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Resume - 3710 Abstract 
Background: Glucosc metabolism increases during 
contraction of skeletal muscle and can be influenced 
by the endogenous adenosine. However, the role of 
exogenous adenosine in regulating glucosc uptake 
at rest or during contraction has not been elucidated 
in dogs. We studied the effects o f exogenous 
adenosine on glucosc uptake in canine hind limb at 
rest and during contraction. 
Methods: The study was carried out using thirty (30) 
fasted and anaesthetized male dogs divided into six 
groups (5dogs/group). Groups I (control) and 11 
received normal saline (0.1 ml/kg) at rest and during 
contraction of hind limb respectively. Group III 
rcccivcd adenosine (0.1, 0.5 and Img/kg) at rest. 
Group IV were treated with adenosine (Img/kg) 
during contraction. Groups V and IV were prctrcatcd 
with caffeine (6mg/kg) and infused with adenosine 
(Img/kg) for thirty minutes at rest and during 
contraction of the hind limb respectively. Blood glucosc 
was measured by glucosc oxidase method. Arterio-
venous (A-V) glucosc and venous blood flow (VBF) 
were measured; hind limb glucosc uptake (HGU) was 
calculated as the product of A-V glucosc and VBF. 
Results: The results showed that exogenously 
administered adenosine signi f icant ly (^<0.05) 
increased A-V glucosc, VBF and HGU in a dose 
dependent manner at rest. Dur ing contraction 
adenosine increased A -V glucosc signif icantly 
froml4.2±0.5mg/dl to 45.4±1.8ml/min. VBF also 
significantly increased from 4.7±0.6ml/min to 
16.3±1.2 and HGU from 34.8±2.4 to 450.8±8.2mg/ 
/min. Prctrcatmcnt wi th caffeine signi f icant ly 
reduced adcnosinc-induccd hyperglycemia at rest 
and during contraction. 
Conclusion: Exogenous adenosine at rest and during 
contraction increases the skeletal muscic glucosc 
uptake and the increase appears to be mediated by 
inhibition of adenosine receptors. 
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Contexte: Lc mctabolismc du glucosc augmcntc 
pendant la contraction du muscle squclcttiqucct pcul 
ctrc influence par Padcnosinc cndogcnc. Ccpcndant, 
lc role dc Padcnosinc exogene dans la regulation dc 
Pabsorption dc glucosc au rcpos ou pendant la 
contraction n'a pas etc clucidccclicz les chicns. Nous 
avons ctudic les cflcts dc Padcnosinc exogene sur 
Pabsorption dc glucosc dans lc mcmbrc postcricur 
canin au rcpos ct pendant la contraction. 
Methodes: L'etude a etc mcncc a Paidc dc trcntc 
(30) chicns males en jcuncs ct ancsthcsics rcpartis 
en six groupes (5 chicns / groupc). Les groupes I 
(tcmoin) ct II ont rcgu unc solution saline normalc 
(0,1 ml / kg) au rcpos ct pendant la contraction du 
mcmbrc postcricur rcspcctivcmcnt. Lc groupc III a 
rc^u dc Padcnosinc (0,1 ; 0,5 ct 1 mg / kg) au rcpos. 
Lc groupc IV a etc traitc avee dc Padcnosinc (1 mg 
/ kg) pendant la contraction. Les groupes V ct IV 
ont ctc prctraitcs avee dc la cafcinc (6 mg / kg) ct 
infuses avee dc Padcnosinc (1 mg / kg) pendant 30 
minutes au repos ct pendant la contraction du 
mcmbrc postcricur rcspcctivcmcnt. La glyccmic a 
etc mcsurcc par la mcthodc dc Poxydasc du glucosc. 
Lc glucosc sanguin artcrio-vcincux (A-V) ct lc flux 
sanguin vcincux (VBF) ont etc mcsurcs; Pabsorption 
dc glucose des mcmbrcs postcricurs (HGU) a etc 
calculcc commc lc produit du glucosc A-V ct du VBF. 
Resultats: Les rcsultats ont montrc que Padcnosinc 
administrcc exogene dc manicrc significative (P 
<0,05) a augmcntc lc glucosc A-V, VBF ct HGU dc 
manicrc dependante dc la dose au rcpos. Pendant la 
contraction, Padcnosinc a augmcntc lc glucosc A-V 
significativcmcnt dc 14,2 ± 0,5 mg / dl a 45,4 ± 1,8 
ml / min. VBF a cgalcmcnt augmcntcc dc 4,7 ± 0,6 
ml / min a 16,3 ± 1,2 ct HGU dc 34,8 ± 2,4 a 450,8 ± 
8,2 mg / min. Lc prctraitcmcnt avee la cafcinc a 
considcrablcmcnt rcduit Phyperglycemic induitc par 
Padcnosinc au repos ct pendant la contraction. 
Conclusion: L'adenosine exogene au rcpos ct 
pendant la contraction augmcntc Pabsorption du 
glucose dans lc muscic squclctt iquc ct 
Paugmentation scmblc ctrc par la mediation dc 
Pinhibition des rcccptcurs dc Padcnosinc. 

