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Catecholamines potentiate the effect of thyroid hormone on 
intestinal absorption of glucose in the rat 
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S u m m a r y 
The study is to investigate the role of catecholamines on 
the increased absorption of glucose f rom the gut by thy-
roxine, the ef fect of graded doses of adrenaline and nora-
drenaline on glucose absorption was studied in euthyroid 
(ET). hyperthyroid (TH-) and hypothyroid rats (Thx). Glu-
cose absorption was deduced in vivo from intestinal seg-
ment perfused with Kreb ' s bicarbonate solution contain-
ing 5 .6mM glucose and in vitro using the everted sac tech-
nique. In vivo, basal glucose absorption was significantly 
increased in the hyperthyroid and decreased in the hy-
pothyroid rats (1.97 ± 0 .19mM/g, P<0.01. and 0.92 ± 0.10 
mM/g. p<0.05 respectively) when compared with the eu-
thyroid group (1.34 + 0 .15mM/g) . Adrenaline (20mg/dl -
SOmg/dl) increased glucose absorption in a dose depen-
dent manner in all the groups. However, the responsive-
ness of the gut glucose absorption to adrenaline (as evi-
denced by the dose producing half- maximal absorption or 
ED50 ) was reduced by thyroidectomy (ED 5 0= 26.09 mg/ 
100ml) and increased by chronic thyroxine treatment (ED50 

= 11.13mg/ 100ml) The ED5 0 in the euthyroid animals was 
14.6mg/ 100ml. In vitro, glucose absorption from the iso-
lated segments in both Thx and TH- rats were significantly 
reduced (P<0.05). Incubation of the isolated intestinal seg-
ments with graded doses of adrenaline caused a significant 
and dose related increases in glucose absorption. However 
thyroidectomy shifted the dose-response curve for glucose 
uptake from the isolated intestinal sac incubated with adrena-
line to the right of the curve for euthyroid rats. It is con-
cluded that catecholamines may play a role in the increase in 
intestinal absorption by thyroid hormones. 

K e y w o r d s : Thyroid hormone, thyroidectomy, adrena-
line. noradrenaline, catecholamine, glucose absortion, 
intestine 

Resume 
I e role des catecholamines sur raugmentat ion de I ab-
sorption du glucose dans 1 intestin par la tyroxine a etc 
e v a l u 6 . L ' e f f e c t d e s d o s e s t i t r ee s d ' a d r e n a l i n e et 
nonadrenaline sur l 'absorption du glucose etait etudie dans 
rcu thyro ide(ET) . hyperthryroide(TH) et I 'hypothyroide 
(Thx) des rats. L'absorption du glucose etait deduite in 
vivo sur des segments intestinal perfuses avec une solu-
tion de bicarbonade de Krebs contenant 5.6mM de glu-
cose et in vitro utilisant la technique du sac evertd. In 
vivo, l 'absorption basal du glucose dtait significativement 
elevee dans 1' hyperthyroide et decrut dans I 'hypothyroide 
du rat( 1.94 +-0.I9mM/kg, P<0.01 ;0.92+-0.01mM/kg, P<0.05 
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r e s p e c t i v e m e n t ) q u a n d c o m p a r d avec le g r o u p e 
d'curothyroide(1.34+-0.I5mM/kg). L'adrenaline (20-80/ig/ 
dl) augmentait l 'absorption du glucose en manidre de dose 
dependente a tous les groupes. Cependant, le taux du glu-
cose a l'adrenaline<5tait reduit par la thyrodectomie(DE50= 
26.09 jig/100 ml) et augmentait avec un traitcment chroni-
que de tyroxine(DE50= 11.13/zg/100ml).La dose effective a 
50(DE50)au grouped'eurothyroideetait de 14.6/zg/100ml). 
In vitro, l 'absorption du glucose sur les segments isoles 
chez les Thx, et lc TH etaient significativement reduite 
(P<0.05). L'incubation des egments a des solutions titrees 
d adrenaline causait des augmentation significative d 'ab-
sorption du glucose. Cependant , la thyrodectomie bais-
sait la courbe concentration du glucose -dose d'adrenaline 
vers la d ro i te sur les s e g m e n t s incubes aux ra ts 
d 'eurothyroide 

