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Abstract

Background: Glucosc mctabolism incrcascs 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 clucidated
in dogs. We studicd the cffects of exogenous
adenosine on glucose uptake in canine hind limb at
rest and during contraction.

Methods: The study was carricd out using thirty (30)
fasted and anacsthetized male dogs divided into six
groups (5dogs/group). Groups I (control) and Il
reccived normal saline (0. Iml/kg) at rest and during
contraction of hind limb respectively. Group 11
reccived adenosine (0.1, 0.5 and Img/kg) at rest.
Group 1V were trecated with adenosine (1mg/kg)
during contraction. Groups V and IV werc pretreated
with caffcine (6mg/kg) and infused with adenosine
(Img/kg) for thirty minutes at rest and during
contraction of the hind limb respectively. Blood glucose
was mcasurced by glucose oxidase method. Arterio-
venous (A-V) glucose and venous blood flow (VBF)
were measured; hind limb glucose uptake (HGU) was
calculated as the product of A-V glucosc and VBF.
Results: The results showed that cxogenously
administered adenosine significantly (P<0.05)
incrcased A-V glucose, VBF and HGU in a dosc
dependent manner at rest. During contraction
adenosine incrcased A-V glucosc significantly
from14.2+0.5mg/dl to 45.4£1.8ml/min. VBF also
significantly incrcased from 4.7+£0.6ml/min to
16.3£1.2 and HGU from 34.8+2.4 t0 450.8+8.2mg/
/min. Pretrcatment with caffcine significantly
reduced adenosinc-induced hyperglycemia at rest
and during contraction.

Conclusion: Exogenous adenosine at rest and during
contraction increases the skeletal muscle glucose
uptake and the increasc appears to be mediated by
inhibition of adenosinc receptors.
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Résumé - 3710

Contexte: Le métabolisme du glucose augmente
pendant la contraction du muscle squelettique et peut
¢tre influencé par I'adénosine endogénc. Cependant,
le role de I'adénosine exogeénc dans la régulation de
I"absorption dc glucose au repos ou pendant la
contraction n’a pas ¢t¢ élucidée chez les chicns. Nous
avons étudi¢ les cffcts de I’adénosine cxogénc sur
I"absorption de glucose dans le membre postéricur
canin au rcpos ct pendant la contraction.
Méthodes: L'¢tude a ét¢ menée a I’aide de trente
(30) chicns males cn jeinés ct ancsthésic¢s répartis
cn six groupes (5 chiens / groupe). Les groupes |
(témoin) ct Il ont regu unc solution salinc normale
(0,1 ml / kg) au repos ct pendant la contraction du
membre postéricur respectivement. Le groupe 111 a
regu de I'adénosine (0,1 ; 0,5 ct 1 mg/ kg) au repos.
Le groupe 1V a ét¢ traité avee de I’adénosine (1 mg
/ kg) pendant la contraction. Les groupes V et IV
ont ¢té prétraités avee de la caféine (6 mg / kg) ct
infusés avee de I’adénosine (1 mg / kg) pendant 30
minutes au repos ct pendant la contraction du
membre postéricur respectivement. La glycémic a
été mesurée par la méthode de I’'oxydasce du glucosc.
Le glucose sanguin artério-veincux (A-V) ct e flux
sanguin veincux (VBF) ont ¢t¢ mesurés; ["absorption
de glucosc des membres postéricurs (HGU) a ¢té
calculée comme I produit du glucosc A-V et du VBF.
Résultats: Les résultats ont montré que 1’adénosine
administrée exogene dc manicre significative (P
<0,05) a augmenté le glucosc A-V, VBF ¢t HGU de
manicre dépendante de la dose au repos. Pendant la
contraction, I'adénosinc a augmenté e glucose A-V
significativement de 14,2 £ 0,5 mg /dl 4 45,4 + 1,8
ml / min. VBF a également augmentée de 4,7 + 0,6
ml/mina 16,3+ 1,2 ¢t HGU de 34,8 + 2.4 2 450,8 +
8,2 mg / min. Le prétraitement avee la caféine a
considérablement réduit I'hyperglycémic induite par
I"adénosine au repos ¢t pendant la contraction.
Conclusion: L’adénosine cxogénc au rcpos ct
pendant la contraction augmente I’absorption du
glucosc dans lc muscle squclettique  ct
I"augmentation semble étre par la médiation de
I"inhibition des récepteurs de I"adénosine.

