd glucose-induced clcctnal acu,11) in 

beta-cells and polcnuoled uuuhn rclc:MC. These clTccts were pm·cnted b> llic Wubuor of 
nuclcoside lnlDSp0r1 nitrobcnzylth1ogunnosmc Al o lower conccnuauon (SO µ�I). lldcDoaiDc 

caused O small and transient lnh1b1uon of glucose-induced dcc1r1cal adl,,ry and •n111ho rclcuc. 

L-PIA (IO iiM) slighlly and u,uu1cntly 1nh1b11ed ,n.whn rclcosc, 4SC• rffi1&., anJ ti6RI> rlll u, from 
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• 

islet cells, and decreased clcctricol activity in bctn-cclls. \Vhcn adc:nylnte cyclase was sumul111cd 

by forskolin ,n the presence of IS mM glucose, insulin rclcuc was strongly augmented, Under 

these cond111ons, L-rlA ond ndcnos1nc (with 111trobc:nzylth1og1111nosinc) Cllused n susuuncd 

1nh1b111on. No such inhll11llon IYIIS observed when insulin release was potentintcd by dibutyryl 
odenos,ne 3',S'-cychc monophosphote (eAt-1r). These dnto ore consistent ,v1th the existence of A I 

punncrgic receptors on n1ousc beln-cells. TI1cy could mainly serve 10 a11enUJ1tc: the omphfication 

of insulin rclcosc brought about by ngen(s nc1ing vh1 cAMr. Chapa! ct 111 studied the efTC()ts of 
nnologuc of odcnosine, S'-N ethyl cnrbox un1ido adcnosine (NECA) on glueogon secretion in vitro, 
usrng the isolated pnncrc.i_s of the mt perfused 111 the pn:Jence of glucose (2.8 mM). NECA 
provoked a peak of glucagon sccrcuon, comp:iroblc 10 those pre,riously ob1111ncd with ndcnos,ne. 
The effect ,v11s concentrnuon-dcpcndent 1111d appeared 01 nanomolor conccntrntion_s. The: ECSO was 
opproxirnntcly 4 x I 0-8 1'I. Thcophylllnc (SO pM) considcrnbly decreased the peak of glucagon 

secretion induced by 1.65 gM Nl!CA and totally suppressed the effect of 16.S nM NECA 
indicnting the in,1olvcn1en1 of 1111 ndcnosinc receptor and provide eVJdencc for an odcnosine 
receptor oflhe A2-subtypc being involved an gluc.igon secretion 

2.6.3 Adcnoslnc receptors In the skeletal muscles 

All four odcnosinc receptors ore known to be expressed 111 muscles, with the �rcsSJoo of 

A I AR being the highest (LANoue and l'\-lartin, 1994; Johansson ct al., 2007). Since adeoosme CIUl

activotc AIAR ,viih ECSO values in the r11Dge bct,,ccn 1011M to I µt.1 (Fredholm cJ al., 2001. 

Jusko ct al., 2008), odcnosine signaling 10 skcicllll muscles is predominantly 111n1>uted to the 

A I AR. In muscle tiS$\JC ecuvotion of odcnosme signaling le.ids 10 reduction of insulin scns1uv11y. 

fflCIISUrcd by the ob1lity of IJlSUIID lo 1nluoll gl)'COl)'SIS lnsuhn OCllY'llllOO Ill muscle USSUC IS DOI

only associated with inhibition of gl)"eolysis but v.,lh lnlllSport or glucose and acbvuuoo of

glycogen synthesis. Rcporu shov. that odcnosmc lud 1111 cITcct on only gl)'COl)'US (Espinal rt ol .•

1983; Budohoski ct. al., 1984; Challis cL al� 1984) and glucose transport by st1muh11on or tbc

I •11• I ose ·-ft•poncrs GLUT4 (Vanoucc:1 ct al., 1992); al)'cogcn synlh�u -.as oot
IIUU 111 SC1151 YC g UC uouw 

orl'cctcd by odcnosane (Chnllis ct al, 1984). In isolated soleus m1.1SClcs from nus. it •u fow,d that

d I , f d e (by adcnosinc deannnasc) 1n the surmunJ,ns media unrn,, c,J WWID cp euon o o enos1n 
. ... cd m-1 00 ,nsuhn scu111,11y weJ due to d� 1n lhc ro�10D of1cn.s111v11y. The o�crv c .. � 
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Insulin neccssnry 10 activntc glycolysas (Espinol cf al., 1983) Using the same model lllld ndmos,ne 

onologs, reduction in insulin scns111vi1y was observed \\hen U\Suhn levels wen: reduced 10 hlllror 

the n1nx1murn dose rcquin:d to s11mulotc gJycolysis in the musclo (Budohoski cl, nl .• 1984). Non· 

specific ndenosinc receptor onlllgonists (methyl xonthines) reversed the inhibitory crr'cct or 

odcoosinc on insulin signahng (Budohoslo cl al., 1984). ln1crcstlngly, A
1
AR sclcc11vc ngon1st 

(ARA) in the gostrocncmius ,nu�cle resulted In the omcllorntion or insulin scru11iv1 1y measured by  

1mprovcn1cnt or glucose infusion m10 ond rcducllon of F'FA levels in obese rats (Schoelch cf al.,

2004). The pnllcm obscr'\cd docs nol conlmdict lhc cnrlicr mcnuoncd obser'\11tions (Espinol ct al.,

1983), ns here lho nuthors used on A
1
AR specific ogon1s1. More recent s1ud1os, using euglyccm,e 

hyperinsulincnuc cloinp nnd A
1
AR selective onwgonisl (D\VA 1433, sclcc11 vc for A

1 
01 low dosc.1) 

rcponed tbot odcnosinc signaling through A1AR improves ovcmll body glucose clearance in obese

rots (Cris1 et. al., 1998), In adchiion, w11h the help of mdloncuvely labeled glucose, this group 
dc1ennined thnt then: 1s n tissue specificity or glucose clcruum:c under hypcrinsuJinemjc 
conditions. In the g.ostrocncmius (fa.st ond slow 1w11clung fibers) ond lhc soleus muscles (slow 
1wi1ching) of mis there wos o.n unprovcmcn1 of glucose upwkc in obese nmmals ancr one ,,,eek of 
treatment ,,ith A

1
AR ontngonist. In lean onimols. however, glucose uptake under one week of 

trelltmcnt ,vns slightly but sign1fic3n1ly lowered (Crul cl al., 1998). Oo the other lllllld, mhlb1tion 
of A1AR by selective ant11gonis1 has also been rcponed 10 improve overall body glucose IOICTilDCC

(Xu et. al., 1998), This observorion conuad1cts the studies t.ho1 hove shown 11D improved uuu1in 
scnsitiviiy ond overall glucose cle.,rance a.s II result of octivouon of A

1
AR by specific ngorusts 

(Yannucci e/, al., 1989; VnMucci cL al., 1992, Green cl nl., 1997, Cnsl el al, 1998, Schoch:h cL

al, 2004). 11 is possible lhco. tho, in muscle, lhese ogonists 11CIJV11lc the� odcoosine receptors, 11n

effect lhlll c:40 oppose the A
1
AR s1gnahng. Overall, signaling by odcnos,ne using plwtn&colog,cal 

reagents improves glucoscclCMOOCc(Cnst cl nl., 1998; Xu cl. al., 1998). but may n:sull in a ussue 
specific insulin TCSISlllnCc (Cnst Cl. al. 1998), 

' 
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insulin necessary to activate glycolysLS {E!.sp1rual ti al., 1983) Using the some model and adcnos1nc 

11nologs, reduction in insulin sensiuvity wos observed when insulin levels wcro reduced 10 half of 

the moxi1nu1n doso rcqulrcll to stimulate glycolysis m the muscle (Budohosk1 ct. nl., 1984). Non­

specilie ndenos1ne receptor antagonists (methyl xanthlnes) rovcrscll the inhibilory crr'cct of 

odenosine on insulin s1gnnhng (Budohosld ct al, 1984). tntcrcst1ngly, A
1
AR sclccllve agorust 

(Alu-\) in the gastrocnc1n1u, muscle resulted In the amclioruhon of insulin sCM11Jv11y measured by 
improvement of glucose 1nf11J1on rate nnd reduction ofFFA tcvcts m obese rats (Schoelch ct. 111,,

2004) The pnucm observed doc, not eon1rndlc1 the carhcr mentioned observations (Espinol et nl , 
1983), ns here the authors uscd on A

1
AR spcdlic ogomsL More recent studies, using cuglyccm1e 

hypcnnsuhnem1e ctrunp and A1AR sc:lc:ctive antagonist (D\VA 1433, selective for A 1111 low dose$)

reported that 11denosinc signnling through A1AR unprovc, overall body glucose clcaranc� 1n obese

rats (Crist ct, nl., 1998). In nddition, with the help of radioactively labeled glucose, this group 
determined that there is a tissue s:pc:cilicuy of glucose clc:imnec under hypcnnsulincmie 
conditions. In the gos1rocncm1us (fast and slow 1w11ching fibers) 11nd the solcus muscles (slow 
twitching) of rats there ,vas an unprovcmcnt of glucose uplllke in obese arumals after one week of 
treatment with A1AR o.ntagonisL In lc:in animals, however, glucose uplllkc under one week of

IJC3tmcnt wns slightly but signilicontly lowered (Cnst cl al., 1998). On the other band, in.h.ibauon 
of A

1
AR by selec11ve antagonist hos olso been �ncd IO improve overall body glucose tolerance 

(Xu eL al., 1998). Tlus obscrvntion contradicts the studies 11'01 have shown an improved 1nsuhn 
sensitivity ond overall glucose olearnnec as a rcsuh of ocdvnuon or A

1
AR by 5J>CCific agorusu 

(Vannucci et. al., I 989; Vannucci et. al., 1992; G� ct al., 1997, Crist et .  al., 1998, Scboclcb a.
al, 2004). It is possible tbeo. that in muscle. these ogonists acuvate the A,. lldcnoSlllc receptors, an 

c!Tcct thot CM oppose the A
1

AR signaling. Ovcrnll, sigrualmg by adcnosmc using ptwmocolo11ca.t 
reagents Improves glucose clcnmm::c (Crist ct. al .. 1998; Xu ct al� 1998), but moy n::sull m • •issue 
specific insulin rcsi,tance (Cnsl cl al. 1998), 

• 
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2,5.4 Adcnoslne receptors In lbc adipose tissue 

Joosl ond Stcinfcldcr, ( 1983) 1nvcs11goted the elTcclS of thcophylhnc on insuhn rcccpton nnd 

Insulin ocuon in  Isolated mt odipoc}'lcs ond found 1h41 thcophyllinc reduced insulin binding by 

decreasing receptor affinity, Basal ns  wcU as insulin-stirnulotcd glucose transport were 1nh1b1tcd 

by n,uch smaller thcophyllinc conccntmuons (0.1 S-0.6 mM ) thnn those necessary to reduce 

insulin binding and to lo11cr ATP levels (1-4.8 mM), or 10 sumulntc hpolysis (0.3-2.4 mM). 

Insulin fully ontogon11ed the cfTcct of thcophyllinc on lipolys1s but foiled to reverse lite tnh1b111on 

of glucose transport completely. Their rcsul!S suggest !hnt (n) thcophyllino 11Tipo1111 insulin bc11on 

nt n post-receptor level ond, at higher conccntrotions, by II dccrc.isc of receptor binding, (b) the 

reduction of insulin receptor affinity probably rcOccts ATP depiction of the adipoc)'1c, ond (c) the 

;,t1111tlune inhibits glucose tronsport independently from IIJ cfTccts on llpolysis 

2.6.S Adcnoslnc receptors In the Liver 

Gonz41cz-Bcnitcz cl. nl,, (2002) idcnulicd the ndcnoslno receptor subt}'PCS involved in the 

regulation of hepatic glycogen mclllbohsm 1n isolated bepotocytcs by ch.1lleng1ng !hem with 

odcnosino At , Au, nnd A>rcccptor-sclccuvc ogonists. TI1ey found tlult ,n tSOlotcd rat hc:patocytcs 

activation of the odcnosinc At receptor tnggercd Co1' -mediated glycogcnolystJ, ocuvation of the 

ndcnosinc AlA receptor stimulated cAMP-mcdiotcd gluconcogcncsis, 11nd 11euvatioa of the 

odcaosinc A1 receptor incrca.sed c)'1osolic (Co11, ond dccreucd cAMP w11h m.1nor changes 1.n 

gl}'l:ogca mcltlbolism. 

2. 7 GLUCOSE TOLE!v\NCE TEST 

TI1c glucose 1olcrancc test (Gl"I) is a measure of the body's ability to clc:1t D 5tand.vdiz.cd glucose 

load from 11,e blood. The osscssmcnt of glucose tolenincc lS 1111 tmpoMnl pBr1 of  the m\'csUgotioo

of II vnncty of mclllbolic 1111d endocrine disorders. The glucose tolerance 1cs1 u used 10 cbnical

pmcr.ice and n:sC111'th to idcnti f y mdtvidwus with normal or unJlaircd glucose IOlCRDCc 11.Dd pallcnls

with type 2 diabetes It 15 the only me.ans of identifying 1mpam:d glucose iolcraocc. Tbcrc arc lhrtt

principal means by which the glucose lond 1s introduced. the oml, mua,·mous 11.Dd lnua-pcnlODCal

routes. \Vhile the first two ore used tn both humllllS DOd animals, the mtra-pcnloacal route IS �

c"clusivcly ,n an1mals. 
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2.7.1 The Oral Glucose Tolerance Ttsl (OCrl)

The ornl glucose tolcmncc test (OGTT) th • e mosl commonly UJcd melhod for evolWIUng whole
body glucose tolcronee, is n 111cthod 111 which the glucose lond is introduced into the body through
the mouth ond therefore hos 10 be absorbed fron1 the in1cs1innl Imel i.e. this 1cs1 also 111kes 1010
necoun1 1ntcstinnl nspccts of glucose nbsorpt.1011. Animals nre made 10 undergo f11sting for 14 1 0  16
hrs. o glucose soluuon 1s adm1n1stcn:d by oral govogc (Iiednch, 2004), and blood glucose along
w11h plosmn or scrum 1nsuhn concentrot1on ts meoslll'Cd 01 d11Tc�o1 umc points 10 o pcnod of2 10
3 hrs, Plnsmn glucose responses during 1110 OGTT arc 1hc results of periphcml glucose u11h:z.o11on
and hcpoltc glucose production (Milmkou cl. nl., 1990). Plnsma glucose ond insulin responses 
dunng 1hc 1cs1 ore 1ndicn1ors of lhc ability orpnncreohc cells 10 sccrcle insulin and the sensitivity 

of tissues to insulin (Reoven r1. lll., 1993), the OGTT hns also been oncn u_scd to evaluate fk:ell 

functiou ond insulin �1stonee (01ordo and Appcndino, 1993; �iotsui cl al., 1996; Hullllg cl. al.,

1998;). Sonic cplden,iologicol studies (llolTncr cl al., 1996; Hoffner er al., 1997) have used 

fa5ting plasma insulin conccnltotions tU an index of insulin rcsistoncc and lhe JOm1n niuo of 

changes in  plnsmo insulin ond glucose hove been used as on index oflkcll funellon. S1umvoll cL

al .• (2000) demonstr.ned that on individunl's insulin scnsilivhy and jkcll function c;ould be 

dc1ennined fron, BMI ond values for plasma glucose and insulin obt.oined during An OGTT. While 

ll1e lns30/Gluc30 ratio, ,vhlch is widely used as on indc., or jkelJ funcllon dtd 001 correlole well 

",jlh actually measured cell function (�Lt1r11kou ct al, 1992; Hoffner cl nl., 1995; Henriksen c1

al., 1997), fasting nnd 120-niin plosmo insulin concentrnttons, wluch an: commonly used as 

indicators or insulin rcsistMCC. were round 10 corrclo1c \\'ell wi1h Jkcll funcoon. 

In clinical practice i t  1s USWII to give the loading dose or glucose by mouth., ond o pn:cise evalwu1on

of glucose tolerance from the blood sugar ,11lucs then obl41Dcd IS d1fficulL, as absorpuon of glUCOK

from Ille gul 15 001 completed for o vnnablc tune. Tbe ristng and folltng limbs of Ille cun1: do DOI.

therefore. rcOccl the 11\Je nucs of either obsorpuon or d1spoSlll, since Ille 1\\-o processes occur

'simult.oncously over a penod or time 

Procedures of glucose 1olcranee testing 

I d 'Ii I d .....,-"ucib1lh)• of lhc procedure, lhe follO"ing gu.ideliocs mll,lln or er to ensure uni orrn1 yon , .,.rvu 

be adhered to. 

(I
.
) ho Id , 1 fior 01 le.isl cighl bours and oo more wn mtm\ hoW'I b(fore

The subJCCI$ s u ,os 

eommcnccmcn1 of tesung.

67 

i 
i 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



(ii) 

(iii) 

Tin,c of testing 
The tests should be conducted bciwecn 7:00 om ond
vonotion in glucose tolerance. 
Size or glucose lond 

I O·OO um to ovoid cucadJon 

/\ standarchzcd loading dose or glucose ( I 75gll<g) which tnkes into account the body
,vcight should be given pnn1culo1ly 1n cluldn:n or when pcrfonning the procedure 1n
nn1mols. 

