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Abstract: Glucose derangement is a common endocrine disorder affecting over 463 million worldwide. Its attending 

complications on the gastrointestinal motility in altered glycemic states were investigated. Forty-five male Wistar rats were 

grouped into 3 (n=15/group): Group 1- Control, Group 2- Diabetes, Group 3- Postprandial hyperglycemia. The 15 rats per 

group were sub-grouped into 3 of 5 rats each. Each sub-group determined gastric emptying, intestinal propulsion, and colonic 

motility. Diabetes was induced with a single intraperitoneal 150 mg/kg alloxan and the postprandial received an oral D - 

glucose load of 2 g/kg. Before the commencement of each experimental procedure, rats in all groups fasted for 18 hours and 

blood glucose concentration was assessed by the glucose oxidase method after 45 min of onset of the experiment. The mean ± 

SEM of data were subjected to one-way ANOVA analysis and values of p<0.05 were considered significant. There was a 

significant decrease in the fasting blood glucose level (mmol/L) in rats of control (3.64 ± 0.10) compared with the diabetic 

(31.94 ± 2.38). The percentage of gastric emptying in the control decreased significantly compared with the diabetics. The 

percentage of intestinal propulsion in the control (42.14 ± 3.14) increased significantly compared with the diabetic (7.43 ± 

1.05) and significantly decrease when compared with the postprandial (72.91 ± 5.47). There colonic motility time in the control 

decreased significantly compared with the diabetic. Diabetes promotes delay in the different motility examined while the 

postprandial group supported intestinal propulsion. Further work should focus on identifying the mechanism involved. 
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1. Introduction 

Gastrointestinal motility is essential for digestion, 

absorption of the gut. It achieves these using the interaction 

of the mechanical, hormonal, and enzymatic processes of the 

gut and distant control from the nervous system. The delay in 

stomach motility is associated with up to 4 in 10 diabetics 

with just 1 of 10 presenting with serious symptoms [1]. 

Stringent glycemic control in diabetics is due to a decrease in 

micro-and macrovascular hitches. The role of acute 

postprandial blood glucose to total glycemic control is not 

well documented [2]. The rate of gastric emptying promotes 

a rise in postprandial glucose concentration [2]. Other factors 

that promote postprandial glycemia includes duodenal 

motility [3], the flow events [4], and the action of the core 

glucose transporters [5]. 

Delayed gastrointestinal emptying in diabetes is well 

documented and this may have a huge effect on the 

absorption and utilization of nutrients [6]. It was often a 

belief that the dysmotility noticed in diabetes is a result of 

permanent neuropathy of the autonomic system [7], this 

position was since countered as it was clear that similar 

dysmotility could experienced in acute hyperglycemic states 

[8, 9]. So increase in postprandial blood glucose range may 

also affect gastrointestinal motor and sensory function [10]. 

Indeed, there are shreds of evidence from both human and 

animal studies indicating that blood glucose levels can act as 

a modulator of gastric motility [11]. 

Some studies have established the effect of different 

glycemic statuses on gastric motility on the upper 

gastrointestinal motor and sensory function [12]. However, 

no study has sufficiently described the motility from the 

upper gastrointestinal tract to the lower component in acute 

physiological hyperglycemia and diabetes conditions. More 



 American Journal of Biomedical and Life Sciences 2022; 10(2): 49-54 50 

 

so, research relating to intestinal dysfunction is less studied 

and/or sparsely reported in diabetes and acute hyperglycemic 

conditions. This study investigated the effect of postprandial 

hyperglycemia and experimental diabetes within an in vivo 

space on gastrointestinal motility in the rat. 

2. Materials and Methods 

2.1. Materials 

Easymax
®
 glucometer and glucose strips, weighing 

balance, cages, feeding troughs, rat feed, dissecting set and 

board, glass beads, syringes (1ml and 5ml), acacia gum, 

distilled water, filter paper, activated charcoal, sensitive 

scale, cotton wool, thread, stopwatch, oral canula, glucose 

were sourced locally. 

