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Effect of adrenaline on glucose uptake in the 
rabbit small intestine. 
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Summary 
Objectives: Previous study had shown that nicotine 
acts on blood glucose through release of adrenaline. 
While there are reports on the hypcrglyceic effect of 
adrenaline in rabbits, there is no information on the 
effect of adrenaline on intestinal glucose uptake of 
rabbits. The present study was carried out to find out 
if adrenaline has any effect on glucose uptake in the 
rabbit small intestine. 
Materials and Methods: Experiments were carried 
out on fasted anaesthetized male rabbits. Five groups 
of rabbits (6 rabbits per group) were studied. A vein 
d ra in ing a s e g m e n t of the upper j e j u n u m was 
cannula ted for blood f low and venous glucose 
measurements. The left femoral artery and vein were 
cannulated for arterial blood sampling and drug 
infusion respectively. Glucose uptake was calculated 
as a product of jejunal blood How and the glucose 
difference between arterial (A) and venous (V) blood. 
Results: The fasting venous blood glucose levels were 
I51.8±4.4mg/dl and 164.0 ± 2.3mg/dl in Groups I 
and V that were not given adrenoceptor blockers. The 
upper jejunum had a resting (or basal) glucose uptake 
of 38.3 ± 1.6mg/min in the control group. When 
adrenal ine (2ug /kg) was injected intravenously, 
arterial blood glucose rose from a basal value of 
245.5±4.Gmg/dl to 307.5+4.7mg/dl at the peak of 
r e s p o n s e w h i l e v e n o u s g l u c o s e rose f r o m 
151.8+4.4mg/dl to 275.8+4.2mg/dl at the peak of 
response. Glucose uptake increased to l07.4+2.5mg/ 
min at the peak of response. The hyperglycaemic 
response to adrenaline injection was abolished by 
propranolol but not by prazosin indicating that this 
e f fec t of ad rena l i ne is media ted through beta 
adrenoceptor. Both prazosin and propranolol reduced 
considerably adrenaline-induced increase in blood 
flow and glucose uptake, prazosin being more potent 
in flow reduction. 
Conclusion: This study showed that the resting small 
intestine of rabbits took up large amounts of glucose. 
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The intestinal glucose uptake was markedly increased 
by adrenaline injection. The response to adrenaline 
was mediated through alpha and beta adrenoceptors. 
The responses to adrenaline are different in many 
respects from those induced by nicotine in rabbits in 
our earlier study. The reason for the differences is 
obscure. 
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Resume 
Les experiences etaient evaluees sur les lapins males 
a jeune anesthesies classes en cinq groupes de six 
lapins. L'artere et la veine femorale gauche etaient 
canule par prendre un echantillon du sang arteriel/ 
veineux et Vinfusion du medicament respectivement. 
L'absorption du glucose etait calculec comme produit 
de r ecoupmen t du sang jejunal et la difference entre 
le sang arteriel (A) et veineux (V). Les taux du glucose 
veineux sanguin a jeune etaient de 15 l.S+4.4mg/dl 
et 164.0 + 2.3mg/dl en groupe I et V qui ne recevaient 
pas des bloqueurs d'adrenocepteurs. Le je junum 
superieur avail un taux d'absorption au repos de 38.3 
± 1.6nig/min chez le groupe de controle. Lorsque 
r a d r e n a l i n e (2ug /kg ) etai t in jcc tee par voie 
intravcineuse, le taux du glucose arteriel augmentait 
de la v a l c u r de base de 2 4 5 . 5 ± 4 . 6 m g / d l a 
307.5±4.7mg/dl a la reponse maximale tandis que le 
glucose veineux augmentait de 151.8±4.4mg/dl a 
275.8±4.2nig/dl a la reponse maximal. L'absorption 
du glucose augmentait de 107.4+2.5nig/min a la 
reponse maximale. La reponse d'hyperglycemique a 
I'injection de adrenaline etait abolit par le propranolol 
mais pas par la prazosine indiquant que cet effet de 
Tadrenaline est medie par les adrenorecepteurs beta. 
La p r a z o s i n e et le p r o p r a n o l o l r e d u i s a i e n t 
c o n s i d e r a b l e m e n t a u g m e n t a t i o n indui t par 
Padrenaline dans Pecoulement du sang et Pabsorption 
du glucose, prazosine etant plus puissant dans la 
reduction de recoulement . Cettc etude demonlrait 
qu 'au niveau des intestines greles des lapins au repos 
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s ' e f f ec tuen t unc large absorp t ion du g lucose . La 
reabsorption du g lucose intestinal etait augmen tde 
pa r r i n j e c t i o n de T a d r e n a l i n c . La r d p o n s e d e 
Padrenaline etait medic par les adrenorecepteurs alpha 
el beta. Les reponses i f adrenal ine sont d i f f e ren tes 
dans plusieurs respects de ceux induits par la nicotine 
aux lapins dans nos e tudes anter ieures. La raison de 
ces d i f fe rences est obscure . 

Introduction 
Previous studies in dogs have shown that the post-
absorptive gut is capable of taking up large quanti t ies 
of glucose [1- 8 | . A recent study a l so showed that 
there is uptake of glucose, s imilar to that repor ted in 
dogs, in the small intestine of rabbits 19]. In the rabbit, 
nicotine caused a marked increase in g lucose uptake 
by the small intestine. This response was h o w e v e r 
abolished when the rabbits were pretreated with an 
alpha adrenoceptor blocker, prazosin and a lmos t 
t o t a l ly a b o l i s h e d by p r e t r e a t m e n t w i t h a b e t a 
adrenoceptor blocker, propranolol . It was therefore 
concluded in that study |9] that the ef fec t of nicot ine 
on g lucose uptake in the gut of rabbits was media ted 
through the release of adrenal ine f rom the adrenal 
glands. Adrenal ine has been reported to cause large 
increases in glucose uptake in the canine j e junum (2], 
terminal i leum 14] and large intestine [101. 

Al though Tsu j imoto and his coworkers [11] 
provided unassailable evidence that nicotine indeed 
mediates its hyperglycaemic effect in cats by caus ing 
release of adrenal ine f rom the adrenal g lands , this 
cannot be accepted as foolproof ev idence that the 
effect of nicotine on blood g lucose changes in the 
rabbit is entirely due to adrenaline release. Therefore , 
apart f rom the possibility of species d i f fe rences , the 
fol lowing quest ions arise: (i) does adrenal ine have 
an e f f e c t on g l u c o s e up take in the rabbi t sma l l 
intestine? (ii) Is the ef fec t of adrenal ine the s a m e as 
that of nicotine on blood glucose and glucose uptake 
in the rabbit small intestine? Whi le there are reports 
on the hyperglycaemic effect of adrenal ine in rabbits 
112,13,14], there is no report in the literature, as far 
as we know, on the effect of adrenal ine on g lucose 
uptake in the intestine of rabbits. 