In t roduct ion 
T h e relationship between the thyroid gland and gas-
trointestinal functions has been recognized for long. Thus, 
thyroid hormones have been reported to influence a num-
ber of gastrointestinal functions [1]. An impairment of 
sugar handling by the gut is a common feature of hyper-
thyroidism 12). It is generally agreed that thyroid hormones 
exert a stimulating effect on intestinal sugar and fluid ab-
sorption 13 - 6]. A survey of available literature reveals 
that there is a dearth of information on the mechanisms of 
thyroid hormone actions on the gut. The catecholamines 
have been found to have synergistic actions with thyroid 
hormones in a number of organs such as the brain [71 and 
adipose tissue 181. Other studies have shown that the ac-
tions of thyroid hormones in these organs are ]ediated by 
catecholamines. [4J. The present study was designed to 
investigate the role of catecholamines in the increased in-
testinal glucose absorption by thyroxine. 

Mater ia l s a n d me thods 
Animals: 
Adult male albino rats of the Wistar strain (120-160g) were 
obtained from the small animal house. College of Medi-
cine, University of Ibadan, Nigeria and were divided into 
three groups. Animals in the first group were sham oper-
ated by making a small incision on the neck under light 
ether anaesthesia, exposing the thyroid gland under asep-
tic conditions. These animals were used as euthyroid (ET) 
controls. A second group was surgically thyroidectomised 
(Thx) under ether anaesthesia with care taken to spare the 
parathyroid. The last group ( T h T ) was sham operated and 
thereafter received a daily dose of thyroxine (Levothyroxine 
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sodium, Evans medical Ltd. England) ( lOug/kg/day. p.o.). 
Water and food were allowed ad libitum. The animals were 
weighed on weekly basis. Thyroid status was conf i rmed 
by the radioimmunoassay assays f ive weeks postopera-
tive for Serum tri-iodothyronine (T,) and Serum thyroxine 
(T4). Basal oxygen consumpt ion was a lso determined in 
each group of animals as previously described by Bolarinwa 
and Olaleye [9] 

Five weeks post-operat ive, intestinal glucose ab-
sorption was studied in the three groups using both in 
vivo and in vitro techniques as fol lows: 

Intestinal absorption in vivo 
Surgical preparation of animal: T h e method of Le vinson 
and Englert [ 10] was essentially fol lowed. Af ter an over-
night fast , each animal was anaesthetized using urethane 
(0.6ml of 25% W / V of urethane per lOOg body weight). 
T h e trachea was exposed and cannulated. A midline inci-
sion was then made into the abdominal wall. The intestine 
was gent ly pushed out without much massage and two 
intestinal segments (15-20 cm long) were identified for con-
sistency. it was a lways ensured that the first segment was 
jus t distal to the ligament of Treitz while the other was just 
proximal to the ileocecal junct ion . T h e segments were 
opened at both ends and washed by syr inge irrigation 
with Kreb ' s bicarbonate solution, the excess fluid being 
removed by gently forcing air under low pressure through 
the segments . The unopened end of each segment was 
then ligated. Each segment was thereafter filled with 4m 1 of 
the Kreb ' s bicarbonate solution containing 5 .6mM glu-
cose and 2g/l polyethylene glycol (PEG) af ter which the 
ends were ligated. The segments were replaced in the ab-
domina l cavity, which was closed with a c lamp. The tem-
perature of each animal was maintained with a heating lamp. 

