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ABSTRACT 
Kolaviron (KV) a biflavonoid from  Garcinia kola seed  has been reported to possess potent hypoglycemic activities. The mechanism of this action is uncertain. In this study, the effects of KV on blood glucose, in-vivo intestinal glucose absorption and alpha amylase activities were investigated. Male albino rats were randomly divided into normal saline treated control (CONT) and two other groups treated with kolaviron at 100 mg/kg (KV100) and 200 mg/kg (KV200). Glucose absorption was studied in vivo from intestinal segment perfused with Kreb's bicarbonate solution containing 5.6 mM glucose. Kolaviron, at doses used, produced significant decreases in blood glucose concentrations 4 hours post-administration, when compared to the control. After 3 hours of administration, KV also decreased arteriovenous difference in glucose concentration by 36.99% and 47.94% in the KV100 and KV200 groups respectively. The jejunal glucose absorption significantly increased (P<0.05) in all the KV treated groups, compared to the control after 40 minutes of infusion. The ileal glucose absorption also increased significantly (P<0.05) after 40 minutes of infusion in all KV treated groups compared to the control. In-vitro, KV (100 – 1000ug/ml) produced a concentration-dependent inhibition of alpha-amylase activity (79.32 ± 0.61% and 24.28 ± 0.73% for the highest concentration and lowest concentrations respectively). KV possibly exerts its reported hypoglycernic effects via the increased glucose extraction by the intestinal cells and by inhibition of activities of α-amylase. 
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INTRODUCTION 
Several reports have shown that diabetes is a leading cause of death in countries of the world, cutting across different economic status (Kung et al., 2008; Murphy et al., 2013). It is known that over 246 million individuals have diabetes, with a projection of over 366 million by 2030 (Wild et al., 2004). Several studies have also reported increasing prevalence of diabetes mellitus worldwide (Motala, 2002; Wild et al., 2004; Ferrara, 2007, Shaw et al., 2010). 
Postprandial or reactive hyperglycaemia (a defect in glucose homeostasis whereby blood glucose remain high in response to a meal) is regarded as a major problem in type-2 diabetes mellitus, especially as it is known to contribute to the cardiovascular complications in diabetes (Mooradian and Thurman, 1999; Ali et al., 2006, Node and Inoue, 2009, Kumar et al, 2013). Even in non-diabetic condition, postprandial hyperglycemia is known to correlate with macro vascular and microvascular diseases (Levitan et al., 2004). Apart from the cardiovascular complications, hyperglycaemia has also been shown to induce oxidative stress via abnormally high production of superoxide radicals (Brownlee 2001) and formation of a powerful oxidant, peroxynitrite, which ultimately destroys DNA (Ceriello, 2003).  A number of drugs have been used in the management of this condition but with several side effects, hence the quest for new drugs with anti-hyperglycaemic activities. Agents with anti-hyperglycemic or hypoglycemic activities may act through a number of mechanisms. One of these is interference with glucose absorption. It has long been known that a reduced postprandial plasma glucose level will lead to suppression of postprandial hyperglycaemia. This is achievable in the presence of α- amylase inhibitors (anti-nutrient that obstructs the digestion and absorption of carbohydrates).


Garcinia Kola (family Guttiferae; genus Garcinia) commonly called bitter kola has been found useful for medicinal purposes in West Africa for many years (Dalziel, 1937) and the tree as a whole has been referred to as a “wonder plant” because almost every part of it has been found to be of medicinal importance (Hutchinson and Dalziel, 1956). Extracts of the plant have been traditionally used for ailments such as laryngitis, liver disease, cough and catarrh (Ayesu, 1978). The fruit has been used to prevent or relieve colic, cure head or chest colds and relieve cough (Iwu, 1993). It also has antimalarial, antidiabetic and anti-viral as well as anti-ulcer properties (Ibironke et al., 1997; Olaleye and Farombi, 2006; Olaleye and Cho, 2010). Certain fractions of the Garcinia kola seeds have been identified and purified. One of them is kolaviron, a defatted methanol fraction of the seed. It is a mixture of three compounds namely Garcinia biflavonoids, GB1, GB2 and kolaflavonone in the ratio 2:2:1 respectively ( Iwu and Igboko, 1982; Kabangu et al., 1987). 
Kolaviron has been extensively studied for its anti-hepatotoxic effects (Akintonwa and Essien, 1993, Farombi et al, 2000), an effect that may be attributed to the ability of kolaviron to decrease oxidative damages to DNA in the liver (Farombi et al., 2004). It has also been shown to produce significant hypoglycemic effects on both normal and alloxan-induced diabetic animals (Iwu et al., 1990). Recently too, it was confirmed that the three fractionized forms of kolaviron has anti-hyperglycemic effect on normal and diabetic rats (Adaramoye and Adeyemi, 2006; Ayepola et al., 2013). In this study, the effects of KV on blood glucose, in-vivo intestinal glucose absorption and α-amylase activities were investigated.





