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ABSTRACT

Gongronema latifolium is an edible tropical rainforest plant traditionally used as a spice, staple vegetable and in the treatment and management of diabetes. Extensive studies have established its hypoglycaemic effect. However, scanty information is available on the mechanism by which it exerts its hypoglycaemic effect. Studies have noted the presence of saponin in G. latifolium, a component noted to affect gastric emptying (GE). Presently, the possible effect of G. latifolium on GE has not been investigated. Chronic diabetes may precipitate gastroparesis. How such condition may respond to treatment with G. latifolium is yet to be investigated. Therefore, this study investigated sonographically the possible effect of G. latifolium on GE in healthy and diabetic dogs. It also investigated if the effect of G. latifolium on GE in healthy and/or diabetic dogs is dose-dependent. The study further ascertained the relationship between its hypoglycaemic effect and GE. Finally, it investigated the possible effect of G. latifolium on GE in gastroparetic dogs. In a randomized placebo-controlled experimental design, sixty mongrel dogs whose mean age of 6.07 ± 0.80 months and mean weight of 5.20 ± 1.23kg did not vary significantly (p > 0.05) were randomly allotted to healthy, diabetic and gastroparetic groups. Twenty dogs in each group were randomly allotted into five subgroups. The subgroups were the placebo that served as control, low dose (100mg/kg), moderate dose (250mg/kg) and high dose (500mg/kg) of G. latifolium. A prokinetic dose of 0.5mg/kg of metoclopramide also served as a positive control. Intravenous injection of 100mg/kg of alloxan monohydrate was used to induce diabetes and 0.03mg/kg of clonidine injected subcutaneously in the back of the neck immediately after ingestion of a test meal, was used to induce gastroparesis. G. latifolium was extracted with 80% methanol. The coarse powdered extracts were pulverised, sieved, weighed out in doses of 100mg, 250mg and 500mg and subsequently encapsulated. After a 12 - hour fast, each dog was dosed once orally with the appropriate extract or drug depending on the group, 30 minutes before the administration of the test meal. The test meal used consisted of 100g Nestle cerelac and 150ml of water. GE was estimated by ultrasound measurements of gastric antral area. Antral images were acquired 30 minutes before ingestion of test meal and at regular intervals for the next six hours. Initial baseline measurements of the antral area were taken, from which subsequent measurements after the ingestion of the test meal were subtracted. All measurements were expressed as percentage of the maximal antral area measured during each test and plotted against time. Gastric antral area was measured concurrently with blood glucose concentrations using glucometer. The percentage maximal antral area and incremental blood glucose concentrations were computed and plotted against time respectively. The time in minutes at which the antral area decreased to 50 percent of its maximal area (T50) was used to describe the rate of GE. The blood glucose area under the curve (AUC) in mmol/L x minutes was calculated from the incremental postprandial blood glucose curve. All values were expressed as mean ± standard deviation. ANOVA with Dunnett’s post test were used to compare the means of the groups with control. Paired t test was used to compare pre and post intervention values while Pearson correlation was used to assess the linear association between the values of two variables. These analyses were performed using SPSS version 15.0 and GraphPad prism version 5.03. Probability (p) values less than 0.05 were considered significant. The GE in minutes in healthy dogs were 135.5 ± 3.5, 155.5 ± 3.9 ,198 ± 5.3 and 59 ± 2.5 for low, moderate, high doses of G. latifolium and prokinetic dose respectively whereas for the diabetic dogs the values were 169.8 ± 3.8, 227.8

± 9.9, 261.3 ± 19.3 and 107.3 ± 13.2 respectively. The values for the control that received the placebo were 126.6 ± 8.2 for the healthy and 143 ± 17.8 for the diabetics. In both the healthy and diabetic dogs treated with G. latifolium the GE values were significantly longer (p < 0.0001) compared with the placebo groups for only moderate and high doses. There was no significant (p > 0.05) difference between the low dose and the control in health and diabetes. The prokinetic groups GE were significantly shorter in healthy (p < 0.0001) and diabetics (p < 0.001) compared with their placebo controls. Significant positive correlations between dose and GE were noted in healthy (r = 0.94; p < 0.0001) and 21 diabetics (r = 0.98; p < 0.0001) treated with G. latifolium. The dose trends of G. latifolium on GE were also significant (p < 0.0001) in healthy and diabetics. The blood glucose AUC in healthy dogs were 938.1 ± 40, 559.1 ± 101.8 , 223.5 ± 52.2 and 1426 ± 108.2 for low, moderate, high doses of G. latifolium and the prokinetic dose respectively whereas for the diabetic dogs the values were 3357 ± 539.1, 1905 ± 434 , 385.3 ± 298.1 and 6485 ± 322.4 respectively. The values for the controls were 1028.6 ± 204.2 for the healthy and 3453 ± 217.6 for the diabetics. A strong inverse relationship between the hypoglycaemic effect of G. latifolium and GE was noted in healthy (r = -0.95; p < 0.0001) and diabetics (r = -0.90; p < 0.0001). The GE for the control, low, moderate, high doses and prokinetic dose were 266.5 ± 16.9; 253 ± 20.2; 252 ± 14.1; 262.3 ± 17.6; 226 ± 8.7 respectively in gastroparetics. There was no significant (p > 0.05) difference between the GE of low, moderate and high doses of G. latifolium and the control whereas the prokinetic group GE values were significantly shorter (p< 0.001) compared with gastroparetic control.

CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Diabetes Mellitus (DM) is probably the fastest growing metabolic disease (Ugochukwu et al., 2003) and one of the five leading causes of death in the world (Ugochukwu and Babady,

2003). Currently, global diabetic population is about 200 million (Darwiche et al., 1999; Darwiche et al., 2003) with an estimated projected rise to 215 million by the year 2010 (Zimmet, 1999) and 300 million in 2025 (King et al., 1998). In Nigeria, the prevalence of diabetes mellitus is estimated as 1.1 million which is the highest in Africa (WHO, 2005a). This is a conservative estimate based only on demographic changes in the population, without considering changes in lifestyle (Glumer et al., 2003). Since the prevalence of diabetes varies widely among populations according to race, lifestyle, and urbanisation (Qiao et al., 2003)the global or Nigeria estimated prevalence is most likely an underestimate (Green et al., 2003).

Diabetics have a higher risk of complications such as retinopathy (Ferris et al., 1999; ADA, 2003) with potential blindness (WHO, 1999), nephropathy (ADA, 2003; Ritz and Orth, 1999) that may lead to renal failure (WHO, 1999), neuropathy, cardiovascular disease (ADA, 2003) and lower extremity amputation (Reiber et al., 1995). The presence of endothelial dysfunction has often been reported in diabetes (Esper et al., 2006). Diabetes is an economic burden that gives rise to micro and macro vascular complications (Kim et al., 2006). DM is a major public health problem which is expected to increase considerably over the coming decades (IDF, 2000) due to population growth, aging, urbanisation and increasing prevalence of obesity and physical inactivity (Wild et al., 2004).

Diabetes Mellitus (DM) is a group of metabolic diseases characterised by chronic hyperglycaemia resulting from defects in insulin secretion, insulin action or both (WHO, 1999). Postprandial hyperglycemia precedes fasting hyperglycaemia as a precursor of diabetes. Therefore, regulation of glucose homeostasis is a very important function in maintaining euglycaemia and preventing hyperglycaemia. Postprandial blood glucose concentration is determined by rates of glucose appearance and clearance (Hlebowicz, 2009). The meal-derived plasma glucose appearance largely determines the rates of plasma glucose appearance (Woerle et al., 2003). Thus, meal-derived plasma glucose appearance increases plasma glucose concentration until rates of plasma glucose removal equal its appearance (Woerle and Gerich, 2004).

An individual’s blood glucose level after eating is probably the major determinant of overall glycaemia (El-Kebbi et al., 2004). Any vitiation therefore in normal glucose metabolic pathway may lead to impaired glucose metabolism, the onset of hyperglycaemia and subsequently diabetes mellitus. Insulin mediates glucose uptakes in the tissues after a meal, and maintains blood glucose within a narrow range (Hlebowicz, 2009). The importance of insulin and glucagon as fine regulators of glycaemic excursions is well established (Woerle et al., 2006). However, gastric emptying (GE) together with other factors regulates the postprandial blood glucose response (Hlebowicz et al., 2009). GE directly affects

postprandial glucose and insulin concentration (Cunningham and Read, 1989; Horowitz et 23

al., 1993; Schwartz et al., 1994; Jones et al., 1996; Rayner et al., 2001; Berry et al., 2003; Gonlachanvit et al., 2003; Pilichiewicz et al., 2003; O’ Donovan et al., 2004).

Gastric emptying (GE) is the rate with which substances leave the stomach after ingestion (Bourreau et al., 2004). The process involves the storage of food, mixing with gastric secretions, grinding the solid food into particles of 1-2mm in diameter, and subsequent delivery of the chyme into the small intestine at a rate designed to optimize digestion and absorption (Horowitz et al., 2002). Gastric emptying is one of the factors that affects the rate and completeness of intestinal nutrient absorption (Xu et al., 2005) and serves as a major factor in blood glucose homeostasis.

In healthy subjects and/or patients with diabetes mellitus, the rate of carbohydrate entry into the small intestine is important (Schwartz et al., 1994; Jones et al., 1996; Rayner et al., 2001; Horowitz et al., 2002; Berry et al., 2003; Chaikomin et al., 2005). Minor variations in the initial rate of small intestinal carbohydrate delivery may have major effects on the glycaemic response (O’Donovan et al., 2004; Chaikomin et al., 2005). The extent of postprandial glycaemic excursions is an independent risk factor for macrovascular disease even in non-diabetes (Kim et al., 2000; Ceriello et al., 2004; Gerich, 2006). Thus one of the major aims of therapy in diabetes is to normalise the blood glucose profile (Rayner et al., 2001; Darwiche et al., 2001; Ceriello et al., 2004). There is substantial interest in dietary and pharmacological strategies directed at the control of postprandial blood glucose excursions particularly in diabetes (Rayner et al., 2001; Ceriello et al., 2004). In diabetes mellitus, there is a hindrance of glucose tolerance such that excess glucose is found in the blood stream.

Intensive therapy and improved glucose control reduces the development or progression of diabetic neuropathy, retinopathy and nephropathy by up to 50 -70% in individuals with DM (ADA, 2001b). The complications of diabetes are far less common and less severe in people who have well-controlled blood sugar levels (DCCT, 1995; Nathan et al., 2005) thus making the effective treatment of hyperglycaemia in diabetes a priority (EDPG, 1999; ADA, 2005). Epidemiological studies have shown that therapy aimed at lowering glycaemia reduce the risk of cardiovascular disease in type 1 and type 2 diabetes (Stratton, et al., 2000; DCCT, 2005) and the risk of development or progression of diabetic complications (ADA, 2001).
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Normalisation of the blood glucose profile can be difficult to achieve despite intensified treatments (Darwiche et al., 2001), because the efficacy of biomedically designed therapeutic agents is compromised in several ways (Tiwari and Rao, 2002). Therefore, notwithstanding the wide range of therapeutic agents that are currently available (Tiwari and Rao, 2002), the graph of diabetes related mortality is rising unabated (Olefsky, 2001). The burden of diabetes on the healthcare system, social and economic life as well as its rising incidence globally and in Nigeria underscores the increased need for ways of ameliorating its burden. These highlight the need for the development of new therapies to combat the diabetic plague.

Recently, the search for appropriate hypoglycaemic agents has been focused on plants partly because of leads provided by traditional medicine that natural product may be better in the management of this condition than currently used drugs (Rates, 2001). Many minor components of foods such as secondary plant metabolites have also been noted to alter biological processes which may reduce the risk of chronic diseases in humans (Ugochukwu et al., 2003). Hibiscus Sabdariffa, Anacardium occidentale, Solanum americanum, Vernonia amygdalina, Gongronema latifolium are examples of plants with such potentials.

Gongronema latifolium (Asclepiadaceae), an edible tropical rainforest plant commonly called ‘utazi’ and ‘arokeke’ in the south eastern and western part of Nigeria respectively, have been traditionally used as a spice /staple vegetable by some African cultures to boost pancreatic function and in the treatment and management of diabetics (Ugochukwu et al., 2003; Oshinubi et al., 2006).

Medicinal plants meant for diabetes have beneficial multiple activities including the manipulation of carbohydrate metabolism by various mechanisms (Tiwari and Rao, 2002). G. latifolium used as a hypoglycaemic agent in the treatment and management of diabetes contains some bioactive principles that may act on a variety of targets by various modes and mechanisms. Consequent upon the reported beneficial effect of G. latifolium and its complex chemical profile, the mechanism(s) of action of the extract of G. latifolium seems to be poorly understood and investigated. Interest in the G. latifolium plant has concentrated more on its screening for hypoglycaemic action to the neglect of investigations into the mechanisms for achieving this (Atangwho et al, 2009). Literatures have reported its anti-
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and Babady, 2003; Ugochukwu et al., 2003). Interventions that reduce postprandial hyperglycemia by modulating the rate of gastric emptying have the potential to become mainstream therapies in the treatment of diabetes (Rayner et al., 2001; Horowitz et al., 2002). But, none of the relatively scanty information available on G. latifolium mechanism(s) of action relates to gastric emptying in spite of its relationship with glycaemic control.

GE is a major determinant of postprandial glycaemic excursions in healthy subjects as well as in type 1 and type 2 diabetic patients (Horowitz et al., 2002). The process can be influenced by a variety of physiological, pathological, pharmacological and dietary factors (Schmitz and Neiger, 2009). Treatment with insulin and other hypoglycaemic agents can increase gastric emptying in patients and animals with diabetes (Matsuda et al., 1999). However, the effect of G. latifolium used as dietary and pharmacological agents for the control of postprandial blood glucose excursions on gastric emptying has not been investigated. It is also uncertain whether any possible effect of G. latifolium on gastric emptying in healthy and/or diabetic individuals is dose-dependent.

Chronic diabetes may precipitate gastroparesis. While medications for diabetes may cause or worsen gastroparesis (Heine et al., 2005). Gastroparesis can result in poor glycaemic control, increased risk of postprandial hypoglycaemia and variable drug absorption (Murray et al., 2005). How such condition may respond to treatment with G. latifolium is yet to be investigated. It is not known whether the possible effect of G. latifolium on gastric emptying will be altered in gastroparetic patients.

This work investigated with the use of ultrasonography the possible effect of methanolic extract of G. latifolium leaves on gastric emptying in health, diabetes and gastroparesis using dog as the animal model. It also ascertained the relationship between its hypoglycaemic effect and gastric emptying. The study further investigated if the effect of G. latifolium on gastric emptying in healthy and/or diabetic individuals is dose dependent. Dogs were chosen for this study because they are noted to be better animal model for bioavailability studies under fasting conditions than the pigs and rabbits (Aoyagi, 1992). Moreso, dogs have been used as animal model for the study of human gastric emptying in many physiological and pharmacological studies (Wyse et al., 2003) and thus an established model for the assessment
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used to investigate the influence of the ingestion of the methanolic extract of G. latifolium leaves on gastric emptying in dogs, because of its non-invasiveness, cost, and availability in clinical practice in addition to the minimal restraint required for the procedures.

This study may possibily elucidate the mechanism of action of G. latifolium on gastric emptying and its potential implications for the treatment of diabetes mellitus. In addition, the influence of dietary or pharmacologic treatment of gastroparesis with G. latifolium in this study could lead to an alternative therapeutic approach in patients with gastroparesis.

1.2 OBJECTIVE OF THE STUDY

To investigate with the use of ultrasonography the possible effect of the ingestion of the methanolic extract of G. latifolium leaves on gastric emptying in healthy and diabetic dogs.

To investigate with the use of ultrasonography whether the possible effect of the ingestion of the methanolic extract of G. latifolium leaves on gastric emptying in healthy and diabetic dogs is dose-dependent.

To determine sonographically whether the hypoglycaemic effect of the methanolic extract of G. latifolium leaves could be explained by its action on gastric emptying rate.

To investigate whether the methanolic extract of G. latifolium will affect gastric emptying in dogs with gastroparesis.

1.3 HYPOTHESES

The following null hypotheses were tested in the study:

(Ho)1: The methanolic extracts of G. latifolium leaves have no significant effect on gastric emptying in healthy dogs.

(Ho)2: The methanolic extracts G. latifolium leaves have no significant effect on gastric emptying in diabetic dogs.

(Ho)3: The hypoglycaemic effect of methanolic extracts of G. latifolium leaves have no
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significant relationship with gastric emptying in healthy dogs.

(Ho)4: The hypoglycaemic effect of methanolic extracts of G. latifolium leaves have no significant relationship with gastric emptying in diabetic dogs.

(Ho)5: The methanolic extracts of G. latifolium leaves have no significant effect on gastric emptying in gastroparetic dogs.

1.4 SIGNIFICANCE OF THE STUDY

The findings of this study may elucidate the mechanism of action of G. latifolium on gastric emptying and its potential implications for the treatment of diabetes mellitus.

G. latifolium can play an important role in modulating postprandial glycaemia in normal and diabetic patients if it has effect on gastric emptying.

3.
The implication of dietary or pharmacologic treatment of gastroparesis with G. latifolium in this study could lead to an alternative therapeutic approach in patients with gastroparesis.

1.5 SCOPE OF THE STUDY

This study was limited to animal model. The ultrasound measurement of the gastric antral area in the animal model was used to estimate the gastric emptying rate (GER). This clinic based experimental study was carried out in the ultrasound unit of University of Nigeria Veterinary Teaching Hospital, Nsukka (VTH, UNN) from July 2008 to December 2009.

1.6 LIMITATIONS OF THE STUDY

One limitation of the study was the relatively small sample size used. A larger sample size may alter the outcome of the research.

This study being an animal experiment cannot be transfer to human without further verification.
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CHAPTER TWO

LITERATURE REVIEW

2.1 GONGRONEMA LATIFOLIUM

Gongronema latifolium (Asclepiadaceae) an edible tropical rainforest plant is widely used in folk medicine in the South Eastern part of Nigeria (Ugochukwu and Babady, 2002). It is a wild climber widely distributed in the southeastern states of Nigeria (Essien et al, 2007). The plant is also found mostly in Guinea-Bissau down to Western Cameroons, and widely dispersed elsewhere in tropical Africa (Hutchinson, 1973). G. latifolium is a perennial crop (Okafor, 1989) called Madumaro or Arokeke in the western part of Nigeria (Oshinubi et al., 2006). It is known locally among the Efik, Ibibio and Igbo speaking communities of Nigeria as Utazi (Etim et al., 2008).

2.1.1 PHYTOCHEMICAL ANALYSIS
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Studies showed that it contains essential oils, saponins and pregnane (Schneider et al., 1993; Morebise and Fafunso, 1998; Morebise et al., 2002). The phytochemical analysis reveals the presence of saponins (0.69mg/100g), tannins (0.0416mg/100g), alkaloids (0.046/100g) and flavonoids (0.016mg/100g). The study also noted that triterpenes and cardiac glycosides were also present in detectable concentrations (Essien, 2007). Nwanjo et al. (2007) in their phytochemical studies further indicated that G. latifolium contains high glycosides and saponins with moderate alkaloids and low tannin and flavonoids in terms of the relative abundance of the compounds. Cynogenic glycosides and indole were not detected.

2.1.2 TRADITIONAL USES

G. latifolium has been traditionally used as a spice /staple vegetable by some Africa cultures to help support the pancreas (Okafor and Ham, 1999; Morebise et al., 2002; Ugochukwu and Babady, 2002; Ugochukwu et al., 2003), in the treatment and management of diabetics (Ugochukwu and Babady, 2002; Ugochukwu et al., 2003; Oshinubi et al., 2006).

The aqueous extract of G. latifolium leaves is traditionally used to maintain healthy blood glucose levels (Ugochukwu and Babady, 2002; Ugochukwu et al., 2003) while it is also a constituent of a DM Tea blend marketed in the US for the maintenance of healthy blood glucose levels (Ugochukwu and Babady, 2003).

Leaves of G. latifolium have protective role against diabetes, hypertension, stomach upsets and pains, malaria and typhoid fever (Etim et al., 2008). Its antitussive and antidiarrhoea efficacy in humans has been confirmed (Essien et al., 2007).

2.1.3  MECHANISM OF ACTION

Medicinal plant meant for diabetes have beneficial multiple activities like manipulating carbohydrates metabolism by various mechanisms (Tiwari and Rao, 2002). Essien et al. (2007) investigated the antioxidants and antitussive properties of of G. latifolium used locally by Nigerian poutry farmers for the treatment of fowl cough. In vivo studies on the efficacy of the plant leaves in treatment against fowl cough in Hubbard broilers gave positive results. The study concluded that the in vivo antibacterial potency of the plant extract may be ascribed to the presence of antioxidative compounds like saponins, alkaloids, tannins, triterpenes and cardiac glycosides in the plant leaves. Aqueous and ethanolic leaf extracts of
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Pisidium guajava and G. latifolium were screened for antibacterial activity agains two clinically isolated organisms of gastrointestinal tract, Escherichia coli and Staphylococcus aureus in a study by Nwinyi et al. (2008). Results obtained show that leave extracts of both plants possess significant antibacterial activities against the two isolates. Ethanolic extracts showed more inhibitory effect compared to the aqueous extracts.

The protective effect of the ethanolic extract of G. latifolium on carbon tetrachloride induced hepatic toxicity was studied by Etim et al. (2008). The study showed that the G. latifolium extract has a strong modulatory effect against the hepatocellular damage induced by carbon tetrachloride.

Ugochukwu and Babady (2002) in their study investigated the effects of oral administration of aqueous and ethanolic G. latifolium leaf extracts for 2 weeks on streptozotocin-induced diabetic rats. Both extracts were shown to significantly increase the activity of superoxide dismutase and the level of reduced gluththione. The aqueous extract further increased the activity of gluthanione reductase while the ethanolic extract caused a significant increase in the activity of glutathione peroxidise and glucose-6-phosphate dehydrogenase and a significant decrease in lipid peroxidation. The results suggest that the extracts from G. latifolium leaves could exert their antidiabetic activities through their anti-oxidant properties.

