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Abstract: Kolaviron (KV) is an established antihyperglycemic agent in both normal and experimental diabetic rats. The role of ileum 

in glucose uptake in KV-treated normal and diabetic rats was investigated. Rats (150–180 g) were used and grouped into 4 (n=5/group). 

Groups 1 and 2 are the control (non-diabetic) and untreated diabetics respectively while groups 3 and 4 were treated with 200 mg/kg KV 

and 5mg/kg Glibenclamide (GB) orally respectively. Diabetes was induced by 120 mg/kg of alloxan. Before each phase, rats fasted for 

12 h with free access to water. Phase 1 assessed the effect of treatments on blood glucose levels while Phases 2 and 3 investigated the 

route of glucose utilization following treatments. Rats were anaesthetized before laparotomy in Phases 2 and 3 following which 4 ml of 

modified Krebs solution was infused between 2 ligated ends of the ileum. Glucose concentration was determined by the glucose oxidase 

method. Data were analyzed and considered significant at P < 0.05. Fasting blood glucose of KV-treated and GB-treated decreased 

significantly compared to the Control and Diabetic after 2 h of KV administration. The A-V study recorded a 14.1%, 27.6%, and 19.3% 

decrease in A-V difference of blood glucose concentration in the untreated diabetics, KV-treated and GB-treated respectively compared 

to the control after 2 h. The ileum glucose absorption (mg/dl/cm) increased significantly in the KV-treated (12.67±1.2; 18.12±1.6) and 

GB treated (10.41±0.8; 16.51±1.1) when compared with the control (8.66±0.9; 11.61±1.6) and untreated diabetic (9.91±0.8; 11.13±0.9) 

after 90 and 120 minutes respectively. The mode of improved absorption into the enterocytes was not elucidated in this study. The role of 

the surviving pancreatic β-cells should be investigated. 
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1. Introduction 

The gastrointestinal system has been reported to play a 

significant role in glucose homeostasis [1–3], and several 

studies have demonstrated an increased rate of glucose 

absorption, especially in experimental diabetic animals [4]. It 

is known that experimental diabetes produced by alloxan 

markedly increases intestinal sugar absorption and that 

hyperglycemia itself can enhance intestinal sugar transport [5, 

6]. Several theories have been published to explain these 

changes. Among the tactics receiving attention in reducing 

postprandial hyperglycemia and probable management of 

hyperglycemia is to reduce the amount of glucose available 

for absorption at the intestinal level [7]. 

Major resection of the intestine can cause significant 

malabsorption syndrome known as short bowel syndrome 

(SBS) [8]. This may cause a major absorption problem for 

the gut and its role in glucose homeostasis may be impaired, 

more so in glucose metabolic impairments such as diabetes 

gut. This might provide the ileum as the major part of the gut 

spared and its efficiency to modify its role in such a situation 

is not well established especially in glucose deranged states. 

The ileum is not a decent site for glucose absorption in 

normal humans and animals due to the reduced number of 



23 Olugbenga Adeola Odukanmi et al.:  The Role of Ileum in the Absorption of Glucose in Normal and  

Alloxan-Induced Diabetic Rats Treated with Kolaviron 

hexose transmembrane transporters SGLT1 and GLUT2 

which makes glucose absorption difficult [9]. Certain earlier 

reports have demonstrated that bypass surgeries such as small 

bowel resection in rats could attain important absorptive 

tissue for glucose in normal animals by hyperplasia and not 

necessarily due to increased expression of the transporting 

genes of SGLT1 and GLUT 2 [9]
. 
It is a belief that glucose 

accumulates in the distal ileum in normal individuals as a 

result of a possible reduction in SGLT1 and as a result of the 

missed absorption in the resected gut in bariatric surgery [10]. 

Kolaviron, a biflavonoid complex of Garcinia kola seeds 

has been reported for its action on glucose utilization by the 

gut [11, 12] among several other important influences on 

inflammation, diarrhea and ulcer healing [13–15]. However, 

the effect of kolaviron, a reported potent antihyperglycemic 

agent on the ileum of experimental diabetic rats has not 

received adequate attention. The role of the ileum in glucose 

management in diabetic rats was investigated in this study. 