The on:o under the curve (/\UC) is propon10nnl 10 the 10101 amount of drug obsorbcd by 1.hc body or  
the 1010I n111oun1 or drug th3t l'C3chcs the blood c1n:ulacion. TI1e AUC during the OOTT reprcscnlJ 
glucose 1h01 comes from hcP3tic glucose production nnd used glucose. 
A nun1ber or formuJos for insulin scnsitiv11y index (ISi) obuiinccJ from OGTT (ISIOO'TT) buvc been 
developed 10 O.$$CSS insulin scnsitivity. TI1c product of the glucose area under the plasma glucose 
curve and insulin orc.i under the plasma 111SUlin curve hos been used os on index of 1nsuhn 
n:sistnncc (Levine nnd Hofl, 1970; Myllyacn et. nl., 1987). Berson nnd Yalow (1959, 1960), wen: 
the first 10 suggest the use or the product of the area under the curves (AUCs) for glucose DJ1d 

' 

insulin as on index of,vhole-body insulin sensitivity. �1orc re c c n I I y, Belfiore er al., (1998) 

proposed o hyperbolic function con,•erslon of the product of the glucose DJ1d 1DSUhn (AUC) to 

derive on index of insulin sensitivity. However, thccom:lt1uon bciwcen lSloarTllnd those obtained 

from glucose clrunp (!Sla..p) in previous studies IJIJIY not correlate well (Mal.SU� and Dcfronz.o, 

1999; Stumvoll cf. al., 2000; Kotz cL nl., 2000). This 1s because the glucose clomp study is

designed for measuring pcripberol glucose utiliznuon (Dcrg.m1111 cf al., 1985), �herus pl•mu

glucose responses during the OGTT ore the rcsulLS of pcnphmal glucose uuhuuon o.nd hepatlc

glucose production a,1itrnkou at nl., 1990). The uca under the glucose curve dwuig the OG1T

rep,cs<:nlJ glucose uun comes from hcpnuc glucose producuon and unused glucose

lo order 10 correct ror the nbnormolitics. Soonthompun cf nl. {2003) developed a ocv. equa.uoa.

ISIOOTT, [1.9/6 x body ,veight (kg) x fosung plaslTIJI glucose (mmoVlncr} + 510 • I 9 18 :< body

weight x AUC 11_ (mmoVh htcr} _ unaary glucose (mmol)II .8) -(AUC - (pmolh.lua}-,;

body weight), ,vhich woulcl represent pcnphcral glucose uuliuuon only 1bcy w.ted the cqu.llll'n

with ISlci., and founcJ tbal rcarson·s com:lation cocffich:nl bct\\tcn IC.k ·, and lS� "1U
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0.869 (P < 0.000 I) and concluded that ISi d · OOTT envcd from their cquolion WIIS more su1toble thon
others for assessing insulin sensitivity in subiecis w'th __ , 1 1 , 1 no, uuu g ucose to ernncc. 

2.7.l The l11tr11vcnous Glucose Tolerance TcJt (IVG'I I)

The test consists of injecting I.V. o bolus of glucose nnd rrequcn1ly sampling the glucose and 

insulin plosmo concentrations oftcl\vords, for o pcnod of about lluee hours. Glucose solutaon (0.33

g Glucose/kg body ,ve1ght) IS mp1dly 1nJcclcd (over a pcnod less thon 3 minutes) through Ol)e orm 

line. Blood somples ore lnkcn for analysis ot mlcrvols throush the eontro-lo1crnl arm vein. 

Follo,ving the introvenous ndnnnistrnuon of glucose, the mruornol hyperglycemia 1s 1mmcdinte 

and the subsequent foll in blood glucose 1s not influenced by simultaneous obso1111ion a, occurs m 

1hc oml glucose 1olemnce test (Duncan, I 9SS).

2.7.J The lntrn-perlloneol Glucose Tolerance Test (IPC'JT) 

'The intmperitoneol glucose tolcroncc test (IPOTI") m=rcs the clearance or nn 1nllllpcnton:1lly 

inJccted glucose lood into peripheral ussucs. The odministrntion of glucose vin an inl1'3pcntoneal 

injection 1ncans that there is no incrctin response trult is known to signilieanlly potentiatc the 

glucose-mediated insulin response. Compared to the oral glucose tolerance teSI lhc lPGIT docs 

not address mcctwiisrflS participating in glucose absorption from lhe mtc,unc Md hence can be 

considered o more ··anificlal" test than the OGTI. This procedure is performed cx.oc1ly as the 

OGIT, except that the 20% aqueous slucoso solution LS odmirus1cred by i.p. injccuon using a 2.S·

G " 5/8-m. needle (e.g., Terumo) nnd the syringes, con111in1ng the calculated volume of gh.1cosc.

should be prepared for each animal wilh the needles alrt11dy 01111ched and voided of daid volume

Similarly to oral administration, o 2 & glucoseJlcg dose 1s used. with m 1.p. tnJc<:bon volume of 10

µVg body ,veight. 

ln a typical intraperitoocal glucose tolerance test, uuual peak: glucose values should be 01 least

two-fold hi&hcr than the bnschne value. but con be ten-fold higher or more, greatly dcpcndui,g <m

th ul f tl lnl Set up including the aencuc b.ickground of the nucc. lncmucdc p;iruc ors o 1e cxpenmen · , 

AUC in an CPG'IT indicoles whole-body IR, in "hieb skclctol m�e pla)3 • ma,or role ,\

•· ..... r. . k I cosc ens-no) may be lndicoti\e or l}<cll dysfuncuon.
lo, .... 1cnnt increase ,n pea g u 

s1multoncous insulin measurement IS useful to support lhas
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' 

1lon1toslallc l\lodel Asscssn1e111 (1101\IA)
The homcoSlntlc ,nodcl nsscssrncnt (HOMA) is a n1_otbcmatical model that !Akes into a«ount
sevcml pnmrncicrs known lo clTc:ct glucose homeos111111 It r-che1 on expcnmentAI human dntA, and
ollows for vnlucs of ln,ulln scnsltlvh)' 111111 II-cell function 10 be obtAincd when limul1.1ncou1
rasilng plnsnm slucosc nnd fns11n11 Insulin conccn1mllonJ ore known (Manhcwa tt 111., 198S; Levy
ti al., 19911; \Vollncc ct 11I, 2004). The solu11on1 for the full model have hrahlY 11an1fiant
com:lotion to euglycc,nic eln111r, results ,n hurnan, (\Vallote r, 11I, 2004) Due to their nonhncar
Mlure, they aro best calculorcd wm11 o compuren,cd proiinun nvn1l1ble 11
hllp.•/,\1,v\\• d111.a:r tic 11kl l\\<O 111nplo fom1ul111 can he uled 10 approxrmarc 1110 1 IOMA tndic:c:s, 
0110 for 1nsuhn rcs1stnncc (11011,IA-llt) and one for II-cell funcrion (110MA·%0), This prorocol
dcscnbcs these two simple formulu It 1hould be norcd 1h41 the valldation of 11011,IA on mice 11

lack.11111, so these indices should be U$cd w11h couuon unul aueh validation become, 1va1lablc 
Calculotc the HOl\<IA-IR nod I IO�iA-%0 rcsulll ac:cordm11 to tho follow1n11 two cquauons . ..-here 
FPI is the fMting pl1151T1a Insulin conccn1n11lon (µU/ml) and FPO lJ the fuuoa pluma aJucose 
conccnlnlllon (mg/di). 

2.8 Type 2 Diabetes l\lclUlus 

Type 2 diabetes mellirus (T2D�f) can be said ID a disease 1n 1J.ruch there u • rcllU\e dccraM: m

insulin secretion in contradtStinclion 10 type I d1ilbctcs melbws (Tl D�f) U1 1J.hidi tht-rc u an 

absolute dccrca.sc in 111SUlm scx:rc1100. \Vhcrc:u typc 2 diabetes mclluui used ID be kno•'ll •• adult

onset diabetes and lypc I dtobetcS 45 Juvcrulc d11bc11:S. rcanJ trends ha\lc Ji"'cn lbc lie to I.tu

nomenclature. T2Dl'.I now affects c.hildrco and tw bccOmc a maJar pcdtatnc pn,blcm � 61Cl

the uxn:asingly scdcnwy bfcstylc of children puucularly Ill the �eloped v."'1d. T"-D�l ts lbc

!DOSI common form of diabetes, occountma for �Ir- 9.5'� of all diaploscd euca aa sd:ih! Tb:

&ncidcnce ofT2D�l lw reached epldm11c prur,aruom v.orlJWldc (Zunmct rt. al... 2001) T"..D�l

-1 ..,,..,uon and bchaVIOftl m5 a:l'w:c, ·et 'elr=ilts from the Ultcnction betv,c:cn • acncuc ..-��1 .. --

tisk C.Cr.on. It u currently thought th.11 no�t �clor, oaly Ill indl'ldi11h •bo '� • a;nww

beta ccll1 that IC'C1ffl' inAllm (Ill , .. , 1992). lbe
pndispos,uon for dcfccll 1n the panciauc

I Juc:o,c � ,,_, bdli,id:
::lb

n.tlUral COU11C o( the d1se.uc bclJinl wzlh oorm& I 

nsu1 rcsuw,cc (1 �teofmt»>i � ,nxiDti.,• 1:1."-flc:tl 

&cocuc prcdLJpo1111on, who develop' '-" 
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Uom�statlc �lodcl As1essmen1 (HO!\IA) 

The homeostauc model uscssmcnc (HO�IA) IS a IDlllhc:matical model that takes 1n10 accounl
several plll'llmttas known to cfTec1 glucosc bomcomm. 11 rcltcson apcrimcnllll human diun, and
allows ror vlllucs or insulin scnsi1iv11) nnd jkcll fimcnou 10 be obtatocd u·hcn sunullancous
fasting plasma glucose and fasting 1nsulm concentrations arc known �l4nhC\\'S ct al., J 985; w•y
ct. al., 1998; \Vallacc ct. al., 2004) The soluuom for lhc full mode.I ha\'c lushly s1gniliC11nl
com:lntion lO cuglycc:mic ewnp n:su.hs 1n humans (\\'allace rt. al., 2004). Due 10 Lhcir nonlinc.t1r
1131urc, lhcy arc bcs1 calcubtcd usmg a compulcnud program av,uloble 01
hllp:l/w.vw.dru.ox.ac..uJr/. Two SIDlple formulas con be used 10 approximate the HOr-1.A md1ecs,
one for insulm n:sLStnnec (HOr.tr\-lR) and one for lkcll funcuon (IIO�i/\-%B). 1bis protocol
dcscnoes these two sunple formulu. II should be noted 1h41 the Ylllidll11on or HO�IA on mice 1 s
lacking, so these indices should be used with caution until such vohdllhon becomes 11va1lnblc.
Calcula1e the HOMA-LR and H0?-1A-%B results neconling 10 the fot10,v111g two c,qunuons: ,., here
FPI is the fluting plasma insulin conccntr11tion (µU/ml} and FPG is the fnsung plasmn glucose 

concen1rauon (mg/dJ}. 

2.8 T)'PC 2 Diabetes �lt,llltus 

Type 2 dmbctcs mclhtu.s (T2D�I) can be snid 10 o discnsc 1n which there 1s a rclo11vc dccrcnso 1n 

insulin sccrcllon 10 conuudi.stinction 10 1ypc I diabetes mclhrus (Tl 0�1) 1n which there b on 

obsoluic dccmuc in insulin 5CCn:llon. \Vhcrcos type 2 d1obc1es mellitus wed to be known os oduh 

d• be and I d' bcles ns Juv•nilc dmbclcs recent trends hove given the lie to tlusonscl 111 tcs type 111 • • 

I T2D'I er, ts ehi'ldrcn 1111d hos become a mllJOr pcd131ric problem oris1ng fromnomcnc 11turc. ,. now II cc · 

1h • · 1 cd I r. iyle of cluldrcn p:irticullll'ly 1n the dc,•clopcd world. T2D?vl is thec 1ncrca.smg y s cntnJy 1,es 

r. f d' bcl nccounllng for 90�'.-95% of 11II diagnosed coses in odults. Themost common ,orm o 10 cs, · 
. h-·• Id mic proponions \\Orld,v1dc (Zimmel ct. al., 2001). T20�1

IOCtdCDCC o(T2Dr.1 hos rellC cu ep C 

. cue prod1spos1uon ood behnviorol and en,rironmcotnl results from tho in1crnc11on between o gen 
. thn 1201'1 develops only in ind1viduols who hove o geneticnsk factors II Is curren1ly thought 1 • · 

. bclO cells 1hnt secrete insulin (Hommnn, 1992). The
prcd1spos11ion for dcfccLS 1n the p:increallc

. . . . . 
1 nl glucose ho1ncoslOS1S m md1v1duols llult hove Lhc

no1uml course or 1hc d1.sC!lso begi ns ,vit l norm 
. 

ul 111nce (o stntc of reduced responsiveness to oom10I
gcncllc prcd1spos11ion, who develop 1115 in rcsis 
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circulating levels of insulin), DJ a comequencc of l'fi I fi , . 1 e sty o actors such 115 d11:t, obesity, or phy,1c11l
inacti\•ily. In order to overcome the insulin rcsisUlncc ,L cd r · 1 b th u,ero LS mcreas sccrcuon o 1nsu 1n y c 
pnncrcos lo mnintoin glucose lmJUport into cells and normal glucose levels m blood The
hyperinsulincmin couscs further loss or n I' . . 

' 
1 su in receptor scns1h\•1ty thereby worsening the 1nsuhn

resistance. As O result, insulin con no longer 111111bit hpolys1s in the adipose tissue and levels of
free folly acids and glycerol nse in the plMmn. 111e inc!QSo of plosmo FFA results ,n their elCVlltcd
uptake by tl10 liver,Yl11ch lcods to thc1r oxulauon ond eorucqucnt accumulation ofacctyl eocnzymc
A (,\cctyl CoA). The elevated levels of Acct)'I CoA in the hvcr stimulate the rote hm1ung enzymes
for gluconeogcncs1s (pyruvnte eorboxylase ond phosphocnolpyruvotc carboxyk1nuse) and
glycogcnolysis (glucose-6-phosphatosc) lcodmg to production of more glucose, which 1n tum
results in the production of more insulin by the pancreas (Kovacs nnd Stumvoll, 2005). On the 

other hand, oceumul11tion of PFA in the liver gives nse 10 non-alcoholic rnuy liver discasc. In IJuit 
sense, improper glucose homcost11S1s can cause ussue damage 11.m.l whole body deterioration 

{�lcGorry, 2002). Over time, the underlying beta-cell dysfunction appear,, and U1SUhn ,ccreuon 

diminishes to levels thot can no longer mauitoin oormol rcgulotioo of blood glucose 1n blood and 

tissue. Abnorm11lly high glucose values usuolly oppc11r first oner mcal1, when carbohydnllc: intake: 

challenges the glucose: reguJotory system. The sequence of c.levelopmc:nt or these abnorm9!1tics, 

the enuses of failure of lhc pancreatic beta-cell anc.1 the nature of the sigDDls from the 1nsuhn 

rcsistonl tissues that fo.il to induce on opproprinte beta-cell response rellllllll the sub;ect of ongoing

debate and rcscnrcb in both the adult anc.l the pcdiatnc htcroturc. However, there IS a gencr1I

consensus IJuit IR ,vith compensatory hypcrinsuhncmia 1s the earliest o.bnormahty with th�

subsequent step being impairment in insulin sec:reuon, rcsuluog ,n bypcrglyccmaa nnd overt

chnit4.I diabetes (Gungor et, nl., 2005). Although the gcnclae basis of type 2 diabetes 1w )i:t 10 be

identified, there is strong evidence tlull such modifiable risk factors as obesity and ph)-Stcal
· · • 

th t"cdcterminonlSof tbedl.SQSC(l'.lonsontl nl, 1991, Stcm.1991).1nacuvity .ire e mntn non gene 1 

· h nh three coordinated mcclwusm.s
lnsuhn controls glucose homcostaslS t roulY' 

I suppression or hepatic glucose producuon (HGP),

th t nchmc (hcp;atic plus gastromtesunal)
2. stimulouoo of glucose uptake by c sp ll 

llSJUCS 

, b pcnphc,-1 tissuCS, 3. shmulo11on of glucose upt11 .. c Y 
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Glucose uptake, in tum, depends on two bo · 
. . 

moJor meta he pathways: glucose oxidation and glucose
storngc (or nonox1do11ve glucose disposal' Each fth · · �- o cse processes m11y be o eause of the 1nsuhn 
resistance in NIDOM. 