MATERIALS AND METHODS 
Animals - 45 Adult male Wistar strain albino rats (180 - 200 g) were used. The animals were bred and housed in the Pre-Clinical Animal House, College of Medicine, University of Ibadan. The animals had free access to food (Ladokun feeds, Ibadan) and water were given ad libitum. 
Plant Material - Seeds of Garcinia kola were obtained locally in Ibadan, Nigeria and certified by a Botanist in the Department of Botany, University of Ibadan. A voucher specimen is available in the Herbarium of the same institution. 5kg of peeled seeds were sliced, pulverized with electric blender and dried at 40º C in a Gallenkamp drying oven. 
Test Material - Kolaviron was isolated according to Iwu et al (1990) as modified by Farombi et al (2000). The powdered seeds were extracted with light petroleum ether (b. pt 40-60º C) in a soxhlet extractor for 24 hours. The defatted dried marc was repacked and extracted with ethyl acetate. 
The concentrated ethyl acetate fraction gave a brownish-yellow solid known as kolaviron. The extract (50g) was suspended in 100 mL 0.9% NaCl mixed with tween 80 for oral administration to rats. Appropriate dose dilutions were made with normal saline to provide for a total volume of 0.5 mL. 100 mg/kg and 200 mg/kg of KV were administered orally to the treatment groups, (Farombi et al, 2005, 2009) while the Control rats were orally administered 0.5 mL of normal saline. 




Determination of fasting blood glucose level 
The  rats (n=18), 6 per group were allowed free access to food and water and housed in a room at 24±2o C. Food was withdrawn from the animals 18 hours before experiment but water was allowed. Groups 2 and 3 were treated with 100 mg/kg and 200 mg/kg kolaviron respectively while the Control were given saline after which blood samples were taken from their tails after 0, 1 and 4 hours post-treatment. The blood glucose concentration was instantly determined through a quantitative assay (Glucose Oxidase) method using On-call ® plus glucose monitoring system. The instructions provided by the kit manufacturer were essentially followed.

Determination of aArterio-venous glucose difference 
Rats (18), divided into 3 groups of 6 each, were allowed free access to food and water and housed in a room at 24±2o C. Food was withdrawn from the animals 18 hours before treatment but water was allowed. Groups 2 and 3 were treated with 100 mg/kg and 200 mg/kg kolaviron respectively while the Control was given saline. Three hours later, the rats were anaesthetized with urethane (0.6 mL/100g body weight) and laparatomy was performed. Blood samples were obtained from the abdominal aorta and mesenteric vein of rats and glucose concentrations were determined through a quantitative assay (Glucose Oxidase) method using On-call ® plus glucose monitoring system.
Determination of intestinal glucose absorption 
To evaluate the effect of KV on intestinal absorption of glucose, the method of absorption study described by Olaleye and Elegbe (2005) was followed with some modifications. The animals were allowed free access to food and water and housed in a room at 24±2ºC. Food was withdrawn from the animals 18 hours prior to the treatment. They were treated as described above after which they were anesthetized with urethane (0.6±0.1 mL/100g body weight). The trachea was then ligated and the animals were allowed to breath spontaneously. Through a midline laparatomy, the intestinal segments of 10-20cm long were identified for consistency. The proximal segment was just distal to the ligament of Treitz while the distal end was just proximal to the ileocecal junction. The segment were opened at both ends and washed by syringe irrigation with the Krebs’s bicarbonate solution, the excess fluid was removed by gently forcing air under low pressure through the segments. The unopened end of each segment was then ligated. Each segment was then filled with 4 mL of the Kreb’s bicarbonate solution containing 5.58g of glucose. The segments were replaced in the abdominal cavity, which was closed with a clamp. The temperature of each animal was maintained with a heating lamp. 
The initial glucose concentration was noted and samples were collected at intervals of 20, 40 and 60 minutes from each animal. The glucose concentrations were analyzed through a quantitative assay (Glucose Oxidase) method using On-call ® plus glucose monitoring system.
 Each study lasted one hour, at the end of which the two segments drained of their content and the length of each segment was measured. The glucose absorbed per length was then taken to be the difference between the initial glucose concentration and the final glucose concentration divided by the factor of their respective length. 
Determination of alpha amylase activity 
The method used by Alli et al (1997) was essentially followed. Briefly, soluble starch solution was prepared by using 0.5% w/v potato starch in 25 mL of 20 mM phosphate buffer containing 6.7 mM sodium chloride at pH 6.9. Pancreatic α-amylase (4U/mL) was also prepared using the same buffer in ice-cold distilled water. A DNS colour reagent was prepared by addition of 1.0g 3,5-dinitrosalicylic acid 3, 5 dinitrosalicylic acid, 30g of sodium potassium tartarate and 20 mL of 2N NaOH to distilled water to a final volume of 100 mL. KV and the standard drug, Acarbose were dissolved in 5 mg/mL DMSO and reconstituted in 160 μL of 20 mL phosphate buffer containing 6.7 mM NaCl. 
200 μL of buffer containing porcine pancreatic α-amylase solution were incubated in an Eppendorf tube with 40 μL of KV and standard drug of varied concentrations. After three minutes, 400 μL of DNS colour reagent was added. The closed tubes were then incubated in a boiling water bath for 10 minutes and then cooled. 50 μL of the reaction mixture was then diluted with 175 μL distilled water and absorbance was measured in a 96-well microplate reader at 540 nm. 
The concentration of KV required to inhibit 50% of enzyme activity (IC50) was calculated by using the percentage scavenging activities at five different concentrations of the extract. Percentage inhibition (I %) was calculated by I % = (Ac-As)/Ac X 100, where Ac is the absorbance of the control and As is the absorbance of the sample. 
Statistical Analysis 
All data were recorded as mean ± S.E.M of 6 animals per group except otherwise stated and were analyzed using  one way ANOVA followed by a post-hoc Newman-Keuls multiple comparison test with Graph Pad Prism version 5(Graph Pad software, San Diego, CA). Differences were considered significant at P <0.05.