Collection of samples: Each study lasted one hour. At the 
end of which the two segments were removed f rom each 
animal . Each segment was drained of its contents and then 
weighed. The samples were then analyzed for glucose 

Effect of drugs: Six animals were studied in each group 
without injecting any drug prior to ligation of the seg-
ments. Another set of six (6) an imals in each g roup were 
studied for the effect of the fol lowing d rugs in equal vol-
umes of 0.2ml): Normal saline (0.2ml)TAdrenaline (0.1 mg/ 
kg). Noradrenal ine (O. lmg/kg) , Adrenal ine (0.1 mg/kg) + 
Prazocin (0.05mg/kg), Adrenaline (0.1 mg/kg) + propanolol 
(0.05mg/kg). 

Calculation of net glucose absorption: Glucose absorp-
tion per hour was calculated as the measured disappear-
ance of glucose per hour f rom the intestinal lumen as fol-
lows: 
Glucose absorption (mMl/hr/gm wet tissues 
f Sit ear initial 1 — fSuvar final I 

(PEG ratio) x tissue n't. 

In vitro intestinal transport 
Preparation of sac: The everted intestinal sac technique 
originally described by Wilson and Wiseman (11) was used. 
Af ter an overnight fast, an imals were killed by ether ana-
esthesia. T h e abdomen was opened and the whole of the 
small intestine taken out and flushed with Krebs 's bicar-
bonate solution. Polyethylene tubing, closed at one end, 
was inserted and tied at one end of the intestinal loop. 
Through this, the gut was everted and placed in Krebs's 
bicarbonate solution. Four segments (5-8cm) were prepared 
for each animal , o n e of the ends being tied with a thread 
and the other ends encircled by a ligature of thread. 0.5ml 
of Krebs ' s b icarbonate solution and a bubble of 95% 57c 
0 / C 0 , mixture was introduced into each sac through a sy-
ringe and the loose l igature tied. T h e sac was then placed 
in the test tube conta in ing 10ml of Krebs ' s bicarbonate 
solution kept at 37°C and aerated continuously. 

Af ter 30 minutes of incubat ion, the sacs were re-
moved and the conten ts empt ied for the determination of 
g lucose and sod ium concentra t ions . 

Effect of drugs: Sacs were prepared as described above 
but in addit ion to 0 .5ml of Krebs ' s b icarbonate solution, 
saline solut ion conta in ing 0, 10 6 M, 10 5 M and 10~*M of 
Adrenal ine , in the presence or absence of propranolol and 
prazocin were added in volumes of 0.1 ml 

Calculation of net glucose fluxes: Glucose fluxes were 
calculated by the fo l lowing measurement s according to 
the method of Varma and Bane r j eee [12] as modified by 
Adeniyi and O l o w o o k o r u n [ 131 as fol lows: 
GGU -Gut Glucose Uptake = M G T -SGT 
Where , 
GGU = Gut Glucose Uptake 
SGT = Serosal G lucose Trans fe r =SF—I 
MGT = Mucosa l Glucose Trans fe r =1 - M F 
I = Initial concent ra t ion of g lucose in Krebs 's solu-

tion 
SF = Final concent ra t ion of g lucose in serosal fluid 
M F = Final concent ra t ion of g lucose in mucosal fluid 

Glucose estimation:- this w a s determined by the glucose 
oxidase method of Tr inder [141 

Resul ts 
hi vivo studies 
Body weight changes and thyroid hormone levels 
Signif icant reduct ions in the growth rate were observed in 
both the thyro idcc tomised and thyroxine treated rats from 
week 3. The re were a lso s ignif icant reductions in the per-
centage weight gain in thyroidcctomised (29.05 ±4.13; p= 
0.00095) and thyroxine treated rats (36.02 ± 5.60; p=0.0032) 
when c o m p a r e d with the sham-operated controls (57.00 ± 
5.61) as shown in Table 1. The initial, final and percentage 
change in basal oxygen consumpt ion in the animal groups 
are a lso shown in Table 1. 
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Table 1: Thyroid funct ion in rats before and five weeks after thyroidectomy and/or thyroxine treatment 