The present s tudy was carried out to f ind out if 
adrenal ine has any ef fec t on g lucose uptake in the 
rabbit small intestine. T h e study also a ims at f inding 
out if the effect (if any) is the same as those of nicotine 
in rabbits reported earl ier f rom our laboratory | 9 | . 
The receptor(s) that media te the e f fec t of adrenal ine 
on g lucose uptake in the rabbit intest ine (if any) will 
also be investigated. 

Mater ia l s a n d m e t h o d s 
T h e des ign and the mater ia l s and methods of this 
exper imen t are s imilar to those in our recent study on 
the e f f ec t of n ico t ine on g lucose uptake in the rabbit 
small intest ine [9]. In the present study, however, 
i n s t e a d o f n i c o t i n e , a d r e n a l i n e is u s e d . The 
expe r imen ta l des ign and the mater ia ls and methods 
w h i c h h a v e been desc r ibed in detail earlier [9] will 
be s u m m a r i z e d here in relat ion to the present study. 

T h i r t y - t w o m a l e whi t e rabbi ts , weighing 1.6-
2 . 5 k g and a g e d 9 - 1 0 m o n t h s w e r e used for the 
e x p e r i m e n t s . T h e r a b b i t s w e r e d iv ided into five 
g r o u p s of s ix r abb i t s p e r g r o u p . Each an imal was 
f a s t e d f o r 1 8 - 2 4 h o u r s b e f o r e t h e s ta r t of an 
e x p e r i m e n t but w a s a l l o w e d f r ee access to drinking 
w a t e r . A n a e s t h e s i a w a s i n d u c e d w i t h s o d i u m 
t h i o p e n t o n e , 3 0 m g / k g g i v e n in t raper i toncal ly (ip). 
L i g h t a n a e s t h e s i a w a s m a i n t a i n e d w i t h 
s u p p l e m e n t a r y d o s e s o f ip s o d i u m th iopentone . 
E a c h a n i m a l w a s s u r g i c a l l y p r e p a r e d as earl ier 
d e s c r i b e d (9] fo r m e a s u r e m e n t of j e j u n a l blood 
f l o w , a r t e r i a l a n d v e n o u s b l o o d s a m p l i n g for 
g l u c o s e e s t i m a t i o n a n d an i n t r a v e n o u s ( iv) route 
for in jec t ions . T h e left f e m o r a l ar tery and vein were 
s e c u r e d a n d c a n n u l a t e d fo r c o l l e c t i o n of arterial 
b l o o d s a m p l e s a n d i n t r a v e n o u s i n j e c t i o n s 
r e spec t ive ly . 

T h r o u g h a m i d l i n e l apa ro tomy, the j e junum 
w a s i d e n t i f i e d , s e c u r e d a n d a ve in d r a i n i n g the 
p rox imal s e g m e n t of the j e j u n u m was cannulated 
us ing p o l y e t h y l e n e tub ing . T h e j e j u n a l vein cannula 
was moved into an ex t racorporea l posit ion and a non-
c ru sh ing c l a m p w a s app l i ed to its f ree end. Sodium 
hepar in , 3 0 0 iu/kg w a s a d m i n i s t e r e d intravenously 
to p reven t b lood c lo t t ing . T h e a b d o m e n was closed 
in t w o layers wi th in te r rup ted su tures . Fol lowing 
s u r g e r y , a p e r i o d o f a b o u t l h w a s a l l o w e d for 
s tab i l iza t ion . J e j u n a l b lood f low was measured by 
timed collection using a modif ied lcc o r 2 c c syringe for 
collecting the blood f lowing out of the jejunal venous 
cannula as earlier described | 9 | . Af te r the flow has been 
recorded, the blood collected was taken up with a needle 
and syringe and returned slowly into the animal through 
the cannula placed in the femoral vein. 

B l o o d g l u c o s e w a s d e t e r m i n e d wi th ONE 
T O U C H B A S I C - p lus g l u c o m e t e r (L i fe Scan data 
file 2000) . T h e meter was checked against the glucose 
s t a n d a r d s o l u t i o n at r e g u l a r i n t e r v a l s to ensure 
accuracy. P rev ious studies have shown that the values 
of blood g lucose obtained using a glucometer correlate 
e x c e l l e n t l y w i t h t h o s e f r o m the use of standard 
biochemical methods [ 15, 16]. In this study, one large 
d rop of b lood (about 5 microl i t res) , was enough for 
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blood glucosc measurement. For the jejunal venous 
sample, this drop of blood was obtained directly from 
the jejunal cannula as soon as the flow measurement by 
timed collection was completed. The sample for 
measurement of arterial blood glucosc level was obtained 
from the cannula in the femoral artery in the same way 
as in the venous cannula. Care was taken to avoid blood 
loss since arterial blood is under high pressure. 

Experimental procedure 
The groups were treated as shown in the protocol in 
Table 1. Only two rabbits were used in what would 
have been the sixth group on which further work was 
d iscont inued for the reason stated below under 
adrenaline, 4ug/kg. 

T a b i c 1: Treatment given to rabbits in groups I to V 

Group Treatment given 

I Adrenaline injection, 2/Zg/kg 
II Prazosin, 0 .2mg/kg + Adrenaline, 2i g/kg 
III Propranolol . 0 .5mg/kg + Adrenaline 2i g/ 

kg 
IV Prazosin (0.2mg/kg) + Propranolol (0.5mg/ 

kg) + Adrenaline 2i g/kg 
V Normal saline, 0.2ml/kg 

Adrenaline injection (Group I) 
After the lh stabilization following surgery, basal 
measurements of jejunal blood flow rate, arterial and 
venous glucose levels were first made. Then, a bolus 
injection of adrenaline, 2ug/kg, was given intravenously 
through the femoral vein cannula. Measurements of 
jejunal blood flow rates, arterial and venous blood glucose 
levels were repeated at 5, 10, 15, 30, 45, 60, 75 and 90 
minutes respectively from the time of injection. Glucose 

uptake was calculated as the product of the blood flow and 
the arterio-venous glucose difference |2,3,5). 

