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Delayed stomach to caecum transit time in the
diabetic rat. Possible role of hyperglucagonaemia

J Chesta, E S Debnam, S K S Srai, 0 Epstein

Abstract
Disturbances of gastrointestinal motility are a
common feature of diabetes mellitus and are
usually ascribed to autonomic neuropathy. In
order to assess the role of other factors on
changes in motility in diabetes we have studied
the stomach to caecum transit time (SCTT)
during the progression of streptozotocin
induced diabetes in the rat. Rats were used
one, two, four, and eight weeks after a single
injection of streptozotocin and age matched
animals were used as controls. In further
experiments non-diabetic rats received a bolus
injection of pancreatic glucagon (50 or 75 ig
intraperitoneally) or its diluent. SCTT was
estimated using the non-invasive hydrogen
excretion method. SCTT was unaffected by
the age of the animal (mean (SEM) value: 101
(5) min), but was significantly delayed at one
week (139 (11) min, p<001), two weeks (163
(16) min, p<001), four weeks (148 (9) min,
p<0-Ol), and eight weeks (171 (13) min,
p<OOl) after streptozotocin. SCTT was also
slower during hyperglucagonaemia (control 96
(6) min; glucagon treated 50 rg: 120 (7) min,
p<0-05 and 75 tg: 127- (8), p<005). Since
autonomic neuropathy is not a recognised
feature of the initial stages of diabetes hyper-
glucagonaemia may be responsible, at least in
part, for diabetes induced changes in gastro-
intestinal motility.
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Abnormalities of gastrointestinal motility are

common in diabetes mellitus.' In particular
diarrhoea and disturbances of gastric emptying
occur in patients with this disease.2" Although
diabetes is associated with degenerative changes
in the peripheral nervous system, there is con-

fficting information on the involvement of
diabetic neuropathy in the pathogenesis of
gastrointestinal disorders.-- Since a knowledge
of changes in gut motility during the progression
of the disease might be important in understand-
ing diabetic gastroenteropathy we measured
stomach to caecum transit time (SCTT) one to
eight weeks after the induction of diabetes in the
rat. These times were chosen as raised levels of
pancreatic glucagon after one week have been
reported,9 whereas morphological and functional
evidence for autonomic neuropathy is also a

feature at eight weeks.-'13 In further experi-
ments we studied the effect ofglucagon adminis-
tration on SCTT in non-diabetic rats.

Methods

ANIMAL PREPARATION
Male Sprague-Dawley rats (average body weight

249 g) were made diabetic using streptozotocin
(60 mg/kg, dissolved in pH 4 5 citrate buffer)
administered via a dorsal tail vein while aged
matched controls were injected with buffer
alone. Both groups ofanimals were allowed chow
and water ad libitum. Animals injected with
streptozotocin became glycosuric after two days
and failed to gain weight over the period of the
study. The mean (SEM) plasma glucose concen-
tration was 24-1 (2-2) mM (n= 10) and 36-4 (2- 1)
mM (n= 12) at one and four weeks respectively.
To assess the effect of hyperglucagonaemia on

SCTT, rats (300-400 g) received 50 ig or 75 ,ug
(intraperitoneally) of pancreatic glucagon (Novo
Industria A/S, Denmark) dissolved in 1-6%
glycerin with 0-2% phenol. Rats treated with
diluent were used as controls. Injections were
given immediately before intragastric
gavage.

MEASUREMENT OF SCTT
After an overnight fast rats were housed singly
in Perspex chambers (volume 61) which allowed
free movement. Room air was pumped at 125 ml/
min through the chamber and effluent air
samples (volume 20 ml) were removed in dupli-
cate at 10 min intervals during one hour before
and up to four hours after intragastric gavage of a
5 ml homogenate of baked beans in 10% lactu-
lose. 14 The use of an electrically driven fan in the
chamber ensured adequate mixing of air before
sampling. Air samples were analysed immedi-
ately using a hydrogen monitor (GMI Medical
Limited, Renfrew, Scotland) and SCTT was
defined as the time taken (in min) from gavage to
initiate a rapid and sustained rise in hydrogen
levels (more than 5 ppm above baseline for two
consecutive time points).