Another study investigated the antihyperglycaemic effects of aqueous and ethanolic extracts from G. latifolium leaves on glucose and glycogen metabolism in the liver of normal and streptozotocin-induced diabetic rats. 100mg/kg of the aqueous or ethanolic leaf extracts of G. latifolium were used to treat non-diabetic and streptozotocin diabetic rats twice daily for two weeks. The findings show that the ethanolic extracts from G. latifolium leaves have antihyperglycemic potency, which is thought to be mediated through the activation of hexokinase (HK), phosphofructokinase (PFK), glucose-6-phosphate dehydrogenase (G6PDH) and inhibition of glucokinase (GK) in the liver (Ugochukwu and Babady, 2003).

Ogundipe et al. (2003) assessed the hypoglycaemic potentials of methanolic extracts of selected plant foods in alloxanized mice. Five selected edible plant foods were tested in which the fasting blood sugar levels were reduced significantly at different rates. The orders
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of their antidiabetic activity were H. Sabdariffa, A. occidentale, S. americanum, V. amygdalina, G. latifolium.

Oshinubi et al. (2006) studied the hypoglycaemic, the antihyperglycaemic properties of ethanolic stem extract on normal, and alloxan induced diabetic rabbits. Result shows that the ethanolic stem extract of G. latifolium possesses hypoglycaemic activity with a moderate antihyperglycaemic property in a dose dependent fashion.

The anti-lipid perooxidative effects of aqueous extracts from G. latifolium leaves in non-diabetic and streptozotocin-induced diabetic rats was studied by Nwanjo et al., (2006). The work evaluated plasma lipid peroxidation product (malondialdehyde, MDA) and antioxidant enzyme, superoxide dismutate (SOD) in all the animals. The results suggest that aqueous extract of G. atifolium leaves possesses hypoglycaemic as well as anti-lipid peroxidative properties.

Literatures have reported its antihypercholestrolemic, antilipidemic and antihyperglycemic effects (Ugochukwu and Babady, 2003; Ugochukwu et al., 2003). Interest in the plants has concentrated more on their screening for hypoglycaemic action to the neglect of investigations into the mechanisms of the plant (Atangwho et al, 2009).

2.2 MAJOR DETERMINANTS OF GLYCEMIA

Regulation of glucose metabolism is a key aspect of metabolic homeostasis and insulin is the dominant hormone influencing this regulatory system. One of the major effects of insulin is to enhance overall glucose disposal, and this is achieved by stimulation of glucose uptake into the target tissues. This task is facilitated by insulin-sensitive glucose transporter (GLUT-4) which is uniquely expressed in skeletal muscles, cardiac muscles and adipose tissues (Olefsky, 1999). This action of insulin in the regulation of glucose homeostasis in post-absorptive state is a very important function in maintaining euglycaemia and preventing hyperglycaemia (Pessin et al., 1999).

There is a hindrance of glucose tolerance such that excess glucose is found in the blood stream in diabetes mellitus. Postprandially rates of plasma glucose appearance are largely
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determined by meal-derived plasma glucose appearance, responsible for the disequilibrium between rates of glucose appearance and disappearance (Woerle et al., 2003). Plasma glucose concentration increases until rates of plasma glucose removal equal its appearance (Woerle and Gerich, 2004). Therefore, an individual’s blood glucose level after eating is probably the major determinant of overall glycaemia (El-Kebbi et al., 2004). The extent of postprandial glycaemic excursions is an independent risk factor for macrovascular disease even in non-diabetes (Kim et al., 2000; Ceriello et al., 2004; Gerich, 2006) and are influence by a number of factors (ADA, 2001a; Berry et al., 2003). Although the relative importance of the factors that determine postprandial blood glucose concentrations is controversial (Gerich, 2003), studies have established that, in healthy subjects and/or patients with diabetes mellitus, the rate of carbohydrate entry into the small intestine is important (Schwartz et al., 1994; Jones et al., 1996; Rayner et al., 2001; Horowitz et al., 2002; Berry et al., 2003; Chaikomin et al., 2005). Hence, modulation of gastric emptying by dietary and pharmacological means, to minimize postprandial glucose excursions, represents a new approach to the improvement of glycaemic control (Rayner et al., 2001; Horowitz et al., 2002).

2.3 GASTRIC EMPTYING

Gastric emptying rate (GER) is the speed with which substances leave the stomach after ingestion (Bourreau et al., 2004). Gastric emptying involves storage of food, mixing with gastric secretions, grinding of solid food into particles of 1-2mm in diameter, and the subsequent delivery of chyme into the small intestine at a rate designed to optimize digestion and absorption (Horowitz et al., 2002). Gastric emptying is a complex process (Keinke et al., 1984; Cho et al., 2006) that depends upon the coordinated activity of the fundus, antrum, pylorus and duodenum (Cho et al., 2006) and a number of factors.

2.3.1 MECHANISM

Gastric emptying is dependent on the organisation of motor activity in the proximal stomach, antrum, pylorus and duodenum as well as on passive forces generated by intragastric volume and gravity (Hunt et al., 1985; Horowitz et al., 1994; Anvari et al., 1995). The gastric fundus and body act as a reservoir, the antrum as a pump (Kelly, 1980) and the proximal duodenum behaves as a hopper and a conveyor belt receiving chyme from the stomach and propelling it down to the distal duodenum and proximal jejunum (Edwards and Rowlands, 1968).
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In normal gastric emptying, when food is ingested, there is an associated relaxation of the proximal stomach to create space for what has been taken in. Consequently, the musculature of the proximal stomach develops tone which slowly transfers both solid and liquids to the antrum. Non-nutrient liquids empty rapidly, the rate is fastest when there is a large volume (Camilleri, 2007). This relatively linear rate of liquid gastric emptying depends upon the amount of tone developed in proximal stomach and the resistance to flow imparted by the pylorus and duodenum (Cho et al., 2006). Solid foods that are forced into the antrum must be broken down into small particles before they can be emptied. This grinding function is accomplished by powerful, peristaltic, ring-like contractions of the antrum. These contractions squeeze solids against the pylorus that presents a high resistance to flow. The result is a backward jet of gastric contents producing a turbulent flow that triturates digestible, solid materials. Once the food is broken down to particles of about 1mm diameter, they are propelled across the pylorus into the duodenum. Indigestible materials that cannot be broken down remain in the stomach until the interdigestive period when the pylorus relaxes and powerful, peristaltic contractions (phase III of the migrating myoelectrical complex [MMC]) sweep retained materials from the stomach into small intestine (Cho et al., 2006). Thus, the emptying of digestible solids is characterised by an initial lag period before emptying commences, followed by an emptying phase that approximates a linear, at least for the majority of emptying (Horowitz et al., 2002).

Glucose-regulating hormones are released when food arrives in different region of the gut. Glucagons and incretins (e.g. amylin and glucagons-like peptide 1) retard gastric emptying, allowing for the delivery of food at a rate that facilitates digestion and control postprandial glycaemia (Camilleri, 2006). Interfering with any of these functions may alter gastric emptying (Cho et al., 2006).

2.3.2  ASSESSMENT OF GASTRIC EMPTYING

Several methods have been used to assess gastric emptying in humans (Vantrappen et al., 1994; Attvall et al., 1995) although many of them have technical limitations or are not adjusted for clinical use (Darwiche et al., 2003). Scintigraphy is the method of choice for clinical measurement of gastric emptying (Collins et al., 1991; Grybäck et al., 2000a) but it is expensive and involves exposure to ionising radiation (Darwiche et al., 2003; Mariani et al., 2004). Other methods are gastric aspiration techniques, radiography, magnetic resonance
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imaging, epigastric impedance measurements, applied potential tomography, tracer methods (e.g. paracetamol), breath tests and ultrasonography (Gilja et al., 1999).

Scintigraphy is the widely used method for the assessment of gastric motility (Szarka and Camilleri, 2009). This imaging of the passage of radiolabelled (technetium Tc99m) test meal by use of a gamma camera (radioscintigraphy) is regarded as a gold standard (Holowitz and Dent, 1991; Vantrappen, 1994; Darwiche et al., 2003). It is a method of choice for clinical measurement of GE (Collins et al., 1991; Grybäck et al., 2000b) of solids and liquids in all types of gastrointestinal disorders (Roelof et al., 2003). Gamma camera scintigraphy is a non-invasive method that provides a direct quantification of GE (Akkermans and Isselt, 1994; Camilleri et al., 1998). It also allows the assessment of the efficacy of gastrokinetic drugs and the effect of surgical procedures on GE (Pakmann et al., 1995; Urbain and Chakes, 1995). The use of this expensive (Darwiche et al., 2003) and time consuming technique for patients and medical staff, is contraindicated in healthy children and pregnant women (Szarka and Camilleri, 2009), as it involves exposure to ionising radiation (Darwiche et al., 2003). Its clinical use is further restricted by the non-standardization of meal consumption, patient positioning, timing of image acquisation and lack of appropriate normal values with some of the meals used (Szarka and Camilleri, 2009). There is also significant variation in gastric emptying rates of 12-15%, even in healthy individuals (Degan and Phillips, 1996; Choi et al., 1997).

Extending scintigraphic study length to 4 hours may be necessary to detect delayed gastric emptying in borderline cases (Guo et al., 2001) however some researchers oppose 4-hour studies as unnecessarily long and consider follow-up of 90 minutes sufficient to obtain reliable information on gastric emptying of solids, since it is linear (Ziessman et al., 2004). Another pitfall is that this technique often leads to erroneous assumptions about the real gastric emptying at 4 hours as it uses a power exponential analysis to extrapolating the t 1/2 or proportion emptied at 4 hours from studies lasting < 2 hours (Szarka and Camilleri, 2009).

If nuclear medicine is not available, ultrasonography is of potential use (Choi et al., 2002; Wyse et al., 2003). Ultrasonography is an alternative safe, reproducible, and reliable non-invasive technique (Darwiche et al., 1999; Darwiche et al., 2001; Darwiche et al., 2003) for clinical measurement of gastric emptying. Ultrasonography has been used successfully to
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in the rate of gastric emptying (Brown et al., 1994, Peracchi et al., 2000; Darwiche et al.,

2001). Good agreement in interobserver and intraobserver variability and an ability to

discriminate gastric emptying between healthy subjects and diabetic patients with clinically

suspected delayed gastric emptying indicate good utility for the method (Darwiche et al.,

2003). In addition, it is relatively cheap and available in most hospitals (Darwiche et al.,

2003).

A study to simplify and standardize a reproducible, well-tolerated and clinically applicable method for the assessment of gastric emptying rate by real time ultrasonography was carried by Darwiche et al. (1999). They examined 33 subjects which included 19 healthy subjects and 14 patients with insulin dependent diabetes mellitus and clinically suspected delayed gastric emptying. Gastric emptying rate was estimated and expressed as the percentage reduction in antral cross sectional area from 15 to 90 minutes after ingestion of a standardized semisolid breakfast meal. Interobsever and intraobsever measurements errors were assessed. Their findings indicate that the use of standardized real time ultasonography to determine gastric antral cross sectional area in a single section of the stomach is a valid method for estimating gastric emptying.

Good correlations between the gastric emptying results of ultrasonography and scintigraphy have been noted in simultaneous studies (Hveem et al., 1996; Benini et al., 1999; Darwiche et al., 1999; Darwiche et al., 2003). Darwiche et al. (2003) compared scintigraphic measurements of total stomach emptying of a semisolid meal with ultrasonographic measurements of changes in antral area as estimates of antral emptying in type 1 diabetic patients. Eleven patients with insulin-dependent diabetes mellitus were studied with simultaneous measurements of gastric emptying by scintigraphy and ultrasonography. Patients were imaged immediately after ingestion (time 0) and every 15 minutes over 120 minutes. The gastric emptying rate was expressed as percentage reduction in antral cross-sectional area from 15 to 90 minutes after meal ingestion. The study indicated that the use of standardized real- time ultrasonography to determine the gastric emptying rate of semisolid meals in diabetics patients with the use of the change in gastric antral cross-sectional area in a single section of the stomach 15 and 90 minutes postprandially, offers a valid method for clinical use.
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Sonographic measurements of the total gastric volume and determination of postprandial changes in total gastric volume reflecting gastric emptying, can be obtained by adding cross sectional areas of series of slices through the stomach (Bateman and Whittingham, 1982; Whittingham and Bateman, 1983). Thus, by estimating the antral volume, it is possible to measure gastric emptying reliably irrespective of the ingestion of a liquid or solid meal, the presence of air in the fundus, or the anatomic location of the fundus (Darwiche et al., 1999).

13C-octanoic acid breath test (OBT) is an indirect method of measuring gastric emptying of solids with a stable isotope (Perri et al., 2005). OBT might be insufficiently accurate to detect delayed gastric emptying in an individual patient despite its good correlation with scintigraphy (Delbende et al., 2000) although it is considered reproducible and suitable for intraindividual comparision (Choi et al., 1997; 1998). OBT seems to measure gastric emptying of solids reliably in comparison to scintigraphy (Ghoos et al., 1993; Lee J et al., 2000; Chy et al., 2001; Bromer et al., 2002; Zalin et al., 2003)

2.3.3 FACTORS THAT AFFECT GASTRIC EMPTYING

Gastric emptying is linked to exocrine and endocrine functions of the stomach and is subject to alteration by many physiological, pharmacological, dietary or pathological conditions. A number of studies have evaluated the patterns of gastric emptying of meals of varying physical, nutrient composition and volume (Brener et al., 1983; Horowitz et al., 1989; Hermansson and Sivertsson, 1991; Lin et al., 1992; Collins et al., 1996; Doran et al., 1998). The overall patterns of gastric emptying are critically dependent on the physical and chemical composition of a meal so that solids, nutrient- liquids and non-nutrient liquids empty from the stomach at different rates (Horowitz et al., 1991).

In humans, it has been shown that liquids like water or isotonic saline solution are emptied in an exponential pattern after a short lag phase (Houghton et al., 1988). Solid food and liquids with high calorie content are emptied more linear and the lag phase is longer (Horowitz et al., 2002). Berry et al. (2003) evaluated the effects of a solid meal on gastric emptying and the glycaemic and cardiovascular responses to oral glucose in healthy older subjects. Ten subjects aged 72.1 ± 1.9 years were studied. Each subject had measurements of gastric emptying (scintigraphic technique), blood glucose, serum insulin, blood pressure and heart
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meal only) a solid meal (300g ground beef). The study noted that the presence of a non-carbohydrate solid meal had discrepant effects on early and subsequent emptying of a nutrient liquid, which affects postprandial glycaemia and increase heart rate. Similarly, Gentilcore et al. (2006) evaluated the effect of patterns of fat consumption on gastric emptying and glucose, insulin, glucagon-like peptide-1(GLP-1) and glucose - dependent insulinotropic polypeptide (GIP) concentrations after a carbohydrate meal in type 2 diabetes. They studied six males with type 2 diabetes in a randomized cross-over study in which GE of a radioisotopically labelled potato meal was measured on 3 days. Subjects ingested 1) 30ml water 30min before the mashed potato (water), 2) 30 ml olive oil 30 min before the mashed potato (oil) or 3) 30ml water 30 min before the mashed potato meal that contained 30ml olive oil (water and oil). Result showed that ingestion of fat before a carbohydrate meal markedly slowed GE and attenuated the postprandial rises in glucose, insulin, and GIP, but stimulated GLP-1 in type 2 diabetes. Therefore fat stays longer in the stomach than proteins and carbohydrates (Heddle et al., 1989; Calbet and Maclean, 1997).

Body size (Lavigne et al., 1978), smoking (Scott et al., 1993), meal temperature (Sun et al., 1995), gender, blood glucose level, hyperinsulinemia, certain drugs (Attvall et al., 1995), female menstruation cycle (Wald et al., 1981) and nicotine (Ghoos et al., 1993) are other influencing factors that affect gastric emptying. In contrast, Wong et al. (1999) noted that acute transdermal delivery of nicotine does not affect the gastric emptying of solid and liquid contents in healthy non-smoking subjects. Hyperglycaemia decreases gastric emptying rate both in healthy and diabetic individuals (Koch, 1999; Vinik et al., 1999).

Traube et al. (1985) studied the effect of nifedipine on gastric emptying in normal subjects in 10 healthy male volunteers. Each subject underwent a dual-isotope radionuclide gastric emptying determination with and without the preadministration of nifedipine, 30mg orally given 20 min prior to ingestion of the test meal over 10 min. The study showed that the percent gastric retention of either the liquid (water) or the solid (chicken liver) marker was not significantly different after 30mg oral nifedipine as compared to the nontreatment day. Thus, according to the study, the plasma nifedipine concentrations previously reported to be associated with significant oesophageal motility effects in humans were not associated with effects on gastric emptying of either liquids or solids.
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Phillip et al. (1993) investigated the effect of the powdered rhizome of Zingiber officinale (ginger root) on gastric emptying rate. In the double blind cross over trial, 16 healthy volunteers were randomly allocated to receive either 1g of ginger or placebo. Gastric emptying was measured using the oral paracetamol absorption model. The ingestion of ginger did not affect gastric emptying. So, Phillips et al. (1993) study just like Stewart et al. (1991) could not demonstrate an effect of ginger on the rate of gastric emptying.

Wu et al. (2008) carried out a similar study to investigate the effects of ginger on gastric emptying, antral motility, proximal gastric dimensions, and postprandial symptoms. Twenty-four healthy volunteers were studied twice in a randomised double-blind manner. After an 8h fast, the volunteers’ ingested three ginger capsules (total 1200mg) or placebo followed after 1 hour by 500ml low- nutrient soup. Antral area, fundal area and diameter and the frequency of antral contractions were measured using ultrasound at frequent intervals over 90 min. The gastric half-emptying time was calculated from the change in antral area. The study concluded that ginger accelerates gastric emptying and stimulates antral contractions in healthy volunteers.

In a double blind, placebo controlled crossover study Murray et al.(2005) investigated the effect of ghrelin in gastric emptying in patients with diabetic gastroparesis.Ten insulin requiring diabetic patients referred with symptoms indicative of gastroparesis received a two hour infusion of either ghrelin (5pmol/kg/min) or saline on two occasions. Gastric emptying rate (GER) was calculated by real time ultrasound following a test meal. Blood was sampled for ghrelin, growth hormone (GH) and pancreatic polypeptide (PP) levels. The study showed that ghrelin increases gastric emptying in patients with diabetic gastroparesis with a proposal that analogues of ghrelin may represents a new class of prokinetic agents.

Another study tested the hypothesis that sildenafil alters gastric emptying and the intragastric distribution of food in healthy adults (Cho et al., 2006). Nine normal subjects (mean age 28 years, range 25-33) were given a placebo or a tablet of sildenafil (50mg) at different times along with radio-opaque markers. A gastric emptying scan was used to calculate the t 1/2 for gastric emptying. Sildenafil in the dose used does not alter the emptying of digestible or indigestible solids from the stomach of normal individuals. It does redistribute intragastric contents to the distal stomach.
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Ohlsson et al. (2006) examined whether oxytocin or the receptor antagonist atosiban influence gastric emptying. Ten healthy volunteers were examined regarding gastric emptying at three different occasions: once during oxytocin stimulation using a pharmacological dose; once during blockage of the oxytocin receptors (which also blocks the vasopressin receptors) and thereby inhibiting physiological doses of oxytocin; and once during saline infusion. Gastric emptying rate (GER) was assessed with ultrasonography and expressed as the percentage reduction in antral cross-sectional area, from 15 to 90 min after ingestion of rice pudding. Oxytocin and/or vasopressin seem to be regulators of gastric emptying during physiological conditions, since the receptor antagonist atosiban delayed the GER. However, the actual pharmacological dose of oxytocin in the study had no effect.

Darwiche et al. (2001) used ultrasonography to determine whether the lowered glycaemic and insulinemic responses to bread ingestion after the addition of sodium propionate are explained by specific effects of propionate on the GER. The effect was evaluated in 9 healthy volunteers. Barley bread products with or without added sodium propionate were ingested as breakfast after an overnight fast. The GER was monitored for 2 hours during this period capillary blood was withdrawn repeatedly for measurement of blood glucose and insulin. The lowered glycaemic response to ingestion of bread with added sodium propionate appears to be related to a lowered GER.

Darwiche et al. (2003b) investigated if the gastric emptying in healthy subject could be influenced by adding locust bean gum, a widely used thickening agent or water directly into a nutrient semisolid test meal. The viscosity of a basic test meal (300g rice pudding, 330kcal) was increased by adding Nestargel (6g, 2.4kcal) containing vicious dietary fibres (96.5%) provided as seed flour of locust bean gum and decreased by adding 100ml of water. Gastric emptying of these three test meals was evaluated in fifteen healthy non-smoking volunteers using ultrasound measurements of gastric antral area to estimate the gastric emptying rate. The study concluded that the addition of locust bean gum to a semisolid meal has a major impact on gastric emptying by delaying the emptying rate but that the addition of water to this test meal has no influence on gastric emptying in healthy subjects.

2.3.4 GASTRIC EMPTYING STUDIES IN DOGS
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In small animal clinical practice assessment of rate of solid-phase gastric emptying is mostly by radiography (Lamb, 1999) which provides data that are poorly representative of the gastric emptying of solid food (Lester et al., 1999; Goggin et al., 1999). Imaging by use of radioscintigraphy is the standard method for assessing gastric emptying, but it is not generally used in veterinary medicine (McLellan et al., 2004). Recent technical developments enable the evaluation of canine gastroduodenal motility with simple and non-invasive procedures of ultrasonography (Choi et al., 2002). It permits real time visualisation of the antropyloric region and provides information on the pathogenesis of disordered gastric emptying (McLellan et al., 2004).