Group Body weight (g) 
Initial Final 

Oxygen consumption (ng/g/hr) 
%chan«e Initial Final 

Thyroid hormones* 
% 
change 

FT 
Thx 
Thx + T4 
THT 

82.64 ±2 .25 
S5.J4±3.24 
S3.42±2.74 
80.43 ±4 .15 

129.65 ±6.15 
109.87 ±5.42 
116.16±4.15 
109.40 ±7 .96 

57.00 ±0.04 0.76 
29.05 ± 4.13** 0.78: 
39.25 ±5 .60** 0.78: 
36.02 ±5.60** 0.76: 

: 0.04 0.79±0.05 +3.95 3.85 ±0.18 3.78 ±0.96 
: 0.04 0.47 ±0.03** -39.74 0 .97 ±0 .08 1.05 ±0.07* 
0.04 1.05 ± 0.08** +34.62 3.65 ±0.35 4.25±0.71 
0.05 2.98 ±0.23** +292.10 13.45 ± 1.02 11.50±1.08** 

*P < 0.005: ***/>< 0.00J: 
'{flood samples of rats from each group were collected 5 weeks after thyroxine treatment and/or thyroidectomy and the samples 
analysed for serum 71? and T4 using the IMMUNOCHEM"' R.I.A. Kit. 

Table 2: Basal glucose absorption ( in-vivo) in euthyroid (ET), untrteated hypothyroid (Thx) thyroxine treated 
hypothyroid (Thx + T4) and hyperthyroid (TH T) rats. Values are mean ± S.E.M of 16 animals in each group 

Group PEG ratioa Cone, of glucose 
in fluid before 
incubation (mM) 

Cone, of glucose 
in fluid after 
incubation (mM) 

Net weight 
of intestinal 
portion used (g) 

Net absorption 
(mM/g/hr) 

ET 
Thx 
Thx -i T4 
ThT 

0.968 ±0.003 
0.955 ±0.002 
0.970 ±0.003 
0.973 ±0.(XW 

5.58 ±0.02 
5.58 ±0.02 
5.58 ±0.02 
5.58 ±0.02 

4.63 ±0.09 
4.87 ±0.10 
4.52 ±0.10 
4.11 ± 0.13 

0.72 ±0.02 
0.70 ±0.02 
0.71 ±0.02 
0.76 ±0.02 

1.34±0.15 
0.92 ±0.10* 
1.13 ±0.12 
1.97 ±0.19** 

*P<0.05; **P<0.02; 
"PEG ratio were not significantly affected in all the test groups. Thus, the ratio was neglected in the final computation of the net 
glucose absorption. 

To determine whether the observed changes in body 
weight and oxygen consumption were due to altered levels 
of thyroid hormones, serum T 3 and T4 concentrations were 
measured in pooled blood samples of ET, Thx, Thx + T4, and 
THT rats by RIA technique. The results (Table 1) show that 
chronic thyroxine treatment in rats for 35 days increased T 3 

and T4 levels. There were also significant changes in the 
thyroid hormone levels of the Thx animals when compared 
with the control. 

Glucose absorption from ligated intestinal segments- ef-
fects of thyroxine and thyroidectomy. 
The effects of thyroid hormone on basal glucose absorption 
from the ileal and jejunal segments of the intestine of rat are 
presented in Table 2. The basal rate of glucose absorption in 
euthyroid rats was 1.34 ± 0.15mM/g/hr. Glucose absorption 
was significantly reduced by thyroidectomy (0.92 ± 0.10mM/ 
g/h; /J<0.05) while chronic thyroxine treatment increased 
absorption of glucose (1.97 ± 0.19mM/g/h; P<0.02) 

Intestinal glucose absorption in response to catechola-
mines in altered thyroid states. 
(a) Adrena l ine : In a preliminary investigation, test-dose 
experiment using 0.05mg /kg. 0. Img/kg, 0.5mg/kg and 

1 .Omg/kg was carried out in rats. The result revealed that an 
optimum dose of 0.5mg/kg was adequate for the study. This 
dose was thus considered for the catecholamines used. 