HOP 

In the in1niediotc po5t pmndiol period, insulin is rclcnscd imo 1he ponol vein and binds 10 specific 

receptors on ihc hepotocytc nnd suppress IIOP. If tltis docs not occur. there will be two inputs of 

glucose into lhc body (the liver nod the ingesled glucose from the 114strointcstinol 1111c1), ond 

marked hypcrglyccmin will develop (DcFronzo cl. al., 200S). 
' 

Splonchnlc (hepatic) glucose uptake 

A second potcntinl mechnnlsn1 thnt might nccount for tho lmpoirmcnt ,n insulin notion dunng the 

insulin clomp is n dccn:nsc in glucose uptake by the liver 

Pcriphcml (1nuscle) glucose uptake. 

As n result of glucose oxidation (Defronzo al. al., 198S) DI1d glycogen fonnotion (Bognn!11.1, 

198-1) ore impaired in T2DM subjects, on cxccuivc a.mount of glucose u convened to lacuuc 

(Dcfronzo c1. al., 1985), which IS subsequently released and can serve os n subsllllte to drive 

glucoocogcocsis by the liver (Consoli er. al., 1987), This 11ccclcro1ed Cori cycle activity provides 

on important mccbruiism thot suslllins the oecc:lcm1ed rote or HOP in diabetic tndividuols 'llo-ith 

well-cstnblishcd fnsting hyperglycemia. The increased glucose uptake by peripheral tissues is due 

to the moss action effect of hypcrglyccmio, which passively dnvcs glucose in10 cells (Dc:Fronzo 

and Fem1nnini, 1987: Cherringion et. al .• 1987),

' 
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Figure 11 Pothophysiology of l)l)C 2 du1bc1es mclb1us (Adopted from tnzucchi SF, Shcnvin RS:

in Cell t-lcdtcinc 2011
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Figure 11 Pothophysiolog) or1ypc 2 din\J(ICS mdlitus (Adopted from lnzucch1 SP, Sherwin RS;

in Cell t.lcdicinc 2011
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' 

Gtucosc clearnru:c from the clmllation ,.__,_ · -r---> on insulin and ll1SWJJl reccpior tjgnaling in adipose
and muscle tissue. Under certain phyriolo..,al ooodltJ·ons h L...: __ .,, n d. be O" 5'IC as o...,,.,cy ... ...,or type 1a IC), 
U]SUlin is Ullllblc to cffi:cti\'cly clear blood nl� ....... --Lil" r · 1· I I Ii e,, • = w.w 1. i o rnsu m to c car g uoose mm
!he circullltion constitutes insulin resistance �tcGany. 2002). As I result. insulin can 00 longer
inhibit lipolyris in the adipose lLSsUC and levels o f  free fatty acids and glycerol rise m lhc plnsmn.
The mcrcase of plo.smo. FFA results ID lhcrr elevated uptutc by the Liver wluch lends 10 their
01idation o.nd cooscqucnt o.ccumuh111on o f  acctyl cocnzymc A (Acctyl CoA) The elc\'lllcd levels
of Ac.ctyl CoA in the liver stimuJ111e th.c rate limiung cmymcs for gluconcogcnesis (pyruvotc
carbox.yl'1Se ond pbosphocnolpyruvntc carboxykifWt') and gl )Wgcnol ysis (glucose 6 phospbn to.so)
lciiding to production of more glucose, which an tum results in the producllon of more insulin by
the pancreas (Kovacs l!lld Stumvoll, 2005). On the olhl'r band, accumulation of FFA 1n 1he hvcr
gives rise to non-aloobohc fatty liver disease.. In lhnl sense, improper gluoose homcos1nsis can

• 
cause tissue damage ond whole body de1cnorntion �lcGnrry, 2002).

Tuomilebto et. al., (2004) dernoosuu1cd that type 2 diabetes mellituS C4n be prcvcn1cd by changes 

10 the lifestyles or high-risk subjects. They found that middle-aged, ovcn\1:igh1 subjects ,vlth 

1mp.1ired gluco se tolerance who m:c1ved iodividlllllized counseling aimed at reducing weight, 10Lal 

mlllkc of fot. and inlllkc or SIIIW'lllcd fat o.od increasing mto.kc or fiber nnd pbys1col octlvi1y had 

reduced nsk or diabetes by S8 percent (P<0.001 ). The reduction in the incidence of dinbc1cs \vns 

dlffl:tly o.ssociotcd with Ilic ch:lnges in lifestyle. There 1s no doubt lho.t the diet is nn ospccl of

hfcstyle !hot affects the development of type 2 dinbetes mcllirus. CalTeino is onc ofthc most ,villcly

consumed components of diet which hns been (.'(tcnsively siullicd. l lowc1rcr,opinion n:mo.in

·'i ded I lh m · '-·-'ul or'-·neficwl 10 persons sulfcring from T2D1\1 \Vhilc someu v1 on\\ 1c e rca  e,ne is'"""''' "" · 

cd tJ · • f coffcinc by le.in, obese or type 2 diabetic individunls, 1-hinvcs11go1ors report 101 ,ngcsuon o 

I 1 (OG I I) resulted in lrllJlSienl glucose 1n1olemncc ,no inly bypnor to on oml glucose to crnnce 1cs 

__..._ tly ot lho level of the skelctnl 1nllS<llo (Thoog ct. nl., 2Q02),reduced ,vholc body glucose pn:uum1nan 

hn hronic coffc:c iogestion dcc.reascs the nsk of dovclop1ngcp1dcmiologic11I studies dcmons1111te t l c 
. .. 00 ') s tnznr-�lnr1incz cl. al., (2002) reported tlmt the

type 2 d1 obctcs (YomOJI cl nl., 2 ., · 0 
. . . 

r !Tee per tiny dccrciised the relot1ve nsk or llovclopmg
consumption of oppro,wnotely 6 cups o co 

b S4 ond 29¾ respccuvely,
l}'J)e 2 d1obctc.s m both men nnd women Y 
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CHAPTER THREE

J.0 rt IA TERIALS M1> l\lETIIODS

The rollowing matcnals were used for the Stlldy

(a) Aruma1s

(i) Male \Vistar ralS wcin1.:-g bcl\l ., 
_ 

60 ... ' cen !35· 350g. 

(i_i) Male Swiss mice for lhe toxicny sllldy.
(b) Drugs/k:i ts

(i) 

(ii) 

(ih) 

(iv) 

(v) 

Caffeuie, 99% (Alf11 Acsar USA) 

50% Dextrose solution ( D= pL·-·· - lsN" )a,um=CUUat 1gcn.1 

Rat insulin (ELISA) kit (Crysllll Chem USA) 
Glycogen Standnrd 

JO�'o KOH 

(VJ) 88% Fonnie oc1d 

(vii) 

(viii) 

(ix) 

(x) 
(xi) 

Cone HCI 

Anihrone rc:agcnt 

95%Elhnnol 

Glycogen Synthase (ELISA) kit (CUsnbio Chioo)

Glycogen Phosphorylosc (ELISA) l:it (Cusabio Chino)

3.1 PLANT �L\TERJAL AND EXTRACTION. 

Kolanut (Coln 01uda) ,Yas obwncd from Llobu mnrl:e1 in Osun Suue, Nigeria. TI1c sccd.s were

authcnllcntcd nt the Dcp:utmcnt of 81ology, L.ndol:c Akintolo University of Technology

(LA\JT"ECH ) Ogbomoso by Dr. Qgunkunlc 1111d o Sllmplc number LHO 442 ,vas deposhcd in the

LAUTECH herbanum. The kol11J1ut seeds were cut into thin piec:cs ond oir dried nwoy from direct

sunlight. The dncd s«ds were then ground mto powder ond 500 gram of the powder dissolved in

2 hires of 70% ethMol for 72hrs (�1u1T11Y and IIIIRSCO, 1995), TI1c solution ,,'IIJ filtered ,vith 125

mm !iltcr pnpcr ond the resulting !iltmtc eonccntn1tcd with rot.nry evaporator. 

ExtroctJon Yield Fmcuon (E. Y F) ,,-os colcullltcd.

E. Y.F• weight of c.,tn1ct yield/ iniuol weight of snmplc x 100° 58.51500 ,. I 00 • 11. 7% 
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3.2 PREPARATION OF DECAFFEINATED EXTRACT.

Indirect method of deCllfTciruition was used. Briefly 500" orth C 1 · . .,_ d d' 1 cd • o C O 8 rullua pow er WBS ISSO V 

in 2500 ml of distilled water for 72 hrs Th I · · · e so uuon wa.s sieved 11Dd the residue left to dry \Vhile
70% dichloromcthane (DCM) ,vns added 10 the solu11on and I ft , 24 b · rd · e ,or ours rn o er 10 rcmo\fe 
the e4fTcine from the solution. The rc5ul11ng mixture \•-s S"'-' led fl k '" .

,...
rn usmg o seP4rnt1on 11s • on 11 

retort stllnd nod the residue in th.e dislilled water was remixed with 1he 1nit111l residue and dissolved 

in 70% Ethnnol, for 72 hrs nod filtered (Murray o.nd Hansen, 1995). The fihmlc was then 

concentrnted \vith the rotary cvnpornlor as obove. 

3.J TOXIClT\' STUD LES

Acute toxicity of the kolonut extract \Vas cvalW11ed using tweny-fivc male S\viss mice (weight 

runge bct\vccn 25 ond 35 grnms). Follo\ving a 24 hour fast, lhe n1ice were divided into live groups 

or 11 mice per group. The mice in the groups 1,2,3,-l, and 5 were given I mg/Kg, I OOmg/Kg, 

IOOOmg/Kg, 2000mg/Kg and 3000mg/Kg or the extract respectively. Observotion for 72hrs ofter 

administration of the exlroct showed oo mor1lllhy in any of tho five groups. 

3.4 GAS CflROl\1ATOGRA.PIIY- l\1ASS SPECTROSCOPY (GC-1\1S) ANALYSIS OF 

KOLANUT EXTRJ\CTS

TI1c GC-MS nnolysi:s of the crude o.nd decaITein111ed kolanut extracts was co.rric:d out using n 

Hcwlcll Pockord Gns chromotogroph (Model 6890 series) equipped with n flnmc ionisation

detector ond Hc\vlcn Pocknrd 7683 series injectors, lvlS tronsfer line temperature of 2so0c. TI1c

GC wns equipped \vith 11 fused silico capilllll)' column-1-1.P-SMS (30x0.25 n1n1), filn1 thickness

I.Oµm. The oven temperature was held ot S<>°C for S minutes holding times raised from• SO to

2so0c 01 11 rote of 2ocrmin, employing helium gos (99.999%) os o cnrricr gns nt n constant Oo\v

mtc of22 emfs. I.Omg/ml or extract (1mg dissolved in Intl absolute alcohol) 01 n split ratio or I :JO

was • d .,15 1 · "cd out on Agilent Technology Network Mius Spc:c1romc1cr
lnJecle . ,. ana ys,s \VOS c.,m 

(Model 597 3 sen es) coupled to Hc,vlcn Pnckrud gos cbromoiogroph (Model 6890 series) equipped

I d b 1\IOSS spcctm \Vere taken ot 70eVl200°C; n scanning rote
\\flt 1 NlST08 hbrory son\vnro n111 :isc. 1 

r d •• conducted using lhc dnlnbosc of NlSTOS hbmry. The
0 I scants. ldcn1i!ic111ion of compoun s w..... · 

.,. eomf\J\rcd 10 those of the known con1pounds sion:d
mass spcc1111 or the unknown compoun"" were r-

10 the sonwerc.
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' 

3.5 PREP,\RATION OF STOCK SOLUTION

Stock solutions of Cnffcme (CAF)1 Kolamn (EEK) d O an ccalfcmatcd Kohinut (DEK) ,vcrc
prcpan:d by dissolving 0.4S g cncb of the CAF powder, EEK nod the DEK in 100ml o f  disulled
water. The above eonceot.ratioo wns chosen so that no mt would L. b • 

.... o s I1wVC 10 C g1vc:n more umn , m 
of the dissolved obstruct dnily in order to receive 6mg/kg oflh d r Th d f6 nn., e rug O extract. C OSCO mi;,.:g
C4ffcine nnd extracts administered com:sponds to lhc amount of calTeinc ingested in 3-4 cups of
coffee which hns been found to hQve signilicruit clTcclS in prevention of type 2 diabetes (Sal=·
l\1nrtincz ct. al., 2004 ). 

3.6 Dody \Vcight 

The r:its were weighed weekly for eight weeks using an elec1ronic dig1U1I balance \Vc1ght gnin
wus accessed for each mt by subtmcting the initial weight from lhe lino! weight oflcr eight weeks
of drug and extract administratjon. 

3.7 Food Intake/consumption. 

All lheanimals in the four groups were fed od libitum with rot pellets obtained from Lodol.'l1n feeds 

Nigeria limited lbadan. Average daily food inlllke of the rats wns determined by 11.�sessmcnt of the 

weight of food consumed during o week of od libitum feeding. 111e nuix1mum overage dnily food 

intake \Vns t.hcn incrc:iscd by  SO% nnd presented to lhc o.nimals dllily. Dally food intake \VBS

determined by subtracting the \\•eight of food remaining from the weight of the food initinlly 

presented. The food intnke \tJOS assessed daily for a period of six weeks commencing two weeks

aner commencement of the trentmcnt 

3.8 \Vatcr Consumptlon/lnlakc 

All the onimnls in the rour groups were given wnter ad libitum. Averngc dnily wnter intnkc or the

mts \VllS determined by assessment of the "olume of water consumed during a week ofad libitum

·-1 · 11 m�ximum doily wnter consumplion wns then increased by 50%
�u er c:onsumpt1on. 1e overage -

•·-' · 1 dn I o• ·1y water U1t11kc was determined by subtrocting the volume
uJN presented to the an1mo s I y. 01 

r I f voter Uliually presented. 11,c water 1Dtnkc wns assessedo water rcm111n1ng from the vo umc o ' 

d two weeks ofter commencement of the tn:11tn1cnt.
n1ly for o period of Si;it weeks eommcncl.llg

• 
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Table 1: Experimental design or tbe study 

Acute 

· Group No of ruts Tn:atmcnl 

{l)Conuol 12 

{ll)Coffc1nc 12 

(lll)EEK 12 

(IV)OEK 12 

Six mts were: each given 0.3 mL of distJUcd ,voter by oral gnv:igc llOd blood collcc1cd 
for oral glucose tolemncc 1cs1 ond dc1crmin11uon of msuhn. 

Another set of si.l; mlS \verc cnch given 0.3 mL of dislillcd waler by oml go,rngc, 
S3crificed and used for hvcr glycogen, glycogen synlhose ond glycogen 
phosphorylnse dctmninauon. 

Svc mts wen: cnch given CAF 6 mg/kg by oral govogc and blood colleclcd for oral 
glucose tolcronec lest ond dttenninnlion of inrulin. 

Another scl of Silt ruts were each given CAF 6 mg/kg by oral govogc socri6ccd and 
used for liver glycogen, glycogen synthase and glycogen phosphorylose t

dc1cnnina1ion. 
f 

Si.'C rots were coeh given EEK 6mg/kg by ornl govogc and blood collected for oral 
glucose 1olemnce test and de1cm11nn11on of 1nsuhn I 

Ano1her set of six rats were coch given EEK 6 mg/kg by oral govagc, sacrificed nnd 
used for bvcr glycogen. glycogen synlhasc and glycogen pllosphorylasc 

de1cnnino1ion. 

Si.'C rots were each given DEK 6 mg/kg by oral govngc and blood collc:ctcd for oral 
glucose tolerance 1cst and delcnninotion of tDSUlin. 

Another set of si."t rots were c.1ch given DEK 6 mg/kg by oral go,•oge s:icnliccd ond

used for liver glycogen, glycogen synlhnsc and gl)�ogeo phosphorylase

dc1cnninntion. 

' 
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Table 2 Expcrlmcntol dcsl2n (Chronic) 

(iroup No of r.us Trc.1trnc111 

(l)Con1rol 12 

(ll)Caffcmc 12 

(lll)EEK 12 

11\l)DEK 12 

I 

I 

s,,.. 1111� were cod, 111\'en 0.3 111L ,,f d,�1,ll�d wu1cr hy oml gn\·ngc doily for c1gh1 weeks 
'' doy oner comnlcllon of 1rcn11ncni. blood , 0Jlec1ed for oml glucose 1olemncc te5t and

dc1crm1na11011 of in�uhr,, 

Ano1hcr sc1 ofs,x ml� \\htch h3d alio undergone crea1mcn1 with 0.3 ml distilled water 

for ctghl week,, \\Cre U\l'll for h\cr gl)tOl:lcn, glyco11en ,yn1ho.sc and i:l)cogen 

phosphol)'liuc de1crminn11011 

Six mis \\Crc each given CAF 6 mg/kg by ornl l!llvagc daily for eight weeks. A d11y ancr 

complcuon of 1rco1mcn1, blood colle,;tcd for oral glucose 1olcr11ncc 1cs1 and 
I
i 

de1crm1na11on or 1n,uhn, 

Jt\nother �cl of six mts which had abo undergone the above cre01mcn1 with CAF for eight ; 

weeks. \\Crc used for liver glycogen, glycogen synthnsc and glycogen phosphoryhuc 

dctcrmmnuon 

Six mts were c.ich s1\·en EEK 6 mgtkg by oral 1!3\'0gc doily for eight weeks A day after 

I e-0mplct10n of uca1mcnt. blood colltttcd for oml slucosc tolemncc test 1111d 

determ1nn11on or 1n�uhn 

Another si, ruts \\ hich hnd Dl$0 undergone the abo\'e crcacrnent \lo1lh EEK for eight 

weeks. \\ere used for hver glycogen, glycogen s,>11thuc and gl)c-c:ogc:o phospboryl4sc

dctcrmtnntion. 