2. Material and Methods 

2.1. Animals 

Adult female Wister strain albino rats (150 - 180 g) were 

used for this study. 

2.2. Plant Material 

Seeds of Garcinia kola were obtained locally in Ibadan, 

Nigeria, and certified by a Botanist at the University of Ibadan. 

2.3. Test Material 

Kolaviron was isolated according to Iwu et al (1990) [16]. 

2.4. Experimental Procedure 

The experiments were performed in three phases and 

grouped into 4 of 5 animals each. Group I represents the 

control rat treated with normal saline, groups II was the 

untreated diabetic while groups III and IV were treated with 

200 mg/kg of KV (D+KV) and 5mg/kg of Glibenclamide 

(D+GB) respectively. The animals fasted for 12 hours before 

the start of the experiment. 

Phase I - Blood samples were taken from the tails of all 

animals at 0 hours, 1 hour, and 2 hours post-treatment. 

Phase II - The intestinal segments 15-20cm long were 

identified for consistency. The segments were then filled with 

4ml of the modified Krebs's bicarbonate solution containing 2g 

of glucose. Samples for glucose concentrations were collected 

for analysis at intervals of 90 and 120 minutes from each 

animal. Glucose absorbed per length was then determined. 

Phase III - Two hours post-treatment, blood samples were 

obtained from the abdominal aorta and mesenteric vein of the 

rats and were quickly determined using the method above. 

2.5. Histology of Pancreas 

The pancreas was isolated via laparotomy, weighed and 

fixed in 10% formalin in a labeled bottle. Tissue processing 

was carried out by auto-technic on 5µm thick sections and 

was mounted on slides and stained with Gomori’s Chrome 

Alum Hematoxylin and Phloxine Eosin. Stained sections 

were evaluated and the microphotograph was taken using an 

Acuscope microscope. 

2.6. Statistical Analysis 

Unpaired student t-test and ANOVA using Microsoft excel 

software version 2010. Differences were considered 

significant at P< 0.05. 

3. Results 

3.1. Effects of Kolaviron on Fasting Blood Glucose (FBG) 

and After Kolaviron Treatment 

The rats were tested for their fasting blood glucose (mg/dL) 

before the commencement of the study. The FBG increased 

significantly in all diabetic groups compared to the control. 

One hour after treatment with kolaviron and glibenclamide, 

figure 1 shows the blood glucose of the Diabetic treated with 

Kolaviron (DKV) (333.0±21.2) and Diabetic treated with 

glibenclamide (DGB) (323.0±20.1) reduced significantly 

compared to the diabetic untreated (393.0±18.8). Two hours 

after the treatments DKV (218.0±9.8), DGB (311.0±8.7) 

compared to the diabetic untreated (413.0±18.7), figure 1. 

 
*significant compared to control 

Figure 1. Blood Glucose Concentration of Rats treated with Kolaviron. 
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3.2. Effects of Kolaviron on Luminal Glucose Absorption in 

Vivo of Diabetic Rats 

The luminal glucose absorption per unit ileum length 

(mg/dL/cm) was reported in Figure 2. The significant 

absorption was observed at 120 min. after the 

commencement of the experiment. The luminal glucose 

absorption increased significantly in the DKV (18.12±2.51) 

and DGB (16.51± 2.13) groups compared to Diabetic 

untreated (11.13±1.94) and control (11.61±2.51). 

 
*significant compared to control 

Figure 2. Luminal Glucose Absorption by the Ileum in the different diabetic 

groups. 

3.3. Effects of Kolaviron on the Arterio-venous Blood 

Glucose Differences in Diabetic Rats 

The arteriovenous differences (mg/dL) were not 

significantly different when compared in all the groups. 