RESULTS 
Effect of Kolaviron on blood glucose 
Figure 1 shows the effect of kolaviron on blood glucose concentration of the various groups treated. At 0 and 1 hour after administration of the various treatments, the blood glucose of the kolaviron treated groups, showed no significant change compared with the control. However, at 4 hour interval the blood glucose concentration of the kolaviron treated groups (KV 100mg/kg, 59.83 ± 2.48mg/dL, 15.1% Δ ) and (KV 200mg/kg , 54.00 ± 2.48mg/dL, 21.5% Δ) decreased significantly, P<0.05 when compared to that of control (69.00 ± 2.66mg/dL, 2.6% Δ). 
Figure 2 shows the effect of different doses of kolaviron on arteriovenous differences in blood glucose levels of the various treatment groups. The arteriovenous difference in blood glucose level in the kolaviron treated groups showed 36.98% and 47.94% decrease at KV 100 mg/kg and KV 200 mg/kg respectively compared with the control. 
Effect of Kolaviron on blood absorption in jejunum and ileum 
Figure 3 shows the effect of different doses of kolaviron on jejeunal glucose absorption determined at intervals of 20 minutes, 40 minutes and 60 minutes post-treatment. At the interval of 40 minutes and 60 minutes, the glucose absorption rates increased significantly, P<0.05; in the kolaviron treated groups, KV 100mg/kg (306.83±6.34 mg/dL/15cm, 12.8% Δ and 354.33±2.46 mg/dL/15cm, 3.2% Δ) and KV 200mg/kg (316±4.99 mg/dL/15cm , 15.3% Δ and 352.67±2.23 mg/dL/15cm, 2.7% Δ ) compared to the control (267.67±4.50 mg/dL/15cm and 343.17±2.04 mg/dL/15cm). 
Figure 4 shows the effect of different doses of kolaviron on ileal glucose absorption rate of the treated groups. At the intervals of 40 and 60 minutes, the glucose absorption rate increased significantly, P<0.05 in the kolaviron treated groups, KV 100mg/kg (282.83±3.05 mg/dL/15cm, 13.6% Δ and 338.21±3.52 mg/dL/15cm, 5.1% Δ) and KV 200mg/kg (295.17±4.75 mg/dL/15cm, 17.2% Δ and 345.17±5.38 mg/dL/15cm, 7.0% Δ) when compared with the control (244.50±9.01 mg/dL/15cm, 321.00±6.51 mg/dL/15cm). 