219 

Mots-cles: Adenosine, Cafcinc. Chien, absorption 
dc glucose, mcmbrc postcricur 



240 IIM Salahtlccii' anil A If A Ahulu 

Introduction 
Skeletal muscle comprises about 40% of total body 
mass in mammals and accounts for 30% of the resting 
metabolic rale in adult humans 11 ]. Skeletal muscle 
has a critical role in glycacmic control, metabolic 
homeostasis, and is the predominant site of glucose 
disposal under insulin stimulated conditions |2|. It 
is the largest glycogen storage organ having 4-Ibid 
the capacity of the liver. During exercise, the increase 
in glucose uptake from the circulation provides fuel 
to meet energy demand of contracting muscles [3,4]. 
Therefore, the regulation of glucose transport, 
metabolism or storage of glycogen by insulin and 
exercise is of critical importance in maintaining 
glucose homeostasis with significant implications for 
patients with insulin resistance [5]. Decrease in 
response to insulin but not to exercise leading to 
decreased glucose transport in skeletal muscle is a 
major factor responsible for insulin resistance 
associated with diabetes mcllitus [6]. 

Reports indicate that one o f the locally 
produced compounds in muscles, adenosine, has 
potent glucose metabolism and uptake activity [7]. 
Adenosine is a naturally occurring compound that 
is elaborated in the myocardium in response to 
hypoxia and under conditions in which there is 
increased demand for oxygen. Adenosine is 
principally formed on degradation of intracellular 
ATP when high-energy phosphate use exceeds its 
formation [8,9]. ATP is hydrolyzcd to ADP and then 
to AMP when high energy phosphate reserves arc 
compromised through the action of 58-nuclcotidasc. 
AMP is hydrolyzcd to adenosine, which then diffuses 
into the interstitial space [8]. Report indicate that 
biological functions of extracellular adenosine arc 
mediated by four different G-protc in coupled 
receptors that arc classified as adcnylyl cyclase 
inhibiting (A, and A,) or adcnylyl cyclase activating 
(A,a and A2I)) receptors [10,11] . Previous 
pharmacological studies on the cfleet o f adenosine 
on glucose uptake have shown that it increases or 
stimulates glucose uptake in adipose tissues in human 
[12,13], dogs [14] and rats f 15]. Studies have also 
established adenosine's ability to activate myocardial 
glucosc uptake [16,17]. 

Reports on the role of adenosine on glucose 
uptake by the skeletal muscle arc inconsistent. For 
example; a study indicates that adenosine deaminase 
( A D A ) , which converts adenosine to inact ive 
metaboli te inosinc, and 1 ,3 -d ip ropy l -8 -
cyclopcntylxanthinc (DPCPX) can decrease both 
insulin and contraction stimulated glucosc uptake 
[ 18]. It was also shown that N'*-cyclopcntyladcnosinc 
(CPA) a selective adenosine A, receptor agonist 

increases the glucosc uptake in stcplozolocin-
induccd diabetic rats, an cITcct that was blocked by 
adenosine antagonists [19]. Furthermore during a 
cuglycemic-hypcrinsulincmic clamp, it was also 
observed that caffeine an adenosine antagonist 
impaired the glucose uptake at rest and in exercising 
human skeletal muscle 120]. 

Con t ra r y to th is, several reports have 
consistently shown that while adenosine impairs on 
one hand, on the other hand adenosine deaminase 
and adenosine antagonists improve insulin sensitivity 
in skeletal muscle [21-23]. Furthermore, one study 
showed that adenosine, via A , affects insulin-
mediated glucosc uptake in rat skeletal muscles 
on l y in the presence o f a submaximal 
concentration o f insulin [24]. This supports the 
f inding o f a st imulatory action o f adenosine on 
insu l in -s t imu la ted glucosc uptake in striated 
muscle d u r i n g con t rac t i on . Skeletal muscle 
contains several interstit ial metabolites including 
adenosine. There arc reports that suggest that 
interstit ial concentration o f adenosine was very 
low and the rate o f its release in well- oxygenated 
muscle is very slow at the resting state. This rate 
may be insufficient to cause significant adenosine 
receptors activation in the resting skeletal musclc 
p repa ra t i on when it is compared to during 
contraction. 