Tanaka et al. (1998) compared the effect of EM574, an erythromycin derivative and potent motilin receptor agonist with that cisapride on gastric motility and emptying in normal and gastroparetic dogs. Both solid and liquid gastric emptying was determined by a novel freeze-drying method developed in their laboratory. Clonidine (3-30µg/kg) was injected subcutaneously 15 min before feeding to induce gastroparesis. Clonidine (10 and 30µg/kg) significantly delayed solid and liquid gastric emptying, while EM574 accelerated gastric emptying of solids and liquids in normal dogs. The study noted that stimulating activity of EM574 on gastric emptying was comparable to that of cisapride in normalizing gastric emptying in dogs with clonidine-induced gastroparesis (Tanaka et al., 1998). Similarly, the gastroparetic effects of EM574, a non-peptide motilin receptor agonist, were investigated in conscious dogs in a normal state and experimentally-induced gastroparesis (Sako et al., 2000). Gastric emptying of semi-solid meals was assessed indirectly from acetaminophen absorption with simultaneous recording of gastric antral motility. The results indicate that EM574 potently accelerates gastric emptying of caloric meals in a normal and experimentally-induced gastroparetic dogs.

The effect of SK-951, a benzofuran derivative on gastric emptying and glycemic control in STZ induced diabetic gastroparetic dogs has been studied (Takeda et al., 2001). The results indicated that STZ-induced diabetic dogs developed gastroparesis and that SK-951 improved both delayed gastric emptying and poor control of postprandial blood glucose in diabetic gastroparesis. In this study, gastric emptying was assessed with plasma acetaminophen concentration, an indirect indicator of the gastric emptying rate. Takeda et al. (2001)
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and that SK-951 may be useful for the treatment of diabetic gastroparesis as a gastrointestinal prokinetic drug.

Gastric emptying ultrasonography (GEU) has been applied in dogs (Choi et al., 2002; McLellan et al., 2004; Chalmers et al., 2005) and with further validation may become options for clinical investigation of the rate of solid phase gastric emptying in dogs (McLellan et al., 2004). Choi et al. (2002) evaluated gastric emptying time (GET) with Bolondi et al’s ultrasound method as well as its repeatability and applicability in functional analysis of canine stomach. Their findings indicated that the Bolondi et al’s ultrasound method is simple, repeatable and accurate method for the functional analysis of stomach and could be further applied to many other diseases related to gastric motility. Another study compared the rate of gastric emptying of semisolid meal by the use of the carbon 13-labelled octanoic acid breath test (13 C-OBT) and gastric emptying ultrasonography (GEU) in dogs (McLellan et al., 2004). A significant correlation was detected between the rate of solid phase gastric emptying assessed by use of GEU and the 13 C-OBT in dogs. The study concluded that gastric emptying ultrasonography may be a useful, non-invasive method for assessment of rate of solid-phase gastric emptying in dogs. Similarly, the effect of the composition of a solid meal on the rate of gastric emptying in dogs was carried by Chalmers et al. (2005). The results of the cross-over study with ultrasonography showed that the rate of gastric emptying was slower after the ingestion of the high energy density meal than the standard meal.

Gastric emptying is also slowed by pathological hyperglycaemia in both normal subjects (MacGregor et al., 1976) and patients with diabetes mellitus (Fraser et al., 1990).

In diabetes mellitus there is a hindrance of glucose tolerance such that excess glucose is found in the blood stream. An individual’s blood glucose level after eating is probably the major determinant of overall glycaemia (El-Kebbi et al., 2004) and are influence by a number of factors (ADA, 2001a; Berry et al., 2003). Gastric emptying is one of the major determinants of postprandial glycaemia (Horowitz, et al., 1993; Corvilain et al., 1995; Schwartz et al., 1995; Jones et al., 1996; Ishii et al., 1997; Jones et al., 1998) as indicated by the effects of regulation of gastric emptying on postprandial glucose and insulin concentrations and the relationship between the rise in blood glucose after oral carbohydrate with emptying (Cunningham and Read,1989; Berry et al., 2003; Gonlachanvit et al., 2003;
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al.,1994, Jones et al.,1996; Rayner et al.,2001). Minor variations in the initial rate of small intestinal carbohydrate delivery may have major effects on the glycaemic response (O’Donovan et al., 2004; Chaikomin et al., 2005).

The extent of postprandial glycaemic excursions is an independent risk factor for macrovascular disease even in non- diabetes (Ceriello et al., 2004; Gerich, 2006). Postprandial hyperglycemia precedes fasting hyperglycaemia as a precursor of diabetes. Thus one of the major aims of therapy is to normalise the blood glucose profile (Darwiche et al., 2001; Rayner et al., 2001; Ceriello et al., 2004) that reduces the risk of development or progression of diabetics neuropathy, retinopathy and nephropathy by up to 50 – 70 % (ADA, 2001). There is substantial interest in dietary and pharmacological strategies directed at the control of postprandial blood glucose excursions particularly in diabetes (Rayner et al., 2001; Ceriello et al., 2004).

2.4 DIABETES MELLITUS

Diabetes is defined as a state in which homeostasis of carbohydrate and lipid metabolism is improperly regulated by insulin (Tiwari and Roa, 2002). If this imbalanced homeostasis does not normalise with time, it progresses to hyperglycaemia that later results into a syndrome called diabetes mellitus.

Diabetes Mellitus (DM) is a group of metabolic diseases characterised by chronic hyperglycaemia resulting from defects in insulin secretion, insulin action or both (WHO, 1999). Diabetes mellitus is characterised by a reduced capacity of the β-cells of the pancreas to release insulin to induce the activity of glucose metabolising enzymes whether the cells are destroyed or intact (Panneerselvam and Govindaswamy, 2002).

2.4.1  PATHOGENESIS

The series of action that lead to insulin deficiency through the destruction of the beta cells of the pancreas and those that results in resistance to insulin action are some of the pathogenetic processes involved in the development of diabetes. The disturbances of carbohydrate, fat and protein metabolism are due to deficient action of insulin on target tissues resulting from insensitivity or lack of insulin. Defects in carbohydrates metabolising machinery and
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metabolism place an overexertion on the endocrine system, which leads to the deterioration of endocrine control. Continuing deterioration of endocrine control exacerbates the metabolic disturbances and leads to hyperglycaemia (Tiwari and Roa, 2002).

2.4.2 PREVALENCE

DM is probably the fastest growing metabolic disease (Ugochukwu et al., 2003) and one of the five leading causes of death in the world (Ugochukwu and Babady, 2003). The number of diabetics is increasing due to population growth, aging, urbanisation and increasing prevalence of obesity and physical inactivity (Wild et al., 2004).

Currently, global diabetic population is about 200 million (Darwiche et al., 1999; Darwiche et al., 2003) with an estimated projected rise to 215 million by the year 2010 (Zimmet, 1999) and 300 million in 2025 (King et a.l, 1998). In Nigeria, the prevalence of diabetes mellitus is estimated as 1.1 million which is the highest in Africa (WHO, 2005a). This is a conservative estimate based only on demographic changes in the population, without considering changes in lifestyle (Glumer et al., 2003). Thus, the global prevalence is most likely an underestimate (Green et al., 2003) since the prevalence of diabetes varies widely among populations according to race, lifestyle, and urbanisation (Qiao et al., 2003).

2.4.3 SYMPTOMS

Thirst, blurring of vision, polyuria and weight loss are the characteristic symptoms of diabetic mellitus (WHO, 1999). In severe forms, ketoacidosis or a non-ketotic hyperosmolar state may develop and lead to stupor, coma and, in the absence of effective treatment death (WHO, 1999).

2.4.4  TYPES

Three main types of diabetes which have similar signs, symptoms, and consequences, but different causes and population distributions are recognized by the World Health Organisation (WHO, 1999). These are type 1, type 2, and gestational diabetes. However, type 1 and type 2 are the two major clinical subclasses of DM (ADA, 2007).
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Type 1 DM also called insulin-dependent diabetes mellitus (IDDM) is due to autoimmune destruction of the pancreatic beta cells which produce insulin. Also, some forms of type 1 DM may result from unknown aetiology (idiopathic) and this appear to be prevalent among African and Asian (WHO, 1999). Type 1 diabetes accounts for 5 to 10% of all cases of DM (Tiwari and Rao, 2002; ADA, 2007) and insulin is required for survival (ADA, 2007) to prevent the development of ketoacidosis, coma and death. Type 1 represents a heterogeneous and polygenic disorder, with a number of non-HLA loci (about 20) contributing to the disease susceptibility (Lernmark and Ott, 1998). WHO (1999) noted that it does not include those forms of beta cell destruction or failure to which specific causes can be assigned (e.g. cystic fibrosis, mitochondrial defects etc).

Type 2 DM also known as noninsulin-dependent diabetes mellitus (NIDDM) is characterised by tissue –wide insulin resistance and varies widely. This sometimes progresses to loss of beta cell function. Type 2 DM results from a combination of defects in insulin secretion and action (Tiwari and Rao, 2002; ADA, 2007) either of which may be predominant. It can also results from reduction of beta-cell mass (ADA, 2007). Type 2 is the most prevalent form of DM (Glumer et al, 2003; ADA, 2007) accounting for 90 % (ADA, 2007) or 90 to 95% (Tiwari and Rao, 2002) of all diabetic patients. The incidence is increasing worldwide (Tuomilehto et al., 2001) with a projected increase to 300 million patients by 2025 (Zimmet et al., 2001). These rapid spread of type 2 is a growing burden on healthcare worldwide (Heine et al., 2006).

Type 2 diabetics characterised by ketosis resistance under basal conditions (ADA, 2002) are often resistant to the action of insulin (Lillioja et al., 1993; DeFronzo et al., 1997). Type 2 diabetes is often associated with strong genetic and familial predisposition (Knowler, 1993; de Courten et al., 1997; Valle et al., 1997). People with increased percentage of body fat distributed mostly in their abdominal region as well as obese are the mostly afflicted with type 2 of DM (Kissebah et al., 1982; Bogardus et al., 1985; Campbell and Carlson, 1993). Lack of physical activity, age and obesity increases the risk of developing type 2 diabetes (Zimmet, 1991; Harris et al., 1995) but obesity is an important risk factor (Mokdad et al., 2003).

Gestational diabetes is similar to type 2 DM as it involves insulin resistance. The hormones
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this condition. Gestational diabetes resolves with delivery. Gestational diabetes and type 2 DM have the same risk factors (WHO 2005b). Respiratory distress syndrome, high birth weight and neonatal mortality are problems associated with gestational diabetes (Coustain, 1993).

2.4.5  COMPLICATIONS

Prolonged exposure of pancreatic islets to elevated glucose concentrations has been shown both in vitro and in vivo to impair glucose-stimulated insulin release (Leaky and Weir, 1988; Xia and Laychock, 1993). Hyperglycaemia alone does not cause diabetic complications (Tiwari and Rao, 2002). It is rather the detrimental effect of glucose toxicity due to chronic hyperglycaemia, which is mediated and complicated through oxidative stress (Tiwari and Roa, 2002).

Abdominal pain, constipation, diarrhoea, nausea and vomiting secondary to gastroparesis are the gastrointestinal complications that may be associated with long standing diabetes (Verne and Sninsky, 1998; Koch, 1999; Spangeus et al., 1999; Ricci et al., 2000). The possible causes of this gastrointestinal syndrome, apart from hyperglycaemia (Lyrenas et al., 1997) are vagal nerve dysfunction (Tougas et al., 1992), sympathetic nerve damage ( Camilleri and Malagelada, 1984) as well as the recently reported loss of interstitial cells of Cajal (ICC) and changes in enteric innervation (He et al., 2001).

Diabetics have a higher risk of complications such as retinopathy (Ferris et al., 1999; ADA, 2003) with potential blindness (WHO, 1999), nephropathy (ADA, 2003; Ritz and Orth, 1999) that may lead to renal failure (WHO, 1999), neuropathy, cardiovascular disease (ADA, 2003) and lower extremity amputation (Reiber et al., 1995). The presence of endothelial dysfunction has often been reported in diabetes (Esper et al., 2006).

Gastroparesis is a frequent and clinically important complication of diabetes mellitus (Horowitz et al., 2002). It can result in poor glycaemic control, increased risk of postprandial hypoglycaemia and variable drug absorption (Murray et al., 2005).

2.5 GASTROPARESIS
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Gastroparesis is a disorder characterised by delayed gastric emptying (Onoma et al., 2008) in the absence of mechanical obstruction of the stomach (Camilleri, 2007). It is a syndrome in which the stomach takes too long to empty its contents probably when nerves to the stomach are damaged or has stop working. Once the vagus nerve is damaged, the muscles of the stomach and intestines do not work normally and the movement of food is slowed or stopped. Gastroparesis has been noted to have direct effects on glucose metabolism and as one of the means of reducing the degree of postprandial hyperglycaemia (Vella et al., 2002; Ratner et al., 2004; Heine et al., 2005; Little et al., 2006).

2.5.1 PREVALENCE

Studies have shown that gastroparesis occurs in as many as 50% of diabetic patients (Vantrappen, 1994; Attvall et al., 1995; Murray et al., 2005). Although , there are no true population based studies of gastric emptying in diabetic patients, cross- sectional studies using radioisotopic methods have established that gastric emptying of solid and/or nutrient liquid meal is delayed in about 50% of outpatient with long standing type 1 or type 2 diabetics (Horowitz et al.,1986; Keshavarzian et al., 1987; Horowitz et al., 1989; Wegner et al., 1990; Horowitz et al.,1991; Ziegler et al., 1996; Lyrenas et al., 1997; Merio et al., 1997). Samson et al. (2003) in their study investigated the prevalence of delayed gastric emptying in a large cohort of unselected diabetic patients and also the relation between gastric emptying and gastrointestinal sensations experienced in the 2 weeks before and during the test meal prospectively. Gastric emptying was evaluated in 186 patients using 100mg 13C-enriched octanoic acid added to a solid. The prospective study showed that gastroparesis can be observed in 28% of unselected patients with diabetes.

2.5.2 CAUSES

The prevalence of upper gastrointestinal symptoms which occur frequently in diabetes (Bytzer et al., 2000a; Ricci et al., 2000) is related to glycaemic control (Schvarcz et al., 1996; Bytzer et al., 2000b). Gastroparesis often occurs in people with type 1 diabetes or type 2 diabetes (Lyrenas et al., 1997). It has also been noted to result from other causes apart from diabetes. It can be idiopathic (possibly occurring after a viral infection) or can result from rheumatologic and neurologic disorder as well as from previous surgery (Camilleri, 2007). Medications for diabetes may cause or worsen gastroparesis (Vella et al., 2002; Ratner et al., 2004; Heine et al., 2005).
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Diabetic gastroparesis is a clinical condition that affects diabetes and is also characterised by delayed gastric emptying with associated upper gastrointestinal symptoms in the absence of mechanical obstruction (Hornbuckle and Barnett, 2000; Jones and Maganti, 2003; Parkman et al., 2004). In diabetic gastroparetic individual, the mechanism of gastric emptying is impaired. The impairment is mainly due to neuropathy affecting the vagus nerve, reductions in the number of intrinsic inhibitory neurons that are critical for motor coordination (Watkins et al., 2000) and the number of the interstitial cells of Cajal (He et al., 2001) and hormonal changes e.g. increased glucagon levels (Camilleri, 2007). Thus, peripheral and autonomic neuropathies are important factors in gastroparesis in diabetic patients (Hongo and Okuno, 1993; Farrell and Keeffe, 1995; Undeland et al., 1996). While neurohormonal dysfunction and hyperglycaemia reduce the frequency of antral contractions (needed to churn food) in diabetics (Camilleri, 2007).

Therefore the pathogenesis of disordered gastric emptying in diabetics is multifactorial but autonomic neuropathy and glycaemic controls appear dominant and are closely related (Horowitz et al., 2002). Both acute (Yeap et al., 1996) and chronic (Gaber et al., 1991) changes in blood glucose concentration may affect autonomic function. It is associated with significant impairments in both quality of life and diabetic control.

2.5.3 SYMPTOMS AND COMPLICATIONS OF GASTROPARESIS

Postprandial fullness, nausea, vomiting and bloating were noted as the main symptoms of gastroparesis by Revicki et al. (2003). Jones et al. (2000) included regurgitation, epigastric pain, and anorexia as the typical symptoms of diabetic gastroparesis. Patients may vomit food which they had eaten many hours even many days ago if they are gastroparetic (Rifat, 2002).

Diabetic gastroparesis is clinically important because it can cause upper gastrointestinal symptoms (Vandenplas et al., 2004) wide fluctuation in glucose levels, unexpected postprandial hypoglycaemia, marked ‘brittle diabetes’ (Rifat, 2002), poor nutrition and dehydration (Ajumobi and Griffin, 2008) and changes in oral drug absorption (Murray et al., 2005). All these occurring independent of other factors like age, alcohol use, tobacco use or
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hospitalisations and loss of productivity (Ajumobi and Griffin, 2008). Episodes of nausea and vomiting may continue for days, months or may appear from time to time (Horowitz et al., 1991). Disturbed gastric emptying puts patients under the risk for the development of gastric bezoars (Koch, 1999).

Gastroparesis has remained an extremely difficult condition to treat or manage effectively (Murray et al., 2005) with prokinetic drugs (Patterson et al., 1999; Horowitz et al., 2001) due to unpredictable effects of these drugs (Murray et al., 2005).

2.6. PROKINETIC AGENTS

The prokinetic agents most commonly used to treat gastroparesis include metocloprimide, erythromycin, cisapride and domperidone (Drenth and Engels, 1992). Erytromycin like many antibiotics has significant gastrointestinal side effects (Kuo et al., 1998). It causes abdominal cramps and pain and has several drug interations that can result in torsades de pointes (Richards et al., 1993). The prokinetic effect of metoclopramide and domperidone are only moderate (Talley, 1995) and they sometimes cause extrapyramidal reactions and hyperprolactinaemia (Tonini et al., 2004). However, restricting the total daily dose of metoclopramide to 40mg/day and using the liquid formulation to improve the pharmacokinetics of the drug tend to reduce the CNS side effects and provide some clinical efficacy (Park and Camilleri, 2006). Domperidone is not currently approved by the Food and Drug Administration (FDA) but is available (Camilleri, 2007; Ajumobi and Griffin, 2008). Cisapride although widely accepted as an effective treatment for gastroparesis (Onoma et al., 2008) and used worldwide as a prokinetic agent (Sako et al., 2000) is now withdrawn from the market due to severe potential cardiovascular side effects (Rifat, 2002; Wysowski et al., 2001).

In dog, metoclopramide causes dopamine-induced gastric relaxation (Washabau, 2003) and increases amplitude and frequency of antral contractions, blocks receptive relaxation of the stomach and coordinates motility of stomach, pylorus and duodenum (Schmitz and Neiger, 2009).

2.7.
JUSTIFICATION FOR THIS STUDY
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Extensive literatures have established the use of G. latifolium as a hypoglycaemic agent and its use in the treatment and management of diabetes. Consequent upon the reported beneficial effect of G. latifolium, the mechanism(s) of action of the extract of G. latifolium seems to be poorly understood and investigated. Interest in the G. latifolium plant has concentrated more on its screening for hypoglycaemic action to the neglect of investigations into the mechanisms for achieving this. None of the relatively scanty information available on G. latifolium mechanism(s) of action relates to gastric emptying although interventions that reduce postprandial hyperglycemia by modulating the rate of gastric emptying have the potential to become mainstream therapies in the treatment of diabetes. In addition, chronic diabetes may precipitate to gastroparesis while medications for diabetes can cause or worsen gastroparesis. How such condition may respond to treatment with G. latifolium is yet to be investigated. It is therefore needful to investigate the possible effect of G. latifolium on gastric emptying rate in the modulation of postprandial glycemia as a way of better understanding its use in the treatment of diabetes mellitus.

CHAPTER THREE

RESEARCH METHODS

3.1 DESIGN

A randomised placebo- controlled experimental design was adopted for this study. The design was adopted to increase the similarity between the control and treatment groups and eliminate selection bias in assigning dogs to groups.

This study was carried out in two experimental phases: phase I and II. Phase I of the experiment involved the identification, preparation and the methanolic extraction of
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G. latifolium leaves as well as the subsequent preparation of the extracts into capsules of different doses required for phase II. The preparation of the G. latifolium leaves into a form that the animal model will tolerate when ingested was concluded in this phase I.

The phase II of the experiment investigated the possible influence of the ingestion of the methanolic extract of G. latifolium leaves on gastric emptying in healthy, diabetic and gastroparetic subjects using dogs as animal model. Phase II was carried out in three experimental studies I, II and III:

Study I: The effect of the methanolic extract of G. latifolium leaves on gastric emptying of semi-solid meals in healthy dogs.

Study II: The effect of the methanolic extract of G. latifolium leaves on gastric emptying of semi-solid meals in diabetic dogs.

Study III: The effect of the methanolic extract of G. latifolium leaves on gastric emptying of semi-solid meals in gastroparetic dogs.

Dogs were chosen for this study because they are noted to be better animal model for bioavailability studies under fasting conditions than the pigs and rabbits (Aoyagi, 1992). Moreso, dogs have been used as animal model for the study of human gastric emptying in many physiological and pharmacological studies (Wyse et al., 2003) and thus an established model for the assessment of gastrointestinal motility (Xu et al., 2005).

Gastric emptying ultrasonography (GEU) was used to investigate the influence of the ingestion of the methanolic extract of G. latifolium leaves on gastric emptying in dogs, because of its non-invasiveness, cost, and availability in clinical practice in addition to the minimal restraint required for the procedures.

This randomised placebo-controlled experimental study was divided into five subgroups. The subgroups are the placebo control, low dose (100mg/kg), moderate dose (250mg/kg) , high dose (500mg/kg) of G. latifolium and the prokinetic dose(0.5mg/kg of metoclopramide). These three doses subgroups of 100mg/kg, 250mg/kg and 500mg/kg of G. latifolium were introduced to investigate if the effect of G. latifolium leaves on gastric emptying is dose-dependent. The low, moderate and high doses were roughly estimated as 100mg/kg,
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minimum dose of 100mg/kg was based on dose used in mice and rats by Ogudipe et al., (2003) and Ugochukwu and Babandy (2002) respectively. The prokinetic dose subgroup was introduced to match it with any possible prokinetic effect of G. latifolium. Metoclopramide (0.5mg/kg), a known prokinetic agent (Takeda et al., 2001; Washabau, 2003; Schmitz and Neiger, 2009; Drenth and Engels, 1992) was used for this subgroup.