Fig. 1 
*Significant compared with control at P<0.05



Fig.2 : Arterial- Venous Glucose Differences

* Significant at P<0.05 compared with Control


Fig. 3: Jejunum Glucose Absorption Rate
**** Significant compared with Control at P<0.0001
**Significant compared with Control at P<0.001

       
Fig. 4: Ileum Glucose Absorption Rate
**** Significant compared with Control at P<0.0001
*Significant compared with Control at P<0.05


In vitro alpha amylase inhibitory activity of Kolaviron 
Kolaviron produced a dose-dependent inhibition of pancreatic alpha amylase activity. At the lowest concentration used, the inhibition (%) was 25.80±1.08 while the inhibition at the highest concentration used was 81.60±1.89 (Fig 5). The IC50 value for kolaviron with respect to inhibition of pancreatic alpha amylase activity (obtained by extrapolation from a dose response curve) was 208.72±4.25μg/mL. 
[image: C:\Users\Dr S.B. Olaleye\AppData\Local\Microsoft\Windows\INetCache\Content.Word\KV and alpha amylase_001.jpg]
Fig. 5- Alpha amylase inhibitory activity of kolaviron. Values are mean ± SEM of 5 replicates. IC50 is defined as the concentration required to inhibiting 50% activity. 

DISCUSSION 
[bookmark: _GoBack]A number of disorders are linked to significant disturbances in carbohydrate metabolism. Such disturbances may lead to severe health challenges, including obesity (Yanovski and Yanovski, 2002) and diabetes (Laar et al., 2008). Among the strategies receiving attention in reducing post-prandial hyperglycaemia is to reduce the amount of glucose available for absorption at the intestinal level (Inzucchi, 2002). This could be done by the inhibition of the carbohydrates-hydrolysing enzymes, α- glucosidase and α-amylase, present in the small intestinal brush border. These enzymes breakdown oligosaccharides and disaccharides into absorbable monosaccharides (Puls et al. 1977; Matsuo et al, 1992; Inzucchi , 2002). Several authors have reviewed the possible roles of certain medicinal plants as having potential α-amylase inhibition as well as many other plants with activities reported for their use in the treatment of diabetes (Paloma et al., 2012). Phytochemicals such as flavonoids, saponin and phenols have reportedly showed promise in alpha amylase inhibition (Sunil and Kumar, 2010) and kolaviron is a potent biflavonoid and several mechanisms of actions of polyphenols in the reduction of diabetes risk has been reviewed(Hanhineva et al., 2010).
In this present study, KV was shown to produce significant and consistent hypoglycemic effect on fasted normoglycemic rats. This is consistent with the findings in previous work (Iwu, 1990). The hypoglycemic effect was marked 4 hours post-treatment in all the two doses of KV administered thus suggesting a probable optimum level of KV activities. This is in agreement with the report of other workers (Iwu, 1990). 
The result of the present study also underscores the role of extra-hepatic tissues in the hypoglycemic effect of KV as evidenced by the increased rate of glucose absorption after treatment. The enormous quantity of glucose absorbed suggest that the post-absorptive (fasting) gut in normal state may be involved in reducing the degree of hyperglycemia by mopping up a lot of glucose from the circulation. This increase could either be due to increase in blood flow which was not considered in this study or due to increased glucose extraction by the intestinal cells, liver and skeletal muscles (Alada et al., 2005). 
Reports from some investigators ( Alada and Oyebola, 1996, Alada and Oyebola, 1997) , provided evidence that the GIT plays a modulatory role in glucose homeostasis. The treatment of normal rats with different doses of KV increased the intestinal glucose absorption in both the jejunum and ileum. The increased intestinal glucose absorption reported in this study may be due to a direct stimulatory effect on the gut by KV to reduce systemic glucose concentration. It could also be due to an indirect stimulatory effect on the pancreatic-β- cells to increase insulin release (Obi et al, 2003). It could also be that KV inhibited some counter regulatory hormones, especially adrenaline, glucagon and growth hormones. Although inhibition of counter-regulatory hormones in response to lowering of blood glucose is well documented ( Defeo et al, 1997, Griffin and Ojeda, 1988, Wasserman and Vranic, 1986) these indirect routes could not be accounted for in this study. However, the α-amylase inhibitory role observed in this study may suggest another valid mechanism of its glucose regulatory effort. 
In conclusion, having established the intestinal cells role and the in-vitro inhibitory effect on α-amylase, more work is needed to further assess the role of insulin and counter-regulatory hormones in mediating the hypoglycemic effect of KV. It is however tempting to suggest its use as an oral hypoglycemic agent in diabetes management. 
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