EFFECT OF LACTULOSE ON TRANSMURAL
POTENTIAL DIFFERENCE (PD)
Using the above criteria some animals failed to
show an increase in hydrogen excretion after
intragastric gavage and an additional procedure
was carried out to obtain information on the
possible effect of mucosal lactulase activity. Rats
were anaesthetised using pentobarbitone sodium
(90 mg/kg ip; Sagatal, May and Baker Ltd)
and after laparotomy a 15 cm length of upper
jejunum was selected, washed through with
warm NaCl (154 mM), and cannulated at each
end. The cannulas were connected to a fluid
circuit through which gassed (95% 02:5% CO2)
bicarbonate saline (pH 7 4), warmed to 37°C,
was pumped (2 ml/min) using a peristaltic pump.
Rectal temperature was maintained at 37°C using
a heated blanket. The pd across the intestine was
monitored using a salt bridge (1 M KCI:3% agar)
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* SCTT was significantly slower than in control
animals (96 (6) min v 120 (7) min, p<005). The
higher dose of glucagon (75 rig) produced a
further small delay in SCTT (127 (8) min,
p<005 compared to controls; not significantly
different compared to 50 ,tg).
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caecu. 8..... In three non-diabetic rats shown to have the
.@@@ ...... .... ................. ability to produce hydrogen, mannitol at a

o-z- - ._ . _ . concentration of 50 mM reduced transmural pd
weeks 8 by 2-37 (0 09) mV. This value was very similar to

that obtained using 50mM lactulose (2'23 (0 09)
re 1: Changes in the stomach to caecum transit tine n -
FT) durinig the progression ofstreptozotocin induced m -3). In contrast, 50 mM galactose and 50
,tes in the rat (hatched bars) in comparison with age mM sucrose produced the expected increases in
hedcontrols(open bars) (*p<OO1 compared to control pd (3-42 (0-68) mV (n=3) and 2-57 (0-10) mV
?s). (n=3) respectively). In three non-hydrogen

producers the changes in pd obtained using
mannitol, lactulose, galactose, and sucrose (all at

rted into the proximal cannula while another 50 mM) were -2-43 (0-12), -2-37 (0-08), +3-86
le contact with the peritoneal surface of (0- 52), and +2-7 (0- 15) mV respectively.

intestine.'5 The salt bridges led to calomel cells
connected to the input terminals of a high input
impedance electrometer (Model 602, Keithley
Instruments, Cleveland, Ohio), the output of
which was connected to a chart recorder (Model
BD 41, Kipp & Zonen, FT Instruments,
Gloucestershire). The change in pd induced by
adding lactulose (50mM) to the buffer for 15 min
duration was recorded and compared with the
osmotically induced pd obtained using mannitol
(50 mM). The effect of galactose (50 mM) and
sucrose (50 mM) on pd was also studied.

STATISTICS
For SCTT measurements at least six animals
were used in each group. The results are
expressed as mean (SEM) and for statistical
analysis the unpaired Student's t test was used. A
5% probability level was chosen to indicate
significance.

Results

Figure 2: Effect ofa single
injection of50 pg (light
hatched bar) or 75 pg (dark
hatched bar) ofpascreatic
glucagon on stomach to
caecum transit time (SCTT)
in the rat in comparison with
a diluent injection (open bar)
(*p<O.05).

EFFECT OF DIABETES ON SCTT
SCTT was unaffected by age in non-diabetic
animals (Fig 1). The value obtained one week
after injection with citrate buffer (average body
weight 252 g) was similar to that seven weeks
later (average body weight 431 g) (95 (8) min and
104 (10) min respectively). The changes in
SCTT during the progression of streptozotocin-
induced diabetes are shown in Figure 1. At one
week after injection, diabetes caused a significant
delay in SCTT in injected rats when compared to
aged matched controls (139 (11) min v 95 (8)
min, p<0-01). SCTT was also prolonged at two
weeks (163 (16) min v 101 (10) min in controls,
p<0-0 1), four weeks (148 (9) min v 102 (11) min,
p<0-01), and eight weeks (171 (13) min v 104
(10) min, p<0-01).