3.2 PLANT PREPARATION

3.2.1 PLANT SELECTION

Gongronema latifolium leaves (Fig 1) were collected and taken to Mr. O. Ozioko, a retired taxonomist in Department of Botany, University of Nigeria and currently a taxonomist with International Centre for Enthomedicine and Drug Development (INTERCEDD) Nsukka for identification and authentication. A voucher specimen (INTERCEDD/170) was deposited for reference at the centre.

3.2.2 INSTRUMENTS/CHEMICALS

Romil-SA Methanol (MRS Scientific Ltd Essex UK)

Distilled water

Conical flask (Pyrex® USA)

Beakers (Pyrex® USA)

1000ml Measuring cylinder (Kimax® USA)

100ml Measuring cylinder (Volac Great Britain)

Large Glass funnel

Stainless steel bowls

Stainless steel spoons

Ceramic spoons

Mettler PM 600 electronic weighing balance (Mettler-Toledo Ltd, Switzerland)

Filter paper (Whatman No 1, Schleicher & Schuell)

Hot air oven (Gallenkamp England)

Rotary evaporator

Ceramic mortar and pestle

Metal sieve

Empty Drug capsules (100mg, 250mg, and 500mg)

Clean empty polythene bags

Hand gloves

3.2.3 PLANT EXTRACTION

Fresh leaves of G. latifolium were air-dried at room temperature (about 220 C) for 2 weeks in the laboratory of International Centre for Enthomedicine and Drug Development (INTERCEDD) Nsukka. The dried leaves were poured into a large stainless tray where all debris/bad leaves were selectively hand picked. The leaves were then pulverized using a grinding machine and sieved through a 0.8mm sieve into powder to increase its surface area in order to allow more contact with the solvent and improve extraction.

Cold extraction of the ground coarse powder G. latifolium weighed out with Mettler PM 600 electronic weighing balance (Mettler-Toledo Ltd, Switzerland) was done using 80% Romil-SA Methanol (MRS Scientific Ltd Essex UK).
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2,180.7g of the dry G. latifolium leaves material were soaked in 200g/1000ml solution of 80% methanol and 20% distilled water for 48 hours and were shaken vigorously at intervals. The mixtures were then filtered with Whatman No 1 filter paper (Schleicher & Schuell England) into a conical flask. The methanolic extract (filtrate) was poured into reweighed beakers and dried in a hot air oven (Gallenkamp, England) at 40°C for 96 hrs at the Department of Veterinary Physiology & Pharmacology UNN. The filtrates were concentrated at 40°C using a vacuum rotary evaporator at the analytical laboratory of Department of Pure and Industrial Chemistry, UNN. The concentrate was freeze-dried, yielding about 146.6g of green coarse powders (Fig 2). The percentage yield of the G. latifolium leaves methanolic extract is 6.72 % (Appendix I)

3.2.4 ENCAPSULATION OF PLANT EXTRACTS

The coarse green powders were taken to Department of Pharmaceutical Technology and Industrial Pharmacy where they were further pulverized using ceramic mortar and pestle. And in order to achieve a homogenous size, they were passed through a metal sieve number 30 of about 250µ to produce even finer powder granules. These were then weighed out in doses of 100mg, 250mg and 500mg and put in capsules (Fig 3) before use. The empty capsules used for this research were donated by NEMEL PHARMACEUTICAL NIGERIA LIMITED, ENUGU.

3.2.5. ACUTE TOXICITY TESTS

The acute (oral) toxicity (LD50) test of the G. latifolium extracts was carried out using nine healthy mongrel dogs to define the range of lethal dose and the safe range for the extracts. The mean age and weight of the dogs were 5.45 ± 0.38 months and 2.54 ± 0.15 kg respectively. The 9 dogs were randomly allocated into 3 groups of 3 dogs each. Different doses 1g/kg, 2.5g/kg and 5g/kg of the ethanolic extract of G. latifolium in capsules were respectively administered orally after overnight fasting to the groups. The dogs were observed for general toxic signs and mortality for 24 hours and subsequently for seven (7) days for delayed effects using Ghosh (1984) and Akhila et al, (2007) recommendations.

In the acute (oral) toxicity study, 80% methanolic extract of G. latifolium leaves did not produce any mortality up to the highest dose of 5g/kg tested. 5g/kg dose is the maximium allowable dose by the organisation for Economic Co-operation and Development (OECD) Guidline 423 for the testing of chemical (OECD, 2000). Therefore the LD50 could not be determined. The dogs did not exhibit any toxic signs recommended by Ghosh (1984) and Akhila et al, (2007) like restlessness, weakness, inactivity, convulsion nor coma within the 24 hours, nor delayed effects during the seven days of daily observation.

3.3 SUBJECTS

3.3.1 SUBJECT SELECTION

Healthy looking male and female Mongrel dogs were purchased from local Orba market, Nsukka. They were bought in groups of 9, 12, 8, 8, 12, 13 and 11 dogs at different times.The mean age and weight of the dogs were 6.07 ± 0.80 months and 5.20 ± 1.23kg respectively.

Upon arrival, the dogs were taken to the UNN Veterinary Teaching Hospital for clinical/laboratory examination to establish their health status. The dogs were dewormed with Levamizole (5mg/kg) one week prior to the gastric emptying study to eliminate its possible effect on gastrointestinal motility.

Clinical assessments of the dogs as well as laboratory assessments of their blood, urine and faeces were carried out by veterinary doctors at the UNN Veterinary Teaching Hospital. Dogs with no clinical and laboratory evidence of gastrointestinal disease, diabetes, gastroparesis, cardiovascular, pulmonary, renal, and hepatic diseases were enlisted for the study. Pregnant female dogs confirmed by palpation and ultrasound were excluded from the studies.
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3.3.2 ETHICAL CLEARANCE

The research protocol was approved by the University of Nigeria Ethical Committee UNTH Enugu (Appendix IV).

3.3.3 INSTRUMENTS/EQUIPMENT

Animal cages

Permanent- marker (Schneider 133, Made in Germany)

Mouth gags

Hand gloves

Hypodermic syringes and needles (1ml)

Syringes and needles (5ml)

Alarm clock

Conical flask (Pyrex® USA)

Beakers (Pyrex® USA)

100ml Measuring cylinder (Volac Great Britain)

Stainless steel bowls

Stainless steel spoons

Ceramic spoons

Mettler PM 600 electronic weighing balance (Mettler-Toledo Ltd, Switzerland)

Clean empty polythene bags

Surgical blades

Cotton wools

Forceps

Portable glucometer (Accu-chek ® Advantage (Roche Diagnostics GmbH Mannheim

Germany)

Accu-chek ® Advantage II test strips (Roche Diagnostics GmbH Mannheim Germany).

AVERY weighing scale (Birmingham-England).

Animal dedicated ultrasound machine with a 6-8MHz microconvex transducer (Medison SA-600v; 2006; Medison Co., Ltd Korea)

Ultrasound gel (Supersonic, Sunghfung Co. Korea)

Razors
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3.3.4 DRUGS/FOODS/ CHEMICALS

Levamizole® (Levamisole hydrochloride, Eagle chemical Co. Ltd N.Korea)

Metoclopramide (Mederax® 10mg, Jiangsu Peng YAO pharmaceutical Inc China)

Clonidine (Catapressan®, 0.15mg/ml, Boehringer Ingelheim France)

Alloxan (5, 6- Dioxyuracil) Monohydrate (Sigma Chemical,)

Ol! Roy Complete Nutrition Dog Food (marketed by Wal-mart stores Inc Bentonville, AR

72716 USA)

Distilled water

Ultrasound gel

3.3.5 SUBJECT PREPARATION

The dogs were housed in pairs and in cages (Fig 4) in the animal house of the Department of Medicine, Veterinary Teaching Hospital Nsukka under controlled environmental conditions of temperature (25 - 28 OC) and relative humidity (70-80%) and a 12 hour lights/day cycle. Prior to the arrival of the dogs the housing unit was cleaned and disinfected. The dogs were allowed to acclimatize for at least 14 days while being maintained on 300g of a regular commercial dog food Ol! Roy Complete Nutrition (Fig 5) twice a day. The guaranteed analysis of the nutritional components of the dog food are 21% Crude protein (min); 9% Crude fat (min); 4% Crude fibre (max); 12% Moisture (max); 1.2% Linoleic Acid (min);

1% Calcium (min); 0.8% Phosphorus (min) and 10,000 IU/Kg Vitamin A (min). Drinking water was provided ad libitum. The dog house was cleaned regularly; the eating plates and drinking bowl were washed and sun-dried everyday.

3.4 CATEGORIZATION OF SUBJECTS

There were 3 study groups namely healthy, diabetic and gastroparetic study groups. For each study group, interventions were done as follows: placebo, low dose, moderate dose, high dose and prokinetic dose. Each study group had 20 dogs with 4 dogs in each intervention subgroup. The intervention subgroups were identified as follows:

Healthy Group Control (HGC)
Healthy Group Low dose (HGL)
Healthy Group Moderate dose (HGM)
Healthy Group High dose (HGH)
Healthy Group Prokinetic dose (HGP)
Diabetic Group Control (DGC)
Diabetic Group Low dose (DGL)
Diabetic Group Moderate dose (DGM)
Diabetic Group High dose (DGH)
Diabetic Group Prokinetic dose (DGP)
Gastroparetic Group Control (GGC)
Gastroparetic Group Low dose (GGL)
Gastroparetic Group Moderate dose (GGM)
Gastroparetic Group High dose (GGH)
Gastroparetic Group Prokinetic dose (GGP)
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3.5 TEST MEAL

The test meal[Fig 6] used consisted of 100g proprietary canned Nestle Cerelac (Maize & Milk infant cereal , Nestle Nigeria plc) food + 150ml of water. The calories and nutritional components in the 100g food + 150ml water are Calories 1730KJ (414kcal); Protein 15g; Fat 9g; Carbohydrates 68.2g; Dietary fibre 2g; Minerals (ash) 3.3g; Moisture 2.5g.

3.6 PROCEDURES

3.6.1 TEST MEAL PREPARATION

The test meals were bought in tins, poured together and mixed to a homogenous consistency in a large container. Subsequently, they were stored in an air tight container under a room temperature prior to usage. The above steps were to reduce minimally the possible effects in meal composition and size of food particles which are known to affect GE (Horowitz et al., 1994; Goggin et al., 1998; Meyer et al., 1979; Meyer et al., 1994; Wyse et al., 2001). 150ml of distilled water was measured out with a 100ml measuring cylinder (Volac Great Britain) and poured into a stainless steel bowl for each dog. The water was mixed with 100g of the test meal measured out with an electronic weighing balance Mettler PM 600 (Mettler-Toledo Ltd, Switzerland) [Fig 7] and stirred until the consistency is smooth. They were administered in equal quantities and prepared with equal volume of the distilled water from the same source at room temperature prior to usage. This is to minimise the effect of volume, viscosity and meal temperature (Horowitz et al., 1994; Sun et al., 1995).

3.6.2 INDUCTION OF DIABETES

Diabetes mellitus was induced in dogs used for the study by intravenous (IV) injection of alloxan monohydrate (Sigma, USA) [Fig 8] at a dose of 100mg/kg (Joo-Min Kim et al., 2006; Jelodar et al., 2007). 24 dogs with total weight of 91.5kg were induced diabetes. In each induction, the respective dogs were fasted for 24 hours prior to the diabetes induction (Joo-Min Kim et al., 2006). Fresh solution of alloxan monohydrate for diabetes mellitus induction was prepared just prior to injection (Anderson et al., 1993; Joo-Min Kim et al., 2006). The drug solutions were prepared immediately before administration as the compounds display chemical instability in solution (Anderson et al., 1993).

In preparing the required concentration of 100mg/ml used in previous study for induction of diabetes (Joo-Min Kim et al, 2006, Anderson et al., 1993), 9.2g of alloxan was dissolved in 92ml of distilled water. The dogs were each given a single intravenous injection of 100mg/kg (100mg/ml) via the cephalic vein in the foreleg. Diabetes was confirmed at one week after the alloxan injection by the presence fasting blood glucose level of above 200mg/dl or 11.10mmol/l (Jelodar et al., 2007; Linke et al., 2003). Only the dogs with induced diabetes mellitus were enlisted in this group.

24 dogs (18 males, 6 females) were induced diabetes with alloxan. Twenty –one dogs came down with diabetic within 7 days. Three of the dogs died within 10 days of induction as a result of hyperglycaemia. One of the dogs (female) was not used for the experiment having achieved the required number of diabetic dogs for the study.

3.6.3 INDUCTION OF GASTROPARESIS

To establish the gastroparesis model, Clonidine (Fig 9) an alpha-2 adrenergic agonist was used (Gullikson et al., 1991a, 1991b, 1993; Tanaka et al., 1998; Onoma et al., 2008). 20 dogs allotted to the gastroparetic dog groups were injected clonidine at dose of 0.03mg/kg subcutaneously (Gullikson et al., 1991a, 1991b, 1993; Tanaka et al., 1998; Onoma et al., 2008) in the back of the neck (Fig 10) immediately after the ingestion of the test meal (Onoma et al., 2008).

3.6.4 INTERVENTIONS

Food was withheld from the dogs for 12 hours while water was withheld for 2 hours before the ingestion of either capsules of methanolic extract of G. latifolium in doses of 100mg/kg or 250mg/kg or 500mg/kg or placebo capsules or 0.5 mg/kg capsules of metoclopramide and test meal. The fasted dogs were taken to VTH Nsukka at 8.00 a.m on each study day and weighed with AVERY weighing scale (Birmingham-England) [Fig 11]. A portion of the dog’s ear was shaved and a small incision made within the area using a razor blade. The incision served as a site for squeezing out blood for blood glucose measurements during the study.

Following a 12 hour fast to ensure an empty stomach, the ultrasound measurement of the baseline antral area and concurrent baseline blood glucose level were obtained from each dog. Immediately after the measurements, each dog ingested its appropriate treatment capsules (Fig 12) and the gastric emptying ultrasonography (GEU) was conducted as follows:

Placebo control group: Each dog ingested empty placebo capsules, 30 minutes before the administration of test meal after a 12- hour fast.

Low dose group: Each dog ingested 100mg/kg powder capsules of methanolic extract of G. latifolium, 30 minutes before the administration of the test meal after a 12- hour fast.

Moderate dose group: 250mg/kg powder capsules of methanolic extract of G. latifolium, 30 minutes before the administration of the test meal after a 12 -hour fast.

High dose group: Each dog ingested 500mg/kg powder capsules of methanolic extract of G. latifolium, 30 minutes before the administration of the test meal after a 12- hour fast.

Prokinetic dose group: Each dog ingested 0.5 mg/kg powder capsules of metoclopramide (Mederax® 10mg, Jiangsu Peng YAO pharmaceutical Inc China), 30 minutes before the administration of the test meal after a 12 -hour fast.

All the treatment capsules ingested by the dogs were visually identical. The capsules were administered orally per kilogramme body weight to eliminate the possible influence of body weight/size (Allan et al., 1996; Bourreau et al., 2004) even though Yam et al.(2004) observed no difference in gastric emptying in terms of weight in dogs. The dogs were then allowed to 66 ingest the test meal 30 minutes after the administration of the treatment capsules. The dogs ingested the test meal under natural free-feeding circumstances (Fig 13). Ingestion of test meal freely was to eliminate the possible effect of GI intubation on the rate of stomach emptying and GI transit time via direct stimulation of mechanoreceptors (Read et al., 1982). Measurement of gastric emptying (ultrasound measurements of the antrum) and blood glucose measurements were obtained immediately after the ingestion of the test meal and then every 15 minutes for 4 hours and every 30 minutes for further 2 hours from each dog. The study was also undertaken with minimal manual restraint to reduce the effect of stress on gastric emptying (Gue et al., 1988; Gue et al., 1989). The gastric emptying ultrasonography (GEU) and blood glucose measurements were performed for each dog in every occasion.

3.7
DATA COLLECTION

3.7.1 MEASUREMENT OF GASTRIC EMPTYING

The ultrasound examinations were performed using an veterinary ultrasound machine (Medison SA-600v; 2006; Medison Co., Ltd Korea) with a 6-8MHz microconvex transducer (Fig 14 and Fig 15). Gastric emptying was measured using ultrasound technique as described by Chalmers et al, 2005 and McLellan et al, 2004. Each dog was gently restrained while erect and the transducer was placed in a longitudinal orientation on the ventral midline, caudal to the xiphoid. The ultrasound beam was maintained in the sagittal plane and directed cranially until the liver was located and the stomach identified immediately caudal to it (Fig 16a and 16b). The stomach was observed using real-time imaging, allowing the image to be frozen between peristaltic contractions when it was at a constant, maximal distension. Electronic callipers were used to measure the craniocaudal and ventrodorsal diameters of the antrum between the serosal margins. The antral area was calculated by using the software incorporated in the ultrasound machine to predict the area inside the elliptical shape defined by the craniocaudal and ventrodorsal diameters of the stomach. Three measurements of antral area were taken at each time and their mean was used for further calculations. Baseline values were subtracted from the measurements made at each subsequent time point and the values expressed as a percentage of maximal antral area. The percentages of the maximal antral areas measured during each test were plotted against time. The gastric emptying half-emptying time with GEU (T50) that correlated significantly with t 1/2 of carbon 13-labelled octanoic acid breath test in dogs (McLellan et al, 2004) was used to describe the rate of gastric emptying. The gastric half-emptying time (T50) was defined as the time at which the antral area decreased to 50 percent of its maximal area. .

3.7.2 MEASUREMENT OF BLOOD GLUCOSE

Blood glucose concentrations were determined by using a portable Accu-chek ® Advantage glucometer and Accu-chek ® Advantage II test strips (Fig 17 and Fig 18). In measuring the blood glucose, the glucometer was coded with the appropriate code chip and then turn on immediately. The meter display was then checked to ensure that the code number on the display matches the code number on the strip container being used. Each time new boxes of test strips were opened, the accompanying code chip was inserted into the glucometer and the old one discarded to ensure that the display code matches with the box code. The test strip was then inserted into the glucometer immediately the glucometer prompted for its insertion. Blood samples (~ 5ml) were then squeezed out from incision made on the dog’s ear. The test strip curve edge was touched and held onto the blood, whenever the glucometer prompted for blood to be dropped on the test strip. The blood glucose level displayed on the glucometer screen was recorded for each dog at each time point.

 DATA ANALYSIS

The data for each dog was categorised according to time, antral area 1, antral area 2 and antral area 3, blood glucose concentration level, mean antral area etc. Baseline values was subtracted from the measurements made at each subsequent time point and the values expressed as a percentage of maximal antral area. The percentages of the maximal antral areas measured during each test were plotted against time. The mean area, mean of the antral area per time point, the percentage maximal antral area and the incremental blood glucose concentrations were computed using SPSS 15.0 for Windows Evaluation Version (USA) and plotted against time using respectively Graphpad prism version 5.03 for windows (Graphpad Software San Diego Califonia USA). T50 was calculated by linear interpolation between two points in the curve as shown in Fig 19.

The blood glucose area under curve (AUC) was calculated from the blood glucse curve. All values were expressed as mean ± SD. One way analysis of variance (ANOVA) used to compare more than two groups; ANOVA with Dunnett’s post test used for multiple comparisons; post trend test used to compare the trend of more than two groups; Paired t test used for comparison of two groups and Pearson correlation was used to assess the linear association between the values of two variables. These analyses were performed using Graphpad prism. Probability (p) values less than 0.05 were considered significant.

CHAPTER FOUR

PRESENTATION OF RESULTS

4.1  GASTRIC EMPTYING STUDY IN HEALTHY DOGS.

4.1.1 SEX OF THE HEALTHY DOGS.

Table 1: Sex Distribution of the Healthy Dogs.

	Sex
	Frequency
	Percentage

	Male
	20
	100

	Female
	0
	0

	Total
	20
	100


[image: image1.png]



All the dogs used for the healthy group study were male as shown in Table 1.

4.1.2 AGE OF THE HEALTHY DOGS.

Table 2: Mean Age of the Healthy Dogs according to Subgroups.
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	TREATMENT
	AGE OF SUBJECTS (MONTHS)
	
	

	GROUPS
	
	
	
	
	

	
	1
	2
	3
	4
	MEAN ± SD

	HGC
	7.5
	7.0
	6.0
	6.0
	6.6 ± 0.7

	HGL
	6.5
	7.0
	5.0
	7.5
	6.5 ± 1.1

	HGM
	6.0
	5.5
	7.0
	5.0
	5.9 ± 0.8

	HGH
	7.5
	6.0
	7.0
	5.0
	6.4 ±1.1

	HGP
	6.0
	6.0
	5.8
	6.5
	6.1 ± 0.3
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The mean age ± SD (months) of the healthy dogs for HGC, HGL, HGM, HGH and HGP treatment subgroups respectively are shown in table 2.
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There was no statistically significant difference in the age of the dogs in HGL, HGM, HGH and HGP subgroups compared with control as shown in Table 3.

Table 3: Comparison of Healthy Subgroups Mean Age with Control Using ANOVA.
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	1.53
	4
	0.38
	0.51
	0.73

	Within Groups
	11.3
	15
	0.75
	
	

	Total
	
	19
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4.1.3 WEIGHT OF THE HEALTHY DOGS.

Table 4: Mean Weight of the Healthy Dogs according to Subgroups.
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	TREATMENT
	WEIGHT OF SUBJECTS (KG)
	
	

	GROUPS
	1
	2
	3
	4
	MEAN ± SD

	
	
	
	
	
	

	HGC
	7.2
	5.6
	5.8
	6.4
	6.3 ± 0.7

	HGL
	5.85
	5.2
	5.0
	5.3
	5.3 ± 0.3

	HGM
	5.0
	5.6
	5.8
	5.8
	5.6 ± 0.4

	HGH
	6.8
	6.0
	5.4
	5.1
	5.8 ± 0.7

	HGP
	6.5
	5.3
	5.5
	5.6
	5.7 ± 0.5
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Table 4 shows the mean weight ± SD (kg) of the HGC, HGL, HGM, HGH and HGP subgroups.
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There was no statistically significant difference in the mean weight of the dogs in HGL, HGM, HGH and HGP subgroups compared with control as shown in Table 5.