51,c rats were c.ich given DEK 6 mg/ks by oral savage dail>· for eight"' eeks A da> after 

compleuon of treatment, blood cot1cc1cd for onil atuco.sc tolerance t�t and

detcrm1nn1ion of 1n\uhn 

Another \I� nits \\ hich hod al� undergone Ilic above: 1rc-.11mrnt � llh DEK for e,aht

week�. "'en: used for fiver glycogen, glycogen 1)11thuc and sbcoicn p�!)We

dctcrminauon. 
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J,9 EXPERIMENTAL DESIGN 

�lnlc \Vislnr rats \veighing 235-)SO ,. , ., o "en: uscu for the study. TI1c study wn, anrried out under
ncutc nnd chronic conduions viz: 1es1s earned out ,nlITl�·'iot I n ., · 1 , r I �" c y n er oum1n strollon o 110 cxlfOCIS 
lllld 1es1s tamed out ofter 8 weeks of adm1nistro11on of ol(lrncls

3. 10 Experln1enl11I Procedure for the Acute studies

3.10. I Group I Control

After an O\•crnight fast, Cllth of the six rnlS was given 0.3 mL of disttllcd wnter by oml gavoge

Thirty minutes nOcr lhc distilled water was given, o blood sample wos 111\.:en corresponding 10

Om1nu1e. 11,crcoOcr, SO% glucose aoluuon 1.75 g/l(g (Pcrfu1ni et al., 1991) wo.s given to c:nch rot
and blood snn1ples \VCrc tnkcn al 30, 60, 90 ond 120 minutes oflcr !he glucose load for glucose

tolemncc tcsl nnd plosn1n insulin dctenn1nn1ion.

Another subgroup of six mts were cnch given 0.3 mL of d1S11llcd water by oml govage. 11urty 
minutes oner the distilled wntcr was given SO¼ glucose solution 1.75 g/l(g ,lll1S given to c:ich rat. 
One hour oner glucose loading, the rats were socnficed and their livers h.-irvcstcd for glycogen 

content, glycogen synthase ond glycogen phosphorylllse dctcnn1n11uon 

3. 10.2 Group n Caffeine trcnted group
After nn overnight fast, each oftbe SIX mts was given CAF 6 mg/leg by oral gavage Tiurty m1DUlcs
afier lhe CAF was given, a blood sample was uiken co=ponding to Ommulc. Thereafter, S0"/4
glucose solution 1.75 g/l(g {Perfum1 et al., 1991) wus iµvco 10 each rat nnd blood samples wc:rc
taken 01 30, 60, 90 ond 120 minutes after lhe glucose fond for glucose tolerance 1cs1 IIJld rJosma

insulin determination.

Another subgroup of six rnts wcro each g1\•cn caffeine 6 mg/leg by oruJ gavage. llurty minutes

aflcr the caffeine ,vas given 50% glucose solution 1.75 gllcg was gi\'en to each nil. One hour after

glucose loading. the rats were sacrificed ond their livers twvestcd for glyeo&cn COIIICl>t. al>-coicn

synthase and glycogen pbosphorylnse dc1C1111u1olion.

3.10.J Group Ill Ethanol CJlrtlcl of kolanul (£EK) treated rats

Afler an ovcnught fnsl, each of the"' rots "'as g1\·cn EEK 6mg/l(g by oral ga"•S� Thin) tIWJutcs

I was 1.11kcn corrcspondll\11 10 0 minute. TbcmlRrr. so,.
•fler the EEK was given, o blood somp e 

rli I I 1991) 1\llS g1\cn l0 each nt and blood Qfflrks ,.ere
glucose IIOIUllOD I 15 g/lcg (Pc um, " a 
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r.akcn 111 30, 60, 90 11t1d l 20minulcs 11ne th I r c g ucosc load for glucose 1olemncc 1cs1 and plMmll
iruuhn dctcrm1no1ion. 

Another subgroup of six rots \Vore each given EEK 6nin11, b I Th 
· n Ii' .. g y om govagc. 1rty m1nulcs II er 

1he EEK \VOS given SO% 01ucosc solut·, I 75 nll, 
' " on . 0'"8 wns given 10 each rot. One hour oner glucose

londing, tho mis ,vcro socriliocd and their livers harvested for glycogen conu:nt, glycogen synthase
ond glycogen phosphoryl11Sc dctcm1inn11on.

J.10.4 Cro111> IV Dcc11ffcln11lcd clh1111ol cx1r1c1 of kolanul (DEK) 1rca1td rats 

/\Ocr nn O\•cn1igh1 fnst, cnch of the six rats wns given DEK 6 mg/kg by orol govoge T11iny mi nu res

oner the DEK \YO$ given, n blood sample was lllken corresponding 10 Om1nu1c. Thcrcnncr, SO% 

glucose solution 1.75 g/kg (Perfumi et. 11/., 1991) was given 10 each rot anti blood samples were 

token 01 JO. 60, 90 and l 20minutcs 11Rcr the glucose load for glucose 1olcronce tesl ond plosmn 

insulin. 

Another six rots wcro c11ch given DEK 6 mg/kg by oml govogc. T h1ny minutes aner the DEK was 

given SO% glucose solution I. 75 g/kg WIIS given to each mt. One hour nncr glucose loading, the 

rats were Sllcrificcd and their livers hlll'\'cstctl for glycogen content, glycogen synthase and 

glycogen phosphoryl.ose detcrrni03tion. 

3.11 Expcrio1cu1nl Procedure for chronic slutllu 

3.1 I.I Croup I Con1rol 

Six rats \YCrc eoch given 0.3 mL of distilled woter by oml gavagc dajly for c1gh1 weeks. Al the end 

of the 1n:a1mcnt period, oner no overnight f0$1, following light ao:icstbcsu1 with th1opcntooe

sodium 40mg/ml, 0 blood Sllfflple corresponding lo O D11nu1c was 111kcn by rctr0-<>rb1111I punclUrc

from cnch of lbc six rats. Thereafter, SO% glucose solution 1.75 g/kg v,as given lO each 1111 by oral

govagc llnd blood samples were lllken by retro-orbital punc:nm at  30, 60, 90 and 120 nunuics after

the glucose load for glucose tolerance tcsl nnd plo.smo insulin detc:nnioauon.

Anoth • h. h h d lso untJemonc tre11tmcnl with OJ mL of dulillcd v.1111:r (Of eight
cr sctof stx rots w 1c a a . ., 

0 th ommg of the pro«durc. CllCh rat,,.., l)\CD
weeks, were subJcctcd 10 an ovcrrughl fosL n c m 

I e. One hour anc-r alucose IOld!lll, lbc na.ts "ere
50'/4 glucose soluuon I 75 glkg by om g3V118 

__ ,. 1h · livers �estcd for al)qm coc1t111, 1l)w,to
sacnliccd by  cervical dutoaiuon w,u cir 

1)1ltlwe and glycogen phosphorylasc detcrrnan11noo. 
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J. l 1.2 Group JI Caffeine lrcalcd

Six rots wen: coch given cnlTcinc 6 mnll•g b I i;,.. Y om govnge doily for eight weclcJ. At the end of the 
trcnllnenl period, nOer on overnight fost, following light anaesthesia with 1h1opcntonc sochum 40
mg/Kg o blood snmplc eorrcspondinu 10 O • o m111u1c wos IDkcn by rctro-orb1tol puncture from each
of the six rots, Thcrcoflcr, SO% glucose solution I. 7Sg/lcg wos given 10 each m l  ond blood samples
were tnkcn for glucoso tolcmncc tc.,1 nnd plnsmo insulin de1cnn1nn11on 01 30, 60, 90 ond 120
minutes nOcr the glucose lond. 

i\nothcr set of six rots which hod also undergone treatment with colTeine for eight weeks: were 

subjected 10 nn  overnight fosl. On the mommg of the procedure, Clltb rot wns given 50% glucose 
solution 1.75 gllcg, One hour oner glucose loading, the rotJ were socrificcd ond ll1cir livers 
hor.•cstcd for glycogen content, glycogen synth4sc IIJll.l glycogen phosphorylll.SC detenn,nouon. 
3.11.3 Group Ill EEK created 
Six rots wen: cncb given ECK 6 mg/kg by orol govogc dllily for eight weeks. At the end of the 

ireallncnt period, ancr on overnight fost. f0Uo\lo1ng Ughl onnesthesio with lhiopcntone sodium 
40mg/ml II blood sllDlple corresponding to O mmute \VOS token by rctro-orbitol puncture Crom C11ch 
oflhc six rots. Thcrc:aflcr, 50% glucose soluuon 1.75 g/lcg w11J given to Cllcb rot Dnd blood S41Dplcs 
were token at 30, 60, 90 ond 120 minutes oner the glucose load for glucose 1olcrunce 1cs1 nnd 

plosmn insulin dctcnnination. 

Another sel of six rots which bad also undergone trcntmenl \v1th EEK for e1gh1 weeks, were

subjected 10 nn overnight fnsl. On the morning oflhc procedure. each rot WDS given 50% glucose

solution t.75 g.,'kg. One bour nJlcr glucose landing, lhc rots wen: sacnficcd and their ,h\'en

harvested for glycogen content., gl)'cogen synlhascond glycogen phosphorylasc detcnninauon.

J.11.4 Group IV OEK treated 
S h · D"K 6 m"/l,o by orul go\'llge daily for eight weeks. At  lhe end of the

LX rots were cac given "' II'..., 

lrelltmenl pc nod, 0 ncr nn ovcmighl fl\Sl, following hghl iugcsthcsia wilh th1open10oe sod.111111

40mg/ml O blood srunple corresponding to O minute wos !Dken by reao-orb11al punctw'C Crom each

or the six rots. TI1cJ'C40er, SO% glucose solution I 7Sg/kg was given to acb nu 111d blood arnplcs

were lllkco f ot JO, 60, 90 and 120mmu1cs oner lhe glucose load or gluc:o,e 1DICJ1111CC lest and

plum;i tnSutin dc1cnn1nauon. 
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I 

Another set of six nus which had also undcmooc , __ ,_ t 'th DEK , • h ks •o u..,.,,.cn WI ,or Clg I wee , WCrc 
Subicotod to on overnight Cost On the mo · r th • · ming o c procedure, cnch rut was given SO% glucose
solution l.75 g/kg. One hour oner glucose loading, the rots were sacrilic:c:d ond their hven
harvested for glycogen content, glyco11cn synthosc ond glycogen phosphoryl11SC dc1enn1no11on
3.12 Oral Glucose Tolcronc:c Test (OGTT}

The procedure ,vos canied out between the hours of7:00 am and 10:00 om 10 oll groups (Jom:t ct
"'·· 1972). C!ach mt wns fi11t noocsthetizcd with 40mglkg 1hiopcntone sodium inlrnpcntoncally,
Then by rctro-orbitnl sinus puncture, n blood somplc opproximotcly O.Sml was token into EDT A
bottles nnd kept in 1cc packs. J\ loading dose of l.7Sg/Kg SO% glucose (Dllllll phormoccutiClllJ,
Logos) was sivcn 10 each o.nimol by oral govogc. Thercancr, blood samples were 1.11ken at 30, 60,• 

90 and 120 minutes nfier the glucose loodmg. Plasma was scp:1ro1cd ond stored 01 -20 °c onCT 

spinning the blood samples 01 3000 g for IS minutes. Plasmn glucose and phuma huuhn were 

dctem1ined for each sample. TI1e me.in values for each llmc po1n1 were used lo plot o graph of 
I 

plasma 11lucosc concentmlion against llmc to oblrun lhe glucose tolcmncc curve. 

3.13 Dctcrinlnnllon or plnsmo glucose 

Aficr collection of the blood samples in EDTA Eppcndorf bonlcs, lhc plasmn was cxtr11ctcd ancr 

centrifuging the samples ot 3000 g for I 5 minutes. The plasmn glucose wos detenn1ncd by lhc 

glucose oxidosc method (Trinder, 1969). 

Pnnc1plcs of tho blood glucose de1enniru1Lion by the glu.cosc ox1dasc method. 

In the presence of  glucose oxidase, glucose 1s oxidized 10 glucoruc acid ond hydrogen peroxide 

Th h d "d • th -•,nee of pcro:cidllSe enzyme oxidi1a • suuable oxygen occ:cptore y rogen poroXJ e Ln c P•- · 
· · • · f h • ch IS proponior141 to the amount of glucose10 give chromogen,c ox1douon, the 1.0tens1ty o w 1 

· I d , I pcd is measured wing I spectrophotometeriruually present. The in1cns11y of the co our e, e 0 

C=======::;::::>Glucomc acid -tfuO, J. Glucose+ 01 + Glucose Oxlcbsc 1 

2- H10, + pcroxidosc c > 1 hO �

3- 02 + oxyscn acceptor 1 > 
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J.1-' Drtumloatioo of Plasma losuUo
The blood Slllllples obuuncd dunng lhe oral

· 
glucose tolerance lCSI were centrifuged al ) 000 

revs/m1nu1c for I 5 1n1nu1es nOc:r which th 1 

Eppendorfbolllcs lllld stored DI ·20QC for 
e p IISllUI WtLS cx1tuctcd with Pasteur p1pc11cs mto 

. . 
assay 81 8 lolcr dote. Plos1DD LDSulin cooccnLratioiu "'ere

determined with ELISA kits specific for rod • cn1 lllSUlin (CrystoJ Cbcm Inc USA) 
Princ1plcs o f  the Assay 

I Tho msulin ID the pl11Smo srunplc and lh 
. . 

e prepared standllltls bind 10 the guinea pig nnu-
111sultn onltbody con1cd on ti 1 

0 

,c microp Ole well. llte m1cropla1e wos theo incubated for 2 
hours ot 4 C Subsequent woshing removes any unbound material 

2. Horse rlldish peroxid11SC-<:00Jugo1cd onli•truulio onnliody i s  lhcn boUDd 10 the guinea pig
noll lllSUlin anubody/snmplc insul' 1 · • 

Ill comp ex lDUllobihzcd to lhc microplale well. A second

,vnshing is done 10 remove excess POD conjugn1e.

3. 3,3' ,5, 5' 1c1ron1c1hylbenzidinc substrnle solulion (J"MB) "'IIS added 1o lhc bound

pcroxidnsc conjugate 10 cause a reaction.

4. The nbsorboncc is measured wilh oid of the ELISA plate rc::ider at A.Jo.Am

5. Insulin concenlrotion 1s dctrnruocd by rcadlllg offo cun•e ploncd from the stanlbrd values

(Figure 11 ).

3.15 Dctcnnlnnllon of Lh•cr Glycogen 

Liver glycogen dctcrminntion wo.s done by lhc Anthronc method (Jermyn, 197S). Briefly, one

gram (lg) of coch of  the hvcr were carefully wcishcd and kept in glass Oosks. To !his, 10ml o f

30% Pows1um Hydroxide (KOH) wos nddcd in on Erlenmeyer 011Sk nnd heated for 20 nunules

uniil the tissue dissolved. Aner otlowmg the solution 10 cool, 4ml of it wos measured into o test

tube and 5ml of95¾ ctlmnol oddcd to iL The resulting sotuuon woscentrifuged at 3000 revoluuons

for I 5 minutes ond the supemolllnl discarded tco,•ing o wlute prccipilotc.111c glycogen precipitate

was then dissolved 1n 2ml of  distilled "a1cr. from lhc glycogen solution, 0.5ml nliquoLS were

measured inlo clean somplc bottles nnd O.Sml of concentrated IICI, O.SmJ of formic acid (88%)

and 4nil anthronc rcogcnt wci,, nddcd 10 11 tJl o sicpwisc manner. 0.5ml of distilled w111cr tre.iLcd

Ill · i cd th bl 1
• A ston-1-

--' curve w'IIS dl'D\\11 by prM\_•nng sevcrnl
o s1m tor n1onncr os nbovc fonn c on�. · ""'" ·-.--� 

dilutions of the glycogen slllndnnl (mg/ml) which were sun1lorly ll'C4lcd os above ,\ll the tubes

wcr th h d . bo't· t b•tb for 10 n11nu1cs nnd lheo allowed to cool AltqouLS of  the
c en c.itc Ill o , ins wa er M , 
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samples were then poured into C:U\·cttcs after allo11.ing bubbles to disperse and 11bsorbancc rend al 

630nm on II spectrophotometer against blank. The com:sponding absorbancc is n:11d ofrstandard 

curve constructed from vnlucs for the glycogen stnndard (Figure 12). 

Glycogen content \VIIS calculated using the fonnulo below 

mg GlycogmflOOg Fresh liver• mg glycogen/ml x 10/4 x 2/0.S x IOOl!ivcr wc1 weight

0,4S 

0.4 

0.3S 

0.3 

GI 
C 02S 
� 

� 02.0 

0.1s 

0.1 

0.05 

0 l 

v = o.0569x • o.� 
11' • 0.9624 

.,. �--.----. 