Table 3 shows the effect of i.v. administration of adrena-
line (ADR) before the onset of incubation. ADR significantly 
increased intestinal glucose absorption in all the four treat-

. ment groups. The magnitude of the increases (c.f. basal val-
ues) however differs as follows: ET- 71.64% (t = 3.97; P< 
0.001),Thx .39 % (t=2.62; P<0.02), Thx±T4 - 69.03% (t = 4.06; 
p < 0.001) THT -86.80% (t = 6.53; P < 0.001). 

(b) Noradrena l ine : -the increase in glucose absorption 
in the euthyroid rats in response to 0.5mg/kg noradrena-
line was not significant when compared with the basal 
value (t = 1.69; P > 0.05). Significant increases in response 
to N. A. were however recorded in the other groups of rats 
as follows: Thx - 46.74% (t = 2.76; P<0.02), Thx± T4 - 34.21 % 
(t = 2.06; P<0.05); Ti l t - 38.50% (t = 2.46; P<0.05). The 
results are presented in Table 3 

Antagonistic potency of phentolamine and propranolol 
on glucose absorption in response to adrenaline. 
The e f fec t of adminis t ra t ion of non-se lec t ive a lpha 
adrenoceptor antagonist, phentolamine prior to adrena-
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line is shown in Fig. I. Phcntolaminc did not s ignif icant ly 
alter the response of adrenaline in the ET. Thx+T 4 and T I l T 
rats. However, the same dose of phcntolamine significantly 
reduced the response of adrenaline to g lucose absorpt ion 
( f rom 42.3% increase in those with adrenal ine a lone, to 
19.57% in those given phentolaminc with adrenal ine) . 

Tab le 3 : Effec ts of Adrenal ine and Noradrenal ine on in-
vivo intestinal g lucose absorption compa ied in rats with 
normal and altered thyroid states. 

Group Basal g lucose Absorpt ion in response to 
absorpt ion Adrenal ine Noradrenal ine 

(mM/g/hr ) (0.5 mg/kg) (0.5mg/kg) 

ET 1.34±0.15 2 .30±0 .19 1.70 ±0 .15 
(71.64) (26.87) 

Tlix 0.92 ±0 .10* 1.31 ±0 .10 1.35 ± 0.11 
(42.39) (46.74) 

Thx + T4 1 .13±0.12 1.91 ±0.15 1.53 ±0 .16 

T h t 
(69.03) (34.21) 

T h t 1.97 ± 0.19** 3.68 ± 0 . IS 2.63 ±0 .19 
(86.80) (38.50) 

N.B Values in parenthesis represent percentage changes in ab-
sorption over basal 

hypothyro id rats w a s not s ign i f ican t ly d i f ferent from the 
response observed for adrenal ine a lone (42.39% to 28 ^6%• 
t = 1.02.P>0.10). 

In vitro studies 
Basal uptake of g lucose in the isolated ever ted intestinal 
sac- Effec t of ch ron i c thyrox ine t rea tment and thyroidec-
tomy. 

T h e up take of g lucose by isolated sacs of intestine 
f rom ET, T h x . T h x ± T 4 and TI lT rats are shown in Table 4. 
T h e basal g lucose up t ake in eu thyro id control was 0.51 ± 
0 .13 mM/g/hr . In the unt rea ted hypo thyro id and hyper-
thyroid rats, g lucose up take w a s s ign i f ican t ly reduced as 
both procedures caused a nega t ive g lucose uptake. 

Effect of incubation of isolated intestinal sac with graded 
concentrations of adrenaline on glucose uptake. 