Table 5: Comparison of Healthy Subgroups Mean Weight with Control Using ANOVA.
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	1.9
	4
	0.48
	1.5
	0.26

	Within Groups
	4.8
	15
	0.32
	
	

	Total
	6.8
	19
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4.1.4 FASTING BLOOD GLUCOSE CONCENTRATIONS OF THE HEALTHY DOGS.

Table 6: Mean Fasting Blood Glucose Concentrations of the Healthy Dogs according to Subgroups.
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	TREATMENT
	FASTING BLOOD GLUCOSE LEVELS
	

	GROUPS
	
	(mmol/l)
	
	
	MEAN ± SD

	
	1
	2
	3
	4
	

	
	
	
	
	
	

	HGC
	4.8
	4.2
	3.6
	3.5
	4.0 ± 0.6

	HGL
	3.8
	3.9
	4.0
	3.7
	3.9 ± 0.1

	HGM
	4.7
	4.0
	3.6
	3.8
	4.0 ± 0.5

	HGH
	3.7
	4.2
	3.7
	4.0
	3.9 ± 0.2

	HGP
	4.0
	4.2
	4.1
	4.3
	4.2 ± 0.1
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The mean fasting blood glucose (mmol/L) of the HGC, HGL, HGM, HGH and HGP are shown in Table 6. There was no statistically significant difference in the mean fasting blood 80

glucose concentrations of the dogs in HGL, HGM, HGH and HGP subgroups compared with control as shown in Table 7.

Table 7: Comparison of Healthy Subgroups Mean Fasting Blood Concentrations with Control Using ANOVA.
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ANOVA Table
SS
df
MS
F
P value
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	Between Groups
	0.22
	4
	0.06
	0.41
	0.80

	Within Groups
	2.1
	15
	0.14
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Total
2.3
19
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4.1.5  GASTRIC EMPTYING CURVE OF THE HEALTHY DOGS.
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Figure 20: Effect of doses of G. latifolium and metoclopramide on gastric emptying curve in healthy dogs

The ingestion of 100mg/kg (HGL) or 250mg/kg (HGM) or 500mg/kg (HGH) doses of

G. latifolium by the dogs prolonged the gastric emptying time (Fig 20). Increase in the doses of G. latifolium ingested led to relative increase in emptying time with respect to placebo. Ingestion of 0.5mg/kg metoclopramide (HGP) decreased gastric emptying time.
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4.1.6 EFFECT OF TREATMENT INTERVENTIONS ON T50 IN HEALTHY DOGS.

Table 8: Mean Gastric Emptying T50 of the Healthy Dogs according to Subgroups.
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	TREATMENT
	
	T50 (MINUTES)
	
	

	GROUPS
	
	
	
	
	

	
	1
	2
	3
	4
	MEAN ± SD

	HGC
	126.0
	116.0
	128.4
	136.0
	126.6 ± 8.2

	HGL
	139.0
	134.0
	131.0
	138.0
	135.5 ± 3.7

	HGM
	155.5
	158.5
	150.0
	158.0
	155.5 ± 3.9

	HGH
	201.0
	204.0
	194.0
	193.0
	198.0 ± 5.3

	HGP
	59.5
	58.0
	56.3
	62.2
	59.0 ± 2.5
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The mean ± SD gastric emptying T50 (minutes) of HGL, HGM, HGH were separately longer than HGC while, the T50 of HGP was shorter than that of HGC as shown in Table 8.

There was a statistically significant difference in the mean gastric emptying T50 of the dogs in HGL, HGM, HGH and HGP subgroups compared with control as shown in Table 9.

Table 9: Comparison of Healthy Subgroups Mean Gastric Emptying T50 with Control Using ANOVA.
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	4094
	4
	10240
	388.1
	< 0.0001

	Within Groups
	
	15
	26.37
	
	

	Total
	41340
	19
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There was a statistically significant difference in the mean gastric emptying T50 of the dogs

in HGM, HGH and HGP subgroups with control respectively as shown in fig 21. However, 83

there was no statistically significant difference in the mean gastric emptying T50 of the dogs in HGL subgroup with control respectively as shown in fig 21.

One way analysis of variance (ANOVA) post trend test showed that the effect of G. latifolium on T50 of healthy dogs was significantly dose dependent(p < 0.0001) at 0.05 level of significance. Pearson correlation showed a significant positive correlation between dose and T50 (r = 0.98, p < 0.0001). Both test showed that the T50 of healthy dogs was significantly dose dependent.
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Figure 21: Bar graph showing differences in healthy group T50 compared with contol and dose trend of G. latifolium

ns (p > 0.05): value not significantly different from control group

***p < 0.0001: Significantly different from control group.
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4.1.7 TEST OF HYPOTHESIS 1.

HYPOTHESIS 1:

(Ho)1: The methanolic extracts of G. latifolium leaves have no significant effect on gastric emptying in healthy dogs.

(H1)1: The methanolic extracts of G. latifolium leaves have significant effect on gastric emptying in healthy dogs.

The ANOVA test for hypothesis 1 summary is shown in table 10 below. The Anova test yielded a statistically significant p value of p < 0.0001. Therefore, the null hypothesis is rejected and the alternative which state that the methanolic extracts of G. latifolium leaves have significant effect on gastric emptying in healthy dogs is accepted.

	Table 10: ANOVA Result for Test of Hypothesis 1
	
	

	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	12120
	3
	4042
	128.7
	P < 0.0001

	Within Groups
	376.8
	12
	31.40
	
	

	Total
	12500
	15
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4.2  GASTRIC EMPTYING STUDY IN DIABETIC DOGS.

	4.2.1 SEX OF THE DIABETIC DOGS.
	

	Table 11: Sex distribution of the diabetic dogs
	

	Sex
	Frequency
	Percentage

	Male
	16
	80

	Female
	4
	20

	Total
	20
	100


[image: image43.png]



80 % of the dogs used for the diabetic study were male as shown in Table 11.
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4.2.2 AGE OF THE DIABETIC DOGS.

Table 12: Mean Age of the Diabetic Dogs according to Subgroups.
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	TREATMENT
	
	AGE OF SUBJECTS (MONTHS)
	
	

	GROUPS
	
	
	
	
	

	
	1
	2
	3
	4
	MEAN ± SD

	DGC
	6.0
	5.0
	6.2
	5.5
	5.7 ± 0.5

	DGL
	5.0
	6.0
	5.5
	5.0
	5.4 ± 0.5

	DGM
	7.0
	5.0
	5.0
	5.5
	5.6 ± 0.9

	DGH
	6.0
	5.0
	6.0
	6.0
	5.7 ± 0.5

	DGP
	6.5
	5.5
	5.0
	6.0
	5.7 ± 0.6
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The mean age ± SD (months) of the diabetic dogs for DGC, DGL, DGM, DGH and DGP treatment subgroups respectively are shown in Table 12.

There was no statistically significant difference in the age of the dogs in DGL, DGM, DGH and DGP subgroups compared with control as shown in Table 13.

Table 13: Comparison of Diabetic Subgroups Mean Age with Control Using ANOVA.
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	0.38
	4
	0.09
	0.23
	0.92

	Within Groups
	6.24
	15
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	Total
	6.63
	19
	0.42
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4.2.3 WEIGHT OF THE DIABETIC DOGS.

Table 14: Weight of Dogs before Induction of Diabetes according to Subgroups.
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	TREATMENT
	
	WEIGHT OF SUBJECTS (KG)
	
	

	GROUPS
	
	
	
	
	

	
	1
	2
	3
	4
	MEAN ± SD

	DGC
	4.0
	2.7
	5.5
	2.8
	3.8 ± 1.3

	DGL
	4.6
	2.8
	2.8
	5.0
	3.8 ± 1.2

	DGM
	4.3
	3.8
	4.0
	3.6
	3.9 ± 0.3

	DGH
	3.0
	4.4
	3.5
	4.7
	3.9 ± 0.8

	DGP
	3.3
	5.8
	2.3
	3.6
	3.8 ± 1.5
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The pre- diabetic mean weight (kg) of the DGC, DGL, DGM, DGH and DGP subgroups are shown in Table 14.

There was no statistically significant difference in the pre- diabetic mean weight of the dogs in DGL, DGM, DGH and DGP subgroups compared with control as shown in Table 15.

Table 15: Comparison of Pre-diabetic Mean Weight with Control Using ANOVA
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	0.11
	4
	0.03
	0.02
	0.99

	Within Groups
	18
	15
	1.2
	
	

	Total
	18
	19
	
	
	

	
	
	
	
	
	87


[image: image52.png]



Table 16: Weight of Dogs after Induction of Diabetes according to Subgroups.
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	TREATMENT
	
	WEIGHT OF SUBJECTS (KG)
	
	

	GROUPS
	
	
	
	
	

	
	1
	2
	3
	4
	MEAN ± SD

	DGC
	3.9
	2.4
	5.1
	2.3
	3.4 ± 1.3

	DGL
	4.1
	2.5
	2.6
	5.0
	3.6 ± 1.2

	DGM
	4.2
	3.2
	4.0
	3.2
	3.7 ± 0.5

	DGH
	2.8
	4.2
	3.3
	4.7
	3.8 ± 0.9

	DGP
	3.1
	5.4
	2.2
	3.1
	3.5 ± 1.4
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The post- diabetic mean weight (kg) for DGC, DGL, DGM, DGH and DGP subgroups are shown in Table 16.

There was no statistically significant difference in the post- diabetic mean weight of the dogs in DGL, DGM, DGH and DGP subgroups compared with control as shown in Table 17.

Table 17: Comparison of Post-diabetic Mean Weight with Control Using ANOVA
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	0.30
	4
	0.07
	0.06
	0.99

	Within Groups
	18
	15
	1.2
	
	

	Total
	18
	19
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Table 18: Pre-alloxan and post-alloxan diabetic induction mean weight
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	Pre- alloxan diabetic induction weight
	Post- alloxan diabetic induction

	4.0
	3.9

	2.7
	2.4

	5.5
	5.1

	2.8
	2.3

	4.6
	4.1

	2.8
	2.5

	2.8
	2.6

	5.0
	5.0

	4.3
	4.2

	3.8
	3.2

	4.0
	4.0

	3.6
	3.2

	3.0
	2.8

	4.4
	4.2

	3.5
	3.3

	4.7
	4.7

	3.3
	3.1

	5.8
	5.4

	2.3
	2.2

	3.6
	3.1

	3.8 ± 0.9
	3.6 ± 0.9
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The pre-alloxan diabetic induction mean weight and post-alloxan diabetic induction mean weight are 3.8 ± 0.9 and 3.6 ± 0.9 respectively as shown in Table 18. The t-test showed that
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the pre-alloxan diabetic induction mean weight and post-alloxan diabetic induction mean weight differed significantly (p < 0.0001) at 0.05 level of significance (Fig 22).
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Figure 22: Mean, error bars graph of pre- diabetic weight compared with post – diabetic weight of the dogs.

***p < 0.0001: Significantly different from each other.
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4.2.4 FASTING BLOOD GLUCOSE CONCENTRATION OF THE DIABETIC DOGS.

Table 19: Pre and Post diabetic fasting blood glucose concentration

	Pre –diabetic FBG Concentration (mmol/l)
	Post -diabetic FBG Concentration (mmol/l)

	3.8
	16.1

	6.1
	14.9

	4.8
	15.1

	6.4
	15.5

	4.4
	11.8

	3.7
	14.1

	7.1
	16.0

	7.0
	16.1

	4.9
	15.1

	4.7
	14.6

	5.3
	13.4

	6.1
	12.3

	6.5
	16.8

	4.5
	16.1

	4.8
	14.9

	6.2
	16.6

	4.4
	15.2

	4.6
	12.7

	5.0
	12.9

	5.4
	13.6

	5.3 ± 1.0
	14.7 ± 1.5
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The pre-diabetic and the post-diabetic mean fasting blood glucose concentrations are shown in table 19.

The t-test showed that the pre-diabetic fasting blood glucose concentration mmol/L differed significantly with post -diabetic fasting blood glucose concentration (p < 0.0001) as shown in Fig 23.
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Figure 23: Mean error bars graph of pre- diabetic fasting blood glucose concentration compared with post-diabetic fasting blood glucose concentration

***p < 0.0001: Significantly different from each other.
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Table 20: Mean Fasting Blood Glucose Concentrations of the Diabetic Dogs according to Subgroups
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	TREATMENT
	FASTING BLOOD GLUCOSE LEVELS
	

	GROUPS
	
	(mmol/l)
	
	
	

	
	1
	2
	3
	4
	MEAN ± SD

	
	
	
	
	
	

	DGC
	16.1
	14.9
	15.1
	15.5
	15.4 ± 0.5

	DGL
	11.8
	14.1
	16.0
	16.1
	14.5 ± 2.0

	DGM
	15.1
	14.6
	13.4
	12.3
	13.9 ± 1.3

	DGH
	16.8
	16.1
	14.9
	16.6
	16.1 ± 0.8

	DGP
	15.2
	12.7
	12.9
	13.6
	13.6 ±1.1
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The mean fasting blood glucose in mmol/L (preprandial) of DGC, DGL, DGM, DGH and DGP subgroup are shown in Table 20.

There was no statistically significant difference in the mean fasting blood glucose concentrations of the dogs in DGL, DGM, DGH and DGP subgroups compared with control as shown in Table 21.

Table 21: Comparison of Diabetic Subgroups Mean Fasting Blood Concentrations with Control Using ANOVA.
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	17.7
	4
	4.42
	2.8
	0.06

	Within Groups
	23.9
	15
	1.59
	
	

	Total
	41.6
	19
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4.2.5 GASTRIC EMPTYING CURVE OF THE DIABETIC DOGS.
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Figure 24: Effect of doses of G. latifolium and metoclopramide on gastric emptying curve of diabetic dogs.

The ingestion of 100mg/kg (DGL) or 250mg/kg (DGM) or 500mg/kg (DGH) doses of G. latifolium by the dogs prolonged the gastric emptying time (Figure 24). Increase in the doses of G. latifolium ingested led to relative increase in gastric emptying time with respect to the placebo. Ingestion of 0.5mg/kg metoclopramide (DGP) decreased gastric emptying time.
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4.2.6 GASTRIC EMPTYING T50 (MINUTES) OF THE DIABETIC DOGS.

Table 22: Mean Gastric Emptying T50 of the Diabetic Dogs according to Subgroups.
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	TREATMENT
	
	T50 (MINUTES)
	
	

	GROUPS
	
	
	
	
	

	
	1
	2
	3
	4
	MEAN ± SD

	DGC
	140.0
	120.0
	150.0
	162.0
	143.0 ± 17.8

	DGL
	165.0
	171.0
	174.0
	169.0
	169.8 ± 3.8

	DGM
	224.0
	216.0
	232.0
	239.0
	227.8 ± 9.9

	DGH
	282.0
	270.0
	256.0
	237.0
	261.3 ± 19.3

	DGP
	105.0
	90.0
	113.0
	121.0
	107.3 ± 13.2
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The mean ± SD gastric emptying T50 (minutes) of DGL, DGM, DGH were separately longer than DGC while, the T50 of DGP was shorter than that of HGC as shown in Table 22.

There was a statistically significant difference in the mean gastric emptying T50 of subgroups compared with control as shown in Table 23.

Table 23: Comparison of Diabetic Subgroups Mean Gastric Emptying T50 with Control Using ANOVA.
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	62530
	4
	15630
	79.9
	< 0.0001

	Within Groups
	2935
	15
	195.7
	
	

	Total
	65460
	19
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There was a statistically significant difference in the mean gastric emptying T50 of the dogs in DGM, DGH and DGP subgroups with control respectively as shown in Fig 25. However, there was no statistically significant difference in the mean gastric emptying T50 of the dogs in DGL subgroup with control respectively as shown in fig 25.
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One way analysis of variance (ANOVA) post trend test showed that the effect of G. latifolium on T50 of diabetic dogs was significantly dose dependent(p < 0.0001) at 0.05 level of significance. Pearson correlation showed a significant positive correlation between dose and T50(r = 0.94, p < 0.0001). Both test showed that the T50 of diabetic dogs was significantly dose dependent.
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Figure 25: Bar graph showing differences in diabetic group T50 compared with control and dose trend of G. latiolium.

ns (p > 0.05): value not significantly different from control group

**p < 0.001: Significantly different from control group.

***p < 0.0001: Significantly different from control group.
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4.2.7  TEST OF HYPOTHESIS 2.

HYPOTHESIS 2:

(Ho)2: The methanolic extracts G. latifolium leaves have no significant effect on gastric emptying in diabetic dogs.

(H1)2: The methanolic extracts G. latifolium leaves have significant effect on gastric emptying in diabetic dogs.

The ANOVA test for hypothesis 2 summary is shown in table 24 below. The Anova test yielded a significant p value of p < 0.0001. Therefore, the null hypothesis is rejected and the alternative which state that the methanolic extracts G. latifolium leaves have significant effect on gastric emptying in diabetic dogs is accepted.

	Table 24: Summary of ANOVA Test of Hypothesis 2
	
	

	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	34740
	3
	11580
	57.65
	P < 0.0001

	Within Groups
	2410
	12
	200.9
	
	

	Total
	37150
	15
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4.3 BLOOD GLUCOSE RESPONSE DURING THE GASTRIC EMPTYING STUDY IN HEALTHY DOGS

4.3.1  INCREMENTAL BLOOD GLUCOSE CURVE OF THE HEALTHY DOGS
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Figure 26: Effect of doses of G latifolium and metoclopramide on incremental postprandial blood glucose concentration (mmol/l) curve of the healthy dogs.

Figure 26 show that the ingestion of 100mg/kg (HGL), 250mg/kg (HGM) and 500mg/kg (HGH) doses of Gongronema latifolium by the dogs relatively lowered their incremental blood glucose concentration curves with respect to the placebo control (HGC). While, the ingestion of 0.5mg/kg of metoclopramide (HGP) raised its incremental blood glucose concentration curve.
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4.3.2
INCREMENTAL POSTPRANDIAL BLOOD GLUCOSE CONCENTRATIONS OF THE HEALTHY DOGS

Table 25: Mean AUC of Incremental Postprandial Blood Glucose levels of the Healthy Dogs according to Subgroups.
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	TREATMENT
	AUC OF INCREMENTAL POSTPRANDIAL
	
	

	GROUPS
	BLOOD GLUCOSE LEVELS (mmol/l x
	
	

	
	
	minutes)
	
	
	MEAN ± SD

	
	
	
	
	
	

	
	1
	2
	3
	4
	
	

	HGC
	732
	1051
	1174
	1153
	1028.6
	± 204.2

	HGL
	943.5
	885.8
	939.8
	983.3
	938.1
	± 40.0

	HGM
	421.4
	645.8
	625.3
	543.8
	559.1 ± 101.8

	HGH
	195.0
	166.1
	280.3
	252.6
	223.5
	± 52.2

	HGP
	1433
	1493
	1507
	1271
	1426 ± 108.2
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The mean ± SD AUC of postprandial blood glucose concentration (mmol/Lx minutes) of the healthy dogs for HGC, HGL, HGM, HGH and HGP treatment subgroups respectively are shown in table 25.

There was a statistically significant difference in the mean incremental blood glucose concentration AUC (mmol/L) of the dogs in HGL, HGM, HGH and HGP subgroups compared with control as shown in Table 26.
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Table 26: Comparison of Healthy Subgroups Mean Incremental Postprandial Blood Glucose levels AUC with Control Using ANOVA.
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	3388000
	4
	847000
	62.2
	< 0.0001

	Within Groups
	204300
	15
	13620
	
	

	Total
	3592000
	19
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There was a statistically significant difference in the mean incremental blood glucose concentration (mmol/L) AUC of the dogs in HGM, HGH and HGP subgroups with control respectively as shown in fig 21. However, there was no statistically significant difference in the mean AUC of incremental blood glucose concentration (mmol/L) of the dogs in HGL subgroup with control respectively as shown in fig 27.

One way analysis of variance (ANOVA) post trend test showed that the effect of G. latifolium on AUC of incremental blood glucose concentration of healthy dogs was significantly dose- dependent (p < 0.0001) at 0.05 level of significance. Pearson correlation showed a significant negative correlation between dose and AUC (r = - 0.94, p < 0.0001). Both test showed that the AUC of healthy dogs was significantly dose- dependent.
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Figure 27: Scatter plot graph showing differences in healthy group incremental postprandial blood glucose levels AUC compared with control and dose trend of G. latifolium.

ns (p > 0.05): value not significantly different from control group

***p < 0.0001: Significantly different from control group.
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4.3.3 TEST OF HYPOTHESIS 3

HYPOTHESIS 3:

(Ho)3: The hypoglycaemic effect of methanolic extracts of G. latifolium leaves have no significant relationship with gastric emptying in healthy dogs.

(H1)3: The hypoglycaemic effect of methanolic extracts of G. latifolium leaves have significant relationship with gastric emptying in healthy dogs.

The AUC of blood glucose concentrations and T50 of healthy dogs that ingested G. latifolium are shown in table 27.

Table 27: AUC of blood glucose concentrations and T50 of the healthy dogs that ingested G. latifolium.
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	139.0
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Figure 28 shows a very strong negative linear relationship (correlation) was noted between the gastric emptying T50 and AUC of blood glucose concentration of the G. latifolium treated healthy dogs(r = - 0.95, p < 0.0001).
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Figure 28: Scatter plot showing a strong negative linear relationship between T50 and AUC of postprandial blood glucose concentration (mmol/L) in healthy dogs that ingested G. latifolium.