The question to ask now is: What is the effect 
o f exogenous infusion o f adenosine on glucosc 
uptake at rest and during electrical stimulation? 

The present study was therefore designed to 
study the effect o f infusion of adenosine on the 
glucosc uptake by the canine hind limb at rest and 
during contraction. In addition, wc also investigate 
the effect o f caffeine a non-selected antagonist on 
cffcct o f adenosine. 

Materials and methods 
Experimental design and treatment 
Male mongrel dogs weighing 11-13 kg were used 
for the study. The animals were divided into six 
groups with 5 dogs per group. 
Group I served as control and rcccivcd normal saline 
(0.1 ml/kg) at rest, group II received normal saline 
with hind l imb musclc contraction, Group III were 
infused with adenosine at doses of 0.1, 0.5 or 1 nig/' 
kg for thirty minutes at rest, group IV was infused 
with adenosine (1 nig/kg) with hind limb musclc 
contraction, group V animals were prctrcatcd with 
caffeine (6 mg/kg) before infusion of adenosine (I 
nig/kg) at rest and lastly group VI were prctrcatcd 
with caffeine (6 mg/kg) adenosine (1 mg/kg) with 
hind limb contraction. 
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Experimental procedure 
The protocols and procedures used in this study were 
approved by the Animal I-thics Committee of the 
Lagos Stale University College of Mcdieine and 
conform to the 1985 guidelines for laboratory animal 
care of the National Institute of I lealth (N i l I). 
Each animal was fasted for IX-24 hr before the start 
of experiment. Anaesthesia was induced by i.v 
injection of sodium pentobarbitone. 30 mg/kg. Light 
anaesthesia was maintained with supplemental doses 
of i v. sodium pentobarbitone as necessary during 
dissection. The trachea was in tubated using 
cndotrachca tube and the animal was allowed to 
breathe room air (temp. 25 °C) spontaneously. 

The right femoral vein and artery were 
cannulatcd. The cannula in the right femoral vein 
was moved into an extracorporeal position and a non-
crushing clamp was applied to its free end. The left 
femoral vein was cannulatcd for the administration 
of drug and left femoral artery was also cannulatcd 
and conncctcd to a two-Channel physiographic 
recorder through pressure transducer model 7070 
Gemini (Ugo Basil) to monitor blood pressure and 
heart rate. The right femoral nerve was surgically 
isolated and st imulated by student electr ical 
stimulator (Brooks Instruments. UK) to induce 
muscular contraction. The output voltage was limited 
to 5Hz for non-painful musclc contraction for thirty 
minutes [25]. At the end of the dissection, sodium 
heparin 300uni l per kg-body weight was 
administered intravenously to prevent blood clotting. 
After all surgical procedures were completed, a 60-
90 minutes stabilization period was observed. The 
blood flow to the hind limb was measured by timed 
collection of the blood from the right femoral vein 
as previously described [26]. Arterial and venous 
blood samples for glucosc estimation were obtained 
from the cannula placcd in the right femoral artery 
and vein respectively. 

Blood pressure was recorded continuously 
throughout the duration of the experiment. After 
stabilization, basal measurements of femoral venous 
blood How, arterial and venous glucosc levels were 
recorded. Then, these measurements were repeated at 
0, 5, 15, 20, 25, 30, 45, 60, 75, and 90 minutes post-
injcction of drugs. The arterial and venous samples 
(0.05ml per sample) for glucosc determination were 
obtained simultaneously via three-ways lap cocks 
placcd on the right femoral venous out How and in ihc 
femoral artery cannula. After the basal samples have 
been taken, the effects of intravenous injection of 
normal saline, and adenosine under resting (basal) and 
muscles contractions on the hind limb glucosc uptake 
were studied. 
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Measurement of Mood flow 
The technique requires arterial cannulalion with an 
extra corporal circuit with or without a pump. A free 
llow of blood from the distal end of the right femoral 
vein cannula into a clear, graduated cylinder was 
allowed for 30 seconds. The volume of blood thus 
collected multiplied by two gave flow per minute. 