Mots-clés: Adenosine, Caféine. Chien, absorption
de glucose, membre postérieur
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Introduction

Skcletal muscle comprises about 40% of total body
mass in mammals and accounts for 30% of the resting
mectabolic rate in adult humans [ 1]. Skeletal muscle
has a critical role in glycacmic control, metabolic
homeostasis, and is the predominant site ol glucose
disposal under insulin stimulated conditions [2]. It
is the largest glycogen storage organ having 4-fold
the capacity of the liver. During excrcise, the increasc
in glucosc uptake from the circulation provides fucl
to meet cnergy demand of contracting muscles [3,4].
Therefore, the regulation of glucose transport,
mctabolism or storage of glycogen by insulin and
cxercisc is of critical importance in maintaining
glucose homcostasis with significant implications for
paticnts with insulin resistance [5]. Dccrcasc in
responsc to insulin but not to cxercisc Icading to
decrcased glucose transport in skeletal muscle is a
major factor responsible for insulin resistance
associated with diabetes mellitus [6].

Reports indicate that onc of the locally
produced compounds in muscles, adenosine, has
potent glucosc metabolism and uptake activity [7].
Adcnosine is a naturally occurring compound that
is claborated in the myocardium in responsce to
hypoxia and undcr conditions in which there is
incrcased demand for oxygen. Adcnosinc is
principally formed on degradation of intraccllular
ATP when high-energy phosphate usc exceeds its
formation [8,9]. ATP is hydrolyzcd to ADP and then
to AMP when high cnergy phosphate reserves arc
compromiscd through the action of 58-nuclcotidasc.
AMP is hydrolyzed to adenosine, which then diffuscs
into the interstitial space [8]. Report indicate that
biological functions of cxtraccllular adenosine are
mcdiated by four different G-protein coupled
receptors that arc classified as adenylyl cyclasc
inhibiting (A, and A,) or adenylyl cyclasc activating
(A,, and A,) rcceptors [10,11]. Previous
pharmacological studics on the effect of adenosine
on glucosc uptake have shown that it incrcases or
stimulates glucose uptake in adipose tissucs in human
[12,13], dogs [14] and rats [15]. Studics have also
cstablished adenosine’s ability to activate myocardial
glucosc uptake [16,17].

Reports on the role of adenosine on glucosc
uptake by the skeletal muscle are inconsistent. For
examplc; a study indicates that adenosine deaminasc
(ADA), which converts adenosine to inactive
mctabolite inosine, and 1,3-dipropyl-8-
cyclopentylxanthine (DPCPX) can decercasc both
insulin and contraction stimulated glucosce uptake
[ 18]. It was also shown that N°-cyclopentyladenosine
(CPA) a sclective adenosine A, receptor agonist
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“increascs the glucose uptake in steptozotocin-

induced diabetic rats, an cffeet that was blocked by
adenosine antagonists [19]. Furthermore during a
cuglycemic-hyperinsulinemic clamp, it was also
observed that calfeine an adenosine antagonist
impaired the glucose uptake at rest and in exercising
human skeletal muscle [20].

Contrary to this, scveral reports have
consistently shown that while adenosine impairs on
onc hand, on the other hand adcnosine deaminase
and adenosine antagonists improve insulin scnsitivity
in skeletal muscle [21-23]. Furthermorc, onc study
showed that adcnosine, via A, affccts insulin-
mcdiated glucosc uptake in rat skeletal muscles
only in the presence of a submaximal
concentration of insulin [24]. This supports the
finding of a stimulatory action of adcnosinc on
insulin-stimulated glucosc uptake in striated
muscle during contraction. Skclctal muscle
contains scveral interstitial metabolites including
adcnosine. There are reports that suggest that
interstitial concentration of adenosinc was very
low and the ratc of its rclcasc 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 muscle
preparation when it is comparced to during
contraction.