Adrenaline and prazosin (Group II) 
Rabbits in this group were first injected (pretreated) 
with prazosin, 0.2mg/kg, given intravenously. Forty 
minutes were allowed for the drug to take effect. After 
basal measurements of blood flow, arterial and venous 
glucose levels, a bolus injection of adrenaline (2ug/ 
kg) was given as in group I and all the measurements 
were repeated at the intervals indicated in Group I. 

Adrenaline and propranolol (Group III) 
The rabbits in this group were pretreated with 
propranolol, 0.5mg/kg given intravenously. Forty 
minutes were allowed for the drug to take effect. After 
basal measurements have been taken as in group I, a 
bolus injection of adrenaline (2ug/kg) was given 
intravenously as in group I and all the measurements 
were repeated at 5, 10, 15, 30, 45, 60, 75 and 90 
minutes respectively as in group I. 

Adrenaline and prazosin and propranolol (Group IV) 
Rabbits in this group were pretreated with both 
prazosin (0.2mg/kg) and propranolol (0.5mg/kg). 
Forty minutes were allowed for the drugs to lake 
effect. After all basal measurements have been made, 
adrenaline injection (2ug/kg) was given and all 
measurements were repeated as in group I. 

Normal saline injection (Group V) 
After basal measurements have been taken as in group 
1,0.2ml/kg normal saline (0.9% saline) was given as 
a bolus injection, the same volume as the adrenaline 
injections. All measurements were repeated at 5 ,10 , 
15, 30, 45, 60, 75 and 90 minutes respectively as in 
group I. Glucose uptake was calculated in this and 
all the other groups as in group I. 

Table 2: Effect of adrenaline (2ug/kg) on arterial and venous glucose, (A-V) glucose, blood flow and glucose 
uptake (Group I). 

Time (min) 0" 5" 10" 15" 30" 45" 60" 75" 90' 

Arterial Glucose 245.5 283 .0 307.5 283.4 264.6 234.0 231.0 224.7 217.7 
(mg/dl) ±4 .6 ±4.8** ±4.7** ±4.9** ±4 .7 ±4.6 ±4.4 ±4.3 ±4.7* 
Venous Glucose 151.8 193.5 275.8 248.7 223.8 215.8 218.5 182.7 160.7 
(mg/dl) ±4.4 ±3.8* ±4 .2** ±3.9** ±4.2* ±4.2* ±4.3* ±4.1 ±4.0 
(A-V) Glucose 94.7 89.5 31.7 34.7 40.8 18.2 12.5 42.0 57.0 
(mg) ±2.9 ±2.7 ±2.1** ±3.0** ±1.8* ±1.6*** ±1.1*** ±1.7** ±2.1** 
Blood flow 0.72 1.2 1.35 1.3 1.35 1.35 1.25 1.35 1.37 
(ml/min) ±0.3 ±0.3 ±0.3* ±0.3* ±0.3* ±0.3* ±0.5 ±0.5* ±0.3* 
Glucosc uptake 68.1 107.4 42.8 45.1 55.0 24.5 15.6 56.7 78.1 
(mg/min) ±2.6 ±2.5** ±2.3 ±3.1 ±1.9 ±1.8** ±1.1** ±1.7 ±1.5* 

(n=6; *p<0.05; **p<0.0l; **+p<0.00l); (A-V) Glucose is Arterial minus Venous glucose. 
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Table 3: Effect of prazosin (0 .2mg/kg) and adrenalin (2ug/kg) on arterial and venous glucose, blood flow, (A-V) 
glucose and glucose uptake (Group II) 

Time (min) 0" 5" 10" 15" 30" 45" 60" 75" 90" 

Arterial Glucose 263.5 270 .0 315.5 346 .0 351.5 393.2 342.0 421.0 386.2 
(mg/dl) ±8.5 ±31 .6 ± 9 1** ±8 .1** ±19 .1* ±29.3* ± 4 1 4 ±40.7* ±23.7* 
Venous Glucose 226.5 207 .2 216 .5 249 .5 282.7 313.7 320.5 375.0 371.0 
(mg/dl) ±25.02 ±25 .8 ±8.4 ±32 .2 ±31.7 ±35.8* ±26.8* ±23.3* ±21.3* 
Blood flow 0.28 0 .28 0 .26 0.21 0 .18 0.16 0.18 0.16 0.16 
(ml/min) ±0.02 ±0.01 ±0 .02 ±0 .02* ±0.01** ±0.01* ±0.02* ±0.02* ±0.01* 
(A-V) Glucose 37.0 62.8 99 .0 96 .5 68.8 79.5 21.5 46.0 15.2 
(mg) ±17.2 ±21 .8 ±9 .7* ±24 .8* ±38.5 ±12.4* ±14.8 ±22.5 ±6.8 
Glucose uptake 10.5 18.4 25.5 22.1 14.4 13.0 4.9 8.2 2.6 
(mg/min) ±5.4 ±6.4 ±0 .7* ±6.7 ±8.1 ±2.4 ±3.8 ±4.1 ±1.3** 

(n=6; *p<0.05; **p<0.0l) 

Injection of adrenaline, 4ug/kg 
Two rabbits were given a h igher dose of adrena l ine , 
4ug/kg and this caused immediate death of the rabbits. 
Use of more rabbits at this dose was therefore stopped. 
The mean ± S . E . M of al l m e a s u r e m e n t s w e r e 
computed. Significance was assessed by the Student ' s 
t-test for two means of independent var iables or a 
one way analysis of v a r i a n c e ( A N O V A ) as w a s 
appropriate, p values of 0 .05 or less were taken as 
statistically significant. 

Results 
The results are shown in Tables 2 to 6. All va lues 
given are Mean ± S .E.M of the var iables measured . 
The asterisks in the tab les ind ica te the leve ls o f 
significance of the variables measured compared with 
their basal (zero minute) values . 

The effects of adrena l ine on rabbi t s in g roup I 
are shown in Table 2. Adrena l ine caused s ign i f ican t 
increase in arterial blood g lucose level be tween 5min 

and 15 min post-injection. After this, arterial glucose 
level fell and it fell significantly below basal level al 
90min. There was also a significant increase in venous 
g lucose level above the basal value of 151.8±4.4mg/ 
dl f r o m 5min to 60 minutes post-injection. Venous 
blood glucose has, however, returned to resting level 
at 90min post-injection. Adrenaline caused a decrease 
in g l u c o s e e x t r a c t i o n ( A - V g lucose) . Glucose 
extract ion decreased significantly from lOmin post-
in j ec t ion to the end of the 90min post-injection 
observat ion period. Adrenaline caused a significant 
increase in je junal blood flow above the basal value 
of 0 .72 ± 0 .3ml /min f rom lOmin to 90min post-
inject ion. Adrenal ine also caused a significant but 
b iphas ic increase in glucose uptake, al 5min and 
90min post-injection. After the initial increased uptake 
at 5min, glucose uptake decreased significantly below 
basal value at 45min and 60min post-injection. 