T h e d o s e - r e s p o n s e r e l a t i o n s h i p s for the e f fec t of 
adrenal ine on net gut g lucose up t ake are shown in fig. 2. 
T h e d o s e r e s p o n s e c u r v e f o r e v e r t e d s a c s f r o m 
thyro idcc tomised rats w a s sh i f t ed to the right of the curve 
for the sacs f r o m normal ( eu thyro id ) rats. On the other 
hand , the cu rve for the hype r thy ro id rats w a s shifted to 
the left of the normal cu rve . T h e d o s e of adrenal ine which 
produced 5 0 % of the m a x i m u m absorp t ion was 7.5 x 103 

ug/ml for the hyper thyro id rats, 2 .0 x 10 1 for the euthyroid 
and 7 . 0 x 1 0 1 ug/ml for the hypo thy ro id animals . 

F ig . I s Effect of Phcntolaminc and Propranolol on glucosc 
absorption in response to adrenaline in normal (ET). untreated 
hypothyroid (Thx). thyroxine - treated hypothyroid (Thx + T4) 
and hyperthyroid (THA) rats. 
*P < 0.05; **/'< 0.001 (versus adrenaline alone) 
/ <0.05), I < 0.01, rP<0.00l (versus adrenaline atone) 

Propranolol s ignif icantly reduced the response to 
adrenal ine in the euthyroid (71 .64% to 23 .88%, t = 3.04, 
P<0.001) and hyperthyroid rats (86.80% to 5 .58%; t = 6.27; 
P<0.001) . However , the effect observed for the s a m e dose 
of propranolol on adrenaline induced response in untreated 

I ig. 2 . Glucosc absorption in response to graded doses of adrena-
line m Euthyroid (ET). untreated hypothyroid (Thx). thyroxine-
treated hypothyroid (Thx +T ) and hyperthyroid (T4) rats 

Adrena l ine increased the absorp t ion of glucose(niu-
cosa l g lucose t r ans f e r ) by the in tes t ine . Although the 
ad rena l i ne a l so i nc rea sed the se rosa l g l u c o s e transfer 
(which IS equivalent to the l iberat ion of g lucose in the 
bloodstream in an in vivo s i tuat ion) the magni tude of each 
increment was low c o m p a r e d with the mucosal transfers. 
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Table 4: Glucose absorp t ion by the isolated intestinal sac of"euthyroid (ET). untreated hypothyroid (Thx) thyroxine 
treated hypothyroid (Thx + T4) and hyper thyroid (TH T) rats. 

Group Initial final g lucose conc (mM) Net gut Group 
g lucose Se rosa M u c o s a weight (g) S.G..T M.G.T G..G..U 
cone ( m M ) I fluid 1 fluid 

ET 5.45 ± 0.06 6.07 ±0 .14 4.59 ±0 .09 0.48 ± 0.09 1.29 ± 0.02 1.79 ± 0 . 2 3 0.51 ± 0 . 1 3 
Thx 5.45 ± 0 . 0 6 4.54 ±0 .24 6.87 ±0 .19 0.48 ±0 .01 -1.96 ± 0.50 -2.96 ±0 .35 - I . 3 0 ± 0 . 3 8 * * 
Thx + T4 5.45 ± 0 . 0 6 4.43 ± 0 . 1 0 6.49 ±0 .23 0 4 2 ± 0.02 -2.46 ±0 .31 -2.44 ±0 .51 0.08 ± 0.48 
Th 5.45 ± 0 . 0 6 3 .9P±0 .15 6.98 ±0 .17 0.46 ±0 .02 -3.11 ± 0 . 2 8 -3.35 ± 0 . 4 0 -0.35 ± 0.49** 

S.G T. - Serosal G'ucose Transfer 
M.G.T. • Mucosa! Glucose Transfer 
G.G U. • Gut Glucose Uptake 
**P< 0.001 

Discussion 
In the present study, the e f f ec t s o f al tered thyroid hor-
mone activity on the func t iona l sens i t iv i ty of the gas-
trointestinal tract to ca techolamines were investigated. This 
was accomplished by dai ly in jec t ions of mode ra t e doses 
of thyroxine and thyro idec tomy under light e ther anaes-
thesia. 