2 3 4 5 6 

• 

7 

Insulin concentration (ng/ml)
I 

-----

Figure 12: S1ond11rd cur\'c for Insulin 
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R1 • 0.9'01

• 

0.2 +------.----....-------------� 

1 2.5 0 o.s I J.S 

Glycogen concentratlon(mg/ml) 

Figuro 13: S1nndnnl curve for glycogen conlcnt
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3.16 Oetermlnalion or Liver gl)cogen synthase: activity

O. lgmm ofhvcr tissue was \\'t1ghcd with digi1al scalco.nd homogenised in I ml ofphospha1ebufTer

solu1ion on  ice. Thcrcollcr. the homogenate was centnfugcd 01 JOOOg for I 5 minutes 01 .i0c m o

refrigerated centrifuge. The supcmolant wos decanted 1010 Eppmdorf bottles in ice p.ieks. The

supcmot.Dnt ,vns subjected to two frcne Iha\\ cycles and re-centrifuged. The glycogen syn1ha.se 

ocuvicy ,n the supcmnlllnt wus dctcmuncd with 01d of ELISA kits (CIIS\lb10 China). 
3.17 Dctcrnllnotion or Liver glycogen pbosphorylasc acth•ity 
O.lgrorn of liver llssuc wos weighed "'1th digit.al scolco.nd homogenised m I ml of phosphote buffer

so lull on on 1cc. Thcrc:illcr, the homogc:001c was ccntnfugcd DI 3000g for IS mmutcs and lhc

supcmotanl decanted into eppcndorf bottles in 1cc packs. The supemalllnt was subjected lo two
freeze tho,v cycles and re-centrifuged. l11e lino I supcmalDnt was stored at -2<1C for ll1c nssDy ot n 
Inter date. Olycogcn phosphorylosc activity wos detc1111ioed wilh �LISA kits (0..sabio CbmD) 
3.18 STATISTICAL ANALYSIS. 

Results were expressed as meant SEM, o.nd were llDDlyzcd using ;\NOVA and Srudent's t-tcst. 
The level of significance was ncccptcd DI P<0.05. 
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Figure 14: Stnndnrd curve for glycogen phosphorylnse activity
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CHAPTER FOUR

.i.O RES UL TS 

4.1 Toxicity studies 

The results or acute toxicny aOcr odnuni.slilllJon or ethanol extracts orkolonut (EEK) showed that 

there ,vas no de:ith recorded on giving graded doses or the extract 111nging in conccn1rntion from 

lmsfKg 10 3000 mg/Kg.

4.2 GAS chro111ntogrophy and n1oss spectroscopy (CC-1\IS) of kolAJJut CX'lrllcts 

GC-�IS onolys1s or the crudci ond dc:calTcinatod kolaout extracts showed that the extract prc:p.m:d 

contoined 17.5% coffcmc \Yhilc lhc dccolTcmatcd kolMut extruct bod 3.Jl�'o caffeine cootenL In 

the ethanol extract of kolonul, 39 compounds n:prcscn1ed by 39 distinct peaks \Yero identified by 

GC.tvlS (Figure 15). The compounds idcnllficd through the NIST08 datllbasc ore listed in Tables 

3 and 4. The major compounds present in lhe clhanolic crude cx1r11c1 ofkoloout identified by GC­

�1S were c:ilTcine \vith retention ume (RT): 19.601 and 19.761 ofTolOI; S0.569% ond quolity: 

96%. Other components 1dtnt1ficd in the EEK were hcxodcconoic 11cid, ethyl ester (RT: 20.43), 9, 

12 Octodccad1cno1c acid, ethyl c.s tcr(RT· 22.353), 9-0cllldecodicnoic acid, ethyl ester, ethyl oleate 

(RT:22.422), cyclohcxnnone, 2-mclhyl-S-(1· methylethcnyl) Octndcc-9-enoic acid dccanoic acid. 

I 0-(2-hcx ylcyclopropyl ). 

Similarly, onolystS of the dcai!Tcinlltcd e.�tr.Jct of kofo.nu1 (DE]() (Figure 16) showed ailTeine

conccnlration of 3.31 % and quality: 96 with 34 dtStinct pe:iks n:presentang 32 compounds The

moJor compound identified in the DEK wos methyl 9, 10, methyllene-hexodCC4nool with RT:

20.59, Totnl: 29.736% and qunlily 89 
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Figure IS: GC-MS chromotogrom or clhl1ll01 cxll'lltl ofkoh111u1 (EEK)

X uis sho,vs retention umc for e.ich compound
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AbiJndanCe 

450000 

400000 

350000 

300000 

250000 

200000 

150000 

100000 

50000 

frre-> 
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28.110 

24.556 

25.261 
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23.089 
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Figure 16: GC-�IS chromotog.rnm ofdccoffcinatcd ethanol c,�t111ct ofkolanut (DEEK)
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--· - ..... .. -- ---�-----�----------------------- -------

T11blc 3: GC-MS annlysis of crude Elhllllol Extract of Kolanut (EEK) sho,ving the compounds Identified by mllSS spcclru database, 

retention time, total percentage ond relative quality of compounds 

PK Rclcnlion •;. 

no time 

I. 14.565

2. 19.240

3. 19.SSS

4. 22.793

5. 23.091

6. 23.234

7. 24.258

8. 25.265

9. 29.185

I 0. 29.22S

11. 30.049

12. 33.717

13. 36.211

14. 37.127

Total 

1\111.u spec1r11 data tot:ll Qu11I 

178990 000057-09-0 11.90 43 

141185 I 000282-82-8 9.00 53 

112764 000112-69-6 I I.SO 43 

ss 116 000058-08-2 17.47 93 

87666 006740-88-1 55.71 91 

150263 1000309-08-6 46.93 78 

161704 000084-78-6 8.13 83 

119605 017851-53-5 29.8 83 

199698 002122-26-1 2.8 53 

122847 1000130-84-8 0.61 S8 

217985 055162-62-3 1.89 91 

217985 055162-61-3 1.75 91 

178619 I 000308-98-5 13.55 86 

47644 0I7301-29-0 1.42 53 

• 

ldcnlilicd c:on,pound 

Cctrimonium Bromide 

TI1iophcnc-2-acc1ic: acid, dodcc-9-y-nyl ester 

1-l lcxodccnnaminc, N,N-dimcthyl

CafTcinc 

C)'clohcxanone. 2-{2-chlorophcnyl)- 2-{mcthyltun1no)-, (.-+1-.)-

Phthalic ncid, cyclohcx·ylmcthyl butyl ester 

t .2-Bcnzcncdic:uboxylic acid, butyl octyl ester 

1,2-Bcnzcnedic:uboxylic: acid, buty 8312-mclh)lprop)I CS\cr 

Chloromcthyl 7-chlorododccano:itc 

(S)(+)-Z-I 3-Melhyl-l 1-pcnl3deccn-1 -<>I :iccllltc 

Tetmcontanc, 3,5,24-trimelhyl-

Tetmcontane, 3,5,24-trimethyl-

Phthalic acid, 2-ethylhexyl isohex yl ester 

UndeCllne, 3,7-dimethyl-

• 
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--- - --, , .. -· •L1. -.:--- ----------------- - - - - - - - - - - ------------------

T11blc 4: CC-MS Mnlysis or OCCllffcinatcd Ethanol Extract or Kolnnut (DEEK) &ho,ving the compounds identified by m:m spcct.ra. 

dot11b:isc, retention 1in1c, totnl pcrccntngc nnd rc.lntivc qu:ility of compounds 

PK 

no 

I. 

2. 

J. 

4. 

s. 

6. 

7. 

8. 

9. 

I 0. 

11. 

12. 

I '.l. 

14. 

I 5. 

16. 

\7. 

Rclcnlion 

lime 

16.974 

19.234 

20.407 

20.487 

21.729 

22.72S 

22.7S3 

2.2.770 

23.091 

23.228 

24.247 

24.556 

25.259 

25.551 

25.574 

• 25.694

'26.003

•t.

l\1au spcctna d:lla 101111 Qu11I 

58 I 09000629-59-4 0.43 

118091 1000293-64-1 0.46 

19134 005625-46-7 0.72 

25224 038487-86-4 1.12 

58109 000629-S9-4 0.51 

5S 118 0000S8-08-2 0.86 

55116 000058-08-2 0.44 

55119 000058-08-2 1.99 

87665 006740-88-1 8.38 

16171 I 000085-69-8 4.33 

I 50277 I 000308-94-'.l 0.65 

113705 005129-60-2 9.3 

119605 017851-53-5 8.4 

I 02726 000057-10-3 1.77 

102726 000057-10-3 2.3 

102726 000057-10-3 2.3 

70 179 000627-90-7 S.9

78 

53 

53 

52 

80 

93 

9S 

94 

91 

78 

78 

98 

83 

99 

99 

99 

72 

ldcntificd con,pound 

Tctmdccnnc 

2-111iophcnc:1cctic ncid, 2-isopropo xyphenyl ester

3,6-0imcthylpiperaz.inc-2.S�ionc 

Ocnronilrilc, 2-nmino-4-chloro-

T etrodecane 

C:l!fcinc 

C:l!fcinc 

C:lffcinc 

CyclohcxllClOnc, 2-(2-chlorophcnyl)- 2-(melhylamino}-. (..+f-.)-\ 

2-Benzcncdicarboxylic ncid, buty I 2-ethylhexyl ester

Phlhlllic acid. isobutyl cyclohexyl mclhyl ester 

Pcntrulccnnoic acid, 14-mcthyl-, melhyl ester 

1.2-Benz.encdicarbox-ylic acid, buty I 2-methylpropyl ester 

n-Hexo.dccnnoic acid Tridccnnoic acid

n-1 fcxo.dccnnoic ncid Tridccnnoic acid

- n-1-lc.Xlldccnnoic acid Pcncndcc.1noic acid

Undccanoic acid. ethyl ester Ethyl 1ridccnn1>111c-
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-----�---..-..� ....... :-:::=:=:!!: _="""--""'-""' " -- - ----------�--�-------------�-------------

18. 26.638 135402 1000336-62-4 3.6 58 i-Propyl 14-mcthyl-pcnladccanoatc n-1 lcxadccanoic acid 

19. 27.966 132282 002566-97-4 6.1 99 9, 12-0cudccadicnoic acid, methyl ester, (E.E)-

20. 28. l 09 133702 013481-95-3 12.6 99 10-0cladeccnoic acid, mclh)I ester

21. 28.664 135381 000112-61-8 0.8 95 Oct::1dccanoic acid, methyl ester 

.,., 
-· 29.065 I 08922 056554-3S-9 2.7 83 9, 17-0ctadcadiennl, (Z)- Z..-7-Tetrodcccnolc acid 

23. 29.190 121324 1000130-90-4 0.4 72 12-Meth) l-E.E-2, 13-ocladccndicn-l- ol

24. 29.305 142890 007619-08-l 3.4 95 9.12-0cllldccodicnoic acid, ethyl ester 2-Chloroclhyl linolc:atc 

25. 29.425 122814 100024S-71-9 6.8 49 E,. 11-Hcxrulcccnoic acid, ethyl ester 

26. 29.883 5953 002808-75-5 1.7 62 1-Mcthyl-2-mcthylcnccyclohcxanc

27. 30.003 11311 oo.i925.11-1 4.S 93 9-0xabit)'tlof6. l .Olnonnnc, cis- Olcic Acid

28. 30.243 119881 014811-9S-I 0.9 78 I, t 9-EicoS3dicnc 8-Hexadeccnal, 14-mclhyl-. (Z.)-

29. J 1.250 I 0583 000766-53-0 0.3 76 Bicyclo(2.2.2]octane, 2-mcthyl-

JO. 31.250 101000 1000159-93-4 0.9 S2 Pentanoic acid. I 0-undcccnyl ester 

31. 32.040 110397 002423-10-1 o.s 87 9-0cllldcccruil, (Z)-

32. 33.70S 37511 062183-55-S 0.6 53 Oclllne. 3-clhyl-2, 7-dimcthyl-

33. 36.200 178619 I 000308-98-S 3.3 86 Phthnlic acid, 2-cthylhcxyl isohcxyl ester 

34� 47.S06 121324 I 000 I 30-90-4 I.OS 58 12-Melhyl-E,E-2, 13-octndccndicn- I- ol

Totnl 
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I 

.C.J The effects of Caffeine, Kol1ou1 aad Dtta1Ttla11tc1 Koluul cslracls on body weigh! In
11111e \Vi.star rats. 

Figure 17 sbO\VS lhc overage wcighl goin 1n lhe four groups oner ciglll weeks of ln:lllmcnl "''lb 

lhc various c:<lr.lcts. All the treated groups showed less a\•crage "'c,ght gn10 compared 10 the

conll'Ol ,,,ilh lhc coITctoo tn:ntcd group showing lhc lc.i.st weight gain bu1 there was no significant

reduction in weight gain cotopanxl to the control group. 
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4.4 Tbe effects of Ca ff cine, EEK d •a DEK oa food
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0 � 14
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couumptloa ia rats.
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••• 

' 

£CK OEK 

Figure 18: Average dnily food consumption in caffeine, BEK and OEK treated 1111J n • 6 (• • • ..

p<0.001) 
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4.S The effects of CafTtin" EEK ... ' and DEK on \\altr inlal.e In nrs.

-
-
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Water consumption I group 
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Figure 19. Daily "'otcr consumption in Control, CAf, EEK ond OEK ueitcd rat!
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4.6 Effects of Caffcl.nc, EEK and DEK on Oral Glucose Tola.ace (Acute).
Figures 20 o.nd 21 show the cfTcc1 of aane odrn101s1n1uoo calTcmc, EEK and DEEK on glucose
tolcl'\IIICC 1csL Glucose disposal of the oral glucose load was significantly reduced (os evidenced
by pcrsislcotly raised blood glucose levels) IJI the C4ffcmc and kolanut IIC.lled 4111mols compared
10 the control. There was no signilican1 difference an glucose load d1Sposul in the decoffeuuucd
�led group of enimnI,. The pc1$1Slencc of glucose m CU'Culauon 11 more clearly shown in the
on:o under the curve (AUC) for glucose in figure 21
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-'·' EfT«ts of Coffcioc, EEK and DEK on Oral Gluco� Tol,nnc_i: (Chronk).

Figures 22 nnd 23 show lhc clTcct or chronic 11dmirustrauon or c:ilTcine, EEK lllld Dl:l:lK on
glUClOSC tolernnce test. G lucosc disposal rcma incd mlllkedl y reduced in the c:ilT cine ll"Cllcd nn1 l'l'Ulls
but ,vas increased in kolnnut extract tn:.Jtcd nus compared to the control.
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,IJ PlaSllUI Insulin conccn1nillon (aculc) 

Figures 24 ond 2S show the insulin response 1.0 oral glucose lond during the oral glucose tolcmncc
test on ncutc adminisLrotion of caffeine, kol1111u1 lllld dccaffc:i.nnted kolnnut atrnct Adminis1ro1ion
ofcaCfcincand kolanut n.:sullcd 1n signilicanllyl'lllSal IC\clsof plasm;i ansuhncompJml 1000ntrol
in response to glucose load. TI1c decaffein.11cd kolanut traucd rats did 1101 s.ho\, any significant
dilTcrcncc in the insulin n.:sponsc compared to the control.

3.5 

3 

::2.5 
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Figure 24 Plasltlll insulin levels dunn!? 
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4.11 Pluma insulin concentration (cbrollic)

Figures 26 nnd 27 show the insulin response to oral glucose load dunng the oral glucose tolc:mncciesl on chrome adnunistration of c:iffcine, kolanu1 and decaffeuuucd kolanu1 ciu:rncL \Vh1lc
idnumslnltion of caffeine over II pcnod of eight weeks n:suhcd in sigruficanlly (P< 0.001} n11scd
levels of plasma 1n.sulio compaml to control in response to glucose load, the chronic administmuon
of EEK sign1fican1ly (r<0.05) lowcl\ld 1hc insulin level. Tho dccaffcllllltcd kolanu11rca1cd rats did
DOI show any sign.ificanl difference in the insulin response comp111cd to the control. ,
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4.10 Liver Glycogen Cont enc. 

figures 28 and 29 sbo11,• the li\' cr glycogen content ancr acute lllld chroruc adnuruslrlllon of

ca(Tcmc, kolnnut and dc.coffcuuucd kolanu1 CXlnlcL The gl}'COgcn content of rats follo\ving ocuic

tre3tmcnt \Vitb caffeine nnd with kolanu1 were signifiC11Dlly lower than the glycogen con1en1 of the

control group \Vb.tic there \VOS no significant d11Tmncc ID the gl}wgcn content oflhe decaffeinated

kolanul trcntcd group when compared 10 the control group upon acute odminislrlt1on of the extract 

AOer chroruc odm inistrolion of caffeine, kola.nut Qlld dccoll'cinatcd kolnnut. i t  wos only in the

lcolanut c:ctroct treated group that there \\>U sigrufican1 elc\•ouon of lhc li\'cr glycogen content 

compa.rcd to the control, lhc coffcinc nnd dccafTcmaled lcolanu1 trcalrd groups showed n o  

sigrulicnnt difference in hvcr glycogen con lent compared to the control. 
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.t.11 Enzyme Activity Studies .