The question to ask now is: What is the cffect
of cxogenous infusion of adenosinc on glucosc
uptake at rest and during clectrical stimulation?

The present study was therefore designed to
study the cffect of infusion of adenosine on the
glucosc uptake by the canine hind limb at rest and
during contraction. In addition, we also investigate
the cffect of caffeine a non-sclected antagonist on
cffect of adenosine.

Materials and methods

Experimental design and treatment

Malc mongrel dogs weighing 11-13 kg were used
for the study. The animals were divided into six
groups with 5 dogs per group.

Group | served as control and received normal saline
(0.1 ml/kg) at rest, group Il reccived normal saline
with hind limb muscle contraction, Group Il were
infused with adenosine at doscs of 0.1, 0.5 or 1 mg/
kg for thirty minutes at rest, group IV was infused
with adenosine (1 mg/kg) with hind limb muscle
contraction, group V animals were pretrcated with
caflcine (6 mg/kg) before infusion of adenosine (1
mg/kg) at rest and lastly group VI were pretreated
with calfeine (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 Ethics Committee of the
Lagos State University College of Medicine and
conform to the 1985 guidelines for laboratory animal
care of the National Institute of Health (NII).

Each animal was fasted for 18-24 hr before the start
of experiment. Anacsthesia 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
disscction. The trachea was intubated using
endotrachea tube and the animal was allowed to
breathe room air (temp. 25 “C) spontancously.

The right femoral vein and artery were
cannulated. The cannula in the right femoral vein
was moved into an extracorporcal position and a non-
crushing clamp was applicd to its free end. The left
femoral vein was cannulated for the administration
of drug and left femoral artery was also cannulated
and connccted to a two-Channel physiographic
rccorder through pressure transducer model 7070
Gemini (Ugo Basil) to monitor blood pressurc and
heart rate. The right femoral nerve was surgically
isolated and stimulated by student clectrical
stimulator  (Brooks Instruments. UK) to induce
muscular contraction. The output voltage was limited
to 5Hz for non-painful muscle contraction for thirty
minutes [25]. At the end of the dissection, sodium
heparin 300unit per kg-body wecight 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 mcasured by timed
collection of the blood from the right femoral vein
as previously described [26]. Arterial and venous
blood samplcs for glucosc estimation were obtained
from the cannula placed in the right femoral artery
and vein respectively.

Blood pressurc was recorded continuously
throughout the duration of the cxperiment. Afier
stabilization, basal measurements of femoral venous
blood Mow, arterial and venous glucose levels were
recorded. Then, these measurements were repeated at
0, 5, 15, 20, 25, 30, 45, 60, 75, and 90 minutcs post-
injection of drugs. The arterial and venous samples
(0.05ml per sample) for glucose determination were
obtained simultancously via three-ways tap cocks
placed on the right femoral venous outflow and in the
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 glucose uptake
were studicd.
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Measurement of blood flow

The technique requires arterial cannulation with an
extra corporal circuit with or without a pump. A free
flow of blood from the distal end of the right femoral
vein cannula into a clear, graduated cylinder was
allowed for 30 scconds. The volume of blood thus
collected multiplied by two gave flow per minute.

Blood glucose measurement

Blood glucose was determined by modified glucose
oxidasc 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 softwarc. All values given were
expressed as mcan £ S.E of the variables measured.
Significance was asscssed by the student’s t-test of
two means of independent variables. P valucs of 0.05
or lesser were taken as statistically significant.

