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ABSTRACT

This study was designed to investigate gastric acid secretion and electrolyte
composition in diabetic rats. 60 male rats of Wister strain weighing between 200
— 2609 were used for the study. Diabetes was induced with 65mg/kgbw alloxan
intravenously and confirmed with a constant blood glucose level >200mg/dl.
Acid secretion was measured using the continuous perfusion method. Gastric
juice was collected through a duodenal cannular attached to the pyloric ligation
and its electrolyte composition was determined. Basal acid secretion was
collected in aliquots every 10minutes for a period of 50minutes Histamine
(10mg/kgbw) was injected intramuscularly into the histamine group and
carbachol (20pug/kgbw) was injected intramuscularly into the carbachol group to
stimulate acid secretion. Stimulated acid secretion was collected for 50 minutes
at 10 minutes interval. There were significant reductions (p<0.001) in the basal
acid secretion of the diabetic rats compared to the controls. Acid secretory
response to histamine and carbachol in the test groups were also significantly
reduced (p<0.001). The electrolyte composition (Na*, K*, HCO5") of gastric
juice in the diabetic rats were significantly reduced (p<0.01). There was no
difference in CI" concentration of gastric juice in diabetic group compared with
controls. The reduced gastric secretory output observed in the study could
possibly be due to impairment of the neural pathways mediating acid secretion.
The altered electrolyte composition of gastric juice observed in the diabetic
groups could possibly be attributed to changes in the extracellular fluid caused
by diabetes mellitus.
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INTRODUCTION

Gastrointestinal ~ disorders are  common
pathological features in animals and man. Acute and
chronic hyperglycemia has been reported to have led
to specific gastrointestinal complications (Yang,
1984; Zelechowski et al, 1997); which include
decreased intestinal motility (De Block et al, 2002)
and abnormal postprandial motor activity (Camillieri
et al, 1984).

Reports on the response of the parietal cells in
diabetes are observed to be conflicting and
inconclusive. The response of parietal cells to
histamine has been reported to be impaired in
diabetes mellitus (Mehta et al, 1993) whereas
Tashima et al (2000) reported that the acid secretory
response to histamine was unchanged in diabetes
mellitus. In addition the histamine stimulated acid
secretory output has also been reported to be
reduced (Ozcelikay et al, 1993) in diabetes mellitus.
Nabavizadeh et al (2004) also reported that though
diabetes affects gastric secretion its exact effect has
not been fully understood.

Though histamine stimulation of acid secretion
in diabetes has been reported (Mehta et al, 1993;
Ozcelikay et al, 1993; Tashima et al 2000). There is
a dearth of information on the effect of carbachol
stimulation of acid secretion in alloxan induced
diabetes mellitus and the effect of diabetes on the
electrolyte composition of gastric juice in rats.

This study was therefore designed to investigate
the acid secretory response of diabetic rats to both
histamine and carbachol stimulation and to
investigate the effect of diabetes on the electrolyte
composition of gastric juice in the rat.

MATERIALS AND METHODS

60 male albino rats of Wister strain weighing
between 200 — 260g were used in this study. The
animals were fed with standard rat chow obtained
from Ladokun feeds, Ibadan and allowed free access
to drinking water. They were randomly picked and
divided into 2 groups (Control group and the
diabetic group) with 30 rats in each group.

The control and the diabetic groups were
divided into 3 subgroups with 10 rats in each

subgroup. Subgroup 1 was treated with histamine;
subgroup 2 was treated with carbachol and subgroup
3 was used for electrolyte evaluation.

Reagents Used

Histamine was obtained from BDH laboratories,
Cimetidine from Apotex NZ Ltd, Auckland,
carbachol salt from Sigma laboratories, USA while
atropine was purchased from Indus Pharma,
Pakistan. All other reagents were of analytical grade
and obtained from Sigma-Aldrich Inc (St. Louis,
MO, USA), unless otherwise stated

Induction of Diabetes

Animals in the diabetic group were fasted for
24hours  before inducing diabetes  since
hyperglycemia has been reported to inhibit alloxan
induction of diabetes (Szkuldelski et al 2001).
100mg of alloxan granules (BDH laboratories, USA)
were dissolved in 1ml of normal saline (0.9%NacCl)
to make a 100mg/ml solution. A single dose of
65mg/kg body weight alloxan was administered
intravenously to the animals to induce diabetes
(Szkudelski et al 2001). Diabetes was confirmed
48hours after alloxan injection with a glucometer
(Prestige ™). The blood glucose level was observed
for 5 days. Rats with consistent blood glucose level
greater than 200mg/dl was taken as diabetic.