.$.II.I Glycogen synthase activity

Figures 30 and 31 show the glycogen synthase . . . 

' 

BCUvtty ID ca!Tcmc, kolanu1 and deca!Tc11u11cd
kolllllUI U"Cillcd rats ofter ncu1c and chronic ad • . • rnm1stra11on R:$J>CCllvcly. Followr1ng ooulc
ad1111nis1rnlion of cxtrocts and c.ifTcinc. the gl,"Cogcn syn·L--- . . • . , uw.oc oc.11v1ty m the bvcr of C4ffcutc 
treated nnd kola.nut treated groups were s1gnilican1ly less than trui1 of the control with the
dccafTc111uted kolnnut trcoccd group showinn no signilicanl d m 

· 1 h " 1 crcocc Ill g ycogcn sync asc 
activity com pured to conll'OI. Howc\•cr, following chronic admmiscrncion of caffeine kolanul ond 

decaffeinated kolonut, only lite kolonut treated group showed o s1gnilicanlly increased glycogen 

s}11tlulse oc:tivtty \Vb.ilc C11fTcinc treated nnd dcc.iCfcinolcd kohlllut treated groups showed no

significnnt difference m glycogen syntbnsc ocuvtty compared to the control.

.f.11.2 Glycogen Pbosphorylnsc Activity

Figures 32 and 33 shO\Y the glycogen phosphOfYOSC activ11y in calf cine. kolonul ond dcenfl'cinoccd 

kolilllut trcotcd rats nfler ocute and chronic ndmin1stratton of cxltllcts respectively Following ocuce 

administmtioo of cxtrocts ond caffeine, only the glycogen phosphofYOSC ocuvity in the hvcr of 

kolanuc lrelltcd groups \VOS siJn1ficantly grc.itcr tbllll 1h41 of tl1c control wi1h the ca!Tcmc lrc.'Jtcd 

and decoffeinoied kolonut treated g.roup showmg no s11p111icant dilTcrcncc in gl)'cogcn

phosphorynse concentrot ion compnn:d to control, However, follow mg chroruc odmuustrauon of

talTcine kolnnut and decafTeinotcd kolonut, only che kolanuc tre0tcd group showed a s1gnilic.intly

decreased glycogen phosphorynsc activity while corrcmc trc.1tcd lllld dccalTcinntcd kol11nu1 trc11tcd

· · · I phosphoryosc octtHty comp.ired to the
groups sho\vcd no sign1ficnnt d,frcrcncc m 8 )-Cogen

control. 
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CHAPTER FIVE 

S.0 DISCUSSION 

ln lhis siudy, g:is chrom:uogrnphy-moss speclrOmetry IIJlalysis of the EEK and DEK prep:1n:d for
this study showed lhol lhe EEK contamed 17 5�l. caffeine while the decaffcmnted kolanul cxtr0c1
had 3.29% co!Tcine \\'ilh oboul 97% qualily. TI1e caffeine concen1r1111on in lhc kohlllut c::ctroct 1s
higher lho.n lhal previously reported by Ogulug11. (1975) and Somonn, (1973) who reported O. 5
:ind 7% respocllvcly. II 1s ho11.cvcr much lo,vcr lh.in the conccntrutioo of 51 % rcponed recently by
Snlohdcen cl nl, (2014, 2015). Adt)"tye cL al, (2007) reported 0.6-3%, Nyamjen cl, al .. (2015)
n:poncd 1.84-2.56% concentrotion of caffeine in kolanuL This wide variation in cn!fc1nc
conccntrolion in cxlnlelS of Coln nltldn could hove arisen from lhc met.hods of lllllllysis ond the

t 

slate of lhe kolanul cxlrnct used. For insLOncc, Oi;utug4. (1975) used spcctrophotomeuy, while 

Ny:unien cl. al., (2014) used high pcrfomwx:c ltptd cbromatog;rnphy (HPLC) 10 dc1em11nc lhc
coffeine concen1.n11ion of kolanuL Other factors such os time and period o f  collection, geogrnph1cal 

origin, climatic condi11ons nnd methods of prep:ll'lltion of tho CJtlnlCt could influence lhe 

conccnlrntion of lhc active cons111uents pardcularly olkoloids and pbcnohc compounds present 1n 

the kolanu1 (Hicks cl. nl., 1996; /\rogba, 1999). lnt.cn:stingly, lhe caffeine conccnlr.ltion in tea and 

coffee ranges be�veen 1-4% and 1 ·2% rc.spcctivcly(Kophm cl nl, 1974). 11 must however be noted 

lhat kolonut 1s not 1nade up of coffcino alone. Other significant biolog1cally active compounds ore 

present in kolnnu1. A port from the cofTcinc, GC-�IS 11nolys1s of the ex1111cts used in tltis study 

showed 1ha1 then: arc 38 other compounds in the EEK while there nre 32 other compounds rn lhc 

DEK following deeo1Tc1t1otion (Snlahdccn ct n/,, 2015). Some of these compounds rue the

polyphcnols ,vhicb ore CWorogemc aoid, Quiruc ocid. Tannie acid, Q11cclun, Ep1co1cchin, Gcnlisio

octd and Rubutin (Odebodc, 1996), all ,•orious fomlS of Oovono1ds which an: kno,vn 10 hllve

sigruftcnnt biological activity �fotsUmoto cl nl, 2014). Interestingly. in this study, cY
F the

decofTcLDOlcd kolnnul still hnd os much ns 3.29% co!Tcine. In other words, o dccoJTeirullcd kol.inul

·11 b bl h.b. e octto"• of co!Tcioe cspcciolly when ndnuoistcrcd for n prolnlclcdmay SU CO e 10 ex I ti SOID ,.., 

period. 

T b  � II · tlic acute 1oxicity slUdy of our CJtlnlcts 1s consisleot withc absence of mort.ohty ,o owmg 
• I /\I dll (2009) who also n:portcd no mor1J1liiy at JOOOmgfKg.

previous reports by Snlohdecn 11m O • 
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The dosage or 6mg/Kg used in lhis S1Ud Y, n:pn:scnts the amounl of c11fTe1ne cstunalcd to be

contnincd in 3 cups or coffee being consumed by O ?OK c ·0o g man novan 11.nd De Vane. 2001).

EfTccls of carrelne, EEK and DEK on body wcl•bt , d · d k ,. , ,oo consumption an waler Iota e. 

In the present siudy there was no difference in  the weigh1 gained oner c1gh1 weeks or treatment

with caffeine, EEK nnd DEK. Other 1nvcs1ig1uors have however found thal there was o reducuoo 

in the m1e of weight gain in coffeine treated animals (Zheng cf. al., 2004) ond bumo.ns (Conwoy 

ef al .• 2003 Greenberg et al., 2005 Lopcz·Garc10 ct al., 2006) The weight Joss wos 01uibu1ed 10

increased thennogcncsis, hpolysis IIDd fill o:<:idauon induced by coif cine. Solohdeen ct nl., 20 I 5

also observed on incrc.isc 10 body water loss through excessive unn:11ion in caffeine 1.rcnted mis

ond suggested the reduced weigh1 g:tln could ha\•e been o resull of the fluid los1 from the body

since it is  ,veil cstoblished lhnl 01 le.,s1 60% of 10181 body we1gh1 is wotcr. Caffeine is o ,vell known

mild diuretic (\Vcmple ct. al., 1997; Zhang et. al. 201-1).

In spite or the lock of observoblc reduction in wo1ght gllln in all 1reotmcn1 groups 10 this s1udy,

1hcrc ,vas decrease in food consumption by r.he EEK trc111ed rots. Other investigators bllvc reponed 

1hnt chronic consumption of kol11nu1 signilican1ly dec=d body weight ond food ,n1oke

(lkcg,vonu el. al.. 1981; Umorcn cl al. 2009). The prcscnl experiments In.sled eight weeks

whcf(as those of [kcg\\'onu, ( 1981) lo.sled I 8 weeks ond r.ho1 of Umorcn, (2009) wos just over o

period of four weeks. Morco\fer, slgnilic11ntly lugbcr doses of lhc kolonut cxtracl were used by

both invcstlgotol'i. 11 is quile concc1voblc that extending the treatment to iwelvc or even sixtc:cn

,vccks mny lcod to s1gni!ic11nt reduction in we1gh1 gllln. The decrease in food consumpuon may

indicate thtn there moy be O scicnulic basis for the asscnion that kolonut consumption reduces

hunger (Abdulkorim cl. nl, 2005) by responders ID q,1dcmiologieal s1udics. There as ot present no

scientific doto from cxpcrimen1al coniroUed studies 10 bock r.hlS up nnd therefore more

investigations should be done in order 1o fully define r.hc effect of kolanut on food consumption. 

· · b 1h -·-necofpol)l'henohc compounds wlucb bll,·c been
Howovcr o possible cxplonouon may e c pr� 

b d th r bsomu·on of nutncnis from 1hc gostrointcsUD.111 tn1c1 (Thompson cf
s own 10 re uco crate o o .,, 

I 198 . . d' · n7Vffle5 such os trypsin ond amylo.sc (Griffiths and �loscly, I 980)

n ., 3) and 1nhlb1t 1gcsuvc c,-,-·· 
mpiion tn 1hc DEi< treated rats moy bllvo been due 10 the

The observed decrc.uc an ,vo1cr consu 

f h d. tic effect of caffcme Conscrvotlon of Ou1d woulU then

reduced Ouid loss on removal o I c 1urc 

n ... by reducing wntcr consumpuon

lead to dampening of lho thinl re c� u,crc 
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Effect of Caffrinc, EEK, and DEK on oral glucose tolerance 

In the present study, ocutc odmmislrOuon of caffeine increased the AUC (glucose) and glucose 

intolerance in the mt OS scc:o in the dclnycd glucose disposal of lho adnurustcred orul g.lucosc load. 

This finding is consistent wilh the reports ofKolnes et. al., (201 O) in which cafTcmc administration 

reduced glucose uptake by skelcllll muscles. Kolncs cl. al .• (2010) 1n an cxpcnmmt 1n which rot

epitrochlcotis ond solcus muscles \\'ere mcuooted with 1nsuhn o.nd c11ffe1De or theophyllino found

lhat both mctl1ylxnntb.ines completely blocked insulin-stimulated glucose uplllkc in the muscles

Furthermore, c111Tcine and theophylline reduced contmction-stimulatcd glucose uptnke by obout

SO¾, yet eontmction-sumulatcd glycogen breakdown rclll4incd normal. The effect of cafTcme 1n

inducing glucose intolerance hos been a11ribu1cd IO r:wo main mechan.i sms. Firstly. stimulation of

odrcnoline secretion wl11ch in tum CIIUSCS glucose in1olc111nce by stimulating gluconeogenes1s and

glycogcnolysis 11nd inhibiting uuulin nction (Sunvit cl al .. 199)). To give funher credence 10 tht�

hypotl1csis, Bnttra.m cl. al., (2006) found that acute cofTcinc mscstion did not 1mpoir glucose

tolerance in tctmplegie subject who could not secrete odrcnolinc. Thong ond GmllAID. (2002) also

found lhot bctn-adrcncrg1c receptor blocknde obolisbcd caffeine induced impairment of glucose

iolcrnncc in humans. Secondly, nntogonism of odcnosinc receptors (Vcrgou"·en et al. 199-1).

Evidence linking calTeine antagonism of adenosinc rte<ptor oction was provided by Foulhobcr·
• 

\Voller et. al .• (2011) using A I AR delicien1 (knockout) mice compared to wild type mice fed 

standard or high fat diet ror 8-12 weeks. T11cy found tlllll the A /AR deficient mice hod signiliCllntly

higher fnt ntnss. rosting plasma glucose ond insultn. along witl1 a dccrcnsc in net glucose uplllke in

muscle and adipose tissue. They therefore concluded thol odcnosine/A l AR signaling contnbutcs

10 insuhn-eontrollcd glucose homeostllsis and insulin seos1ti\•ity In mice mid is tnvolvcd 1n the

mcl bol. Lo • r d u·•n•e However it 1s quite conce1voblc thot the l\\'O mecbruusm.s
o tc rcgu 1100 o 11 ,pose =u . 

mny be operating simultoncously ID whole body {ID·\ ,vo situations). 

S. ·i (Ii glucose tolcmncc acute administration or kola.nut (EEK) also
1m1 nr to the efTcct of en cme, on

I ·w sreatcr OJU under the curve for glucose during Ille ol"lll
end to glucose intolcrnnce as seen w1  

1 lly no study documcnung the ncute clTcct or kolanut
g uoose tolcmnce test. There 1s cwri:n 

. h mt or ony other lnbomtory animal Tho present stud)'

consumption on glucose mcmbohsm in I e 
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appears to be the Ii rst to documcn1 the efli f . cct o IIC\ltc admanutn1uon of kolanu1 cxl111ct on glucose
meUlbohsm in lherat. ThecfTcctof acuic admumlJ'Qti fk 1 • .  ODO O anul C:XlnlCI WIIS by llJld large similar
10 !lull of lhc pure cofTcinc:, 1ha1 is caus111" dcc-•�d I d I Allho h th • o ,._... g ucosc ISJIOSII • ug ere are no 
reports on acuic odministrauon ofkolnnu1 extracts in hu __ ... ·ma1s fi h mom• u.uu am , rcpons rom some 01 er 
caffeine contoining food substances such as coffee may be of in1ercsL There ore lo1s of human
contto fled stud ics on ocu1c 111gcst1on of coffee (Fcinbclg ct al, 1968: Ba11rnm ct al. 2006; Louie
ti "'" 2008; �lo1scy at ol., 2008; �1oiscy ct al., 2010: Greenberg ct. al., 2010). which have
demoostmtcd transient dccn:.i.se in glucose disposol. Furthermore, o sinuJor effect has been
recorded ,vith acute ingcsuon of colTec causing incrcnscd 111Sulin conccnlr11Uons in human subjecis
(van Dam ct. al., 2004). The similarity of effects of caffeine and kolanul is probably due 10 !he
high COOCCntmlion Of caffeine (17.5%) i n  lhe C:XllllCI used in lhis sludy. l11e rcflltivefy high uffcine
cooieot found in the CXU'lltl mises the qucsiion of whether the observed actions of kolanu1 could 
be largely or solely ounbutcd 10 its caffeine eontcnl Indeed olher invcstign1ors nou1bly Salohdccn 
nnd Alndo (2009), nnd Sofllhdccn Cl. al., (2014) have documcnled similari1ies between lhc cffccis 

of kolonu1 and pure cofTe1ne. In on 0xpcrimen1 on lhc effccl of caffeine on glucose uplllkc in the 

a,nine hind limb, Snlnhdecn and Alad3, (2009) found tho1 lhe inercosc in lund limb glucose upmke 

caused by coffcinc ,v115 csscnunlly sinnlar 10 t11D1 cnuscd by infusion of kolnnuL t.1orc rcc:enlly. 

