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Abstract-Glucose transfer by jejunum from starved rats is not as susceptible to gliben- 
clamide as is transfer by jejunum from fed or diabetic animals. Similarly, with fed rats, 
glucose transfer by ileum is not affected to the same extent by glibenclamide as is trans- 
fer by jejunum. Galactose transfer is less affected by glibenclamide than is glucose 
transfer, using jejunum from fed, starved or glucose-fed starved animals. Glibenclamide 
appears to deplete energy supplies in the intestinal cell by an uncoupling action. As a 
result, the transfer of a metabolized sugar, such as glucose, is markedly decreased be- 
cause of an increase in metabolic rate. Consequently glucose transfer by intestinal tissue 
with a comparatively lower level of glycolysis is less affected. Similarly, the transfer of 
galactose is relatively unaffected compared with glucose transfer, since galactose is not 
involved in intracellular metabolism. 

IN A previous study’ it was shown that two sulphonylurea compounds, tolbutamide 

and glibenclamide, interfered with the glucose transport processes exhibited by everted 
sacs of rat jejunum. 

Since glucose is both transported and metabolized by the intestine, the transport of 
a nonmetabolized sugar, galactose, was examined in the presence of glibenclamide in 
order to provide further evidence as to the possible mode of action of these drugs. In 
addition, the drug effects on transport by small intestine having different rates of 
glucose metabolism were investigated. In particular studies were carried out using 
tissue from fed, diabetic, starved and glucose-fed starved animals. 

By being able to vary the type and level of metabolism within the absorbing in- 
testinal cell, the drug effects under different metabolic conditions could be examined 
whilst the integrity of the gut wall was maintained and active sugar transfer could still 
occur. 

METHODS 

Experiments were carried out using the everted gut sac technique of Wilson and 
Wiseman. Male albino rats (160-170 g) were used throughout the studies. Fed 
animals were allowed free access to water and commercial diet. Starved animals were 
given water for only 72 hr prior to sacrifice. For certain studies starved animals were 
given an isotonic glucose solution (5.4 g%) instead of water (glucose-fed starved 
animals). Animals were made diabetic by an intraperitoneal injection of streptozotocin 
in citrate buffer pH 4.5 (75 mg/g). This group was allowed free access to food and 
water for 4 weeks, after which time animals which had either lost weight or not 
gained weight at the normal rate were taken as being diabetic.3 

The rats were sacrificed by a blow to the neck and the small intestine removed. 
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After flushing out with Krebs-Ringer bicarbonate (KRB) buffer,4 the gut was everted 
over a glass rod. Two IO-cm sacs, one acting as control to the other, were made from 
each piece of intestine (jejunum or ileum). Each sac was filled with O-6 ml of KRB 
buffer, which will be referred to subsequently as serosal fluid. The sacs were incubated 
with gentle agitation in 5 ml of KRB buffer (mucosal fluid), contained in 50 ml 
conical flasks, and in equilibrium with a gas phase of 95% 0,-5x CO,. 

The sacs were weighed when empty and filled, before and after incubation to 
determine fluid uptake. Incubations were carried out at 37” for 1 hr. 

After incubation sacs were removed from their bathing fluids, blotted lightly and 
drained. Sugar analysis was carried out on mucosal and serosal fluids. Glucose was 
determined by the method of Huggett and Nixon. 5 When galactose alone or glucose 
and galactose together were present total reducing sugar was estimated by the method 
of Nelson6 as modified by Somogyi .’ Galactose was estimated by the difference 
between total sugar and glucose. 

From these results, calculations were made of the amount of sugar appearing in the 
serosal fluid (sugar transfer) and the amount disappearing from the mucosal fluid 
(sugar uptake). Where glucose was present initially in the mucosal fluid, the difference 
between uptake and transfer will be referred to as metabolism. Where glucose is 
present initially in the serosal fluid its disappearance will be called metabolism. 
Sodium estimations were carried out by flame photometer. Sodium transfer is the 
amount of sodium appearing in the serosal fluid. 

Glibenclamide was used at concentrations of 50 and 100 pg/ml in the mucosal fluid 
and was kindly donated by Hoechst Pharmaceuticals. 