Measurement of Gastric secretion

Animals were fasted for 24hours to clear the
stomach of all food materials. Acid secretion was
measured using a modified Langerdoff apparatus
(Amure and Ginsburg, 1964). Each animal was
anaesthesized with 0.25mg/ml urethane at a dose of
0.6ml1/100g body weight. Esophageal cannular from
Langerdoffs apparatus was inserted through the
mouth of the anaesthetized rat into the stomach
(Amure and Ginsburg, 1964).

Another cannular was inserted into the duodenal
end of the stomach as described by Ghosh and
Schild (1955). Perfusing fluid regulated at 370C and
flow rate of 0.5mls/min was allowed to flow into the
stomach through the esophageal cannular while the
effluent was collected through the duodenal
cannular. Effluents were collected in aliquots every
10minutes and acid secretion was determined by
titrating each sample of gastric effluent against
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0.0025N NaOH. The level of acidity in each sample
was calculated.

Analysis of Electrolyte composition

Gastric juice was also collected through the
cannular from the pyloric ligation in aliquots at
10minutes interval for 50minutes. The electrolyte
composition of the gastric effluents collected was
analyzed using an Easylyte electrolyte analyzer
(Medica Electrolyte Analyzer, K127, Bedford). Na*,
K*, HCO; and CI composition were analyzed.

Acid secretory response to Histamine stimulation

The perfusate from the Langerdoff apparatus
was allowed to run through the stomach and
effluents where collected in aliquots for 50 minutes
at 10 minutes interval to ensure a constant basal
level of acidity. Atropine (5mg/kgbw) was thereafter
injected through the gastrocnemius muscles of the
animals in order to block acid stimulation via M3
receptors. 2 minutes after atropine injection,
histamine (10mg/kgbw) was administered through
the gastrocnemius muscles to stimulate gastric acid
secretion and effluents were collected in aliquots at
10minutes interval for 50 minutes. Level of acidity
in each sample collected was determined by titrating
each sample of effluent with 0.0025N NaOH.

Acid secretory response to Carbachol stimulation

The perfusate was allowed to run through the
stomach and effluents were collected in aliquots at
10 minutes interval until a constant basal level of
acidity was obtained. The level of acidity became
consistent  within ~ 50minutes.  Cimetidine
(40mg/kgbw) was then administered through the
gastrocnemius muscles of the animals in order to
inhibit acid stimulation via H, receptors. After about
2 minutes, Carbachol (10mg/kgbw) was
administered through the gastrocnemius muscles and
effluents were collected in aliquots at 10minutes
interval for 50 minutes. Level of acidity in each
sample collected was determined by titrating each
sample of effluent with 0.0025N NaOH.

Statistical analysis

The values were recorded as mean + SEM.
Student t test was used to assess the statistical
significance of results obtained between the two

groups. Confidence interval of 95% was taken as
statistically significant.

RESULTS

Basal and Histamine Stimulated Acid Output
The basal and histamine stimulated (10mg/kg) acid
secretion in control and diabetic rats are shown in
figure 1. The basal acid secretion in the control
group was 0.51+0.033mEg/L while that in the
diabetic group was 0.37+0.027mEg/L. This shows a
reduction of 25.5% in basal acid output in the
diabetic animals (P<0.001) when compared with the
control animals. The stimulatory effects of histamine
caused the acid secretory rate to rise to 0.90+0.047
mEg/L in the control group and 0.47+0.029mEg/L
in the diabetic group. Thus histamine caused a
76.5% increase in acid output in the control and a
27.0% increase in output in the diabetic group. This
shows that there was a significant reduction in
histamine stimulated acid output in the diabetic
animals (P<0.001).
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Fig 1 Basal and Histamine stimulated (10mg/kg) acid
secretion in control and diabetic rats
** significant difference (p<0.001)observed between
groups