Results

Effects of adenosine (0.1, 0.5 and 1 mg/kg) on blood
glucose, arterial-venous (A-V) glucose difference,
and hind limb glucose uptake (HGU) in dogs at rest
and during contraction

Adcenosine produced varying cffects on blood
glucose, arterial-venous glucose difference and hind
limb glucosc uptake (HGU). At low doscs, (0.1 and
0.5 mg/kg) adenosine has no significant cffect on
the arterial blood glucose levels when compared with
normal salinc (p>0.05). However, at a high dosc of
1.0 mg/kg/min, adenosine produced significant
increcases in arterial blood glucose levels (p<0.05).
The cffect did not occur until 25min post-injection
and was sustained for the rest of the observation
period. There was however no significant change in
the venous blood glucosc levels (table 1).

As shown in Figure 2a, there were dosc-
dependent increases in A-V glucosce following
administration of different doses of adenosine when
compared to control. Doses of 0.1 and 1 mg/kg/
30min of adenosine produced a maximum A-V
glucose of about 10.1 mg/dl and 16.3 mg/dl
respectively (Fig. 2a) while control was 4.2 + 0.2
mg/dl (Fig. 1a) [p<0.05]. Infusion of adenosine (0.1,
0.5 and I mg/kg) significantly incrcased blood flow
1085+0.2, 124+ 0.3 and 18.5+ 0.6 respectively
from resting blood flow of 4.5 + 0.5 ml/min (Fig.
Ib) [p<0.05]. It is to be noted that blood flow to the
hind limb during adenosine infusion remains high

and sustained throughout the post-infusion
obscrvation period (Fig. 2b).
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Fig. 1: 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 (*/’<
0.05:**P<0.01; ***P<0.001).

Atrest 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. Ic).
However, adenosine produced dose-dependent
increases in HGU. The HGU increased from 18.0.0
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Fig. 2 : Effects of intravenous injection of normal salinc
and intravenous infusion of adenosine (0.1; 0.5; and Img/
ml) on (A) arterio-venous glucose (B) blood flow (C)
glucose uptake at rest in dogs (n=5). Values are expressed
as mean + SE (*P< 0.05; **P<0.01; ***<0.001).

£ 0.5mg/min to 50.3 + 2.5 mg/min, 100.1 + 4.5 mg/
minand 140.7 + 4.4 mg/min for 0.1, 0.5 and 1.0 mg/

kg/30min respectively [p<0.05] (Fig. 2¢).
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contraction pc
signiﬁczmlly incre
normal sa
(figure 3a).

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 glucose levels of the hind limb. (Table 2).
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Fig 3: : Effects of intravenous infusion of adenosine (1mg/
ml) on (A) arterio-venous glucose (B) blood flow (C)
glucose uptake at hind limb during contraction in does

it
(n=5). Values are expressed as mean 1 SE (*P< (.05:
¥*P<0.01: ¥**P<0.001).

Figure 1a shows the effect of hind limb contraction
on A-V glucose difference. There was a steady rise
in A-V glucose, from 4.5 + 0.7 mg/dl reaching its
peak at 29.1 £ 2.6 mg/dl about 30 mins into the

riod. Administration of adenosine
ased A-V glucosc higher thap

line in contracting hind limb [P<0.0§]

(a)

—o- Adenosine (only)
= Adenosine /U

alleine

28 1 —a— Adenosine Cafleine Contrac
= 20 A
2
E a4
<«
4
]
210 1
£
2 EBH
“ L] L] L] L] L] L] L] L] v T
0 5 101520 25 30 45 60 75 90
(b)
—e— Adenosine (I mg/ml)
20 4 Adenosine /Cafteine
—— Adcnosine /Cafleine Contrac
‘E e
‘= Ty
e 15 f
= i i
£
:-v -
Z 10 4
c
a
0 v L] L] L] T v v 1 4 v 4 T
0 5 10 15 20 25 30 45 60 75 90
(¢)
e Adenosine (only)
-#- Adcnosine /Callcine
. 500 == Adenosine /Cafteine
g7 ]
% 400 A
f_i 300 A
E’ 200 -+
(7] e
< 4
% 100 4
9 L) L L T T T Y T T Y Y
O S 10 15 20 25 30 45 60 75 90

Duration (min)