Table 3 shows the results of rabbits pre-treated 
wi th prazosin and then challenged with adrenaline. 

Table 4: Effect of propranolol (0 .5mg/kg) and adrenal ine (2ug/kg) on arterial and venous glucose, blood flow, (A-
V) glucose and glucose uptake (Group III) 

Time (min) 0" 5" 10" 15" 30" 45" 60" 75" 90' 

Arterial Glucose 270 .2 276 .7 238 .5 280.7 222.5 205.0 190.0 161.5 151.2 
(mg/dl) ±39.9 ±33 .5 ±24 .8 ±57.4 ± 3 4 . 3 ±35.9 ±40.2 ±19.7* ±17.1* 
Venous Glucose 236.7 246 .0 223 .2 256 .5 215 .0 196.0 150.0 122.7 116.5 
(mg/dl) ±127.6 ±107.1 ±106 .6 ±99 .9 ±95.2 ±91.6 ±90.4 ±89.1 ±89.1 
Blood flow 0 .63 0 .72 0 .99 0 .97 0 .92 0.77 0.65 0.55 0.47 
(ml/min) ±0.1 ±0.1 ±0 .1* ±0 .1** ±0.1** ±0.2 ±0.2 ±0.2 ±0.1* 
(A-V) Glucose 33.5 30.7 15.3 24 .2 7.5 9.0 15.0 38.8 34.7 
(mg) ±19.4 ±18 .02 ±5.1 ±6.6 i+ w

 to
 * ±4.2 ±3.8 ±16.7 ±17.0 

Glucose uptake 30.0 30 .0 15.6 23 .5 8.2 9.0 17.6 14.7 11.6 
(mg/min) ±23.1 ±23 .2 ±6.7 ±6.5 ±4.5 ±6.3 ±8.6 ±4.4 ±4.5 

(n=6; *p<0.05; **p<0.0/) 
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T h e r e w a s a s ign i f i can t inc rease in ar ter ial blood 
g l u c o s e f r o m a basal v a l u e of 2 6 3 . 5 ± 8 . 5 m g / d l at 
lOmin pos t - in jec t ion and this pers i s ted (ill the end of 
the 9 0 m i n pos t - in jec t ion per iod . S imi la r ly , venous 
g lucose increased f r o m the 226 .5 ± 2 5 . 0 2 m g / d l basal 
level and the inc reases w e r e s ign i f i can t f r o m 4 5 m i n 
to 9 0 m i n p o s t - i n j e c t i o n . A d r e n a l i n e c a u s e d a 
s i gn i f i can t i nc rease in g l u c o s e ex t r ac t i on ( A - V 
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prazosin adminis t ra t ion f r o m the basal va lue of 38 .3 
± 1 .6mg/min in the control g r o u p to a basal va lue of 
10.5 ± 5 .4 mg/min in this g roup . A f t e r ad rena l ine 
injection, g lucosc uptake increased f rom a basal value 
o f l 0 . 5 ± 5 . 4 m g / m i n to 25 .5 ± 0 . 7 m g / m i n at lOmin 
post- inject ion. Th i s increase was s ignif icant . G lucose 
uptake values in this g roup were however significantly 
lower than cor responding va lues in the control g r o u p 

T a b l e 5 : E f f ec t of p r azos in (0 .2ug /kg ) and propranolo l (0 .5mg/kg) and adrena l ine (2ug /kg) on arterial and v e n o u s 
g l u c o s e , b lood How, ( A - V ) g l u c o s c and g lucosc up take (Group IV). 

T i m e ( m i n ) 0 " 5" 10" 15" 30" 45" 60" 75" 9 0 " 

Ar ter ia l G l u c o s c 2 7 9 . 0 2 6 8 . 5 249 .5 254 .5 231 .5 191.0 179.5 148.0 147.7 
( m g / d l ) ± 4 7 . 9 ± 4 8 . 3 ± 4 1 . 6 ± 5 1 . 8 ± 5 3 . 4 ± 1 2 . 8 ± 8 . 3 ± 1 2 . 2 * ± 4 . 2 * 
Venous G l u c o s e 2 4 8 . 0 2 4 1 . 0 2 2 5 . 0 232 .5 2 1 5 . 0 178.0 151.2 102.0 115.7 
( m g / d l ) ± 5 0 . 8 ±49 .1 ± 4 1 . 7 ± 4 6 . 9 ±46 .2 ± 1 7 . 3 ± 1 7 . 6 * ± 1 9 . 3 * ± 9 . 0 * 
B lood How 0 . 8 3 0 . 9 2 1.05 1.1 0 .97 0 .8 0 .7 0 .61 0 . 6 2 
( m l / m i n ) ± 0 . 2 ±0 .1 ±0.1 ±0 .1 ±0.1 ±0.1 ± 0 . 2 ±0 .1 ±0.1 
( A - V ) G l u c o s e 3 1 . 0 2 7 . 5 24 .5 24 .5 16.5 13.0 2 8 . 3 4 6 . 0 3 2 . 0 
( m g ) ± 3 . 0 ± 3 . 3 ±2 .2 ± 4 . 5 ±8 .9 ±6 .0* ± 9 . 2 ± 9 . 8 ± 6 . 2 
G l u c o s c u p t a k e 2 7 . 8 2 5 . 6 2 5 . 8 25 .7 15.4 11.75 2 0 5 2 8 . 5 17.8 
( m g / m i n ) ± 8 . 9 ± 7 . 5 ± 4 . 5 ±2 .8 ± 6 . 9 ± 6 . 5 * ±6 .1 ±9 .1 ± 2 . 7 

(11=6; *p<0.05) 

glucosc) at lOmin, 15min and at 4 5 m i n post- inject ion. 
Prazos in admin is t ra t ion resulted is a marked dec rease 
in basal j e juna l blood flow. A compar i son of the results 
in Table 3 wi th those in Table 6 (control g roup) s h o w s 
the fo l lowing d i f f e rences . Basal b lood f low decreased 
f r o m 1.01 ± O l m l / m i n in the cont ro l g r o u p ( G r o u p 
V ) t o a m e r e 0 . 2 8 ± 0 . 0 2 m l / m i n a f t e r p r a z o s i n 
in jec t ion . A d r e n a l i n e in j ec t ion p r o d u c e d a fu r the r 
dec rease in blood f low in this g r o u p with the decreases 
b e c o m i n g s i g n i f i c a n t f r o m 3 0 m i n to 9 0 m i n pos t -
in jec t ion (Tab le 3). G l u c o s e u p t a k e w a s r educed by 

and in g r o u p I in wh ich n o a d r e n o c e p t o r b l o c k e r w a s 
administered. At 90min post- inject ion, g lucose up take 
w a s 2 . 6 + 1 .3mg/min and this w a s s igni f icant ly lower 
than the cont ro l va lue for the g r o u p . 