Basal and Carbachol Stimulated Acid Output

Figure 2 shows the basal and carbachol stimulated
(20pg/kg) acid secretion in control and diabetic rats.
The basal acid secretion in the control group was
0.50+0.025mEg/L while that in the diabetic group
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was 0.33+0.026mEg/L. This shows a reduction of
34% in basal acid output in the diabetic animals
(P<0.001) when compared with the control animals.
The stimulatory effects of carbachol caused the acid
secretory rate to rise to 0.77£0.048 mEg/L in the
control group and 0.45+0.024mEg/L in the diabetic
group. Thus carbachol caused a 54.0% increase in
acid output in the control and a 36.4% increase in
output in the diabetic group. This shows a
significant reduction in carbachol stimulated acid
output in the diabetic animals (P<0.001).
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Fig 2. Basal and Carbachol stimulated (20ug/kg) acid
secretion in control and diabetic rats
*** significant difference (p<0.001)observed between
groups

Electrolyte Composition of Gastric Juice

Table 1 shows the electrolyte composition of
gastric juice (Na*, K* CI, HCOz3) in normal and
diabetic rats. Data is shown as mean £SEM.

The results obtained from the analysis of the
electrolyte composition of gastric juice (Na*, K,
HCOs and CI") showed a 32.4% reduction in Na*
concentration of gastric juice collected from the
diabetic rats (P<0.01). There was also a 60%
reduction in K* concentration of gastric juice in the
diabetic rats (P<0.01). There was no significant
reduction in CI" concentration in the diabetic rats.
The HCOj; concentration of gastric juice in the
diabetic rats was significantly reduced (P<0.01).

Table 1

Electrolyte composition of gastric juice (Na*, K" CI,
HCOz3) in normal and diabetic rats. Data is shown as
mean +SEM.

Electrolytes Control group Diabetic group

(mmol/L) (mmol/L)

Na* 10.94+1.15 7.4+0.31*
K* 0.7+0.084 0.28+0.020*

Cr 8.4+0.75 7.6+0.75

HCOs3 4.4+0.50 2.4+0.25*

number of animals in each group = 10
* = significant difference (p<0.01) observed between
groups

DISCUSSION

Diabetes mellitus has been reported to produce
several symptoms related to gastroenterology (Vogt
et al, 1999). Perusicova (2004) reported that the
impaired function of the gastrointestinal tract related
to diabetes mellitus results from diabetic autonomic
neuropathy, impaired sensory innervation and a
direct effect of chronic hyperglycemia. A reduction
in histamine stimulated acid output was observed in
the diabetic group and this is consistent with the
work of Ozcelikay et al (1993) who reported
decrease in histamine induced acid secretion in the
diabetic rat. This is also corroborated by Mehta et al
(1993) who reported severe impairment in the
secretory response of parietal cells in diabetes
mellitus. Carbachol stimulated acid output was also
observed to be reduced in the diabetic group when
compared with the control group.

Tashima et al (2000) however reported results
which are contrary to the results obtained in this
study and to those of Ozcelikay et al (1993) and
Mehta et al (1993). He observed no response to
histamine stimulation while the response to
carbachol was enhanced in streptozotocin diabetic
rats. The observed differences could possibly be
connected to type of drug, the route of drug
administration, rate of metabolism of the drug,
metabolites produced (Zysset and Somer, 1986) and
duration of diabetes induction (Hernandes et al,
2000).

Though the diabetic

exact onset of
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complications is unknown, it is often linked to the
level of control of the diabetic state. Prolonged
hyperglycemia has therefore been reported to lead to
peripheral nerve damage due to metabolic or
osmotic damage to neurons or Schwann cells
(Skyler, 1996). In nerves and neurons, glucose is
converted by the enzyme aldose reductase to sorbitol
(Tiwari and Madhusudana, 2002); in diabetes, a
major abnormality in the nerve is the accumulation
of sorbitol because of the increased influx in the
polyol pathway secondary to hyperglycemia
(Tomlinson, 1999) and this has been reported to
cause an increase in intracellular osmolarity leading
to deleterious effects on neural metabolism (Warkin
and Thomas, 1999). These effects eventually lead to
reduced nerve myoinositol, decreased membrane
Na+/K+-ATPase activity, impaired axonal transport,
and structural breakdown of nerves, causing
abnormal action potential propagation (Sima et al,
1988) and reduced neuronal transmission (Greene et
al, 1999).