The thyroxine dose of 50j.ig/100g used falls within 
the range used previously to p roduce hyper thyroid con-
ditions in experimental rats. Doses rang ing f rom lOjag/kg 
(15] to 75ug/kg (16] have been used success fu l ly to pro-
duce hyperthyroid condi t ions and a lso to reverse the ef-
fects of thyroidectomy. T h e cho ice of 50 j ig was based on 
the recommendation of 5 0 j l g / 1 0 0 g as a modera te dose in 
experiment to test the hormonal e f f ec t s on gastrointestinal 
functions [17]. Fur thermore , the durat ion and route of ad-
ministration agree with the report of Bolarinwa and Olaleye 
(9] to produce hyperthyroid rats. Al though , hyperthyroid-
ism had been induced by s ingle inject ion of thyroxine for 
shorter periods of 1 and 4 days [14] the use of long term 
treatment with thyroxine in this work is jus t i f ied by the fact 
that daily injections of thyroxine will maintain the level of 
circulating hormone at the desired level. T h e ha l f - l i f e of a 
tracerdose of thyroxine is 18 to 24 hours [ 18J and large 
doses are excreted in bile relatively faster [ 19]. S ince the 
metabolic effect of a single large dose of thyroxine does 
not become evident until 12 hours and is not maximal until 
after several days [20] long term adminis trat ion of thyrox-
ine will summate to give a smooth level of the hormone . 

From the results of the thyroid func t ion tests, there 
can be little doubt that the animals were ei ther hypothy-
roid, or hyperthyroid at the time of the exper iments . The T 3 

and T4 blood levels were in a pathophysiologic range and 
confirms the results of the indirect test such as basal oxy-
gen consumption and body weight changes . 

The result of both in vitro and in vivo me thods 
used in the study of intestinal glucose absorpt ion in the 
present work is in harmony with previous f indings. 'I he 

f indings that thyroxine increased the rate of intestinal ab-
sorption of glucose by the perfused intestine of the frog 
[21], drew attention to the possible role of endocrine glands 
in intestinal absorption. Subsequently works by Althausen 
and Weaver [22], Adeniyi and Olowookorun [5] and Olaleye 
et al, [6] agreed that intestinal absorption of glucose is 
increased in hyperthyroid states. 

The exact mechanism of thyroxine on intestinal 
abso rp t ion has not been fu l ly es tab l i shed . H o w e v e r 
changes in morphology of the intestinal tract have been 
proposed [23]. In addition, there is evidence that the se-
cretion metabolism and clearance of peptide hormones 
which affect glucose metabolism such as insulin, and so-
matotropin and gastrin are abnormal in hyperthyroidism 
[24,25]. 

There has been very few studies on the role of 
catecholamines on intestinal absorption of glucose. In this 
study, it is evident that catecholamines stimulate glucose 
absorption in both the intact and isolated tissues. In an 
attempt to classify adrenergic receptors involved in regu-
lating intestinal absorption, Barry and other workers [26] 
suggested that the cx-adrcncrgic receptors mediate inhibi-
tion of glucose absorption. As a fol low-up to this asser-
tion, the present study suggests that the st imulatory ef-
fect of ca techolamines appear to be mainly via the P-adr-
energic receptors. This is evidenced by the fact that in the 
normal rats the non-selective p-blocker, propranolol sig-
nificantly blocked the st imulatory effect of adrenaline on 
g lucose absorpt ion, whereas the alpha-blocker, phentola-
mine had little or no effect . The order of stimulation by the 
three agonis ts tested is also in support of a (3-receptor 
media t ion going by Alquis t ' s original classif icat ion of 
adrenoceptors using the order of catecholamine action [27]. 
A recent f inding that adrenal ine-mediated uptake of glu-
cose f rom the can ine gut is via the p-adrenoceptors [28, 
29] supports this view. 