Tab le 4 s h o w s that in r abb i t s p re - t r ea ted wi th 
p roprano lo l , ad rena l i ne in jec t ion fai led to c a u s e an 
increase in arterial blood g lucose level. Arter ial blood 
g lucose level ac tua l ly dec reased progress ive ly pos t -
in jec t ion . At 7 5 m i n , ar ter ia l g l u c o s e level has fa l len 
to 161 .5±19.7mg/d l wh ich is s ign i f icant ly lower than 
the 2 7 0 . 2 ± 3 9 . 9 m g / d l basal va lue in th is g r o u p . T h e 

T a b l e 6 : E f f ec t o f no rma l sa l ine ( 0 . 2 m l / k g ) on arterial and v e n o u s g lucose , b lood f low, ( A - V ) g l u c o s e and g l u c o s e 
up t ake ( G r o u p V) 

T i m e (min) 0" 5 " 10" 15" 30" 4 5 " 6 0 " 75" 9 0 " 

Ar ter ia l G l u c o s e 2 0 1 . 0 2 0 6 . 8 2 0 3 . 5 2 0 2 . 3 199 .0 197.5 196.5 191.5 192.0 
( m g / d l ) ± 1 . 2 ± 3 . 4 ± 1 . 5 ± 0 . 8 ± 1 . 5 ± 2 . 9 ± 3 . 5 ± 4 . 6 ± 4 . 9 
Venous G l u c o s e 164 .0 171 .0 172.2 170.8 165.5 164.2 158 .0 160.2 161.0 
( m g / d l ) ± 2 . 3 ± 0 . 5 ± 1 . 6 ± 2 . 4 ± 2 . 5 ± 4 . 1 ± 2 . 5 ± 4 . 2 ± 3 . 3 
Blood f low 1.01 0 . 9 5 0 . 9 0 0 . 9 2 1.04 1.02 1.05 1.25 1.15 
( m l / m i n ) ±0 .1 ± 0 . 0 8 ±0 .1 ±0 .1 ± 0 . 0 9 ±0 .1 ± 0 . 0 8 ± 0 . 1 2 ± 0 . 0 9 
( A - V ) G l u c o s e 3 8 . 0 3 5 . 8 3 1 . 3 3 1 . 5 3 3 . 5 3 3 . 3 3 8 . 5 3 1 . 3 3 1 . 0 
( m g ) ± 1 . 6 ± 0 . 6 ±3 .1 ± 3 . 7 ± 4 . 7 ± 3 . 6 ± 3 . 5 ±4 .7 ± 2 . 6 
G l u c o s c U p t a k e 38 .3 3 3 . 9 2 8 . 1 2 8 . 9 3 4 . 8 3 3 . 6 4 0 . 4 3 9 . 0 3 5 . 6 
( m g / m i n ) ± 1 . 6 ± 2 . 5 ± 2 . 8 ± 3 . 8 ± 2 . 6 ± 4 . 4 ± 4 . 6 ± 5 . 9 ± 5 . 4 

(n=6) 
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venous glucose levels showed a s imi lar pat tern to the 
arterial g lucose levels; that is, the re w a s n o increase 
in venous g lucose level but a p r o g r e s s i v e d e c r e a s e 
af ter the injection of adrena l ine . Basa l b lood f l ow in 
this g roup was r educed to 0 . 6 3 + 0 .1 m l / m i n by 
propranolol adminis t ra t ion w h e n f l o w is c o m p a r e d 
with the control g roup va lue of 1.01 + 0.1 m l / m i n 
(Table 6) but the dec rease w a s not as s e v e r e as in 
group III rabbits pre- t reated wi th p razos in (Table 3). 
Af te r ad rena l ine i n j ec t i on , b l o o d f l o w i n c r e a s e d 
significantly f r o m lOmin to 3 0 m i n pos t - in j ec t ion . 
Thereafter, blood flow decreased to basal level. Glucose 
extraction (A-V glucose) wh ich w a s 3 3 . 5 + 1 9 . 4 m g 
decreased after adrenaline injection and the decrease was 
significant at 30min post-injection. Adrenaline injection 
did not result in any significant change in glucose uptake 
in the propranolol- treated rabbits. 

Table 5 s h o w s the resul ts of rabb i t s g iven a 
combina t i on of p r azos in and p r o p r a n o l o l b e f o r e 
adrenaline inject ion. T h e pat tern of the g l y c a e m i c 
r e sponse w a s s i m i l a r to that of p r o p r a n o l o l and 
adrenaline in Table 4 , that is, a d e c r e a s e in b lood 
glucose levels fo l lowing ad rena l ine in jec t ion . T h e r e 
was no s ign i f ican t c h a n g e in b lood f l o w but the 
decreases in (A-V) g lucose and g lucose up take f r o m 
basal values of 3 1 . 0 ± 3 . 0 m g and 2 7 . 8 ± 8 . 9 m g / m i n 
respectively to 13.0 ± 6 . 0 m g and 11.8 ± 6 . 5 m g / m i n 
respectively at 45min post- inject ion were s ignif icant . 

Normal saline inject ion had n o e f fec t on b lood 
g lucose levels , (A - V) g l u c o s e , b lood f l o w and 
g lucose uptake (Table 6). W h e n a h ighe r d o s e of 
adrenaline (4ug/kg) was adminis tered , the t w o rabbits 
given this dose d ied pos t - in jec t ion the reby m a k i n g 
post-injection observa t ion imposs ib le . 

Discussion 
This study showed , like o u r recen t s tudy [9], that a 
substantial amoun t of g l u c o s e is ex t r ac ted f r o m the 
arterial blood by the rabbi t smal l in tes t ine as b lood 
passes through the t i s sues of t he in tes t ine . Basa l 
glucose extraction (A-V g lucose) in the control g roup 
was as high as 38 .0 + 1 . 6 m g . W h e n g l u c o s e up take 
was computed , it was qu i t e subs tan t i a l , wi th a va lue 
of 38.3 ± 1.6mg/min in the control (0 .9% saline) group. 
This confirms our earlier f inding [9] that the bowel of 
the rabbit also takes up large quantities of glucose similar 
to what had been reported in dogs (2-8). 