Fig. 4: : Effects of intravenous infusion of adenosin¢
(Img/ml) on (A) arterio-venous glucose (B) blood flow
(C) glucose uptake in hind limb pre-treated with caffeine
(6mg/ml) at rest and during hind limb contraction in dogs
(n=5). Values are expressed as mean + SE (*/< L
TEP<0.01; ¥ <0.001),

Following contraction, the blood flow to the hi‘nd
limb significantly increased from 4.5 0.5 ml/mins
0 13.2: 0.6 ml/mins. This was sustained througho"
the contraction and post contraction period (Fig. D)
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During contraction adenosine significantly increased
the blood flow to the hind limb compared to control
(Fig. 3b) [p<0.05].

v The cffect of contraction of the hind limb on
glucose uptake is shown in Figure Ic. In normal
sulinc-lrcnl'c'd‘zmimnls, HGU significantly increased
during ‘contraction (p<0.05) but remained steady at
rest. It is to-be noted that in the post-contraction

" ‘obscrvation period HGU did not return to the basal

level. During contraction treatment with adenosine

_ also significantly incrcased HGU higher than that
of normal salinc (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
Pre-treatment with caffcine significantly reduced
hyperglycemia induced by adenosine infusion at rest
and during contraction compared to non- caffcinc
treated group (table 3) and also significantly inhibit
A-V glucosc differences (Fig. 4a).

Figurc 4b shows the cffect of adenosine on
blood flow in dogs pretreated with caffcine. Caffcine
significantly reduced adenosine ingduced increase in
blood flow to the hind limb. As shown in figure 4c,
pretreatment with caffeine significantly reduced the
cffect of adenosine on glucose uptake.

During pre-treatment with caffeine, there was
also significant increasc in A-V glucose during
contraction compared to control [p<0.05] (Fig 4a).
Figurc 4b shows the cffect of adenosine on blood
flow in caffcinc pre-treated dogs during contraction.
Pre-treatment with caffeine reduced significantly the
cffect of adenosine on blood flow during contraction
of the hind limb (p<0.05). Pre-trcatment of the animal
with caffeine also reduced significantly the glucose
uptake. For instance, caffcine pretreatment decrcased
hind limb glucose uptake from 420.7 + 2.3 mg/min
to 231.8 £ 3.7 mg/min (a decrcasc of about 44.9%)
during contraction of the hind limb (p<0.05).

Discussion

The present study examined the cffects of
exogenously administered adenosine on arterial-
venous (A-V) glucose, venous blood flow and hind
limb glucose uptake (HGU) during resting and
contraction states in experimental dogs. The
observed increase in blood flow following the
contraction of the hind imb in this study agrees with
the report of Hespel et al. [28]. 1t is also consistent
with previous reports [3,4], whereby exercise-
induced contraction was reported 1o increase blood
flow probably through recruitment of capillaries with
increase surface arca for glucose dclivery and
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o rats and humans [29,30]. Hind limb
exchange 1n .d increase in muscle A-V glucose
con} raction md:;CL-osc uptake. This is consistent with
diﬁc,-cncca.ndft, l]l:m» Vpee seadies (28, 311, The
!hc repas - OV ',l[,cgsc observed in the present study
increase in A E 2 .- wraction increased glucose
showed that muscular CONtrd ] -
extraction by the caninc I?lnd limb. This may be
partially duc to the increasc in blood flow or p.robably
duc to the increasc in blood glucosc lcvcl:s', since the
arterial glucosc level is the other nnporlz.lm
determinant of muscle glucosc uptake during
contraction. ) )