RESULTS 

E&ct on fed, starved and diabetic jejunum. Table 1 shows the results obtained. At the 

TABLE 1. EFFECT OF GLIBENCLAMIDE ON SODIUM AND GLUCOSE TRANSPORT BY SACS OF EVERTED JEJUNUM 
FROM FED, STARVED AND STREPTOZOTOCIN-DIABETIC RATS 

Glibenclamide Sodium Glucose (rmole/hr/sac) Gut wet 
concn transfer 

(pg/ml) No. exp. (pEq/hr/sac) Transfer Uptake Metabolism (mg$ cm) 

Fed 
0 16 60 & 10 9.2 * 1.5 64.5 i 4.1 55.3 + 3.9 1070 + 85 
50 8 38 + 6 5.3 * 0.8 71.8 * 4.8 66.5 & 5.1 
100 8 10 i 3 2.3 + 0.7 49.5 * 3.3 47.2 + 1.9 

Starved 
0 
50 
100 

22 42 & 7 19.0 + 3.2 54.0 * 5.4 35.0 & 4.4 745 + 75 
11 29 * 6 10.0 f 1.1 59.3 * 3.9 49.3 f 4.5 
11 28 + 5 8.3 +Z 0.6 29.5 & 2.5 21.2 & 1.8 

0 24 121 + 15 29.7 + 7.2 116.7 + 9.0 87.0 f 5.7 1190 f 125 
50 12 92 * 12 17.6 * 4.5 99.0 i 6.2 81.4 & 5.1 
100 11 47 f 7 4.2 f 0.9 66.8 f 5.6 62.6 & 5.5 

Sacs, each 10 cm in length, were made from the everted jejunum of fed, 72&r starved and strepto- 
zotocin-diabetic rats. Each sac contained 0.6 ml KRB buffer and was incubated in 5 ml KRB buffer 
containing 27.8 mM glucose. Giibenclamide, where present, was contained in the mucosal fluid. 
Incubations were carried out at 37” for 1 hr. 
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low (50 pg/ml) drug concentration glucose transfer is decreased markedly in the fed 
and diabetic gut but transfer by starved tissue is not affected to the same extent. 
Glucose metabolism is increased in fed and starved tissue by 50 pg/ml glibenclamide. 
Consequently glucose uptake shows a concomitant increase under these conditions. 
At the higher drug concentration a general depression in activity is observed. Gut 
weight varies, being decreased markedly after starvation and showing a slight increase 
in the diabetic animals. 

E@ct on fed and starved ileum. Table 2 shows the results obtained. In the case of the 

TABLE 2. EFFECT OF GLIBENCLAMIDE ON SODIUM AND GLUCOSE TRANSPORT BY SACSOF 

EVERTEDILEUMFROMFEDAND STARVEDRATS 

Glibenclamide Sodium Glucose (rmole/hr/sac) 
concn transfer 

&g/ml) No. exp. (pEq/hr/sac) Transfer Uptake Metabolism 

Fed 
0 
50 
100 

Starved 
0 
50 
100 

16 32 & 5 7.0 zt 1.7 35.0 f 5.8 28.0 f 5.6 
8 26 f 8 6.9 * 0.8 39.5 f. 4.4 82.6 f 3.3 
8 24 i 7 5.9 f 2.0 26.2 5 3.4 203 f 3.0 

22 31 *7 11.1 * 2.2 19.5 f 2.8 8.4 & 2.1 
11 24 f 6 7.9 f 1.1 30.6 f 4.4 22,7 f 3.2 
11 24 & 3 7.7 f 0.4 7.8 f 1.9 0.1 f 0.3 

Sacs, each 10 cm in length, were made from the everted ileum of fed and 72-hr starved 
rats. Each sac contained 0.6 ml KRB buffer and was incubated in 5 ml KRB buffer 
containing 27.8 mM glucose. Glibenclamide, where present, was contained in the muco- 
sal fluid. Incubations were carried out at 37” for 1 hr. 

fed ileum, although in general the values are lower, glucose uptake and metabolism are 
affected in a similar manner to the effect on jejunum (Table 1). However, glucose 
transfer is virtually unaffected, even by 100 pg/ml glibenclamide. In the starved state, 
glucose uptake and metabolism are increased and decreased dramatically by low and 
high drug concentrations respectively. Glucose transfer, however, is maintained almost 
unaffected. 

Efect on galactose movement by gut from animals maintained on different diets. In 
these experiments, the movement of galactose from the mucosal fluid was examined 
either when no exogenous energy supply was available or when energy (in the form of 
glucose) was supplied either from the serosal fluid or from the mucosal fluid. Tables 
3-5 show the results obtained with fed, starved and glucose-fed starved animals, 
respectively. These results indicate primarily that glibenclamide did not affect galactose 
transfer to the same degree as it affected glucose transfer. Also, when glucose was 
supplied in the serosal fluid, glibenclamide produced no obvious change in the 
metabolic rate exhibited by any of the systems, but the metabolism of glucose from the 
mucosal fluid varied in a similar manner to that observed in previous experiments. 