The rise in blood g lucose fo l lowing adrena l ine 
injection is consistent with its known pharmacologica l 
effect on blood g lucose . S ince 0 . 9 % sa l ine in jec t ion 
had no ef fec t on blood g lucose , the h y p e r g l y c a e m i c 
effect of adrenaline could not be ascr ibed to the stress 
of the injections. In any case , the a n i m a l s w e r e ful ly 

anaes the t i zed and w e r e unl ikely to be stressed by 
in jec t ion of the very small vo lumes of normal saline 
o r t h e d r u g s u s e d . T h i s resu l t is s imi la r to the 
h y p e r g l y c a e m i a r e p o r t e d f o l l o w i n g adrena l ine 
in jec t ion in rabbi ts by earl ier workers 112,13J. The 
s i g n i f i c a n t i n c r e a s e in g l u c o s e uptake following 
a d r e n a l i n e in jec t ion in this s tudy is similar to the 
i n c r e a s e in g l u c o s e up t ake caused by nicotine in 
rabbits [9] and by adrenaline in dogs [2,4). There are, 
however, marked differences in the glycaemic effects of 
adrenaline in rabbits in the present experiments and those 
caused by nicotine in rabbits [9|. 

In the n ico t ine s tudy, the increases in arterial 
a n d v e n o u s b l o o d g l u c o s e l eve l s were marked, 
progress ive and lasted throughout the 90 minutes post-
in jec t ion obse rva t ion per iod. In the present study, 
a r t e r i a l g l u c o s e r o s e o n l y b e t w e e n 5min and 
3 0 m i n u t e s wi th its peak at lOmin a f te r which it 
r e tu rned to basal levels. Al though the rise in venous 
g l u c o s e levels lasted longer than those of the arterial 
levels , the increase in venous g lucose also peaked at 
10 minu te s pos t - in jec t ion. Af te r this, venous glucose 
level s tar ted fa l l ing gradual ly so that at 90 minutes 
p o s t - i n j e c t i o n , v e n o u s b lood g l u c o s e level had 
re turned to basal values . Th i s is in contrast to the 
n ico t ine e x p e r i m e n t s in which venous glucose level 
w a s still r is ing even at 9 0 m i n post-injection. 

Another notable difference between the present 
s tudy and the n icot ine exper iment is that while pre-
t r e a t m e n t w i t h p r a z o s i n t o t a l l y a b o l i s h e d the 
h y p e r g l u c a e m i c response to nicotine in both arterial 
and v e n o u s blood, in the present study, pretreatment 
w i t h p r a z o s i n f o l l o w e d by a d r e n a l i n e inject ion 
resul ted in marked and sustained increases in both 
arter ial and venous blood glucose levels throughout 
the 9 0 minu te s of post- inject ion observation. This 
resu l t is s imi l a r to the f i n d i n g s in rats in which 
p r a z o s i n p o t e n t i a t e d a d r e n a l i n e - i n d u c e d 
hype rg lycaemia [ 17 J but contras ts with the nicotine 
e x p e r i m e n t s in which both arterial and venous blood 
g lucose levels fell s ignif icant ly below basal levels 
w h e n n ico t ine was adminis te red af ter pretreatment 
wi th prazos in . T h i s result was a big surprise and we 
have n o exp lana t ion for this d i f ference. T h i s result 
sugges t s h o w e v e r that the mechan i sm of nicotine-
induced hyperg lycaemia in rabbits is different from 
that of adrenal ine- induced hyperglycaemia. While the 
hyperg lycaemic effect of nicotine is mediated mainly 
th rough a lpha receptors that of adrenaline seems to 
be m e d i a t e d ma in ly th rough beta receptors. The 
present f indings also contrast with those of Moratinos 
et al 1181 w h o reported that phenoxybenzamine, an 
a lpha a d r e n o c e p t o r blocker, at tenuated the blood 



Adrenaline on rabbit's intestinal glucose uptake 231 

glucose elevation observed when adrenaline was 
infused into conscious fasted rabbits. 

When rabbits were pretreated with propranolol, 
in the nicotine experiments, the rise in arterial and 
venous blood glucose levels was almost abolished. 
Blood glucose did not however fall below basal 
values. In the adrenaline experiments, not only did 
p r e t r e a t m e n t wi th p r o p r a n o l o l a b o l i s h the 
hyperglycaemic response to adrenaline, blood glucose 
levels actually fell significantly below resting levels 
post- inject ion. Th i s result con f i rms our earl ier 
suggestion that adrenaline-induced hyperglycaemia 
in r abb i t s is m e d i c a t e d m a i n l y t h rough beta 
adrenoceptors. This result is similar to the effect of 
propranolol on adrenaline-induced hyperglycaemia in 
dogs |4 | . Again, the findings in the present study 
contrasts with those of Moratinos et al (18,19] and 
P o t t e r s al | 2 0 | in conscious rabbits. These workers 
showed that propranolol failed to antagonize the 
increase in blood glucose elicited by adrenaline and 
noradrena l ine . In te res t ingly , in ano ther study, 
y o h i m b i n e , but not p r a z o s i n a t t enua t ed the 
hyperglycaemic effect of adrenaline in a dose-related 
manner 1131. 

T h e r e are m a n y but c o n f l i c t i n g reports 
concerning the type of adrenoceptor mediating the 
hyperglycaemic response to adrenaline (21). It has 
been o b s e r v e d that c a t e c h o l a m i n e - induced 
hyperlycaemia should be considered as a complex 
integrated response including increased liver and 
muscle glycogenolysis, increased gluconeogenesis, 
decreased peripheral glucose utilization, inhibition of 
insulin and stimulation of glucagon secretion [18). 
All these components should therefore be kept in mind 
when analysing the nature of adrenoceptors involved 
in the hyperglycaemic effects of catecholamines. Apart 
from the now well-established species variation in 
the adrenoceptors mediating cathecholamine-induced 
hyperglycaemia (21), it is becoming increasingly clear 
that different alpha- and beta-adrenoceptor subtypes 
play different roles in this response [17,22). The 
nutritional state of the animal also plays an important 
role in g lycaemic response [12). For example , 
isoprenaline is hyperglycaemic in fasted but not in 
fed rats [23). The relative contribution of each of these 
components may differ in different species and under 
different nutritional conditions [24) thus accounting, 
at least partly, for the conflicting reports. 