Blood glucose measurement 
Blood glucose was determined by modified glucosc 
oxidase method [27]. Glucose uptake was computed 
as the product of the A-V glucosc and blood flow. 

Statistical analysis 
Data was analyzed using GraphPad Prism version 
5.0 statistical software. A l l values given were 
expressed as mean ± S.E of the variables measured. 
Significance was assessed by the student's t-tcst of 
two means of independent variables. P values of 0.05 
or lesser were taken as statistically significant. 

Results 
Effects of adenosine (0.J, 0.5 and I mg/kg) on blood 
glucose, arterial-venous (A-V) glucose difference, 
and hind limb glucose uptake (HGU) in dogs at rest 
and during contraction 
Adenosine produced varying effects on blood 
glucosc, arterial-venous glucosc diffcrcncc and hind 
limb glucosc uptake (HGU). At low doses, (0.1 and 
0.5 mg/kg) adenosine has no significant cffcct on 
the arterial blood glucosc levels when compared with 
normal saline (p>0.05). However, at a high dose of 
1.0 mg/kg/min, adenosine produced significant 
increases in arterial blood glucosc levels (p<0.05). 
The cffcct did not occur until 25min post-injection 
and was sustained for Ihc rest of the observation 
period. There was however no significant changc in 
the venous blood glucosc levels (table 1). 

As shown in Figure 2a, there were dosc-
dependent increases in A-V glucosc fo l lowing 
administration of different doses of adenosine when 
compared to control. Doses of 0.1 and I mg/kg/ 
30min of adenosine produced a maximum A-V 
glucosc of about 10.1 mg/dl and 16.3 mg/dl 
respectively (Fig. 2a) while control was 4.2 ± 0.2 
mg/dl (Fig. la) [p<0.05]. Infusion of adenosine (0.1, 
0.5 and 1 mg/kg) significantly increased blood flow 
to 8.5 ± 0.2, 12.4 ± 0.3 and 18.5 ± 0.6 respectively 
from resting blood llow of 4.5 ± 0.5 ml/min (Fig. 
lb) |p<0.05|. It is to be noted that blood llow lo the 
hind limb during adenosine infusion remains high 
and sustained throughout the post- infusion 
observation period (Fig. 2b). 
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Fig. I: Effects of intravenous injection of normal saline 
on (A) arterio-venous glucose (B) blood flow (C) glucose 
uptake at rest and during hind limb muscle contractions 
in dogs (n=5). Values are expressed as mean ± SE (*P< 
0.05; •*/><0.0l; •••/»<0.00l). 

At rest the hind limb glucose uptake (HGU) in the 
dogs was 18.0 ± 1.5 mg/min and was sustained 
following administration of normal saline (Fig. lc). 
However, adenosine produced dose-dependent 
increases in HGU. The HGU increased from 18.0.0 

Fig. 2 : EITects of intravenous injection of normal saline 
and intravenous infusion of adenosine (0.1; 0.5; and I mg/ 
ml) on (A) arterio-venous glucose (B) blood flow (C) 
glucose uptake at rest in dogs (n=5). Values are expressed 
as mean ± SE (*/>< 0.05; ••/><0.0I; •••/><0.00l). 

± 0.5mg/min to 50.3 ± 2.5 mg/min, 100.1 ± 4.5 mg/ 
min and 140.7 ± 4.4 mg/min for 0.1, 0.5 and 1.0 nig/ 
kg/30min respectively [p<0.05] (Fig. 2c). 
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Table 2 shows the effect of contraction of the 
hind limb on arterial and venous blood glucose level. 
Contraction and infusion of adenosine (1 mg/kg/min) 
caused significant (p<0.05) increase in both arterial and 
venous glucosc levels of the hind limb. ( I able 2). 