SoJohdccn ct. al., (2014) found 1h01 ACh·induccd rclaxa1ion of aon,c rings of mis ucatcd ,vilh 

either kolnnul extrocl or caffeine hnd similor chnrae1eris1ics be1wccn tho two groups suggesung 

tliot the action of kolnnul c:<trnct wl!S due 10 ils en ff cine content They funher proposed Iha! tl1e

similarity i n  elTect of kolnnul ond caffeine could have been due 10 the high caffeine conlcnl in the

kolnnu1 ex1rnc1 which in their study ,vns up 10 51¾, 

In view of the similarity between ihc effcc:1 ofkotruiul nm! enffeinc, Ibero 1s every reason 10 bclie,•c

th l lh k I · · d" ied ·'--ufth i1s cnffdnc con1cn1. Al1hough ii is agreed I.lull C4ffeU1ca e o nnul ocuon 1s me 1a uuv II" 

ti · b th 1:nlanul c.,1r.1c1, lhe absence of glucose in1olcmncc as en used
IS not IC only ncuvc SU SIDDCC in C 

b k (1i , cd kof•nut was odrninisicrcd sircnglhcns lhc vic,v 1h31 kolanu1
Y . olonu1 oxU'llct ,vhcn decn eino1 u 

. , ibl "cd oui tJirough the action of its coffc1nc componcnl Theex1rnc1 ocuon 1s most poss1 Y CMT1 . 
· . fk I nul con1n1>uung to whatever acuon a.s observed cnnno1

poss1blhty of the 01her componcnlS o o 0 

however be 1otolly ruled ouL 
ncr etironie 11drnin1suotlon for e1gh1 weeks run11incd

The efTec:1 of caffcmc on glucose tolcruncc 11 

·t d I ycd glucose disposal as seen 1n increased AUC
the some os 1n acute odmlnis1rnuon w,t, c 0 
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(glucose) after oral glucose load. This finding 15 · 1· · h Iha In me WII I o f  Shearer Cl al .. (2007). who 
experimented ,vith male Sprague-Dawley ts r,:..i h' · ' · ra w a 1gh-fa1 d1C1 for 4 weeks while being given.
plnccbo, decaffeinated coffee, and alkaloid calTcme added to decaJTeiruned coffee.
Hypcrinsulinemic-cuglyccm,c clomps showed ,L-1 gluco·- ,_,. __ 

. 
d r h I uw 

- UllU>IOn rates an measures o w o C·
body melllbolic clcnrancc were greater in deaiffcin:ued l.'1411 in placebo or olkolo1d cnffc1nc+
dccnffeinoted coffee, 1nd1coung increased whole-body insulin sens,uvity 111 dccalTcinaled colTc:c
treated ralS. Since the only difference was the addition of alkaloid calTcmc 10 the dccaffcinoted
coffee, they concluded that caffeine antngoniu:s tbe beneficial effects of dccnffeiunled coffee.
Therefore chronic odm,nistrotions of caJTcinc: lcod 10 reduced insulin scns,tlvity. Keijzcrs cl al ..
(2002) also reported coffcmc can decrease insulin saurtrvity m healthy bum1111S, and atuiburc:d the
effect to elcvo1cd plasma cpincphnnc levels smce d1pyridamoh: did nor affect glucose uprakc:.
Other invc:s1igo1ors (Conde ct al., 2012; Tsch cL al, 2014; Rusrcnbek cL al, 2014) have however
found lhnt chronic caffeine odministnllion lead 10 improved insulin sensitivity and in some cases

even lend 10 reversal of insulin resistance in high sucrose fed rolS. ln a srudy by Conde cl, al., 2012, 

reported thnt Caffeine reversed insulin rcsistn11ce and hypertension induced by bolh the high fat 
• 

(HF) nnd high sucrose(Hsu) dic1S. In the Hf.fed animals c.,rrcine 1rc:11mcot rcsrored f1151ins ,nsulin 

levels 10 control vo.lues and reversed incn:4Sed weigh! gain and visceral fol mass. ln the HSu group, 

caffeine reversed fasting bypcrglycocm1a ond restored NEFA to control values. These clTcclS were 

shown to be due 10 o decrease in circulating cotccholnmincs. 

The chronic administrnuon of kolanut c.,U11ct IClld to improvcmcnl or glucose roler.i.nce as seen in 
improved glucose disposol as well as reduced AUC (glucose). This lind111g of improved glucose 

I I bro · 1·on of kolanut extract is sinular to the effect or coffcioc conaiin,ngo cmncc on c rue consump 1 

,.,. I bol. · vlucb there is glucose in1olcrnncc on acute ingestion (Louie ctcouco on g ucose n1etn ism 1n ' · 

I '008. , f 2008) but ,mproved glucose tolerance on chronic 111gcs11on Thisa ., _ , Moisey ct a ., 
· . hronic coffee cOOS\lmplion hos �en documenied 1n a hugeimprovement 1n glucose 1olcronce on c 

. . . d' ( D.un and Feskcns. 2004; Snlozor•t-1.llrtinc:z ct al., 2007)number or cp1dcm1olog1cal s1u ,es von 

I I condiuons. So for, only one 11111mol srudy on chronicbur not in onimol models under cxpcnmcn a 
. M _,.. :o cl al.. (2014) hlls corroborolcd lhc lindrngs of those

colTco consumpuon ,n the rot by o,wun} · 
. 

· the rol. II is clear from this study that while cllfTC'inc
cpidcmiologicol srudics on glucose tolemnce in 

nder acute and chrome cond.111ons, 1,;olonut s«mcd
produced the some cfTccl on glucose totcrnncc u 

1emnce under ocuic and chroruc condiuons Undu
to cithlb11 d1ffcrcn1 effects on the glucose 10 
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, 

chronic cood11ioos the resu!IS show that rr, · ca cane and kowiu1 have antagonuuc effect on glucose
1olcrance. \Vhile c:nffeine exocerl>111es glucose intolcranc.e k ,__ ed _.__ 1 OuwUI seem to e,u,..ncc g ucosc 
disposal. A similar observation 10 tha1 observed an tlus siu·'y h ,._ ed h · f1i u , u .,..en report an c ronic: co cc
consumers in whom chronic colTcc drinking bas unproved glucose tolcrnncc ond reduced
incidence of 1ype 2 diobe1cs. II bas btto sp«uln1cd that olbcr componenlS of colTcc (Shcorcr ct.
al., 2003) could be responsible for the obsm•cd clTccL F111,onoids ore IIUIJOr componC111S of
kolonul ,vh1ch nre known 10 enhance glucose disposal (Thompson ct. al., 1983) 1n ninny tissues.
The possibili1y of the clTcct of kolonut being due 10 antagonism, synergism or mu11111lism between
colTcine nnd its other cornponcnis cannot be ruled out. The lock of c1Tcc1 of chronic odmirustmtion
of dccaffcinotcd kolonut on glucose 1olcronce in Lho prcscnl study \\'Ould seem to suggest thnt the

elTcct of other componcnlS of kolnnut rothcr than bcmg ontogonJSlic as in coffee arc probably

synergistic. That is  to soy thol the coffeinc on ils own does improve glucose tolerance bul only

docs so in the presence of ccrtnio substonces in the kolnnut cxtracL More s1udics involving the 

isolnlcs of the different components 11nd lhcir cfTcclS on glucose mcLDbolism wi.11 be needed to 

throw more light on how kol11nut 11ffccts glucose tolcJilllcc 

The effect or caffeine EEK and DEK on Lnsulio resistance 

Acute adininistr.:stion of CllfTcinc caused insulin rcsislllllOc with clc,'llnon of insulin levels 1n lhc 

blood in the fnce of raised blood glucose. Tl1csc f indings ore in ngrccmcnt with previous studies

which bnvc dcmonslnltcd stimulnuon or secretion of insulin on adminls111111on of caffeine. Bruton

ct. al,, (2002) showed thnt incre(ISed sccrcuon of 1nsuhn on adminislllltion of glucose occurred in

tho presence of l l.2mM of glucose ond wns probably mediated by 11.S obilit)' to mobiliz.c

• II 1 1 · 1 111-5 siudy plaslTUI insulin 1oc!'Cll$cd following ingcsuon of glucose lood
101race. u or ca c1um. n 1 , 

· • lh laslllll glucose lhnt sumulatcs IDSW1ll secretion there.bywhich invnrinbly suggesis lhnt 11 1s c P 
. . . , . . . II bl'shcd 1h31 blood glucose is II major stimulant ufthc Pshowing 1nsuhn scns111v1ty. It 1 s  \\C c:sta 1 

I (?015) found that acute ndm101strntion of ca1Tc1nc lcod to
cells of the poncreas. Socromento ct," ·· -

d 'oted by Ai ond Am ndcnosUlc rcccpiors. They also
insulin rcsis1nncc and that the effect was me 1 

, . 
. , 'fit11J1tly decreased Olut 4, but not AIIIPK e.q>rcssion

found tlmt 11cutc co!Tcinc adm1nrstmnon sign• 1 

. . · la O induced by oculc ca1Tc1nc odm1rus1n1uoo was
and th fi ted thnl we msuhn res15 nc cro ore suggcs 

d reduced glucose upLDkc b)' reduc11on in 
d osinc receptors an duo to blockage of A1 ond A20 a. en 

Glut 4 lransloe11tion, 
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The 11cu1e adnunistratioo of EEK also �u.scd 
. insulin rcsulllncc as shown by mcmued 1DS11lm

response IUld rncreascd A UC {insulin) s· lh. . · incc 1s ts the first study to Address lhc effect of acute
admirustn1tion ofkolonu1 on glucose mctabol ism 10 the rat, this srudy IS sim11Jtr 10 the obscrva11 ons
in which caffeine cont:unmg co!Tcc W11S dm. · 11 UllSlcrcd acutely. Our findings a,e s1m1 lar 10 that of
Johnston ct. al., (lOOJ) invcsligatmg the e1Tcc1 of odntlnis1ralion of colTeuuucd nnd dccofTe1noted
coffee found lhnt glucose and insulin concen1rauons tended 10 be lughcr 10 the first 30 mm ofter
caffeinoted coffee consumption lhllll anercoosump11·00 ofd ,,. cd fJi lh I CC411CU\III co cc or c contro .
The ncutc ndmin1s1ra11on of OEK did not cause 1DSUlin rcsulllnce thereby suggesting that the 

caffeine content of our kolonut c:itlrnct was the maJOr factor responsible for lhe insulin resistance 

which OCCUJTCd on odmin1s1rn1ion of kolnnut c.�tmct 
The finding of insulin rcsistD.ncc on chronic admmis1ra1ion of co ff cine would also seem to indicate 
lhat there is little or no tolerance 10 the effects of caffeine on U1SUhn resistance. Dekker cl. ,,1 •• 

(2007) nlso rcponcd tlult carbohydrate mctabolum remained disrupted oner 14 days of cafTemc 

coasumption by previously ca!Teme-nnive subJCCIS. 
The observed insulin rcs1s1J1nce on chronic odmirustmuon of caffeine is different from what h3S 

been observed in similnr 110111101 c�pcnmcnts by Yeh et. al., (2014) who found thDI cofTcine 

consumption reduced serum fnstmg glucose, insulin, homeosu11ic model o.sscssmen1-111SUho 

resis tance. nnd triglyccrido levels and increased the scnim direct lugh-dcns11y lipoprotcin level 1n

fructose-fed mts. TI1eir results suggested that caffeine may cnhnncc insulin receptor subs1ra1e 1-

phosphalidyltnositol 3-kinosc-Akt-neuronnl nitric oxide synthase signaling 10 decrease blood

prcssun: by abolishing supcroxide production in the NTS. Similatly. Kim et. al., (201 S)

mvcsugotcd tho cliruco.l chnnges induced by o high mi diet (lfFD) and c:41fcinc consumption m 11

rat model. They found thnt mean body weight of the HFO with Cliff cine (HFDC)-fed rat decreased

compnnd 10 lhot of  the HFO-fcd mt ,vithoul cnffcinc. The levels of cholc.stcrol, tnglyc.cridcs

(TG ) nd ti Ii ·d 11 os the size of adipose tissue nhcrcd by HFD, were improved by
s , n ree any oc1 , RS we 

caf1i · · th tlo of CD{J'cmc might potentially inhibit HFD-1nduced obes1t).
emc suggesting nt consump n 

Tl · · 1 coso is known to be 1nOucnccd by d11Tcrcnt stimulatory and
1c tnsuhn-sccrclory response 10 g u 

'n h ·b· 1 2007) DietorY compounds such DJ omino 11c1ds (Newsholme el
t 1 1tory foctors (ZY"vcn cl a .• 

I I 2008) sllmulntc insulin secretion wlule the Onvonoids tcod
a., 200S), and fony 11c1ds (No Inn ti. 0 .. 

bsomuon by the gut (Johnston ct al, 2003)
to inh1b11 it by reducing ll1e rate of glucose O •r 
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The observed improvement 1n insulin 5 
• • 

. . 
cnsit1\r1ty as shown ID reduced AUC of insulin on chronicodmuustrauon o fkolanut extract for eight w k.s. diffi . 

cc IS emit from findings by Onyeanusi and lkpc
(2003) \\•h1ch seemed 10 1ndic.ite reduced wul · · ID sen.s1uv11y. In lhctr srudy administration of Cola
ocumlnoro by  mixing wilh the feeds 1ntroducc:d 1 , · 

' 
o rol.5 ,or sax weeks lcad to mc101Se 1n bun! blood

glucose levels and elevated glycosylnted h:ionoglob A fro . 10. pa.rt m the dHTcrcncc 1n the specie of
kola.nut used (C acum1nntn BS opposed 10 c ruticb) th thod , dm , e me o,a Ullstrauon of the kolonul 
moy occounl for the difTerencc in findings. 

The effccl of caffeine EEK and DEK on lh ,r glycog,n cont cot. 

Liver glycogen co ntent depiction observed on acute ca!rcinc trc11mcnt despite glucose challenge
was not unc;,;pccted given the reduced glucose disposal 1111d insulin resistance. Under normal
circwnstn.nccs \Vhcn plnsmo glucose le\•els rue (as hos occurred with glucose loading of the rats in
this experiment), the liver clears glucose ond slon:s it as glycogen. The opposite process,

dcgradolion of glycogen to glucose occurs when blood glucose level fillls (Greenbcrtt ct. al .. 2006}.

The majority of postprandial glucose is stored in skelcllll muscle by \oinuc of its gn:.atcr 

proponionate mass nccounli ng for 50-80% of glucose clearance oltcr lhc ingestion of a

carbohydmlc load {DcFronz.o ct, al, 1982; Deni ct, nl .. 1990). Glucose trDOSpor1 is o key element 

in insulin sensitivity, nnd skclctnl muscle largely accounts for the dccl'C3Sed insulin sensitivity 

observed in obese individunls ond those wilh type 2 diobetes (Bonadonna et, al .• 1993). The

observed liver glycogen dcplellon in lhe focc of high blood glucose levels could hllve been the

result of reduced glycogcncsis o process which 1s essential for glucose dtspo$3I in the pos1prandinl

Stale or rncre4Scd breakdown of cI>-cogcn. The caffeine administered seems 10 ha,·c prevented

glycogcne.sis by inhibiting the uptake of glucose in the h\•cr and possibly also in the skeletal

muscles. The uptake of glucose nod its subsequent incorpom11on mto the glycogen molecule an:

P I _., b · 1· Conde el al ('012) rcponcd thnt acute caffeine adm1nistn11ion
rocesses rcgu oku y UlSU Ill, • •• -

d cd · 1• • • ·rv O dos-�cpcnden1 n1anncr, the efTcct prob4bly being meduitcd by
ccn:.:is IOSU 1n SCOSJUVl., 10 v 

A I ,,,. boblc cJcc�so 111 Glut<I expression in skeleta.l mll5Cle.
and A2D n:ccptors 1V1u, n pro · 

F . . · f ... da1Tcrcn1 adcnosmc receptors 1111tagon1st did nol n1odlfy
urthcnnoro, oculc adm1nasimuon o u,e 

• . • • __ ., 1 sc levels. QifTcinc has been sho"·n 10 directly s11roulot0
artcnol pressure, (nsung 1nsuhn uuu g uco , 

f glucose (Bruton ti al , 2002), by rel co.sing Ca·• from
insulin secretion 1n the prcscocc o 
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mltBcellular stores. The pom'bility of  caffcin • • . . c bavmg similar acbon on liver glucose upw:e andgl),:ogen depos111on cannot be ruled out 

On chronic administration of EEK, the r . I .. I\ er g )-Cogen dq,os111on 1nc�cd proportionately to lhcUISlillD response and increased glucose d I Tb 1spo54 • ere u evidence of increased glucogcncsis a.sdisunct from gly"Cogen depletion lhllt seems to--·· m lhc O t -' -· G I B ""'""' cu c owmn1Stn111on. on.z.a c:2.- cmtczti al., (2002) identified the adenosine receptor subtype ond events mvolvcd 1n the rcgula�on of
hep:iuc glycogen metabolism by measuring glycogc:nolysis, gluconcogcncs1s, cAMP, and
C)�osolic Ca2+ in isolated hepatOC}1CS challenged wilh adcnosine A I, A2,\, ond AJ receptor·
selective agonists. TI1ey found that in isolated rat hcpatocylc:S octiwtion of tho odcnosme A I
receptor triggered Cn2+-mt:diotcd glycogcnolysis, octivnnon of the ndcnosme A2A receptor 
stimulated cMtP-mcdintcd gluconcogcncsis. Given thot c.ifrcine'.s major mechanism of action is 
by non-specific ndcnosine receptor onu1gomsm we "·ould bavc c .�pcclcd lhlll odministmtion of 
cnfTcinc could result in direct inhibition of glycogcnol)'Sts 1111d gluconcogcncsis leading to ond 
preservation of glycogen stores and reduction in blood glucose levels. The question would then 
arise as to ,vhy this process did not occur dunng the ocute admanistration of caffeine. It can only 
be surmised thnt lhe chnngc:s lending to impro,,cd insulin sensiti\,jty ore gradual ond may involve 
subtle chonges 1n the gc:nclie rnnc:hincr)' of the hc:palocytcs and probn.bly involve certain 
compounds in the kolt111ut cxtrnct working an synergy with the caffeine content of kolanuL The 
dccnffcinotcd kolnnut tn::1tcd rnts showed no comparoble improvement in in.s!llin s�uvity 
probably bccnusc the rcsidunl CllfTeine wns in.sufficient to manifesl the elfc:cts. 
The effects or Cnffclnc EEK and DEK on lh·er glycogen synthase acthity
A l ,.. · dm" · t" _.,,Jled rn' reduction of gl),cogcn synthase ocuvity wlucb is ID linecu C Cll11cwe D 1n1stm .,on ·-y 

th th fi d. f d cd Ii ni,,:ogcn concentration . However, it is ,veil known thot onw1 e 1n 1ngs o re uc vcr ""' · 
· th release of insulin from the p:incrcas which combines w11hancrense 1n blood slucosc lflggers e 

th lotion of glycogen b)' octivoung glycogen synlhose 1n the c blood glucose to commence a�umu 
hvcr ond skclctnl muscles (Villar-ralasi and Guino,·a,t, 1997) Glycogen synthase ocu, ity u