***p < 0.0001

The Pearson correlation test for hypothesis 3 yielded a significant p value of p < 0.0001 therefore, the null hypothesis is rejected and the alternative which state that the hypoglycaemic effect of methanolic extracts of G. latifolium leaves have significant relationship with gastric emptying in healthy dogs is accepted.
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4.3.4 PEAK INCREMENTAL POSTPRANDIAL BLOOD GLUCOSE CONCENTRATIONS OF THE HEALTHY DOGS

Table 28: Mean Peak Incremental Postprandial Blood Glucose levels of the Healthy Dogs according to Subgroups.
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	TREATMENT
	PEAK
	INCREMENTAL
	POSTPRANDIAL
	

	GROUPS
	BLOOD GLUCOSE LEVELS (mmol/l)
	
	

	
	1
	2
	3
	4
	MEAN ± SD

	
	
	
	
	
	

	HGC
	4.2
	4.3
	4.8
	7.0
	5.1 ± 1.3

	HGL
	4.5
	4.2
	4.1
	4.7
	4.4 ± 0.3

	HGM
	3.3
	0.5
	1.2
	3.2
	2.0 ± 1.4

	HGH
	2.5
	0.4
	0.7
	3.2
	1.7 ± 1.4

	HGP
	6.7
	5.5
	5.3
	5.6
	5.8 ± 0.6
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The mean peak ± SD (mmol/L) of postprandial blood glucose concentration of the healthy dogs for HGC, HGL, HGM, HGH and HGP treatment subgroups respectively are shown in table 28.

There was a statistically significant difference in the mean peak (mmol/L) of postprandial blood glucose concentration of the dogs in HGL, HGM, HGH and HGP subgroups compared with control as shown in Table 29.

Table 29: Comparison of Healthy Subgroups Mean Peak Incremental Postprandial Blood Glucose levels with Control Using ANOVA.
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	53.32
	4
	13.33
	11.0
	0.0002

	Within Groups
	18.15
	15
	1.21
	
	

	Total
	71.47
	19
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There was a statistically significant difference in the mean peak incremental blood glucose concentration (mmol/L) of the dogs in HGM and HGH subgroups with control respectively as shown in fig 29. However, there was no statistically significant difference in the mean peak incremental blood glucose concentration (mmol/L) of the dogs in HGL and HGP subgroups with control respectively as shown in fig 29.

One way analysis of variance (ANOVA) post trend test that the effect of G. latifolium on peak incremental blood glucose concentrations of healthy dogs is dose dependent(p = 0.0005) at 0.05 level of significance. Pearson correlation showed a significant negative moderate correlation between dose and Peak (r = - 0.75, p = 0.0008). Both test showed that the peak incremental blood glucose concentrations of healthy dogs dose dependent.
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Figure 29: Bar graph showing differences in healthy group incremental postprandial

blood glucose levels peak compared with control and dose trend of G. latifolium.

ns (p > 0.05): value not significantly different from control group

**p < 0.001: Significantly different from control group.
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The peak of blood glucose concentrations and T50 of healthy dogs that ingested G. latifolium are shown in table 30.

Table 30: Peak incremental blood glucose concentrations and T50 of the healthy dogs that ingested G. latifolium.
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A negative linear relationship was noted between the gastric emptying T50 and Peak blood glucose (r = - 0.63, p = 0.028) at 0.05 level (Fig 30). The Pearson correlation yielded a significant p value of p < 0.028 respectively.
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Figure 30: Scatter plot showing a negative linear relationship between T50 and Peak postprandial blood glucose concentration (mmol/L) in healthy groups that ingested G. latifolium.

* p < 0.05.
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4.4 BLOOD GLUCOSE RESPONSE DURING THE GASTRIC EMPTYING STUDY IN DIABETIC DOGS

4.4.1  INCREMENTAL BLOOD GLUCOSE CURVE OF THE DIABETIC DOGS
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Figure 31: Effect of doses of G latifolium and metoclopramide on incremental postprandial blood glucose concentration (mmol/l) curve of the diabetic dogs.

Figure 31 shows that the ingestion of 100mg/kg (DGL), 250mg/kg (DGM) and 500mg/kg (DGH) doses of G. latifolium by the dogs lowered relatively their incremental blood glucose concentration curves with respect to the placebo control (DGC). While, the dogs’ ingestion of 0.5mg/kg of metoclopramide (DGP) raised its incremental blood glucose concentration curve.
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4.4.2 INCREMENTAL POSTPRANDIAL BLOOD GLUCOSE CONCENTRATIONS OF THE DIABETIC DOGS

Table 31: Mean AUC of Incremental Postprandial Blood Glucose levels of the Diabetic Dogs according to Subgroups.
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	TREATMENT
	AUC OF INCREMENTAL POSTPRANDIAL
	

	GROUPS
	BLOOD GLUCOSE LEVELS (mmol/l x minutes)
	

	
	1
	2
	3
	4
	MEAN ± SD

	
	
	
	
	
	

	DGC
	3248.0
	3600
	3677
	3285
	3453 ± 217.6

	DGL
	3918
	3603
	2661
	3246
	3357 ± 539.1

	DGM
	1434
	1754
	1964
	2468
	1905 ± 434.0

	DGH
	285
	184
	828
	244
	385.3 ± 298.1

	DGP
	6052
	6790
	6656
	6440
	6485 ± 322.4
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The mean ± SD AUC of postprandial blood glucose concentration (mmol/Lx minutes) of the diabetic dogs for DGC, DGL, DGM, DGH and DGP treatment subgroups respectively are shown in Table 31.

.

There was a statistically significant difference concentration AUC (mmol/L) of the dogs in compared with control as shown in Table 32.



in the mean incremental blood glucose DGL, DGM, DGH and DGP subgroups
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Table 32: Comparison of Diabetic Subgroups Mean Incremental Postprandial Blood Glucose levels AUC with Control Using ANOVA.
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	81770000
	4
	20440000
	142.1
	< 0.0001

	Within Groups
	2157000
	15
	143800
	
	

	Total
	83920000
	19
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There was a statistically significant difference in the mean incremental blood glucose concentration (mmol/L) AUC of the dogs in DGM, DGH and DGP subgroups with control respectively as shown in fig 32. However, there was no statistically significant difference in the mean AUC of incremental blood glucose concentration (mmol/L) of the dogs in DGL subgroup with control respectively as shown in fig 32.

One way analysis of variance (ANOVA) post trend test showed that the effect of G. latifolium on AUC of incremental blood glucose concentrations of diabetic dogs was significantly dose dependent(p < 0.0001) at 0.05 level of significance (Fig 32). Pearson correlation showed a significant negative strong correlation between dose and AUC of incremental blood glucose (r = - 0.95, p < 0.0001). Both test showed that the peak incremental blood glucose concentrations of diabetic dogs was significantly dose dependent.
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Figure 32: Scatter plot graph showing differences in diabetic group incremental postprandial blood glucose levels AUC compared with control and dose trend of G. latifolium.

ns (p > 0.05): value not significantly different from control group

***p < 0.0001: Significantly different from control group.

4.4.3 TEST OF HYPOTHESIS 4

HYPOTHESIS 4:

(Ho)4: The hypoglycaemic effect of methanolic extracts of G. latifolium leaves have no significant relationship with gastric emptying in diabetic dogs.
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(H1)4: The hypoglycaemic effect of methanolic extracts of G. latifolium leaves have significant relationship with gastric emptying in diabetic dogs.

The AUC of blood concentrations and T50 values of the diabetic dogs that ingested G.

latifolium is shown in table 33.

Table 33: AUC of blood glucose concentrations and T50 of the diabetic dogs that ingested G. latifolium.
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A strong negative correlation exist between the gastric emptying T50 and AUC blood glucose concentration of the G. latifolium ingested dogs(r =- 0.90, p < 0.0001) at 0.05 level (Fig 33).
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Figure 33: Scatter plot showing a strong negative linear relationship between T50 and AUC of postprandial blood glucose concentration (mmol/L) in diabetic dogs that ingested G. latifolium.

***p < 0.0001

Therefore, the null hypothesis is rejected and the alternative which state that the hypoglycaemic effect of methanolic extracts of G. latifolium leaves have significant relationship with gastric emptying in diabetic dogs is accepted.
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4.4.4 PEAK INCREMENTAL POSTPRANDIAL BLOOD GLUCOSE CONCENTRATIONS OF THE DIABETIC DOGS

Table 34: Mean Peak Incremental Postprandial Blood Glucose levels of the Diabetic Dogs according to Subgroups.

[image: image133.png]



	TREATMENT
	PEAK INCREMENTAL POSTPRANDIAL
	

	GROUPS
	BLOOD GLUCOSE LEVELS (mmol/l)
	
	

	
	1
	2
	3
	4
	MEAN ± SD

	
	
	
	
	
	

	DGC
	13
	12
	15
	13
	13.2 ± 1.2

	DGL
	13
	13
	10
	11
	11.7 ± 1.5

	DGM
	6.5
	8.0
	8.6
	8.7
	7.9 ± 1.0

	DGH
	1.1
	0.3
	3.1
	1.2
	1.4 ± 1.2

	DGP
	18
	21
	21
	20
	20.0 ± 1.4
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The mean ± SD Peak of postprandial blood glucose concentration (mmol/L) of the DGC, DGL, DGM, DGH and DGP are shown in Table 34.

There was a statistically significant difference in the mean peak (mmol/L) of postprandial blood glucose concentration of the dogs in DGL, DGM, DGH and DGP subgroups compared with control as shown in Table 35.

Table 35: Comparison of Diabetic Subgroups Mean Peak Incremental Postprandial Blood Glucose levels with Control Using ANOVA.
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	750.1
	4
	187.5
	113.3
	< 0.0001

	Within Groups
	24.82
	15
	1.65
	
	

	Total
	774.9
	19
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There was a statistically significant difference in the mean peak incremental blood glucose concentration (mmol/L) of the dogs in DGM, DGH and DGP subgroups with control respectively as shown in fig 34. However, there was no statistically significant difference in the mean peak incremental blood glucose concentration (mmol/L) of the dogs in DGL subgroup with control respectively as shown in fig 34.

One way analysis of variance (ANOVA) post trend test showed that the effect of G. latifolium on peak incremental blood glucose concentrations of diabetic dogs was dose dependent (p < 0.0001) at 0.05 level of significance (fig 34). Pearson correlation showed a significant negative strong correlation between dose and Peak (r = - 0.97, p < 0.0001). Both test showed that the peak incremental blood glucose concentrations of diabetic dogs was dose dependent.
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Figure 34: Mean error bars graph showing differences in diabetic group incremental postprandial blood glucose levels peak compared with control and dose trend of G. latifolium.

ns (p > 0.05): value not significantly different from control group

***p < 0.0001: Significantly different from control group.
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The peak of blood glucose concentrations and T50 of diabetic dogs that ingested G. latifolium are shown in table 36.

Table 36: Peak incremental blood glucose concentrations and T50 of the diabetic dogs that ingested G. latifolium.

	BG peak
	T50

	13.0
	165.0

	13.0
	171.0

	10.0
	174.0

	11.0
	169.0

	6.5
	224.0

	8.0
	216.0

	8.6
	232.0

	8.7
	239.0

	1.1
	282.0

	0.3
	270.0

	3.1
	256.0

	1.2
	237.0
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The peak postprandial blood glucose concentrations and T50 values of the diabetic dogs that ingested G. latifolium is shown in table 36. A strong negative correlation exist between the gastric emptying T50 and Peak blood glucose concentration of the G. latifolium ingested dogs (r = - 0.89, p = < 0.0001) at 0.05 level.
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Figure 35: Scatter plot showing a strong negative linear relationship between T50 and Peak postprandial blood glucose concentration (mmol/L) in diabetic groups that ingested G. latifolium.

***p < 0.0001

4.5  GASTRIC EMPTYING STUDY IN GASTROPARETIC DOGS.

4.5.1 SEX OF THE GASTROPARETIC DOGS.

Table 37: Sex Distribution of the Gastroparetic Dogs.
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	Sex
	Frequency
	Percentage

	Male
	17
	85

	Female
	3
	15


	Total
	20
	100


85 % of the dogs used for the gastroparetic group study were male as shown in table 8.
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4.5.2 AGE OF THE GASTROPARETIC DOGS.

Table 38: Mean Age of the Gastroparetic Dogs according to Subgroups
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	TREATMENT
	
	AGE OF SUBJECTS (MONTHS)
	
	

	GROUPS
	
	
	
	
	

	
	1
	2
	3
	4
	MEAN ± SD

	GGC
	6.5
	7.0
	5.8
	6.0
	6.3 ± 0.5

	GGL
	6.0
	6.0
	5.5
	6.0
	5.9 ± 0.2

	GGM
	6.5
	7.5
	7.5
	7.0
	7.1 ± 0.5

	GGH
	7.0
	6.0
	5.0
	7.5
	6.4 ± 1.1

	GGP
	5.0
	5.0
	6.0
	7.0
	5.8 ± 0.9
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The mean age ± SD (months) of the gastroparetic dogs for GGC,GGL, GGM, GGH and GGP treatment subgroups respectively are shown in table 38.

There was no statistically significant difference in the mean age of the dogs in HGL, HGM, HGH and HGP subgroups compared with control as shown in Table 39.

Table 39: Comparison of Gastroparetic Subgroups Mean Age with Control Using

ANOVA.
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	4.68
	4
	1.17
	2.14
	0.12

	Within Groups
	8.18
	15
	0.54
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	Total
	12.86  19
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4.5.3 WEIGHT OF THE GASTROPARETIC DOGS.

Table 40: Mean Weight of the Gastroparetic Dogs according to Subgroups.
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	TREATMENT
	
	WEIGHT OF SUBJECTS (KG)
	
	

	GROUPS
	
	
	
	
	

	
	1
	2
	3
	4
	MEAN ± SD

	GGC
	5.9
	6.8
	5.6
	6.5
	6.2 ± 0.5

	GGL
	5.4
	6.6
	6.0
	5.7
	5.9 ± 0.5

	GGM
	5.5
	5.5
	6.9
	5.8
	5.9 ± 0.7

	GGH
	5.6
	5.8
	6.5
	6.5
	6.1 ± 0.5

	GGP
	5.2
	5.3
	7.0
	7.0
	6.1 ± 1.0
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Table 40 shows the mean weight ± SD (kg) of the GGC, GGL, GGM, GGH and GGP subgroups.

There was no statistically significant difference in the mean weight of the dogs in GGL, GGM, GGH and GGP subgroups compared with control as shown in Table 41.

Table 41: Comparison of Gastroparetic Subgroups Mean Weight with Control Using

ANOVA.
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	0.25
	4
	0.06
	0.14
	0.96

	Within Groups
	6.74
	15
	0.45
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	Total
	6.99
	19
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4.5.4 FASTING BLOOD GLUCOSE CONCENTRATIONS OF THE GASTROPARETIC DOGS.

Table 42: Mean Fasting Blood Glucose Concentrations of the Gastroparetic Dogs according to Subgroups.
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	TREATMENT
	FASTING BLOOD GLUCOSE LEVELS (mmol/l)
	

	GROUPS
	
	
	
	
	

	
	1
	2
	3
	4
	MEAN ± SD

	GGC
	5.0
	4.0
	4.1
	3.5
	4.2 ± 0.6

	GGL
	4.0
	5.5
	5.1
	5.0
	4.9 ± 0.6

	GGM
	3.5
	3.8
	4.0
	5.0
	4.1 ± 0.6

	GGH
	3.9
	3.5
	3.5
	4.5
	3.9 ± 0.5

	GGP
	3.8
	4.2
	5.1
	3.5
	4.2 ± 0.7
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The mean fasting blood glucose (mmol/L) of the GGC, GGL, GGM, GGH and GGP respectively are shown in Table 42.

There was no statistically significant difference in the mean fasting blood glucose concentrations of the dogs in GGL, GGM, GGH and GGP subgroups compared with control as shown in Table 43.

Table 43: Comparison of Gastroparetic Subgroups Mean Fasting Blood Concentrations with Control Using ANOVA.
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	2.5
	4
	0.63
	1.6
	0.22

	Within Groups
	5.8
	15
	0.39
	
	

	Total
	8.3
	19
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4.5.5
GASTRIC EMPTYING CURVE OF THE GASTROPARETIC DOGS.
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Figure 36: Effect of doses of G. latifolium and metoclopramide on gastric emptying curve in gastroparetic dogs

The ingestion of 100mg/kg (GGL), 250mg/kg (GGM) and 500mg/kg (GGH) doses of gongronema latifolium did not alter the gastric emptying curve compared to the placebo control (GGC) curve respectively (Fig 36). While ingestion of 0.5mg/kg of metoclopramide (GGP) sighhtly altered the GE curve relative to the placebo control (GGC) curve.
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4.5.6  EFFECT OF TREATMENT INTERVENTIONS ON GASTRIC EMPTYING

T50 (MINUTES) OF THE GASTROPARETIC DOGS.

Table 44: Mean Gastric Emptying T50 of the Gastroparetic Dogs according to Subgroups.
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	TREATMENT
	
	T50 (MINUTES)
	
	

	GROUPS
	
	
	
	
	

	
	1
	2
	3
	4
	MEAN ± SD

	GGC
	272.0
	288.0
	252.0
	254.0
	266.5 ± 16.9

	GGL
	270.0
	224.0
	262.0
	256.0
	253.0 ± 20.2

	GGM
	258.0
	266.0
	251.0
	233.0
	252.0 ± 14.1

	GGH
	270.0
	269.0
	236.0
	274.0
	262.3 ± 17.6

	GGP
	227.0
	219.0
	220.0
	238.0
	226.0 ± 8.7
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The mean ± SD gastric emptying T50 (minutes) of the GGC, GGL, GGM, GGH and GGP are shown in Table 44.

There was a statistically significant difference in the mean gastric emptying T50 of the dogs in GGL, GGM, GGH and GGP subgroups compared with control as shown in Table 45.

Table 45: Comparison of Gastroparetic Subgroups Mean Gastric Emptying T50 with Control Using ANOVA.

[image: image158.png]



	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	3969
	4
	992.3
	3.8
	0.02

	Within Groups
	3836
	15
	255.7
	
	

	Total
	7805
	19
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There was a statistically significant difference in the mean gastric emptying T50 of the dogs in GGP subgroup with control as shown in fig 37.

However, there was no statistically significant difference in the mean gastric emptying T50 of the dogs in GGL, GGM and GGH subgroups with control respectively as shown in fig 37.
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Figure 37: Bar graph showing differences in healthy group T50 compared with control

ns (p > 0.05): value not significantly different from control group

**p < 0.001: Significantly different from control group.

4.5.7 TEST OF HYPOTHESIS 5.

HYPOTHESIS 5:

(Ho)5: The methanolic extracts of G. latifolium leaves have no significant effect on gastric emptying in gastroparetic dogs.

(H1)5: The methanolic extracts of G. latifolium leaves have significant effect on gastric emptying in gastroparetic dogs.
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Table 46: Summary of Anova test of hypothesis 5
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	602.2
	3
	200.7
	0.67
	0.59

	Within Groups
	3606
	12
	300.5
	
	

	Total
	4208
	15
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The ANOVA test for hypothesis 5 summary is shown in table 10 above. The Anova test yielded an insignificant p value of p = 0.59. Therefore, the null hypothesis which state that the methanolic extracts of G. latifolium leaves have no significant effect on gastric emptying in gastroparetic dogs is accepted.
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4.5.8 BLOOD GLUCOSE RESPONSE DURING THE GASTRIC EMPTYING STUDY IN GASTROPARETIC DOGS

[image: image163.png]



	
	10
	
	
	
	

	(mmol/L)
	8
	
	
	
	

	
	6
	
	
	
	

	concentration
	
	
	
	
	

	
	4
	
	
	
	

	bloodglucose
	
	
	
	
	

	
	2
	
	
	
	

	
	
	
	
	
	

	incremental
	0
	
	
	
	

	
	0
	100
	200
	300
	400

	
	
	
	
	
	

	
	
	
	Time (mins)
	
	




[image: image17.png]


 GGC

[image: image18.png]


 GGL

[image: image19.png]


 GGM

[image: image20.png]


 GGH

[image: image21.png]


 GGP

Figure 38: Effect of doses of G latifolium and metoclopramide on incremental postprandial blood glucose concentration (mmol/l) curve of the gastroparetic dogs.

The ingestion of 100mg/kg (GGL), 250mg/kg (GGM) and 500mg/kg (GGH) G. latifolium slightly lowered the incremental blood glucose concentration curve with respect to the GGC curve. While, metoclopramide (GGP) raised the curve with reference to the placebo control curve. However, the curve of different doses of G. latifolium did not differ with the control curve (Fig 38).
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4.5.9 INCREMENTAL POSTPRANDIAL BLOOD GLUCOSE CONCENTRATIONS OF THE GASTROPARETIC DOGS

Table 47: Mean AUC of Incremental Postprandial Blood Glucose levels of the Gastroparetic Dogs according to Subgroups.
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	TREATMENT
	AUC OF INCREMENTAL POSTPRANDIAL
	

	GROUPS
	BLOOD GLUCOSE LEVELS (mmol/l x minutes)
	

	
	1
	2
	3
	4
	MEAN ± SD

	
	
	
	
	
	

	GGC
	795
	1243
	1139
	1152
	1082 ± 197.0

	GGL
	1074
	774
	753
	542
	785.8 ± 218.9

	GGM
	1025
	822
	896
	557
	825 ± 197.4

	GGH
	776
	962.0
	843
	864
	861.3 ± 76.9

	GGP
	2777
	2585
	753
	2588
	2176 ± 952.7
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The mean ± SD AUC of postprandial blood glucose concentration (mmol/Lx minutes) of the

gastroparetic dogs for GGC, GGL, GGM, GGH and GGP treatment subgroups respectively

are shown in Table 47..

.

There was a statistically significant difference in the mean incremental blood glucose concentration AUC (mmol/L) of the dogs in GGL, GGM, GGH and GGP subgroups compared with control as shown in Table 48.