T h e present s tudy prov ides s t rong e v i d e n c e in 
suppor t of the concept that the var ious ac t ions of the 
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thyroid hormones on the gastrointestinal tract may be ex-
plained on the basis of changes in the sensitivity of the 
gut adrenoceptors to catecholamines. The stimulation of 
glucose absorption by the adrenergic agonists were sig-
nificantly greater in the hyperthyroid than the hypothy-
roid animals. In many cases, the thyroidcctomised rats 
failed to respond to the catecholamines. 

The observat ions in the present study would have 
been easier to explain on the basis of changes in the sym-
pathetic nerve activity, s ince the latter releases the cat-
echolamines. However , the inability to observe significant 
alteration in sympathetic nerve activity when thyroid states 
are changed rules out this possibility. There is no evi-
dence so far that the sympathet ic nervous system or the 
adrenal medulla are overactive in hyperthyroidism or inac-
tive in hypothyroid ism respectively (30]. 

Aumann and Young (31] originally proposed the 
concept of different ial sensitivity of adrenergic receptors 
in altered thyroid states in terms of inhibitory and excita-
tory responses. They compared the inhibitory effect of 
adrenaline on intestinal smooth muscle with the excitatory 
effect of adrenal ine on the heart rate and noted that thy-
roid feeding greatly increased the magni tude of the cardio-
accelerator response to adrenal ine but did not affect intes-
tinal inhibit ion. They concluded that thyroid hormone af-
fected excitatory processes but not inhibitory ones. This 
concept of different ial sensitivity has been subsequently 
restated in te rms of alpha and beta receptors changes and 
have been used to explain several published observations, 
including the adrenergic regulation of lipolysis in altered 
states [8]; hypergastr inemia of hyperthyroidism [25]; the 
role of thyroid hormones in mammary [32], nervous [33] 
and cardiovascular [34] functions. All these studies agreed 
that ^ -adrenerg ic receptor responses increase in hyper-
thyroidism and decrease in hypothyroidism. On the other 
hand, the role of a -ad rene rg ic receptors is not fully agreed 
upon. Whi le s o m e workers believed that the sensitivity of 
a - r ecep to r s is increased in the hypothyroid condit ion [35. 
36], others maintained that the sensitivity of a - r ecep to r s 
remain unchanged even in the face of altered thyroid sta-
tus [37J. Such characterizat ion has hitherto not been in-
vestigated for the thyroid hormone ef fec ts on gastrointes-
tinal funct ions . 

T h e results of the study appear to agree with the 
concept that thyroid hormones increase the sensitivity of 
(3-receptors to ca techolamine and decreased that of the a -
receptors. Based on this hypothesis , the gastrointestinal 
e f fec ts observed in the thyroidcctomised and thyroxine-
treated ho rmone is further evidenced by the results of the 
tn-vitro s tudies. In the isolated stomach preparat ion de-
void of the ca techolamines , no significant changes in gas-
tric secretion were observed in either the hyperthyroid or 
hypothyroid animals . Fur thermore, in the studies on glu-
cose absorpt ion in the isolated everted sacs, the absence 
of circulating catecholamines greatly impaired the regula-
tory role of thyroxine on glucose absorption. As a result. 

the responses observed in the in-vivo s tudy could not be 
es tabl ished in the in-vitro preparat ions , hence the nega-
tive g lucose uptake observed in the isolated intestines of 
both thyro idcc tomised and thyroxine treated rats. 

C o n c l u s i o n s 
T h e results obta ined in this s tudy show that changes in 
g lucose absorpt ion in r e sponse to thyroid hormones are 
dependen t , at least in part , on the p resence of circulating 
ca techolamines . Al though the levels of circulating cat-
echo lamines remain unchanged in the f ace of altered thy-
roid status as reported by earl ier workers , the present find-
ing provides ev idence that a m e c h a n i s m , based on inverse 
changes in a lpha and beta adrenerg ic receptors responses 
in al tered thyroid status m a y be involved. 
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