The increase in jejunal blood flow caused by 
adrenaline injection (Group I) was abolished by 
prazosin. Indeed, prazosin caused a highly significant 
reduction in basal jejunal blood (low when flow in 
this group (Group II) is compared with basal flow in 

the control group (Group V). The fact that injection 
of adrenal ine af ter prazosin resulted in fur ther 
decrease in blood flow suggests that the increased 
blood flow due to adrenaline is medicated largely 
through alpha receptors. Although pretreatment with 
propranolol also resulted in a decrease in blood flow, 
the decrease was not as profound as in group II 
pretreated with prazosin. This suggests that alpha 
receptors play a dominant role in the control of blood 
flow in the rabbit jejunum. The increase in small 
intestinal blood flow caused by adrenaline in this study 
is similar to the increase in blood flow caused by 
nicotine in the rabbit intestine [9). The effects of 
adrenoceptor blockers followed by administration of 
agonists on blood flow in the two studies are however, 
different. While blood flow in propranolol treated 
rabbits fell significantly below basal values following 
administration of nicotine (9), it was in the prazosin-
pretreated group in the present study that blood flow 
fell below basal values following adrenaline injection. 
In the nicotine study [9 | , blood f low increased 
significantly from lOmin to90min following nicotine 
injection in prazosin treated rabbits whereas, the 
reverse occurred in the present study. The reasons 
for these differences are not clear. 

With respect to glucose uptake, the effect of 
adrenaline injection in this study is similar to its effect 
in dogs [2, 4). It is interesting to note that glucose 
uptake values in all pretreated rabbits were far below 
the basal values in animals not given adrenoceptor 
blockers (Groups I and V). Again, glucose uptake 
after adrenaline injection in the present study is 
different from that induced by nicotine. In the nicotine 
experiment, glucose uptake was above basal level 
throughout the 90min post-infusion period and the 
values were significantly higher than basal values at 
10, 30 and 60 minutes whereas, only a transient 
significant increase at 5min post-injection occurred 
in the present study. The effect of prazosin or 
propranolol in attenuating glucose uptake in the 
present experiment is however similar to the results 
in the nicotine study [9|. 

Previous studies in dogs [2,10], cats [25) and 
rats [26) showed that the hyperglycaemia induced by 
nicotine is mainly due to adrenaline released from 
the adrenal medulla. The fact that both alpha and 
beta adrenoceptor blockers modified the effects of 
nicotine and adrenaline on blood glucose level, blood 
flow and glucose uptake in the rabbit small intestine 
lend support to this assertion. Nonetheless, the big 
differences in the effects of adrenaline and nicotine 
on glucose kinetics as highlighted above suggest that 
adrenaline alone docs not account for all the effects 
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of nicotine. There seems lo be more to nicotine action 
than jus t the re lease of a d r e n a l i n e . A d d i t i o n a l 
mechanisms arc most probably involved. In this 
respect, it should be noted that nicotine is a well-
known potent st imulant of the sympat l io-adrcnal 
system. Thus, apart f rom causing adrenal ine release 
from the adrenal medulla, it stimulates the sympathetic 
ganglia leading to marked increase in sympathet ic 
nerve activity. Studies have shown that increased 
activity of the sympathe t ic nerves supp ly ing the 
pancreas causes inhibition of insulin secretion | 2 7 | . 
This resul ts in an inc rease in n i c o t i n e - i n d u c e d 
h y p e r g l y c a e m i a . T h u s , a d r e n a l i n e r e l e a s e and 
sympathetic nerve-induced inhibition of insulin release 
act synerg is t i ca l ly l ead ing to a more p r o f o u n d 
nicotine-induced hyperglycaemia. Previous studies 
have shown that the higher the blood glucose level, 
the greater is the glucose uptake in the gut | 8 | . 

The recent study of Bat tram el al 128] also 
seems to lend support to the suggestion that adrenaline 
alone does not account for all the ef fec ts of nicotine. 
In their study, Battram and her col leagues assessed 
the influence of adrenaline on the effect of caf fe ine 
on glucose kinetics in humans. The study aimed at 
finding out whether adrenaline can account for all of 
the effects of caffeine. In a very elegant study, they 
measured the plasma concentra t ion of adrenal ine 
caused by ingestion of caffeine, the rate of endogenous 
glucose production and whole-body glucose uptake 
rates among other metabolic indices. They fol lowed 
with an infusion of adrenaline at a rate that produced 
a plasma concentration of adrenal ine equal to that 
caused by ingestion of caf fe ine and repealed all the 
measurements of metabolic indices. They found that 
ca f f e ine and in fus ion of ad rena l ine at a p l a sma 
concent ra t ion s imi lar to that caused by c a f f e i n e 
ingestion resulted in d i f fe ren t e f fec t s on g lucose 
k inet ics . F r o m the resu l t s , they c o n c l u d e d that 
adrenaline alone does not account for the ef fec ts of 
caffe ine and that addit ional m e c h a n i s m s must be 
involved. 

The death of the rabbits in this study when 
4 u g / k g of a d r e n a l i n e w a s i n j e c t e d p r e v e n t e d 
inves t iga t ion of the e f f e c t s of h i g h e r d o s e s of 
adrenaline. It also suggests that rabbits are killed by 
ad rena l ine more readi ly than o t h e r a n i m a l s . In 
previous studies, 5ug/kg and 50ug/kg of adrenal ine 
were given to dogs [4| and rats [26] respectively and 
the animals did not die throughout exper iments of 
even longer duration than this study. 

In conclusion, we have demonst ra ted in this 
study that adrenaline has an ef fec t on blood glucose 
and g lucose uptake in the rabbit smal l intestine. 

Taiwo, CO I dolor, ct al 

Furthermore, this study has shown that release of 
adrenal ine a lone cannot account for the effects of 
nicotine on blood glucose and glucose uptake observed 
in our earlier study (9). This study also demonstrated 
that both alpha and beta receptors are involved in 
mediating the effects of adrenaline. The beta receptors 
appea r dominan t in the control of the glycaemic 
response while the alpha receptors seem dominant in 
the control of blood flow. 

Acknowledgements 
This study was supported in part by the University 
of Ibadan Sena te Research Grant , number SRC/ 
C O M / 2 0 0 6 / 6 B , to four of the authors; DDO.ARA, 
O O and Grace . We thank the Universi ty for the 
Financial Support . 