DISCUSSION 

Sulphonylureas have been shown to decrease energy supplies in the form of ATP, in 
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several tissues from the rat, including pancreatic /l-cells,’ liver,’ brown fat cells’O and 
other tissues.ll The present results and the previous study’ indicate that intestinal 
tissue may be affected in a similar manner. 

Active transport by the everted gut sac is particularly susceptible to any interruption 
of oxidative metabolic activity. It has been shown l2 that both eversion of the gut and 
incubation in an oxygen atmosphere are necessary for the occurrence of active 

transport, i.e. accumulation of solute against a concentration gradient. At the same 
time transfer into the serosal fluid requires solute to cross several layers of smooth 
muscle. Since this latter process is postulated as being simple diffusion down a con- 
centration gradient from intracellular fluid to serosal fluid,13 it is necessary in the 
everted sac for a substantially greater intracellular accumulation of solute to occur 
before any appreciable amounts appear in the serosal fluid. In addition, the observed 
high rate of glycolysis by intestinal epithelial cells I4 is a large drain on intracellular 
glucose. These facts are borne out by the observation that only 14 per cent of the 
glucose absorbed at the mucosal surface is transferred to the serosal fluid in a normal 
system (Table 1). 

It has been reported15 that 2,4-dinitrophenol, a substance known to uncouple 
oxidative phosphorylation and activate mitochondrial ATPase, stimulates aerobic gly- 

colysis by small intestinal mucosa. The low concentration of glibenclamide may have a 
similar effect on the mucosal cell mitochondria. This would provoke an increase in 
metabolism resulting in an immediate drain on the glucose available for transfer and 
also an increase in uptake to feed the metabolic pool. Enough energy would be 
available from aerobic glycolysis to promote mucosal transport. Part of the increase in 
metabolism may be due to an increase in glycogen synthesis. However, since intestinal 
tissue normally exhibits very low levels of glycogen synthesisi compared with very 
high levels of glycolysis,14 this consideration may be insignificant. At the higher drug 
concentration energy supplies are so diminished that the mucosal transport system is 
affected, thereby decreasing glucose uptake into the metabolic pool. 

The metabolic rate also depends on the type of tissue used. When glucose was freely 
available from the serosal fluid, metabolism by fed tissue was lower than that by either 
of the starved groups (Tables 3-5). This may be due to a decrease in muscle thickness 
during starvation, allowing an increase in glucose diffusion (a process not requiring 

ATP) from the serosal fluid into the ce11.i7 When glucose was supplied in the mucosal 
fluid and required energy for transport into the metabolic pool, starvation reduced 
uptake through a reduction in metabolism. l4 The combination of a reduction in 
wasteful metabolism and thinning of the muscle wall resulted in a higher percentage of 
the glucose absorbed at the mucosal surface being transferred to the serosal fluid. 
Consequently, although 50 pg/ml glibenclamide produced a greater increase in glucose 
metabolism by starved tissue compared with fed tissue, transfer into the serosal fluid 
was not affected to the same extent (Tables 1,3 and 4). Feeding glucose during starva- 
tion prevented the depression of glycolysis and maintained the rate of uptake (Table 5). 

Similarly, in a comparison of jejunum and ileum, starved jejunum shows the same 
pattern of response to glibenclamide as does fed ileum, which like starved jejunum, 
shows a much lower rate of glycolysis than fed jejunum.” This effect is much more 
marked using starved ileum (Tables 1 and 2). 

Diabetic tissue (Table 1) shows the same pattern of response to glibenclamide as 
does normal fed tissue, although the general metabolic activity is markedly increased 
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in diabetes. This increase cannot be explained in terms of an increase in mucosal cell 
population. l9 

Finally, from Tables 3-5, it appears that galactose transfer is not as sensitive to 
glibenclamide as glucose transfer. Since galactose is transported but not metabolized 
by intestinal cells this observation provides further evidence that the drug affects 
glucose transfer by an alteration in the metabolic rate through changes in ATP levels. 
Since mucosal uptake requires energy, 2o glucose and galactose uptake are seen to vary 
approximately with glucose metabolism. Galactose transfer, being partially dependent 
on the serosal Na-pump as well as mucosal uptake, varies with sodium transfer which 
in turn depends on oxidative metabolism.21 
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