Table 48: Comparison of Gastroparetic Subgroups Mean Incremental Postprandial Blood Glucose levels AUC with Control Using ANOVA.
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	ANOVA Table
	SS
	df
	MS
	F
	P value

	Between Groups
	5513000
	4
	1378000
	6.6
	0.002

	Within Groups
	3118000
	15
	207900
	
	

	Total
	8631000
	19
	
	
	


[image: image167.png]



126

There was a statistically significant difference in the mean incremental blood glucose concentration AUC (mmol/L) of the dogs in GGP subgroup with control as shown in fig 39.

However, there was no statistically significant difference in the mean incremental blood glucose concentration AUC (mmol/L) of the dogs in GGL, GGM and GGH subgroups with control respectively as shown in fig 39.
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Figure 39: Scatter plot graph showing differences in gastroparetic group incremental postprandial blood glucose levels AUC compared with control ns (p > 0.05): value not significantly different from control group

* p < 0.05: Significantly different from control group.
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The AUC of blood concentrations and T50 values of the gastroparetic dogs that ingested G.

latifolium is shown in table 49.

Table 49: AUC of blood glucose concentrations and T50 of the gastroparetic dogs that ingested G. latifolium.
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No significant correlation exist between gastric emptying T50 and AUC of the blood glucose concentration of the G. latifolium treated gastroparetic dogs (r = 0.42, p = 0.178) at 0.05 level (Fig 40).
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Figure 40: Scatter plot showing a strong negative linear relationship between T50 and AUC of postprandial blood glucose concentration (mmol/L) in gastroparetic dogs that ingested G. latifolium.

*p > 0.05
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4.5.10 PEAK INCREMENTAL POSTPRANDIAL BLOOD GLUCOSE CONCENTRATIONS OF THE GASTROPARETIC DOGS

Table 50: Mean Peak Incremental Postprandial Blood Glucose levels of the Gastroparetic Dogs according to Subgroups.


	TREATMENT
	PEAK INCREMENTAL POSTPRANDIAL
	

	GROUPS
	BLOOD GLUCOSE LEVELS (mmol/l)
	
	

	
	1
	2
	3
	4
	MEAN ± SD

	
	
	
	
	
	

	GGC
	5.0
	6.6
	6.0
	6.7
	6.1 ±0.8

	GGL
	6.8
	6.3
	6.1
	4.5
	5.9±0.9

	GGM
	6.5
	5.9
	6.4
	5.5
	6.1 ±0.5

	GGH
	6.1
	6.4
	6.5
	6.1
	6.3 ± 0.2

	GGP
	9.2
	8.6
	6.1
	9.0
	8.2 ±1.4



The mean ± SD peak of postprandial blood glucose concentration of GGC, GGL, GGM, GGH and GGP are shown in table 50.

There was a statistically significant difference in the mean peak (mmol/L) of postprandial blood glucose concentration of the dogs in GGL, GGM, GGH and GGP subgroups compared with control as shown in Table 51.

Table 51: Comparison of Gastroparetic Subgroups Mean Peak Incremental Postprandial Blood Glucose levels with Control Using ANOVA.


	ANOVA Table
	SS
	df
	MS
	F
	P value

	
	
	
	
	
	

	Between Groups
	14.87
	4
	3.72
	4.7
	0.01

	Within Groups
	11.78
	15
	0.78
	
	

	Total
	26.65
	19
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There was no statistically significant difference in the mean peak incremental blood glucose concentration (mmol/L) of the dogs in GGL, GGM and GGH subgroups with control respectively as shown in fig 41. However, there was a statistically significant difference in the mean peak incremental blood glucose concentration (mmol/L) of the dogs in GGP subgroup with control as shown in fig 41.
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Figure 41: Mean error bars graph showing differences in gastroparetic group incremental postprandial blood glucose levels peak compared with control ns (p > 0.05): value not significantly different from control group

* p < 0.05: Significantly different from control group.
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The peak of blood glucose concentrations and T50 of diabetic dogs that ingested G. latifolium are shown in table 52.

Table 52: Peak incremental blood glucose concentrations and T50 of the gastroparetic dogs that ingested G. latifolium.


	Peak
	T50

	6.8
	270.

	6.3
	224.

	6.1
	262.

	4.5
	256.

	6.5
	258.

	5.9
	266.

	6.4
	251.

	5.5
	233.

	6.1
	270.

	6.4
	269.

	6.5
	236.

	6.1
	274.
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No significant correlation exist between gastric emptying T50 and Peak of the blood glucose concentration of the G. latifolium treated dogs (r = 0.095, p = 0.77) at 0.05 level (Fig 42).
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Figure 42: Scatter plot showing a weak negative linear relationship between T50 and peak postprandial blood glucose concentration (mmol/L) in gastroparetic groups that ingested G. latifolium.

*p > 0.05
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CHAPTER FIVE

DISCUSSIONS, CONCLUSION AND RECOMMENDATION 5.1 DISCUSSION

5.1.1 EFFECT OF G.LATIFOLIUM ON GASTRIC EMPTYING IN HEATHY AND DIABETIC DOGS

Gongronema latifolium (Asclepiadaceae), an edible tropical rainforest plant commonly called ‘utazi’ and ‘arokeke’ in the south eastern and western part of Nigeria respectively, have been traditionally used as a spice /staple vegetable by some African cultures to boost pancreatic function and in the treatment and management of diabetics (Ugochukwu et al., 2003; Oshinubi et al., 2006). Consequent upon the reported beneficial effect of G. latifolium and its complex chemical profile, the mechanism(s) of action of the extract of G. latifolium seems to be poorly understood and investigated. Interventions that reduce postprandial hyperglycemia by modulating the rate of gastric emptying have the potential to become mainstream therapies in the treatment of diabetes (Rayner et al., 2001; Horowitz et al., 2002). But, none of the relatively scanty information available on G. latifolium mechanism(s) of action relates to gastric emptying in spite of its relationship with glycaemic control.

Gastric emptying is a major determinant of postprandial glycaemic excursions in healthy subjects as well as in type 1 and type 2 diabetic patients (Horowitz et al., 2002). The process can be influenced by a variety of physiological, pathological, pharmacological and dietary factors (Schmitz and Neiger, 2009). Treatment with insulin and other hypoglycaemic agents can increase gastric emptying in patients and animals with diabetes (Matsuda et al., 1999). However, the effect of G. latifolium used as dietary and pharmacological agents for the control of postprandial blood glucose excursions on gastric emptying has not been investigated. It is uncertain if any possible effect of G. latifolium on gastric emptying in healthy and/or diabetic individuals is dose-dependent.

One of the objectives of the study was to investigate with the use of ultrasonography possible effect of the ingestion of the methanolic extract of G. latifolium leaves on gastric emptying in healthy and diabetic dogs. Two hypotheses were tested in order to explore this objective. The first hypothesis examined state that the methanolic extracts of G. latifolium leaves have no significant effect on gastric emptying in healthy dogs. While the second hypothesis state that
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the methanolic extracts of G. latifolium leaves have no significant effect on gastric emptying in diabetic dogs.

The GE in minutes in healthy dogs were 135.5 ± 3.7,155.5 ± 3.9, 198 ± 5.3 and 59 ± 2.5 for low dose , moderate dose , high dose and prokinetic dose respectively whereas for the diabetic dogs the values were 169.8 ± 3.8; 227.8 ± 9.9 , 261.3 ± 19.3 and 107.3 ± 13.2 respectively. The values for the control that received the placebo were 126.6 ± 8.2 for the healthy and 143.0 ± 17.8 for the diabetics. The test of the hypotheses also showed that the methanolic extracts of G. latifolium leaves have significant effect (p < 0.0001) on gastric emptying in healthy dogs and diabetic dogs respectively. In both the healthy and diabetic dogs treated with G. latifolium the GE values were significantly longer (p < 0.0001) compared with the placebo groups for only moderate and high doses. There was no significant (p > 0.05) difference between the low dose and control in health and diabetics. The prokinetic groups GE were significantly shorter in healthy (p < 0.0001) and diabetics (p

0.001) compared with their placebo controls. To the best of my knowledge there is no information on the effect of G. latifolium on gastric emptying in healthy and diabetic animal/human. However, gastric emptying is linearly associated with changes in the antral area (McLellan et al., 2004; Bolondi et al., 1985; Darwiche et al., 2003a) while wide antrum is associated with delayed gastric emptying (Chiloiro et al, 1999). In this study the antrum of the G. latifolium treated dogs remained large for a prolonged time after the occurrence of maximal antral dilatation than the placebo leading to increased postprandial antral area in the healthy and diabetic dogs. And a small reduction in antral area and possibily antral motility after the meal in G. latifolium treated dogs when compared with placebo. The increased antral distention by ingested food following G. latifolium treatment is a sign of its delayed gastric emptying effect. This is consistent with works which associated substances that slow GE with a relative increase in the content of the distal stomach (Little et al, 2006; Gentilcore et al, 2006) and inhibition of antral motility (Schirra et al, 2000). G. latifolium may have decrease the residence of gastric contents in the proximal stomach and increased distribution to the distal stomach. Since increased accumulation of ingested food in the distal stomach could either be the result of absence or reduced proximal gastric relaxation, by increased distal gastric accommodation or by a combination of the two (Troncon et al, 1994).
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The delayed effect of G. latifolium on gastric emptying noted in these studies is also similar to the findings with Gymnema sylvestre, another Asclepiadaceae family plant like G. latifolium (Chattopadhyay et al, 1993; Chattopadhyay, 1998; 1999) on gastric emptying (Sharma, 1986; Madar et al., 1988; Madar 1984; Matsuda et al., 1998a; 1998b). In contrast is the effects of metoclopramide, a prokinetic agent (Takeda et al., 2001; Washabau, 2003; Schmitz and Neiger, 2009; Drenth and Engels, 1992) used alongside with G. latifolium in these studies so that their effects could be compared to placebo control. The gastric emptying of the metoclopramide treated dogs were shorter and significant (p < 0.05) when compared with placebo control in the healthy (p < 0.0001; 59 ± 2.5 minutes vs. 126.6 ± 8.2 minutes) and diabetic (p < 0.001; 107.3 ± 13.2 minutes vs. 143.0 ± 17.8 minutes) dogs. Dogs that ingested metoclopramide had sonographically more rapid reductions in antral areas after the meal and these reflected as more rapid gastric emptying. This finding is consistent with the fact that metoclopramide is known for improving gastric emptying by increasing activity in both the upper and antral portion of the stomach (Robain et al, 1995).

The antrum of the diabetic dogs appeared wider for a prolonged time and resulted in longer emptying time than that of the healthy dogs in this study. This may possible be due to the underlying effect of marked hyperglycaemia on gastrointestinal motor and sensory function which occurs in diabetes but not in healthy. Neurohormonal dysfunction and hyperglycaemia reduces the frequency of antral contractions (needed to churn food) in diabetics (Camilleri, 2007) and could have an additive effect to that of G. latifolium on gastric emptying in diabetes. In order words, diabetes may have enhanced the mechanisms involved in G. latifolium delaying effect on gastric emptying. Similarly, metoclopramide increased gastric emptying in healthy and diabetic dogs, but while its prokinetic effect was highly significant (p < 0.0001) in healthy dogs, it was moderate (p < 0.001) in diabetic dogs in this study. This may be due to the high incremental postprandial blood glucose concentration of the diabetic prokinetic dose (6485 ± 322.4 mmol/Lx minutes) as against that of the healthy prokinetic dose (1426 ± 108.2 mmol/Lx minutes) subgroups. Hyperglycaemia has been shown to attenuate the prokinetic effect of intravenous erythromycin on gastric emptying in both healthy and diabetic patients as noted by Jones et al. (1999) and Petrakis et al. (1999) respectively. It is likely that the action of other prokinetic drugs is impaired by hyperglycaemia (Rayner et al., 2001) including metoclopramide (Chapman et al., 2009).
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Therefore, the frequency of antral contractions caused by metoclopramide (Schmitz and Neiger, 2009), may have been attenuated mildly by hyperglycaemia.

G. latifolium may have elicited a gastrointestinal motor and/or sensory function that caused antral distension and subsequently suppress antral contractions which result in a slower rate of antral delivery of the ingested semi-solid meals while delaying emptying in the healthy and diabetic dogs. The mechanisms mediating the possible effects of G. latifolium on gastrointestinal motor and sensory function that resulted in the distension of the antrum and delayed gastric emptying seems uncertain and were not evaluated in this study. However, the effect of G. latifolium on gastric emptying may be mediated by vagal mechanisms (Schirra et al., 1998; Imeryuz et al., 1997; Delgado-Aros et al., 2003; Little et al., 2006) and/or the release of gastrointestinal hormones (Caspary, 1992).

Theoretically, interaction of nutrients with chemo- and mechanoreceptors in the lumen of the small intestine generates neural and humoral feedback that retards further gastric emptying by relaxing the fundus, suppressing antral contractions and stimulating tonic and phasic pyloric motor activity (Rayner and Horowitz, 2005). G. latifolium may have acted synergistically with stimuli arising from the small intestine to generate excessive neural and humoral feedback from the small intestine to further distend the antrum and delay gastric emptying in healthy and diabetic dogs in this study.

The possibility that G. latifolium may have acted on neurotransmitters and/or neuroendocrine hormones to distend the antrum with food, suppress antral contraction and delay the gastric emptying of semisolid carbohydrate meal cannot be ruled out also. Neurotransmitters and neuroendocrine hormones also have roles in gastric motility (Ajumobi, 2008). For instance, nitric oxide is a key neurotransmitter in the regulation of gastrointestinal motor function (Coulie et al, 1999; Russo et al, 1999) that regulates the muscle tone of the lower oesophageal sphincter and pylorus, the accommodation reflex of the fundus and the peristaltic reflex of the intestine (Park and Camilleri 2006; Huizinga, 1998). The administration of a nitric oxide synthase inhibitor causes absent or decreased accommodation (Tack et al, 2002). G. latifolium could have acted as a nitric oxide (NO) synthase inhibitor. Therefore, much work is required to elucidate the neural, humoral and cellular mechanisms by which G. latifolium affects gastrointestinal motility and sensation.
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Although this study could not investigate the pharmacology of the active components on gastric emptying, the observed delaying effects of G. latifolium on gastric emptying in healthy and diabetic dogs seem likely to have resulted from the effect of one its components or constituents. As medicinal properties of plants have been attributed to the biochemical’s resident in the plant materials (Atangwho et al, 2009). Studies have shown that G. latifolium contains essential oils, saponins and pregnane (Schneider et al., 1993, Morebise and Fafunso, 1998; Morebise et al., 2002). The phytochemical analysis reveals the presence of saponins, tannins, alkaloids and flavonoids while triterpenes and cardiac glycosides were also present in detectable concentrations (Essien, 2007). Nwanjo et al. (2007) in their phytochemical studies further indicated that G. latifolium contains high glycosides and saponins with moderate alkaloids and low tannin and flavonoids in terms of the relative abundance of the compounds. Saponins in G. latifolium (Ugochukwu and Babady 2003) are responsible for its antioxidant property (Morebise et al, 2002) and are noted to significantly and dose-dependently delay gastric emptying (Sharma, 1986; Madar et al., 1988; Madar 1984; Matsuda et al., 1998a; 1998b; Matsuda et al., 1999). The work on Trigonella foenum-graecum and G. sylvestre that contain saponins (Sauvaire et al., 1991; Matsuda et al., 1998a; 1998b) on gastric emptying (Sharma, 1986; Madar et al., 1988; Madar 1984; Matsuda et al., 1998a; 1998b) may thus support the suspicion that saponin a component of G. latifolium may be responsible for its delaying effect on gastric emptying in healthy and diabetic dogs.

Hyperglycaemia can cause a decrease in gastric emptying rate in healthy and diabetic individuals (MacGregor et al., 1976; Fraser et al., 1990; Koch, 1999; Vinik et al., 1999). This factor is unlikely to have influenced the result much since there was no statistical significant difference (p > 0.05) between the preprandial blood glucose concentrations in the healthy and the diabetic dogs’ subgroups when compared with their placebo controls. The difference in sex distribution of the dogs used for the diabetic study is unlikely to influence the result, since previous works have not noticed gender effect on GER in dogs (Allan et al., 1996; Yam et al., 2004) as noted in human (Attval et al., 1995).

One implication of this finding is that G. latifolium has the potential to affect both the rate and extent of carbohydrate absorption by slowing the transfer of food from the stomach into
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mucosa. Since a reduced rate of GE will also slow the rate of carbohydrate absorption (Daumerie and Henquin, 1982). Secondly, G. latifolium by this mechanism of delayed gastric emptying can reduce the excess visceral fat that normally increases both insulin resistance and inflammation and predisposes healthy subjects to diabetes, hypertension and cardiovascular disease. Patients with obesity are associated with accelerated gastric emptying (Jones et al., 2001; Tosetti et al., 1996; Wright et al., 1983; Zahorska-Markiewicz et al., 1986), thus effect of G. latifolium on gastric emptying may be useful for the prevention and treatment of morbid obesity. Distension of the stomach is one factor that promotes the feeling of satiety (Hlebowicz et al, 2007). Therefore, G. latifolium may through the mechanism of delayed gastric emptying play an important role in the regulation of appeite and energy intake.

Consequently, G. latifolium has the potential to become mainstream therapies in the treatment of diabetes. Since intenventions directed at modulating upper gastrointestinal motor and absorptive function have a major effect on postprandial blood glucose excursion and are likely soon to enter the mainstream of therapy for diabetes (Rayner et al., 2001; Horowitz et al., 2002).

The second objective of this study was to determine if any possible effect of G. latifolium leaves on gastric emptying in healthy and diabetic dogs is dose dependent. The study showed that the effect of G. latifolium on gastric emptying was significantly dose dependent (p < 0.0001) in healthy and diabetic dogs. The three doses of G. latifolium used in this study resulted in delayed gastric emptying. However the delayed gastric emptying of semisolid meal noted in dogs that ingested 250 mg/kg or 500mg/kg of G. latifolium was statistically significant (p < 0.0001) when compared with placebo control in healthy and diabetic dogs. 100mg/kg of G. latifolium slowed GE in healthy and diabetic dogs but the magnitude of this effect was not significant (p > 0.05) when compared with the placebo control respectively. These findings may be attributable to a dose-response effect of G. latifolium on gastric emptying. The 100mg/kg dose of G. latifolium might be below the threshold required for an effect in healthy and diabetic dogs. Higher doses than 100mg/kg of G. latifolium are apparently required to influence GE in healthy and diabetic dogs.

139

5.1.2 HYPOGLYCEMIC EFFECTS OF G. LATIFOLIUM AND GASTRIC EMPTYING IN HEALTHY AND DIABETIC DOGS

Understanding the relationship between the glycaemic response to carbohydrate and gastric emptying is fundamentally important to the treatment of diabetes mellitus (Jones et al., 1996). Currently, modulation of gastric emptying by dietary and pharmacological means represents new approach to the improvement of glycaemic control (Horowitz et al., 2002). G. latifolium is used as a hypoglycaemic agent but there is still limited information about its mechanism(s) of hypoglycaemic action. Interest in the G. latifolium plant has concentrated more on its screening for hypoglycaemic action to the neglect of investigations into the mechanisms for achieving this (Atangwho et al, 2009). Literatures have reported its anti-oxidant, antihypercholestrolemic, antilipidemic and antihyperglycaemic effects (Ugochukwu and Babady, 2003; Ugochukwu et al., 2003). None of the available information on its hypoglycaemic mechanisms relate to upper gastrointestinal motor function like gastric emptying.

The third objective was to determine if the hypoglycaemic effect of the methanolic extract of G. latifolium could be explained by its specific action on gastric emptying rate. This hitherto, has not been scientifically investigated. The third and fourth hypotheses were used to explore this objective. The third hypothesis state that the hypoglycaemic effect of methanolic extracts of G. latifolium leaves have no significant relationship with gastric emptying in healthy dogs. While the fourth state that the hypoglycaemic effect of methanolic extracts of G. latifolium leaves have no significant relationship with gastric emptying in diabetic dogs.

The studies carried out to test the third hypothesis showed that the ingestion of 100mg/kg, 250mg/kg and 500mg/kg doses of G. latifolium relatively lowered their incremental blood glucose concentration area under curves (938.1 ± 40.0; 559.1 ± 101.8; 223.5 ± 52.2 mmol/Lx minutes) with respect to the placebo control (1028.6 ± 204.2 mmol/Lx minutes) in the healthy dogs. While, that for fourth hypotheses showed that the ingestion of 100mg/kg, 250mg/kg and 500mg/kg doses of G. latifolium relatively lowered their incremental blood glucose concentration area under curves (3357 ± 539.1; 1905±434; 385.3 ± 298.1mmol/Lx minutes) with respect to the placebo control (3453 ±217.6 mmol/Lx minutes) in diabetic dogs. These findings showed that G. latifolium has a significant hypoglycaemic effect (p < 0.0001) in
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effects of G. latifolium in healthy and diabetic dogs were noted to be significantly dose-dependent (p < 0.0001). The hypoglycemic effect of G. latifolium noted in this study is in agreement with reports of Ugochukwu and Babady (2003), Ugochukwu et al. (2003); Ogundipe et al. (2003); Nwanjo (2005); and Nwanjo et al. (2006).

The test of the third hypothesis indicated a strong negative linear relationship (r = - 0.95, p < 0.0001) between the gastric emptying T50 and AUC of blood glucose concentration in the G. latifolium treated healthy dogs. While the result of the test of the fourth hypothesis showed a strong negative relationship (r = - 0.90, p < 0.0001) between the gastric emptying T50 and AUC blood glucose concentration in the G. latifolium treated diabetic dogs.

The saponin constituents in G. latifolium as noted by Morebise et al., 2002 and Ugochukwu and Babady 2003 may be responsible for the observed correlation between gastric emptying and its hypoglycaemic effects in healthy and diabetic dogs. Since, Yoshikawa et al. (2001) showed that saponins with hypoglycaemic activity also inhibit gastric emptying while other saponins showing no hypoglycaemic activity did not affect gastric emptying. Authors have propose that saponin compounds act as hypoglycaemic by delaying the transfer of glucose from the stomach to the small intestine, the main site of glucose absorption and by inhibiting the glucose transport at the site of intestinal brush border membranes (Tiwari and Rao, 2002; Francis et al., 2002 ).