It is known that gastric acid secretion is
mediated through an interplay of neurons and
neuronal fibers that originate from both the enteric
nervous system (ENS) and the central nervous
system (CNS). Histamine has been reported to
stimulate acid secretion through H, receptors and
carbachol Mj; receptors. By blocking M3 receptor
stimulation before stimulating acid secretion with
histamine this study has demonstrate that alloxan
induced diabetes most likely affects H, receptors. In
addition, by blocking H, receptor stimulation before
stimulating acid secretion with carbachol this study
has demonstrated that alloxan induced diabetes also
affects M receptors.

It is therefore possible that uncontrolled
hyperglycemia as observed in alloxan induced
diabetes may have affected the neural pathways
involved in gastric acid secretion. This may
therefore account for the reduction in basal and
stimulated acid output of the diabetic animals
observed in this study.

Gastric juice can be described as a mixture of
secretions from parietal cells and non-parietal cells.
With respect to the secretion of electrolytes, it may
be described as electrolyte secretions from the
parietal cells and non-parietal cells. When acid is
being secreted at basal levels i.e. with no

stimulation, the juice is primarily made up of Na’,
CI" with very little H* secretion (Guyton and Hall,
2000). As the rate of secretion increases the amount
of Na" secreted from the parietal cells drops, and the
amount of H* and CI" increases. K* secretion rates
stay relatively constant irrespective of the rate of
secretion. The basal secretion of non-parietal cells is
essentially Na" and CI, with K" at about the same
concentration as in plasma, and a bit of HCO3". As
the rate of gastric secretion begins to increase the
concentrations of ions in gastric juice approach that
of pure parietal secretion.

In this study, it was observed that there was a
significant reduction in Na*, K" and HCOj3 content
of gastric juice in the diabetic rats. The secretion of
electrolytes from the parietal and non-parietal cells
is dependent on the constant exchange of
electrolytes between the intracellular fluids (ICF) of
these cells and the extracellular fluid (ECF) (Pitts,
1974). Thus a depletion of electrolytes in the ECF
will likely affect the ICF concentration of
electrolytes of the parietal and non-parietal cells that
both contribute to the electrolyte composition of
gastric juice.

In diabetes, large increase in plasma glucose
causes cell dehydration and movement of K* from
cells into the extracellular fluid (ECF). The
increased K in the ECF causes an increase in the
activity of the P-cells of the distal and cortical
collecting tubules which leads to increased renal
excretion of K* (Yared et al, 2003). It has also been
reported that glucosuria as observed in diabetes also
leads to the excretion of excess water, Na“ and K* in
urine (Matz, 1999). It is therefore possible that the
electrolyte and water loss usually observed in
diabetes would lead to a depletion of ECF
electrolytes and this could therefore affect the
secretion of electrolytes by the parietal and non-
parietal cells. This may therefore account for the
significant reduction in Na* and K" content of
gastric juice observed in the diabetic rats when
compared with the control in this study.

Hyperglycemia as seen in uncontrolled diabetes
is known to result in metabolic acidosis (Stoner,
2005) which causes an increase in respiratory
activities and these leads to an increase in the loss of
CO, from the blood. The loss of CO, from the blood
leads to a reduction in HCO3 concentration of the
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ECF. This loss of HCO; from the ECF may be
responsible for the significant reduction in HCO3
content of gastric juice observed in the diabetic
animals.

In the ECF, an inverse relationship is known to
exist between HCO; and CI in order to keep anion
concentration constant, thus a decrease in HCOj
concentration of the ECF will likely cause an
increase in CI" concentration (Guyton and Hall,
2000). This increase in ECF CI concentration may
therefore account for the insignificant difference
(P>0.05) in CI" concentration of gastric juice
observed in the diabetic animals.

It could therefore be concluded from this study that
in alloxan induced diabetic rats there is a decrease in
both basal and stimulated (histamine/carbachol) acid
secretion. This reduction may possibly be mediated
through H, and M3 receptors. There is a possibility
that diabetes caused impairment in the sensitivity of
the neural pathway that mediates acid secretion.
This study also shows that there was a significant
reduction in the Na*, K and HCO; content of
gastric juice secreted by the stomach of the diabetic
animal which could be attributed to alteration in the
ECF caused by diabetes mellitus.
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