6 n sphntc wluch 1s an rum phosphorylotcd from glucose by nllostcricnlly sti1nulotcd by glucose ·P O 

. (S 1 , r t  ct al. I 979), It u possible that the prcvenllon ofthe net ion of the enzyme hcxoktnosc O 111 c · ' 
ibl r, tho reduced acthri1yofthc glycogen S)'tlthase Acute

glucose uplnkc by the liver is rcspons c or . . 
311cm show1Dg a rcducuon ID glycogen synthase 

adm1nis1ro1100 of EEK followed the some P 
activity. 
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jnl]'DceUular siorcs. The possibility of caffeine ha . • . VIJlg sunilar nction on liver glucose uplllke nndglycogen depos111on cannot be ruled ouL

On chronic administration of EEK, the I . I I\ e rg  ycogcn depos111on increased proponionatcly 10 the
1115ulm response and increased glucose .t.� L '" · · ..... ....,s:i , 11cm 1s cv1dcncc or incrcnsc:d glucogc:ncsis o.s
disonct from glycogen depletion th:11 seems to occur III the acute adm1ru.strouon. Oonznlcz-Bcru10z cl. al., (2002) idc:ntilied the odcnosmc rcceptor subl},ie and events mvolvcd 1n lhc rcgula1:on or
h . I bol' ep:iuc g ycogc:n meta ism by measunng glycogenolys1s, gluconcogenesis, cAMP. nnd
cytosolic Ca2+ in isolated hcpatocytcs challenged ,vith odcnosinc A I, A2A. and Al rccc:ptor•
selccuve ogonists. They found Uult Ill isolated rat hc:patocyics activation of the adcnosinc A I
n:ccptor tnggcred Ca2+-mcdiau:d glycogcoolysL!, oc1ivouoo of the 11denos111e A2A receptor
stimulotcd cAMP•mcdiatcd gluconcogmc.sis. Given 1h01 rolTcinc's major mechanism or action is 
by non-specific odcnosine receptor antagonism we would have expected th.at odroinis1.n1tion of 
colTcinc could result in direct inh ibition of glycogcool)'sis and glucoocogcncsis lC3ding to and 
preservation of glycogen stores nod reduction in blood glucose levels. The question ,,·ould then 
ansc as 10 ,vhy Lins process did not occur during the acute adn11nistrndon or caffeine. It can only 

be surmised that the changes !eliding 10 in1provcd U1Sullll sensitivity a.re grudwtl and moy involve 
subllc changes in the genetic mnclnncry of the hcpatocytcs and prob3bly involve cenain 

compounds 1n the kolnnul cxunct working in synergy wilh lhc colTcinc content ofkolanuL The 

dCC11ffc1notcd kola.nut tre:1tcd rots showed no com�ble improvement in insulin sc�th'lty 

probably bocnusc tho rcsldunl e111Tc1ne wu insufficient to mrutifcst the effects. 

The cfTccls of CofTcloc EEK nnd OEK on liver glrrogcn synthase acthity

A t fli · dmi · u· -•ulted m' --'uction ofgl},:ogen synthase activity which IS 10 line cu c co cine o n.1s1111 on , - '"" 

IYllh the findings of reduced li\'cr gl)-<t:ogen conccnl,rlltion. Ho\\cvcr, II is well known th111 M

· ... rclCllSC of insulin from the pancrus which combines wilhincreRSe 1n blood glucose inggcrs u,e 

th lotion or glycogen by octivnung glycogen synthase 1n the c blood glucose 10 commence occumu 

liver and skeletal muscles (Vil111.r-Palasi nod Guinowrt. 1997) Glyco1.1c11 syntluuc acuv11y is

L bosphotc which is 10 rum phosphoryloted from glucose by 
nllosterically stimulated by glucose ..-p 

. (S I rt ti 0/, 1979). II 1s possible t!uit the pre\lention or
the aclion o f  the enzyme hexok1nosc a II\IC • 

. . bl fo I.lie reduced nctl\•ity of the glycogen s)11thasc. Acute 
glucose upt.okc by tho h\lCr 1s responsi c r 

c oucm showing II rcducuon 1n gl)-cogco S)111hnse
adm1nistn11ion o f  EEK followed the s.im P 

activity. 
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Tbe elTects or Caffeine EEK and DEK O II .,1 
• • . 

11 ver ... ycogea pbofJ>borylase activityAcute adn11n1s1rauon or caCTcmc bad no effect 1 on  g ycogcn phospborywe activity. Kavinsky ct
al., (1978) described o syncrg1s11c cfli t r fTi • cc o ai cane on glucose 1nhibiuon of glycogen
phospborylose activity. Given the fact lhot the rats were: L-11 • .  , • h ena eng..., w11 a glucose load, syncrg.ism
of the cnfTeme should have depressed the pbospborylnse ocUV1ty ID comp:inson 10 the control.
RDther interestingly the glycogen phosphorylllse ocUVJty wn• II red cd b dm f - grca y UC y o JJllSlnltlOn 0 

EEK. This may be due to enhancement of caffeine ncrions by some other components of the
kolanul. 

Conclusion 

In conclusion tl1e results of this study bns shown th.It the effects of C4!Tcmc and kolanut cxtrpct on 

glucose mcuibolism in the rat nrc CSJcnlia.Uy simila.r following acute administr.1tion while both 

exhibit dilTcrcnt chnrnctcristics follov.'ing chronic ndministr.1tion. Following ocute odminis1.r.111on 

of ealTcinc ond cthnnol extract of kolnnut, there was n sigruficant reduction in glucose tolcrnnc:e in 

the mi, n decrease 1n insulin sens11iv11y, dccrcuse in liver glycogen content nod n dccmise 10 boll1 

glycogen syntMse nnd glycogen phosphorylnse octi,111y. Ho,vcver, decaffei.n.1tcd ethanol extract 

of kolnnut hnd no effect on these pnmmctcrs FoUo,,'ing chronic administration of kjolnnui, 

e:i!Tcine nnd dccafTc1n:11cd kolllDUl, the glucose tolcmnee decreased for Cllffcinc lrcated rots, 

increased for rots trcntcd with tho cth:lllOI e,'ttmct ofkolnnut, but wos not affected by dccaffeinotcd 

kolanut. On thc other hand, insulin sensi1iv11y WAS decreased by caffeine. increased by ethanol 

extroct of kolnnut but also not nfTeetcd by decaffeinated kolonul. Again while liver glycogen ,vo.s 
decl'C4Sed by cofToino, but increased in response to kohmut extract Ille dca1Teiru11cd kolanut hnd
no effccL Chronic adntinistmlion ofkol1tnul extract mny have improved insulin sensitivity through
the oction of caffeine ,n synergy with 05 yet unidentified components ofkolonul.

Contributions 10 Knowledge 

. k 1 -cl in this study \\'OS significantly lughcr than previous
I. Coffc1nc content of the o onul cxu .. 

reports. 
h fTeets of dccoffemotcd kolo.nul C.'ttn'lCI on glucose

2. This is the fust study to report I e e 

mctnbolism in the mt. 
. m uon of kolnnul promotes glucose tolcnncc and

3. 11us srudy showed thin chronic consu P 

Insulin scns111v11y 
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4. The study showed that chronic kolanut consumpuon inceased liver glycogen cont�t by

increasing liver glycogen S)'llthase acU\·Uy and decreasing liver gl)'COgen pbosphorylase

activity

5. The study showed that dccofTcinntcd kolonut hod no s1gn1fican1 clfcct on glucose tolcnmcc

and tnSulin sensiuvny.

r 
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OOTT following aculc adm1Distn11Jon of-·,.._ -..u1C1DC And

exlraclS (mg/dL) 

Omin 30 mins 60 nuns 90 mins 

Conuol 85.9±3.4 132.9±4',0 144.4:1::3.6 128.9¼2.l

CAF 107.0±2.1 139.6*4.3 148.0±1.8 132.3:!:l.8 

EEK 89.6±5.7 123.3:1::3.0 134.4:1:2.4 l I 7.4c!:3.0

DEEK 99.5:t:1.8 129.6:1:4.0 120.4:1:4.7 121.8±5.4 

120 DUDS 

97.l:t:4.4 

121.1±1.9 

95.0:1:2.3 

110.8:1:3.6 

OGTT follo\ving chronic odminisltDIJOn of calTeine ond cxlracts (mg/dL) 

0mins 30 min.s 60 mins 90 nuns 120 mins 

Conliol 87.6:1:2.4 14 I. 1:2.2 133.4:1:2.1 127.6±1.0 89.2.±1.5 

CAP 107.0±2.1 139.6±4,3 148.0±1.8 132 . .l*l.8 121.1:1:1.9 

89.3:t:l.5 
DEK 87.3±1.2 137.3±1.4 125.0:l:2.0 118.8:i: 1.9 

121.8:i:S.-I 110.8:1:3.6 
129.6=4.0 120.4*4. 7

DEEK 99.5±1.8 
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I 

Appendix I: AUC Glucose dunng 001T 14 11 0 Olo. 1ng ICUlt trc:atment (mg.minfdL)

Con1rol CAF EEK DEEK 

I 11790 1306S 12615 11840 

2 11215 14260 13090 11820 

3 12390 13605 13480 11520 

4 11575 13830 126'15 11130 

5 11535 1-1700 13870 11310 

6 11570 13935 12610 11085 

Mean 11679.2:1:143.7 13899.2:taOI.J•••• l3051.7:199.4°00 11450.8* 166.5 
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Appendix 2: AUC Glucose dunng OGTr i; 11 . 0 OY.iog chrome lmllmcnt (mg.minfdL}

Control CAF £EK DE.EK 

I 15070 15995 13820 14030 

2 13755 15570 14415 14480 

3 15810 15665 13980 13700 

4 15580 16620 14535 13940 

5 15075 15725 13635 15605 

6 14280 16590 13845 ' 140&5 

Mc:in 14928.3:i:325.4 16027.5±188.1 •• 14038.3:1::228.1 • 14306.7*326.9 
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Plasma insulin concc:nt.ration dunng 001T rono . . . . 
c.<t1111Cts, n ""6 (ng/mL). Values a.re }.ican¼S E.�i

wing acute adm1mslnltlon of caffeine and

Omin 30 mins 60 mins 90 mins 120 mins 

Control 0.7±0.02 I 78±0.06 l.l�.04 0.8�.02 0.62.i_O.O I 

CAF 1.08±0.06 3.12±0.22 2.0-1£.-0.1 S 1.23±0 06 0.87±0.04 

EEK 0.89±0,03 2.23±0.17 I. I 4£.-0.04 0.9ll0.02 0.67±0.17 

DEBK 0.8±0.02 t.8&±0.04 1..33£.-0.04 0.96£.-0.04 0.74ct0.03 

Phul1Ul iruuhn concentrnuon during OGTT foUowUJg chronic administn11ion of caffeine and 
cxcrncts, n aa6 (ng/mL) Values arc Mc:.m:1:S.E.M 

01nin 30 mans 60mins 90mins 120 mans 

Conlrol 0.93±0.04 1.St±0.06 1.13£.-0.06 0.8�.05 0.16±0.0S 

t 

C/\F 1.14±0.06 1.75*0.I 1.35±0.06 1.14:0.0S 0.99±0.04 

EEK 0.71±0.05 1.34±0.06 0.99:0.06 0.85£.-0.03 0.69*0.04 

0.89:t.O 03 0.79i1>.04 1.31:l.0 03 l.0�004 
DEEK O.SJ±0.05 
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AUC lnsuhn follo"'tng OGTT 1n ac:ure llalcd rats n • 6 (ng.mm.'mL) 

Con1rol CAF EEK DEEK 

138.2 210.4 16S.2 14S.S 

l3S.O 243.4 I S7.0 1S9.7 

1S3.8 140.2 132.2 209.S
• 

132.3 221.4 173.S 143.9 

126.6 227.9 178.6 148.1 

139.2 225.8 148.4 ISi 4 

162.7±4.8· 148.1:2.8 
�1can 133.9:tl ,9 223.0±S.1 • ••

' 
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AUC lnsuhn following OGTT 1n chronic lrc.ltcd rat.s n = 6 (ng.mtn/mL

Control CAF EEK DEEK 

I 110.S 159.0 118.S 114.0 

2 127.S 168.0 110.S 132.0 

J 140.S I 57.S 101.S 134.S

4 130.0 143.0 105.0 138.S

s 141 S 177.0 129.0 IS 1.0 

6 139.S 1)8.0 122.5 131.0 

Menn 131.6:1:4.8 157.1±6.0 114.5¼4.J• 133.S:l:4.9

' 
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Liver glycogen contcol (mg/lOOg) in Acute treated glucose chilllcogcd nils o --6 c•••• p <

O 0001) 

ConlTOI CAF EEK DEEK 

I 2567 994 1204 2846 

2 2142 1272 1374 2308 

3 2490 1071 1366 2131 

4 2� 125-1 1251 3106 

s 2272 1019 1021 3016 

6 1997 1159 1256 2816 

I 245.J;J:j6. 7• • •• 2703.8±160.9 
1128.2:1:-18.S••••

�lcnn 2352.0:104.4
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• 

Liver glycogen content (mg/lOOg) in chronic treated glucose challenged rats n •6 (''' p <

0.00 I) 

• Con1rol CAF EEK DEEK 

I 1258 1368 2267 1884 

2 1490 1225 1767 1296 

3 1176 1170 2150 1396 

4 1234 1305 1637 1606 

s 1666 1198 1866 1679 

6 1290 101S 2237 1617 

1987J:i:108.5''' I 579. 7±8S.4
1213.5*49.6 

�le:in 13S2.3±76.4

' 
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Glycogen synthase ocuvity og/mg protrin 1n chronic ll"Cllled glucose chllllcngcd roi., n • 6, (0 
• • 

• p<0.00 I. • • •• = p<0.000 I) 

NA CAFFEINE KOLANUT DECAFF 

I 2711.28 10S 1.69 1439.88 2193.2 

2 2341.19 787.06 871 .71 1978.04 

1783.45 689.76 1261.SS 2624.8 

4 2501.68 816.6 1081.68 1845.08 

974.34 2506.8 1188.43 5 2278.87 

1264.8 2951.86 1345.79 6 2118.34 

1149.0*86.I """ 2350.0i:I 71.3 979.9=10S.O••••
r-.tcan 2.289.1±13S.S 
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Glycogen synthose 11c11v11y ng/mg protein m chronic tn:arcd gll.lCOSC challenged rats n:6, c•• •

p<0.01) 

• 

Control CAF EE.K DEK 

I 1800 1S00 2400 1800 

2 1800 1800 3000 1400 

3 800 2100 2000 2700 

2000 1S00 1S00 4 900 

1900 1700 1100 1100 ' 

5 

3500 1600 1600 
6 1200 

2470:l:229.5·· 1780.i,190.0 
1600l:I 18.3 

M= I 270* I 54.4 
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' 

Glycogen phosphorylasc nc11v11y pg/mg protein in chronic tn:alcd glucose ch3llcngcd nus n • 6.
c·· .. p<o.01 > 

Control CAFFEINE KOI.AN\.IT DECAFF 

I 20.18 21.6 20.1 19 

2 23.1 21.2 16.08 22 

) 23.14 17J 19.06 20

4 19.08 18.S IS.03 20 

s 19.2 23.4 18.02 22 

6 23.14 20-1 18.07 21 

17.62.0.9· • 20.8±0.7 20.4±1.3 
�Icon 21.3±1.I 
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LAUTECH HERBARIUM, LADOKE AKINTOLA UNIVERSITY OF TECHNOLOGY,
OGBOMOSO, NIGERIA

CONFIRMATION OF PLANT IDENTilY 
This is to Certify that the Identity of the Plant Malenal with Details of CollecUon and 
Voucher lnformalfon as slated hereunder, v,as confirmed al 

LAUTECH Herlxtrium, Ogbomoso. N19er10 

Currant Plant Name: Cola nllida (Vent) Schott & Endf. 

Synonym{s): Cola vera K. Schum., Blchea nillda (Vent ) Farw, 

Cola acumfnota (P Beauv.) Schott a Endl var latJfolla K. 

Common Names: Kolanul bitter kola. (Yor: Obi goro) 

Family: Malvaceae 
Order: Malvafes 
Part(s) Cotloctod: Fruits 
Date of Collectlon: 15/05/2010 

Namo of Collector & Collectlon number. Dr Oladele A Alolabl

Place of Collection: Purchased from llobu market Osun state

Short Description of the PlanU Habitat:
Voucher Number: LHO 442

. LHO 431and 416 Ear her Collecltons . b . d under my Authority In favour of  
This Testimonial Is here y issue 

• I oo o o •

Dr Otadele A Afolabt ... . . • ... . 
(Re�archer/Researth studenlf Other)

• •• • • •••••••••

of 

Dept ol Physiology, LAUTECH. Ogbomoso
• 

(Address) 

••• ••• • • •••• 

---
r IIADAM UflVERSITY UIRH'\ 
l, __________ _ 
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