The molccular signaling mechanisms by
which contraction/cxcrcise induced g,.luc‘:osc uptake
arc not fully understood. Howcvcr, it is proposcd
that the risc in intraccllular Ca?' is a mcdiator of
increased glucosc transport during skeletal muscle
contraction and hypoxia. This was based on the
cvidence that hypoxia, verapamil, a calcium inhibitor
or dantrolenc which lower Ca*' cfflux from
sarcoplasmic reticulum inhibit glucose transporter
during skelctal muscle contraction. In addition,
agents that increase the cytoplasmic Ca?®* such as
caffeinc and Ca®' ionophorcs may activate the
glucosc transporter [32,33]. Therefore, the increase
in the intraccllular calcium may facilitate the
activation of key intraccllular signaling molecules
that increased muscle transporter. Ca*' arc also
known to activate conventional protein kinasc
(¢cPKC) and Phorbol 12-myristate 13-acctatc (PMA)
anactivator of cPKC arc reported to increasc glucose
disposal by distinct mechanism from insulin [32-34].
In this study, the significant increase in blood flow
and glucosc uptake to the hind limb obscrved with
cxogenous infusion of adenosine at rest is similar to
the observation in similar study [35]. Heinomen ct
al. [36] reported that adenosine infusion at rest
mereased glucose uptake by several-fold in healthy
young men [36], and in paticnts with cssential
!‘YI’C"lClISi()ll [37]. Reports also observed that the
increase in forcarm glucosce uptake by adenosine
nfusion was not insulin-mediated [38] since the
observed glucose uptake was inhibited in the present
f’f adenosine receptor antagonist [39]. Also reports
indicate that adenosine action via the A adcnosine
receptor activates and regulates both insulin- and
contraction-induced glucosc uptake [39.40]. In
contrast, absence of the receptor decreases glucose
transport in both situations [41]. The presence of
adenosine receptors in skeletal muscle have been
well documented [ 11,20]. Earlier report indicates that
the resting and contraction adenosine concentrations
in dog model arc similar to those of humans [42]
Reports indicate that exogenous administration of
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adenosine stimulate the formation of nitric oxide and
prostacyclin in both the intravascular and interstitial
compartments of skeletal muscle [43,44]. Nitric
oxide and prostacyclin have been shown to contribute
lo the excrcise hyperacmia responsc [44,45] which
suggest that about two thirds of the vasodilator
response to adenosine during muscle contraction may
be mediated through the formation of nitric oxide
and prostacyclin. Therefore, the observed increase
in blood flow and glucose uptake in this study may
be duc in part to the cffect of adenosine on NO
production since NO has been shown to increase
glucose uptake [45].

Furthermore, the significant inhibiting cffect
of caffcine on the cxogenous 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 cfTects
of caffcine on exogenous adenosine actions on blood
glucose in dog. Onc study in humans showed that
caffeine impaired insulin sensitivity and glucose
uptake [46]). This cffect was attributed to increascd
plasma cpinephrine and free fatty acid levels rather
than periphcral adenosine rcceptor antagonism. In
contrast other studics suggesting that cndogenous
adenosine may modulatc muscle glucosc uptake
during muscle contraction have been conducted in
rats [41,47]. Although we did not mcasurc plasma
levels of cathecholamines in this study, previous
study have shown that adcnosinc rcduces
catecholamine mediated activation of phosphorylasc
by inhibiting becta rcceptor adenylate cyclase
coupling [48]. In animal study, caffeinc stimulates
the rcleasc of cathccholamines to cnhance
contraction-induced glycogenolysis [40] by
inhibition of phosphodicsterase, and increasing
cAMP, [13]. There arc also studics that showed that
caffeine decreases insulin sensitivity through the
blockage of adenosine receptors [13,20]. Therefore,
the significant reduction in hind limb blood flow and
glucosc uptake in caffcine pretreated group observed
in this study is also consistent with the reported
vasoconstriction cffect of caffcine [49]. The possible
explanation for the vasoconstriction cffect of caffeine
is the blockage of vasodilatory actions of adenosine
receptors [50].

In conclusion, therc were scveral important
findings in the present study. Firstly, we obscrved
that modcrate clectrical stimulation led to increase
in blood flow and glucosc uptake in contracting
canine hind limb. Sccondly, cxogenous infusion of
adenosine increased blood flow and glucose uptake
at rest and during contraction of canine hind limb.
Thirdly, inhibition of adenosine action by calfeine
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significantly affect glucose uptake in canine hind
limb at rest and during contraction. The mechanism
regulating skeletal muscle glucose uptake during
contraction is complex and could be mediated
directly via adenosine receptors.
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