EFFECT OF GLUCAGON ON SCTT
Figure 2 shows the effect of acute hyper-
glucagonaemia on SCTT. After 50 [tg glucagon

Discussion
Disturbances of gastrontestinal motility in
diabetes mellitus are well recognised and are
usually ascribed to manifestations of autonomic
neuropathy.' 16 This conclusion is derived in part
from studies where intestinal changes following
truncal vagotomy and sympathectomy are
similar to those seen in poorly controlled, long-
term diabetes.'7 18 There is also much support for
diabetes induced histological alterations to
autonomic nerves supplying the gastrointestinal
tract and biochemical evidence of cholinergic
and adrenergic denervation."''2 These observa-
tions may explain the reduced sensitivity to
intestinal distention and the symptoms of gastro-
intestinal motor dysfunction frequently noted in
diabetic patients. 'I Studies of intestinal motility
in patients with diabetes, however, have been
inconclusive3 67 and, furthermore, give no
information on changes occurring during the
development of the disease.

In the present work we studied progressive
changes in SCTT using an animal model of
diabetes mellitus. The suitability of the strepto-
zotocin injected rat for these experiments is
shown by the early appearance of biochemical
changes - for example, glycosuria - and the later
occurrence of autonomic neuropathy as shown
by neurochemical and histochemical changes." 12

The method used to estimate SCTT in this work
is simple, non-invasive, and based on the
measurement ofhydrogen derived from bacterial
metabolism of unabsorbed carbohydrate in the
lumen of the lower intestinal tract. This method
has been used by others to provide an index of
gastrointestinal motility in the rat.'4 Interest-
ingly, in the present study no increase in
hydrogen excretion was detected in 10% of rats.
There are two possible reasons for this - namely,
differences in the type or number of bacteria
in the lower intestine20 or the removal of carbo-
hydrate in the test meal by its digestion and
absorption in the upper intestine. The electro-
physiological results imply the absence of
lactulase activity in the mucosa of the upper
intestine since breakdown of lactulose would
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have resulted in an increase in the transmural
pd owing to Na linked transport of galactose at
the site of hydrolysis. Sucrose produced the
expected rise in pd due to the electrogenic
transport of glucose. Our data do not exclude the
possibility that lactulose may be hydrolysed by
the mucosa of the mid- or lower small intestine.

Results from our experiments showed a
delayed SCTT in diabetic rats which was
detected as early as one week after streptozotocin
administration when autonomic neuropathy is
unlikely to be involved in the response." 12 Scott
and Ellis2' have reported a reduced intestinal
transit together with slower propagation of myo-
electric activity in rats at a similar stage of
diabetes.
Marked changes in hormonal and biochemical

states occur in the first week of experimental
diabetes and these may be relevant to the
initial delayed SCTT. In particular, hyper-
glucagonaemia is a feature9 and raised plasma
levels of pancreatic glucagon reduce gastro-
intestinal motility in humans.22 Using doses of
the hormone which reflect those seen in experi-
mental diabetes,923 we have shown an appreci-
able delay in SCTT. It is therefore tempting to
suggest an association between increased endo-
genous levels of the hormone and the slower
transit observed in diabetic rats.

It is also possible that other changes resulting
from experimental diabetes, such as hyper-
glycaemia and hypoinsulinaemia, might mediate
the changes in motility noted in this study.
The precise factor responsible can only be identi-
fied from experiments designed to allow altera-
tion of the plasma level of one of the three
variables while controlling levels of the other
two. Such experiments are, however, not tech-
nically feasible at the present time.
There is evidence that glucagon may have a

wider role in the intestinal response to diabetes.
Pronounced changes in intestinal nutrient
absorption have been reported in rats treated
with pancreatic glucagon,24 and it has been
suggested that this hormone may affect the
increased nutrient transport in diabetes.25
Glucagon, by its effect on motility, may also play
a part in the hypertrophy which is a character-
istic feature of the diabetic small intestine.26
We have shown a marked delay in SCTT in the

diabetic rat. Hyperglucagonaemia is a likely
factor in the early response, and autonomic
neuropathy>'2 as well as an increased intestinal
length27 may be relevant to the prolonged transit
at later stages of diabetes. This study provides
a basis for further investigations of the
mechanisms in the development of diabetic
gastroenteropathy.
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