2.2. Animals Grouping, Husbandry, and Ethics 

45 male rats (180-200g) of Wistar strain were obtained 

from the Animal House of the College of Medicine, 

University of Ibadan, Ibadan. The rats were acclimatized for 

2 weeks under room temperature before they were used for 

the study. These animals were grouped into three (3), (n=15). 

Group 1: Normal control group, Group 2: Postprandial 

glucose rats (administered acute oral D – glucose load of 

2g/kg through oral gavage after checking the initial fasting 

blood glucose concentration) and Group 3: Diabetic rats 

(induced with diabetes by administration of a single high 

dose of 150mg/kg alloxan intraperitoneally). Each group was 

sub-grouped into three of 5 animals each. Each subgroup was 

allocated for the gastric emptying, intestinal propulsion, and 

colonic motility experiments accordingly. The rats were 

housed in separate cages and were fed with standard rat chow 

and water. All animals fasted for 18 hours before the start of 

each study. This study was in line with the guidelines for 

animal experimentation in the Gastrointestinal Secretions and 

Inflammation Unit of the Department of Physiology, 

University of Ibadan which also adapted the Guidelines of 

the National Institute of Health—Guide for the Care and Use 

of Laboratory Animals [13]. 

2.3. Induction of Diabetes 

After 18 hours of fasting, the before diabetes was induced 

with a single intraperitoneal injection of 150 mg/kg body 

weight of freshly prepared alloxan monohydrate dissolved in 

distilled water in a standard volumetric flask strapped with 

foil. The blood glucose levels of the rats were determined 

after 72 hours of alloxan administration by use of Easymax
® 

glucometer based on the glucose oxidase method. Animals 

with blood glucose equal to or more than 11mmol/L were 

considered diabetic and were used for this study. 

2.4. Glucose Load for Postprandial Test 

Rats fasted for 18 hours and were administered 2g/kg of 

oral D – glucose (dissolved in distilled water) by oral gavage 

through oral cannula after the initial fasting blood glucose 

(FBG) concentration test. Thereafter, blood samples were 

withdrawn from the tail vein of each animal (tail snipping) to 

determine the fasting blood sugar concentration. The blood 

glucose concentration was re-checked 45 minutes after the 

administration of oral D – glucose, before the 

commencement of the experiments. 

2.5. Determination of Blood Glucose Level 

The blood glucose level of each animal was checked 

before and during the experiment with Easymax
®

glucometer 

through the rat tail vein. 

2.6. Preparation of Hydrated Meal and Charcoal Meal 

The hydrated feed used for the gastric emptying 

experiment was prepared by dissolving 45g of grinded meal 

in 100mL of distilled water and stirred properly. The 

prepared meal was kept in the refrigerator at 4°C. The 

hydrated feeds were given daily to the animals for 72 hours 

before the start of the experiment to prepare the gut for the 

study. 

The charcoal meal was freshly prepared by mixing 10g 

(10%) activated charcoal and 5g (5%) acacia gum and made 

up to 100 mL with distilled water. 

2.7. Determination of Gastric Empty 

The rats for the gastric emptying study fasted for 18 hours 

before the experiment. They were given a hydrated feed of 

about 2 mL through oral gavage with an oral cannula. The 

animals were sacrificed by cervical dislocation after 2 hours 

of administration of hydrated feed. Laparotomy was carried 

out after cervical dislocation, the stomach was ligated at the 

pyloric and cardia ends to prevent spilling of gastric contents. 

The stomach was isolated by cutting the ligated ends, and the 

full stomach was weighed. The stomach was then cut-open 

through the greater curvature to empty it. The emptied 

stomach was rinsed with distilled water and damped to dry 

on a filter paper. The damped stomach was then weighed and 

recorded. The percentage of gastric content emptied was 

expressed with this formula: 

% Gastric Emptied = ((Full stomach weight- empty stomach 

weight)/Bodyweight) x 100 (Source: [14]) 

2.8. Determination of Intestinal Propulsion 

Each rat received 1mL of a charcoal meal using an oral 

cannula. The animals were sacrificed by cervical 

dislocation after 30 minutes of being fed with charcoal. 