However, figure 3 shows a significant increase in the arterial 

and venous components of the DKV (457.3±21.3; 497.2 ± 

10.8), DGB (451.2±22.1; 488.5±11.2), compared to the 

diabetic untreated (407.9±18.6; 443.6±12.6) and control 

(68.2±6.1; 99.5±4.3), respectively. 

 
*significant compared to control 

Figure 3. Arterial-Venous Blood Glucose Concentration Differences. 

3.4. Histopathologic Findings on the Pancreas 

 
Figure 4. Representative Photomicrograph of the Pancreas (Gomori’s Chrome Alum Hematoxylin and Phloxine Eosin Magx400): NORMAL: several numbers 

of beta cells appear blue/ dark blue (slender arrow), and other few cells appear pink/red. DM: enlarged beta cells within shrunk islet of Langerhan (slender 

arrow). DM + KV: moderate numbers of beta cells appearing blue/ dark blue (slender arrow), other few cells appearing pink/red appear to be the alpha cells. 

DM + GB: mildly depleted beta cells within islet of Langerhan (slender arrow). 

4. Discussion 

It is understood from previous studies that the enterocytes' 

absorption of glucose is via the carrier-mediated transport of 

glucose from the luminal end [17, 18]. The ileum is not a 

major site for glucose absorption but its adaptively involved 

with better glucose absorption in the face of resection of the 

proximal end of the gut [19, 20]. The role of ileum in the 

handling of diabetic-like states with the use of kolaviron 

treatment was investigated in this study. 

The fasted glucose was substantially high in the diabetic 

groups to warrant for recruitment of animals into the 

diabetic-like group from the definition of our inclusion 

criteria. In this study, we reported a significant increase in 

glucose absorption rate of the diabetic treated groups (either 

with kolaviron or glibenclamide) compared to the absorption 

from the ileum of control and non-treated diabetic rats. This 

buttresses the reports that there is increased intestinal glucose 

absorption in experimental diabetics
 
[2, 5, 6]. The mucosal-

to-serosal movement of glucose molecules was augmented, 

this was observed after 2 h of glucose infusion into the ileum. 

It has been reported earlier that hyperglycemia alone without 

diabetes could facilitate increased absorption of glucose by 

the intestine [6] and the role of the ileum in luminal glucose 

absorption by the gut was reported to increase in normal rats 

in the presence of kolaviron compared to without kolaviron 

[11]. 

The arterial-venous glucose differences consistently show 

an increase in the venous end compared to the arterial with a 

negative difference in all the groups. The important finding 

from this aspect of the study described further increased 
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uptake of glucose away from the mucosa. Although there was 

an increase on both ends of the arterial and venous in the 

treated diabetic groups, this is by no means comparable to the 

control and the diabetic untreated groups with a similar 

arterial-venous difference. This further portrays kolaviron as 

a potent antihyperglycemic agent that potentiated uptake of 

glucose from the luminal glucose in the ileum. A similar 

study on rat brain increased glucose uptake following 

treatment with kolaviron by the brain cells [12]. 

The role of diabetic ileum in the increasing uptake of 

glucose in the absence or presence of kolaviron as observed 

in this study could be due to the possible inhibitory effect of 

kolaviron on pancreatic alpha-amylase activities [11]. 

Though all the diabetic groups had better ileal glucose uptake 

compared to the control, the groups with kolaviron treatment 

performed much better than untreated diabetics. Thus 

showing the increasing adaptability of the diabetic ileum to 

regulate glucose better compared to the control. A previous 

report by Fujita et al [4], described the role of SGLT1 in the 

improved glucose absorption in the diabetic intestine. The 

adaptability of modalities involved in these tendencies was 

not elucidated in the current study. 

5. Conclusion 

We concluded that the increase in the ileum glucose 

absorption rate seen in Diabetic treated groups may suggest 

modulatory activities on pancreatic β cells left out among 

other routes as buttressed by increased ileum glucose 

absorption reported in both diabetics alone and diabetics 

treated. Future emphasis should be on the role of GLUT 2 

and SGLT 1 as well as verify the impact of the pancreatic 

alpha-amylase and insulin. 
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