IIMStiltth</ccn' A c |m in is t rat ion of adenosine 
COn, 'rCl!nt'lvP increascd A-V glucose higher than 
S . r S t - in c o » « « . i n 6 " i , , d l i m b | P < 0 0 5 I 
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Fig 3:: Effects of intravenous infusion of adenosine (I mg/ 
ml) on (A) arterio-venous glucose (B) blood flow (C) 
glucose uptake at hind limb during contraction in doi>s 
(n=5). Values are expressed as mean t SE (*P< 0.05; 
**/><0.01; ***/><0.()0l). 
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Fig. 4: : Effects of intravenous infusion of adenosine 
(Inig/ml) on (A) arterio-venous glucosc (B) blood How 
(C) glucose uptake in hind limb pre-trcated with caffeine 
(6mg/ml) at rest and during hind limb contraction in dop 
(n 5). Values arc expressed as mean ± SE (*/><c 

**/><0.01; ***/><0.00l). 

Figure la shows the effect of hind limb contraction Following contraction, the blood How to the l , ind 

on A-V glucose difference. There was a steady rise limb significantly increased from 4.5 ± 0.5 ml/»>ilis 

in A-V glucose, from 4.5 ± 0.7 mg/dl reaching its to 13.2 ±0.6 ml/mins. This was sustained through"1 

peak at 29.1 ± 2.6 mg/dl about 30 mins into the the contraction and post contraction period (Fig- lb) ' 
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During contraction adenosine significantly increased 
the blood llow to the hind limb compared to control 
(Fig. 3b) [p<0.05]. 

The cficct of contraction of the hind limb on 
glucosc uptake is shown in Figure 1c. In normal 
saline-treated animals, HGU significantly increased 
during contraction (p<0.05) but remained steady at 
rest. It is to be noted that in the post-contraction 
observation period HGU did not return to the basal 
level. During contraction treatment with adenosine 
also significantly increased HGU higher than that 
of normal saline (p<0.05). (Fig. 3c). 

Effect of adenosine on blood glucose, A-V glucose, 
and hind limb glucose uptake (HGU) in caffeine-
treated dogs at rest and during contraction 
Prc-trcatmcnt with caffeine significantly reduced 
hyperglycemia induced by adenosine infusion at rest 
and during contraction compared to non- caffeine 
treated group (table 3) and also significantly inhibit 
A-V glucosc differences (Fig. 4a). 

Figure 4b shows the effect of adenosine on 
blood flow in dogs prctrcatcd with caffeine. Caffeine 
significantly rcduccd adenosine induced increase in 
blood flow to the hind limb. As shown in figure 4c, 
prctrcatmcnt with caffeine significantly rcduccd the 
cficct of adenosine on glucosc uptake. 

During prc-trcatmcnt with caffeine, there was 
also significant increase in A-V glucosc during 
contraction compared to control [p<0.05] (Fig 4a). 
Figure 4b shows the cffcct of adenosine on blood 
flow in caffeine prc-trcatcd dogs during contraction. 
Prc-trcatmcnt with caffeine rcduccd significantly the 
effect of adenosine on blood flow during contraction 
of the hind limb (p<0.05). Prc-trcatmcnt of the animal 
with caffeine also rcduccd significantly the glucosc 
uptake. For instance, caffeine prctrcatmcnt decreased 
hind limb glucosc uptake from 420.7 ± 2.3 mg/min 
to 231.8 ± 3.7 mg/min (a decrease of about 44.9%) 
during contraction of the hind limb (p<0.05). 

Discussion 
The present study examined the effects of 
exogenously administered adenosine on arterial-
venous (A-V) glucosc, venous blood How and hind 
limb glucosc uptake (HGU) during resting and 
contraction states in experimental dogs. The 
observed increase in blood How fol lowing the 
contraction of the hind limb in this study agrees with 
the report of Hcspcl ct al. |28]. It is also consistent 
with previous reports [3,4], whereby cxcrcisc-
induccd contraction was reported to increase blood 
flow probably through recruitment of capillaries with 
increase surface area for glucosc delivery and 
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diire'rcncc and glucosc uptake. This is cons,stem wi.h 
the reports of many other studies [2 , 31], The 
increase in A-V glucosc observed m the present study 
showed that muscu lar contraction increased glucosc 
extraction by the canine hind limb. Fins may be 
n irtially due to the increase in blood How or probably 
due to the increase in blood glucose levels, s.ncc the 
•utcr ial glucose level is the other important 
determinant o f musclc glucosc uptake during 