Laparotomy was carried out after cervical dislocation and 

the entire length of the intestine was isolated and clamped 

from the pyloric and ileocaecal junctions. The distance 

travelled by the charcoal meal and the total length of the 

intestine were determined according to the method 

described by Sandhiya et al., [15]: 

% Propulsion = (Distance travelled by charcoal)/Total length 

of the intestine) × 100 
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2.9. Determination of Colonic Motility 

Colonic motility was determined by loading 3, 3mm glass 

beads through the anal opening. Firstly, a Teflon cannula 

(Rectal Cannula) was lubricated by Tween 80, after which 

the Teflon cannula was used to load the beads. The loaded 

beads were released into the colon, 2 cm from the anal 

opening. The time of insertion of the beads was noted and the 

beads were monitored until expelled. Colonic motility time 

was then determined by calculating the time (seconds) of the 

expulsion of the beads. 

2.10. Statistical Analysis 

The data collected from each experiment and group of rats 

were expressed as Mean ± SEM. Comparisons between 

groups were done using one-way analysis of variance 

(ANOVA) and Newman-Keuls post hoc test using GraphPad 

prism 5.0 designed for Windows. Data were considered 

significant at p<0.05. 

3. Results 

3.1. Effect of Altered Glycemic States on Blood Glucose 

Levels 

There was a significant decrease in the blood glucose 

level in rats of control (3.64 ± 0.10) group when compared 

with the diabetic group (31.94 ± 2.38) and acute 

postprandial hyperglycemia (6.69 ± 0.21) group 

respectively (Figure 1). 

 

Figure 1. Effect of different hyperglycemic states on blood glucose level in 

Wistar rats. 

***Significant at p<0.001 compared with control and postprandial groups; 

*significant at p<0.05 compared with control. 

3.2. Effect of Altered Glycemic States on Gastric Emptying 

There was a significant decrease in percentage gastric 

emptying in rats of the control (0.64 ± 0.16) group when 

compared with the diabetic (1.21 ± 0.21) group and no 

significant difference when compared with the postprandial 

(0.54± 0.08) group respectively (Figure 2). 

 

Figure 2. Effect of different hyperglycemic states on gastric emptying in 

Wistar rats. 

*Significant at p<0.05 compared to control and postprandial; ns- not 

significant compared with control. 

3.3. Effect of Altered Glycemic States on Intestinal 

Propulsion 

Figure 3 describes a significant increase in the percentage 

of intestinal propulsion in rats of control (42.14 ± 3.14) group 

when compared with the diabetic (7.43 ± 1.05) group and a 

significant decrease when compared with the postprandial 

(72.91 ± 5.47) group respectively. 

 

Figure 3. Effect of different hyperglycemic states on intestinal propulsion in 

Wistar rats. 

+++Significant decrease at p<0.001 compared with control and postprandial 

groups 

***Significant increase at p<0.001 compared with Control. 

3.4. Effect of Altered Glycemic States On Colonic Transit 

Time 

There was a significant decrease in the colonic transit time 

in rats of the control (263.80 ± 64.26) group when compared 

with the diabetic group (9027.00 ± 1813.00) and no 

significant difference when compared with the postprandial 

(1235.00 ± 178.40) group respectively. 
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Figure 4. Effect of different hyperglycemic states on colonic motility time in 

Wistar rats. 

***Significant at p<0.001 compared with control and postprandial groups 

ns- not significant compared with control. 

4. Discussion 

Previous reports have it that diabetes, a systemic disease 

might affect more than one organ, including the 

gastrointestinal system. The length of the disease and 

condition of management constitutes an important factor in 

the development of gut complications in diabetes [16]. These 

complications were recognized to include both micro-and 

macro autonomic neuropathy. Beyond autonomic neuropathy 

constituting delayed gastric emptying, it is observed that 

acute postprandial hyperglycemia is also a factor, and it is 

assessed by the mode of nutrient delivery from the stomach 

into the small intestine [6]. 