References 
1. D u r o t o y e A O and G r a y s o n J. Heat production 

in the gastro-intestinal tract of the dog. J Physiol 
(Lond) 1 9 7 1 ; 2 1 4 : 4 1 7 - 4 2 6 . 

2. G r a y s o n J and O y e b o l a D D O . E f f ec t s of 
ca techolamies on intestinal glucose and oxygen 
uptake in the canine small intestine. J Physiol 
(Lond) 1985; 343: 311-322. 

3. Grayson J and Oyebola DDO. Effect of nicotine 
on blood flow, oxygen consumption and glucose 
u p t a k e in the c a n i n e smal l intes t ine. Br J 
Pharmacol 1985; 85: 797-804. 

4. Oyebo la D D O and Durosa iye GO. Effect of 
adrenal ine and propranolol on glucose uptake in 
the canine terminal ileum. Nic J Physiol Sci 1988; 
4 : 3 1 - 3 7 . 

5. Alada A R A and Oyebola DDO. Evidence that 
the gastro-intestinal tract is involved in glucose 
homeostasis . A f r J Med Med Sci 1996; 25: 
243-249. 

6. A lada A R A and Oyebo la D D O . The role of 
adrenergic receptors in the increased glucose 
uptake by the canine gut. Af r J Med Med Sci 
1997; 26: 75-78. 

7. Alada A R A , Fagbohun TR and Oyebola DDO. 
Ef fec t of a d r e n a l i n e on g lucose uptake by the 
can ine large bowel . A f r J Biomed Res 2001; 4: 
123-126. 

8. Alada A R A , Falokun P O and Oyebola DDO. 
Intestinal glucose uptake in normal, untreated and 
insulin-treated diabetic dogs. Afr J Med Med 
Sci 2005; 34: 147-156. 

9. Oyebola DDO, Idolor GO, Taiwo EO, Alada ARA. 
O w o e y e O and Isehunwa GO. Effect of nicotine 
on g lucose uptake in the rabbit small intestine. 
A f r J Med Med Sci 2009: 38: 119-130. 



Adrenaline on rabbit's intestinal glucose uptake 233 

10. Alada ARA, Fagbolmn TR and Oycbola DDO. 
El feci of adrenaline on glucose uptake by the large 
intestine. Afr J Biomed Res 2001; 4: 123-126. 

11. Tsuj imoto A. Tanino S and Kurogochi Y. Effect 
of nicotine on serum potassium and glucose. Jpn 
J Pharmacol 1965; 15: 415-422. 

12. Moratinos J, Potter DE and Ellis S. The influence 
of propranolol on catecholamine-induced changes 
in carbohydrate metabol ism in the rabbit. Eur J 
Pharmacol 1975; 32: 186-194. 

13. Potter DE, Morat inos J and Ellis S. Metabolic 
response to isoproterenol and epinephrine in the 
rabbit. Influence of state of nourishment, alloxan 
d iabetes and pre t rea tment with propranolol . 
Biochem Pharmac 1977; 26: 1065-1069. 

14. Knudtzon J. Adrenergic effects on plasma levels 
of glucagon, insulin, glucose and free fatty acids 
in rabbits - influences of selective blocking drugs. 
Acta Physiol Scand 1984; 120: 353 - 361. 

15. Aja la M O , O l a d i p o OO, F a s a n m a d e O and 
Adewole TA. Laboratory assessment of three 
glucometers. A f r J Med Med Sci 2003; 32: 279-
282. 

16. Devreese K and Leroux - Roels G Laboratory 
assessment of five glucometers designed for self 
monitoring of blood glucose concentration. Eur 
J Clin Chem Clin Biochem 1993; 12: 829-837. 

17. John GW, Doxey JC, Walter DS and Reid JL. 
T h e ro le o f a l p h a - and b e t a - a d r e n o c e p t o r 
subtypes in m e d i a t i n g t he e f f e c t s of 
catecholamines on fasting glucose and insulin 
concentrat ions in the rat. Br J Pharmacol 1990; 
100: 699-704. 

18. Mora t inos J, O lmed i l l a B, de Pablos I and 
Vigueras MI). Alpha - adrenoceptor involvement 
in ca t echo lamine - induced hyperg lycaemia in 
conscious fasted rabbits. Br J Pharmacol 1986; 
89: 55-66. 

19. Moratinos J, Potter DE and Ellis S .The influence 
of propranolol on catecholamine-induced changes 

in carbohydrate metabolism in the rabbit. Eur J 
Pharmac 1975; 32: 186-194. 

20. Potter DE, Moratinos J and Ellis S. Comparative 
hyperglycaemic responses to norepinephrine, 
salbulamol and glucagon in normal and alloxan 
diabetic insulin- controlled rabbits. Arch Int 
Pharmacodyn Ther 1974; 209: 358-368. 

21. Al - Jibouri LM.. Furman BL and Parratl JR. 
Blockade of adrenaline - induced hyperglycaemia 
in anaesthetized cat by continuous infusion of 
phentolamine and propranolol. Br J Pharmacol 
1980; 68: 461-466. 

22. Sharif SI and Abouazra HA. Effect of intravenous 
ketamine administration on blood glucose levels 
in conscious rabbits. Am J Pharmacol Toxicol. 
2009; 4: 38-45. 

23. Fleming W W and Kenny AD. The ef fec ts of 
fasting on hyperglycaemic responses to catecho-
lamines in rats. Br J Pharmacol 1964; 22: 267-
274. 

24. H o r n b r o o k KR. A d r e n e r g i c r e c e p t o r s fo r 
metabolic responses in the liver. Fedn Proc 1970; 
29: 1381-1385. 

25. Milton AS. Effect of nicotine on blood glucose 
level and plasma non-esterified fatty acid levels 
in intact and a d r e n a l e c t o m i z e d ca t s . Br J 
Pharmacol Chemother 1966; 26: 256-263. 

26. Oycbola D D O and Alada A R A . Ef fec t s of 
adrenergic receptor blockers on adrenaline and 
nicotine-induced hyperglycaemia in the rat. Af r 
J Med Med Sci 1993; 22: 13-18. 

27. Jarhult J and Hoist JJ. Reflex adrenergic control 
of endocr ine pancreas evoked by un loading of 
carotid baroreceptors in cats. Acta Physiol Scand 
1978; 104: 188-202. 

28. Battram DS, Graham TE, Richter EA and Dela 
F. The ef fec t of ca f fe ine on g lucose kinet ics in 
humans- in f luence of adrenaline. J Physiol 2005; 
569: 347-355. 

Received: 01/07/10 
Accepted: 01/06/11 

t ftJ 

OA r«. 

v i 