contraction. . 
The molccular signaling mechanisms by 

which contraction/cxcrcisc induced glucosc uptake 
arc not fully understood. However, it is proposed 
that the rise in intracellular Ca- is a mediator of 
increased glucosc transport during skeletal muscle 
contraction and hypoxia. This was based on the 
evidence that hypoxia, verapamil, a calcium inhibitor 
or dantrolene wh ich lower Ca2+ e f f lux from 
sarcoplasmic reticulum inhibit glucosc transporter 
during skeletal musclc contraction. In addition, 
agents that increase the cytoplasmic Ca2f such as 
caffeine and Ca2 ' ionophorcs may activate the 
glucosc transporter [32,33]. Therefore, the increase 
in the intracellular ca lc ium may facilitate the 
activation of key intracellular signaling molcculcs 
that increased musclc transporter. Ca24 arc also 
known to activate conventional protein kinase 
(cPKC) and Phorbol 12-myristatc 13-acctatc(PMA) 
an activator of cPKC arc reported to increase glucosc 
disposal by distinct mechanism from insulin [32-34]. 
In this study, the significant increase in blood flow 
and glucosc uptake to the hind limb observed with 
exogenous infusion of adenosine at rest is similar to 
the observation in similar study [35]. Hcinomcn et 
al. 136] reported that adenosine infusion at rest 
increased glucosc uptake by several-fold in healthy 
young men [36], and in patients with essential 
hypertension [37]. Reports also observed that the 
increase in forearm glucosc uptake by adenosine 
inlusion was not insulin-mediated [38] sincc the 
observed glucosc uptake was inhibited in the present 
of adenosine receptor antagonist [39]. Also reports 
indicate that adenosine action via the A, adenosine 
icccptor activates and regulates both insulin- and 
contraction-induccd glucosc uptake [39,40]. In 
contrast, absence of the receptor dccrcascs glucosc 
transport in both situations [41]. The prcscncc of 
adenosine receptors in skeletal muscle have been 
well documented 111,20]. Earlier report indicates that 
the resting and contraction a d e n o s i n e concentrations 
in dog model arc similar to those of humans [42]-
Reports indicate that exogenous administration ot 
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adenosine stimulate the formation of nitric oxide and 
prostacyclin in both the intravascular and interstitial 
compartments of skeletal muscic 143,44J. Ni t r ic 
oxide and prostacyclin have been shown to contribute 
to the cxcrcisc hypcracmia response [44,45] which 
suggest that about two thirds o f the vasodilator 
response to adenosine during muscic contraction may 
he mediated through the formation o f nitric oxide 
and prostacyclin. Therefore, the observed increase 
in blood flow and glucose uptake in this study may 
be due in part to the cffcct o f adenosine on NO 
production since NO has been shown to increase 
glucosc uptake [45]. 

Furthermore, the significant inhibiting effect 
of caffeine on the exogenous adenosine at rest and 
during contraction on blood flow and glucosc uptake 
is of interest. After extensive scarch of literature, 
there was no reported work on the inhibiting effects 
of caffeine on exogenous adenosine actions on blood 
glucosc in dog. One study in humans showed that 
caffcinc impaired insulin sensitivity and glucosc 
uptake [46]. This effect was attributed to increased 
plasma epinephrine and free fatty acid levels rather 
than peripheral adenosine rcccptor antagonism. In 
contrast other studies suggesting that endogenous 
adenosine may modulate muscic glucosc uptake 
during muscic contraction have been conducted in 
rats [41,47]. Although we did not measure plasma 
levels of catecholamines in this study, previous 
study have shown that adenosine reduces 
catecholamine mediated activation o f phosphorylasc 
by inhibit ing beta rcccptor adenylate cyclase 
coupling [48]. In animal study, caffcinc stimulates 
the release o f ca thccho lamincs to enhance 
contraction-induced g lycogcno lys is [ 40 ] by 
inhibition of phosphodiesterase, and increasing 
cAMP, [13]. There arc also studies that showed that 
caffcinc decreases insulin sensitivity through the 
blockage of adenosine receptors [13,20]. Therefore, 
the significant reduction in hind limb blood flow and 
glucosc uptake in caffcinc prctrcatcd group observed 
in this study is also consistent with the reported 
vasoconstriction cffcct of caffcinc [49]. The possible 
explanation for the vasoconstriction cffcct of caffcinc 
is the blockage of vasodilatory actions o f adenosine 
receptors [50]. 

In conclusion, there were several important 
findings in the present study. Firstly, we observed 
that moderate electrical stimulation led to increase 
in blood flow and glucosc uptake in contracting 
canine hind limb. Secondly, exogenous infusion of 
adenosine increased blood flow and glucosc uptake 
at rest and during contraction of canine hind limb. 
Thirdly, inhibition of adenosine action by caffcinc 
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significantly affect glucosc uptake in canine hind 
limb at rest and during contraction. The mechanism 
regulating skeletal muscic glucosc uptake during 
contract ion is complcx and could be mediated 
directly via adenosine receptors. 
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