In this study, contrary to the delay in gastric emptying that 

has been characteristically described in rats with diabetic 

gastropathy, a significant increase in the gastric emptying of 

the diabetic group was observed. In the report of Nowak et 

al., [17], they found out that delayed and accelerated gastric 

emptying occurs highly differently in diabetic patients with 

or without symptoms of upper gastrointestinal dysfunction. 

The accelerated gastric emptying observed in this experiment 

shares similar findings with the outcome of accelerated 

gastric emptying reported previously in acute experimental 

diabetes [18, 19]. 

It is a good fact that autonomic neuropathy comes with a 

chronic diabetes condition and the neuropathy is often 

manifested after a long period of poorly controlled diabetes 

[20]. The accelerated gastric emptying observed in this study 

might be due to associated complications of the diabetic state 

occurring in the early stage. The postprandial gastric 

emptying rate did not differ from the control, which shares a 

similar view with the findings of Verhagen et al., [21]. This is 

based on the observation that physiological acute 

hyperglycemia in the fasted state has little or no effect on 

proximal motility of the stomach and this depends on the 

value of blood glucose augmentation. The insignificant 

difference observed in this study might be due to the relative 

euglycemic blood glucose level. 

Furthermore, the decrease reported in the intestinal 

propulsion of the diabetic group when matched with the 

control in this study is in line with the findings of Bjornsson 

et al., [11] where it was observed that hyperglycemia in the 

range of 12–15 mmol/l (diabetic blood glucose level) reduces 

motility index and small intestinal waves of the jejunum and 

duodenum. Medical vagotomy was suggested to be the cause 

of the reduced cycle length of inner digestive motor activity 

in a hyperglycemic state [22]. Thus buttressing the possible 

role of autonomic neuropathy in chronic or massive 

hyperglycaemia as part of the cause of a reduced intestinal 

transit time since it is no longer considered a singular cause 

for reduced intestinal motility in diabetes [23, 24]. 

The increased intestinal propulsion of the postprandial 

group shares a similar opinion with the findings of 

Lingenfelser et al., [25] where there was a report of 

antropyloroduodenal motor distension following acute 

physiologic hyperglycemia. The accelerated intestinal 

propulsion observed with the postprandial group could be 

due to a blood glucose level that is slightly above the 

euglycemic state and the acute nature of the hyperglycemia 

compared to the diabetic values. 

The delayed colonic motility in the diabetic group is in line 

with the report of Imaeda et al. [26] which reported 

constipation in diabetic patients. A slow colonic transit time 

is associated with autonomic neuropathy, especially in 

diabetes, although different pathophysiology has been 

implicated as well. Reactive oxygen species have been 

associated with neuronal loss and depletion of antioxidants in 

hyperglycemia and diabetes [27–29] among other factors. It 

is however a limitation in this study that the redox and 

antioxidants status was not investigated. The acute 

hyperglycemia from the postprandial glucose was not 

sufficient to elicit change in colonic transit time and this 

shared view with the report of Maleki et al., [30] where the 

indifference was associated with the different gas tension in 

both the colon and rectum of humans. Further, on the 

indifference in the acute hyperglycemic state to colonic 

motility, Sim et al., [31] observed no change after mechanical 

stimulation of the stomach and reported the blunting effect 

on defaecation but the intracolonic pressure was not affected. 

5. Conclusion 

In conclusion, varying glycemic situations have a different 

effect on gastrointestinal motility. These effects are based on 

the chronicity and severity of hyperglycemia as supported by 

the findings from the two different hyperglycemic situations 

(acute and chronic) in this study. More research is required to 

further elucidate the possible mechanism(s) involved with the 

alteration of gastrointestinal motility in both the chronic and 

acute hyperglycemic conditions described in this study. 
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