Extrapolating this to the study, the findings suggest that delayed gastric emptying may therefore be an additional mechanism, hitherto unrecognised through which consumption of G. latifolium may improve glucose homeostasis in healthy and diabetic dogs. This is because the rate of gastric emptying acts as a major factor in blood glucose homeostasis in normal subjects/diabetes by controlling the delivery of carbohydrate to small intestine (Horowitz et al., 1993; Blair et al., 1991). A delay in gastric emptying leads to a lower postprandial blood concentration (Woerle et al., 2008; Horowitz et al., 1993) as rates of meal-derived glucose appearance in the systemic circulation are determined mainly by gastric emptying ( Woerle et al., 2003; Woerle et al., 2008). This is achieved by its reduction of the amount of meal-derived glucose entering the circulation with subsequent reduction in the disequilibrium
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is possible that the delaying effect of G. latifolium may have resulted in gradual release of nutrients for absorption which will match lower levels of insulin and hence help mop any glucose before it accumulates as excess. In healthy and/ or diabetic subject, these findings imply that G. latifolium when ingested with a meal, through the mechanism of delayed gastric emptying will slow digestion and prolong the postprandial absorption of food, with a resultant improvement in postprandial blood glucose and triglycerides and consequently lower the risk of chronic disease. This additional mechanism of delayed gastric emptying noted with G. latifolium in this study may further prolong the presence of food within the stomach and increase the negative feedback of satiety signal produced by the presence of nutrients inside stomach. The satiety signal will increase and prolong satiety which should help to reduce food cravings and lower caloric intake over the subsequent 2 to 4 hours.

Consequently, G. latifolium has the potential to become mainstream therapies in the treatment of diabetes. Since interventions directed at modulating upper gastrointestinal motor and absorptive function have a major effect on postprandial blood glucose excursion and are likely soon to enter the mainstream of therapy for diabetes (Rayner et al., 2001; Horowitz et al., 2002). Diet that reduces postprandial hyperglycemia is recommended by the American Diabetes Association (ADA) to control glycemia in patients with diabetes (Lundgren et al., 1989; Sheard et al., 2004). Similarly, drugs that reduce postprandial hyperglycemia by suppressing the absorption of carbohydrate are effective in the type 2 DM prevention and treatment (Tiwari and Roa, 2002). In type II diabetes, which is characterised by diminished and delayed endogenous insulin release, slowing gastric emptying with G. latifolium might actually improve glycemic control because nutrients are absorbed slowly. G. latifolium may also be useful in treating patients with accelerated gastric emptying. However in type I DM, the doses of preprandial injections of short-acting insulin may have to be adjusted when G. latifolium is taken with meal. While, the blood glucose must be monitored more frequently in G. latifolium treated type 1 DM patients with gastroparesis to prevent adverse hypoglycaemic episodes. There is thus need for a continuous daily intake of G. latifolium because of the potential of its attenuation of blood glucose excursions partly through gastric emptying.

In this study, the peak glucose concentrations after the ingestion the G. latifolium doses are less when compared with control in healthy and diabetic dogs. These findings are consistent

with the delayed gastric emptying that resulted in slower emptying of glucose from their 142

stomach. Similarly, moderate and strong negative linear relationship (r = - 0.63, p = 0.028) and (r = - 0.89, p < 0.0001) was noted between the gastric emptying T50 and Peak blood glucose in healthy and diabetic dogs respectively. In this study, the delay of gastric emptying by G. latifolium was associated with a marked reduction in postprandial blood glucose peak.

100mg/kg of G. latifolium slowed GE and lowered the postprandial blood glucose concentrations/peak but the magnitude of these effect is not significant (p > 0.05) when compared with the placebo control in healthy/diabetic dogs. These findings may be attributable to a dose-response relationship of G. latifolium on gastric emptying. The 100mg/kg dose of G. latifolium might be below the threshold required for an effect in healthy and diabetic dogs. Higher doses than 100mg/kg of G. latifolium are apparently required to influence GE and postprandial blood glucose concentrations/peak in healthy and diabetic dogs. However, the study could not exclude the possibility that higher doses than 500mg/kg and/or more prolonged administration of G. latifolium might induce rapid gastric emptying. Further clinical investigation regarding the repeated dosing is required.

The dose of metroclopramide used in this study increased significantly (p < 0.0001) the postprandial blood glucose parameters as the doses of G. latifolium lowered the postprandial blood glucose parameters in healthy and diabetic dogs respectively. These were consistent with the fact that pharmacologic acceleration of gastric emptying results in higher postprandial glucose concentrations, while delaying gastric emptying results in lower postprandial glucose concentrations after a physiologic meal (Gonlachanvit et al., 2003).

5.1.3 FFECT OF G. LATIFOLIUM ON GASTRIC EMPTYING AND BLOOD GLUCOSE RESPONSE IN GASTROPARETIC DOGS

Chronic diabetes may precipitate to gastroparesis. While medications for diabetes may cause or worsen gastroparesis (Vella et al., 2002; Ratner et al., 2004; Heine et al., 2005). Gastroparesis, a frequent and clinically important complication of diabetes mellitus has remained an extremely difficult condition to treat or effectively manage with prokinetic
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drugs. Gastroparesis can result in poor glycaemic control, increased risk of postprandial hypoglycaemia and variable drug absorption (Murray et al., 2005). How such condition may respond to treatment with G. latifolium is yet to be investigated. It is not known whether the possible effect of G. latifolium on gastric emptying will be altered when given to patients with gastroparesis.

The fourth study objective was to investigate if the methanolic extract of G. latifolium will affect gastric emptying in dogs with gastroparesis. The fifth hypothesis was used in exploring this objective and it states that methanolic extracts of G. latifolium leaves have no significant effect on gastric emptying in gastroparetic dogs.

The result showed that the extract of G. latifolium did not affect gastric emptying in dogs with gastroparesis as the ingestion of 100mg/kg, 250mg/kg and 500mg/kg doses of G. latifolium did not alter the gastric emptying (253 ± 20.2; 252 ± 14.1; 262.3 ± 17.6 minutes) compared to the placebo control (266.5 ± 16.9 minutes) respectively. While ingestion of 0.5mg/kg of metoclopramide slightly altered the GE (226 ± 8.7 minutes), relative to the placebo control. The test of hypothesis yielded an insignificant p value (p = 0.59). Therefore, the acceptance of the null hypothesis which state that the methanolic extracts of G. latifolium leaves have no significant effect on gastric emptying in gastroparetic dogs.

Hitherto, none of the previous studies using G. latifolium in human and animals has specifically studied its effect on gastric emptying in gastroparetic condition. However, the finding contrasted with the effect of metoclopramide which significantly increased gastric emptying in gastroparetic dogs. The moderate effect of metoclopramide noted in this gastroparetic study is consistent with its reported moderate prokinetic effects in gastroparetics (Onoma et al., 2008).

Clonidine delayed gastric emptying and suppressed gastrointestinal motility in conscious dogs (Tanaka et al., 1998; Onoma et al., 2008). However the doses of G. latifolium used in this study did not worsen the clonidine induced delayed gastric emptying. Taking into consideration the gastric emptying delaying effect of G. latifolium observed in the previous healthy and diabetic study, further delay in gastric emptying was anticipated in gastroparetic
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gastric motor function induced by the doses of clonidine used or fail safe mechanism may have been in play to attenuate further possible effect of G. latifolium to slow GE in gastroparetic dogs due to the autonomic neuropathy.

The ingestion of 100mg/kg, 250mg/kg and 500mg/kg G. latifolium slightly lowered the incremental blood glucose concentration area under the area under the curve (785.8 ± 218.9; 825 ± 197.4; 861.3 ± 76.9 mmol/L x minutes) with respect to the placebo area under the curve (1082 ± 197 mmol/L x minutes). No significant correlation (r = 0.42, p = 0.178) exist between gastric emptying T50 and AUC of the blood glucose concentration in the G. latifolium treated gastroparetic dogs.

The difference in sex distribution used in this study is unlikely to influence the result, since some works did not notice its effect in dogs (Allan et al., 1996; Yam et al., 2004) although gender effect was noted in human (Attvall et al., 1995).

This finding must be interpreted with caution as the possibility of higher doses of G. latifolium causing further delaying effect on gastric emptying in gastroparetic dog cannot be rule out. Thus, G. latifolium use in higher doses especially in cases of diabetic gastroparesis should be with caution. This is because the use of agent that embrace delayed gastric emptying mechanism are fraught with the possibility of causing complications like obstruction and gastric bezoar formation. G. latifolium showed no prokinetic potential in this study and may not be useful in the treatment and management of gastroparesis.

5.2 CONCLUSION

The study demonstrated for the first time that the ingestion of G. latifolium delayed gastric emptying of semi-solid meal in healthy and diabetic dogs and the delaying effect is dose-dependent. The effect of G. latifolium on gastric emptying was also noted to be inversely related to the blood glucose responses in healthy and diabetic dogs. Delayed gastric emptying may therefore be an additional mechanism, hitherto unrecognised through which consumption of G. latifolium may improve glucose homeostasis in healthy and diabetic dogs.

In healthy and/ or diabetic subject, these findings imply that  G. latifolium when ingested
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prolong the postprandial absorption of food, with a resultant improvement in postprandial blood glucose and triglycerides and consequently lower the risk of chronic disease. This will reduce the excess visceral fat that normally increases both insulin resistance and inflammation and predisposes healthy subjects to diabetes, hypertension and cardiovascular disease. Therefore it can play an important role in the current dietary and pharmacological approaches in the prevention, treatment and management of metabolic diseases like obesity, diabetes, etc.

The study also noted that ingestion of G. latifolium has no effect on gastric emptying of gastroparetic dogs and as such no relationship exists between its gastric emptying effect and blood glucose response also. Therefore, at the dose level used for this study, it showed no prokinetic potential and may not be useful in the treatment and management of gastroparesis.

5.3 RECOMMENDATIONS

The study is recommending the daily in take of G. latifolium at a moderate dose by healthy and obese subjects to prevent diabetes and metabolic diseases as well as diabetic patients to treat and manage diabetes.

However, type 1 diabetic patients with slow gastric emptying should consume G. latifolium with caution especially when they are taking short acting insulin to avoid hypoglycaemia. If they must take G. latifolium they must adjust their insulin intake. Similarly, type 1 DM patients being treated for gastroparesis must continuously monitor their blood glucose to avoid hypoglycaemic episodes if they take G. latifolium in large dose. However, because of delaying effect of G. latifolium on gastric emptying patients with severe gastroparesis or severe diabetic gastroparesis should be cautious in not taking large quantity of G. latifolium to avoid complications like obstruction and gastric bezoar formation.
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Appendix 1- Percentage yield of Gongronema Latifolium Extraction

	Initial  weight of the G. latifolium dried leaves
	=
	2180.7g

	Weight of the G. latifolium leaves methanolic extract
	=
	146.6g


The percentage yield of the G. latifolium leaves methanolic extract is

	Weight of the G. latifolium leaves methanolic extract
	X
	100

	Initial  weight of the G. latifolium dried leaves
	
	
	1


	=
	146.6g
	X
	100

	
	2180.7g
	
	1


=
6.72 %
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Appendix 1I- Distribution of the dogs according to the treatment groups

Healthy Dogs


	HGC
	HGL
	HGM
	HGH
	HGP

	Dog C
	Dog G
	Dog D
	Dog A
	Dog E

	Dog I
	Dog P
	Dog F
	Dog H
	Dog B

	Dog J
	Dog O
	Dog K
	Dog T
	Dog L

	Dog N
	Dog M
	Dog S
	Dog Q
	Dog R

	Diabetic Dogs
	
	
	
	

	DGC
	DGL
	DGM
	DGH
	DGP

	Dog AD
	Dog AA
	Dog AC
	Dog AE
	Dog AB

	Dog AH
	Dog AF
	Dog AM
	Dog AG
	Dog AJ

	Dog AK
	Dog AR
	Dog AN
	Dog AI
	Dog AL

	Dog AO
	Dog AT
	Dog AQ
	Dog AS
	Dog AP

	Gastroparetic Dogs
	
	
	

	GGC
	GGL
	GGM
	GGH
	GGP

	Dog BN
	Dog BH
	Dog BQ
	Dog BT
	Dog BE

	Dog BA
	Dog BC
	Dog BK
	Dog BO
	Dog BF

	Dog BG
	Dog BI
	Dog BD
	Dog BJ
	Dog BL

	Dog BS
	Dog BM
	Dog BP
	Dog BR
	Dog BB
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Appendix VI- Research Data

	Dog ID: G  Exp Grp: HGL
	
	WT: 5.8kg
	Sex: M
	Age: 6.5 months  Dose: 580mg of Gongronema latifolium
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	203
	
	203
	
	204
	3.8

	0
	
	719
	
	720
	
	721
	4.1

	15
	
	759
	
	760
	
	758
	4.1

	30
	
	759
	
	760
	
	757
	4.4

	45
	
	708
	
	710
	
	707
	5.6

	60
	
	687
	
	688
	
	686
	6.0

	75
	
	631
	
	629
	
	630
	7.6

	90
	
	598
	
	596
	
	597
	6.8

	105
	
	525
	
	523
	
	522
	7.5

	120
	
	509
	
	510
	
	506
	7.4

	135
	
	489
	
	490
	
	489
	7.7

	150
	
	459
	
	460
	
	458
	6.8

	165
	
	425
	
	426
	
	424
	7.2

	180
	
	398
	
	399
	
	397
	6.7

	195
	
	359
	
	356
	
	356
	7.0

	210
	
	314
	
	315
	
	314
	7.0

	225
	
	295
	
	295
	
	295
	7.6

	240
	
	285
	
	285
	
	284
	6.1

	270
	
	264
	
	266
	
	265
	8.3

	300
	
	245
	
	244
	
	245
	5.1

	330
	
	209
	
	210
	
	210
	6.2

	360
	
	
	
	
	
	
	4.6

	Dog ID: D   Exp Grp: HGM
	WT: 5kg
	Sex: M
	Age: 6 mths
	Dose: 1250mg of Gongronema latifolium
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	331
	
	329
	
	328
	4.7

	0
	
	736
	
	738
	
	736
	5.0

	15
	
	798
	
	797
	
	797
	3.5

	30
	
	810
	
	812
	
	811
	3.8

	45
	
	817
	
	816
	
	814
	3.8

	60
	
	814
	
	816
	
	815
	4.2

	75
	
	732
	
	733
	
	730
	6.9

	90
	
	706
	
	704
	
	700
	6.6

	105
	
	669
	
	670
	
	672
	5.5

	120
	
	660
	
	660
	
	663
	7.7

	135
	
	611
	
	616
	
	613
	8.0

	150
	
	584
	
	582
	
	580
	5.9

	165
	
	556
	
	553
	
	556
	7.2

	180
	
	540
	
	538
	
	537
	6.4

	195
	
	522
	
	524
	
	519
	6.1

	210
	
	493
	
	495
	
	490
	5.7

	225
	
	469
	
	470
	
	468
	4.8

	240
	
	452
	
	443
	
	452
	4.6

	270
	
	423
	
	417
	
	420
	3.4

	300
	
	401
	
	402
	
	405
	4.1

	330
	
	373
	
	373
	
	374
	3.5

	360
	
	338
	
	338
	
	339
	4.5

	Dog ID: A   Exp Grp: HGH
	WT: 6.8kg
	Sex:M
	Age: 7 .5 mths
	Dose: 3400mg of Gongronema latifolium
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	125
	
	126
	
	125
	3.7

	0
	
	605
	
	606
	
	608
	3.7

	15
	
	601
	
	601
	
	603
	4.5

	30
	
	595
	
	598
	
	600
	4.4

	45
	
	595
	
	592
	
	593
	4.0

	60
	
	592
	
	592
	
	592
	3.9

	75
	
	562
	
	565
	
	562
	4.2

	90
	
	543
	
	543
	
	544
	4.0

	105
	
	514
	
	517
	
	515
	6.2

	120
	
	490
	
	498
	
	488
	4.5

	
	
	
	
	
	
	
	174



	135
	461
	
	461
	
	461
	4.8

	150
	432
	
	430
	
	431
	4.5

	165
	413
	
	410
	
	414
	4.6

	180
	394
	
	396
	
	397
	3.7

	195
	370
	
	380
	
	367
	4.3

	210
	355
	
	357
	
	357
	3.8

	225
	331
	
	330
	
	328
	5.5

	240
	293
	
	290
	
	294
	3.9

	270
	255
	
	260
	
	254
	4.0

	300
	231
	
	231
	
	229
	4.0

	330
	197
	
	200
	
	198
	3.4

	360
	149
	
	150
	
	147
	3.5

	Dog ID: C  Exp Grp: HGC
	WT: 7.2kg
	Sex: Male
	Age: 7.5 months
	Dose: Placebo
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	concentration (mmol/L)

	-30
	187
	
	187
	
	187
	4.8

	0
	737
	
	735
	
	735
	5.4

	15
	737
	
	737
	
	737
	5.2

	30
	743
	
	743
	
	743
	6.5

	45
	743
	
	742
	
	744
	7.0

	60
	660
	
	659
	
	662
	7.0

	75
	618
	
	616
	
	618
	7.7

	90
	575
	
	579
	
	573
	6.9

	105
	523
	
	526
	
	521
	9.0

	120
	470
	
	473
	
	474
	7.2

	135
	452
	
	455
	
	450
	7.7

	150
	417
	
	419
	
	415
	7.9

	165
	392
	
	394
	
	394
	7.6

	180
	363
	
	360
	
	363
	8.2

	195
	325
	
	325
	
	328
	6.9

	210
	258
	
	259
	
	256
	5.8

	225
	224
	
	227
	
	228
	8.1

	240
	200
	
	202
	
	198
	6.8

	270
	189
	
	190
	
	192
	5.2

	300
	.
	
	.
	
	.
	6.4

	330
	.
	
	.
	
	.
	6.6

	360
	.
	
	.
	
	.
	6.5

	Dog ID: E  Exp Grp: HGP
	WT: 6.5kg
	Sex: Male
	Age: 6months
	Dose: 3.25mg of metroclopramide
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	concentration (mmol/L)

	-30
	315
	
	318
	
	318
	4.0

	0
	859
	
	860
	
	858
	4.5

	15
	865
	
	865
	
	865
	5.9

	30
	733
	
	733
	
	731
	6.8

	45
	634
	
	634
	
	630
	7.8

	60
	590
	
	590
	
	590
	9.8

	75
	557
	
	560
	
	558
	8.8

	90
	540
	
	543
	
	541
	9.3

	105
	524
	
	525
	
	520
	9.4

	120
	488
	
	488
	
	489
	9.5

	135
	463
	
	466
	
	465
	9.1

	150
	436
	
	436
	
	436
	8.6

	165
	397
	
	399
	
	400
	10.7

	180
	386
	
	386
	
	390
	8.5

	195
	353
	
	353
	
	354
	7.6

	210
	331
	
	330
	
	329
	7.3

	225
	319
	
	317
	
	321
	7.6

	240
	.
	
	.
	
	.
	7.3

	270
	.
	
	.
	
	.
	7.4

	300
	.
	
	.
	
	.
	7.7

	330
	.
	
	.
	
	.
	7.6

	360
	.
	
	.
	
	.
	7.4

	Dog ID: P  Exp Grp: HGL
	WT: 5.2kg
	Sex: M  Age: 7 months  Dose: 520mg of Gongronema latifolium
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	concentration (mmol/L)

	-30
	158
	
	160
	
	161
	3.9

	
	
	
	
	
	
	175



	0
	
	
	545
	
	548
	548
	4.0

	15
	
	
	561
	
	562
	561
	4.3

	30
	
	
	560
	
	561
	561
	4.5

	45
	
	
	557
	
	556
	557
	5.3

	60
	
	
	525
	
	520
	524
	6.6

	75
	
	
	460
	
	459
	462
	8.1

	90
	
	
	424
	
	426
	425
	7.4

	105
	
	
	384
	
	386
	388
	7.2

	120
	
	
	372
	
	370
	373
	7.1

	135
	
	
	359
	
	360
	360
	6.5

	150
	
	
	331
	
	335
	333
	7.0

	165
	
	
	307
	
	309
	309
	7.3

	180
	
	
	275
	
	276
	275
	6.9

	195
	
	
	243
	
	245
	245
	7.9

	210
	
	
	230
	
	231
	232
	7.3

	225
	
	
	210
	
	212
	212
	6.9

	240
	
	
	190
	
	193
	195
	7.8

	270
	
	
	182
	
	182
	183
	5.9

	300
	
	
	174
	
	175
	176
	5.8

	330
	
	
	160
	
	164
	160
	4.8

	360
	
	.
	
	
	.
	.
	5.9

	Dog ID: F  Exp Grp: HGM
	WT: 5.6kg
	Sex:M
	Age: 5.5 momths  Dose: 1400mg of Gongronema latifolium

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	
	224
	
	223
	223
	4.0

	0
	
	
	699
	
	699
	698
	4.5

	15
	
	
	769
	
	768
	768
	3.5

	30
	
	
	797
	
	797
	798
	4.5

	45
	
	
	796
	
	797
	796
	4.0

	60
	
	
	789
	
	790
	791
	4.5

	75
	
	
	694
	
	694
	696
	5.9

	90
	
	
	660
	
	659
	661
	6.7

	105
	
	
	620
	
	619
	622
	8.1

	120
	
	
	610
	
	608
	610
	5.9

	135
	
	
	559
	
	556
	559
	6.4

	150
	
	
	548
	
	546
	549
	7.6

	165
	
	
	480
	
	481
	483
	6.0

	180
	
	
	462
	
	464
	464
	6.3

	195
	
	
	449
	
	447
	447
	6.5

	210
	
	
	410
	
	412
	413
	6.1

	225
	
	
	385
	
	384
	385
	5.5

	240
	
	
	356
	
	355
	356
	6.5

	270
	
	
	322
	
	320
	323
	6.0

	300
	
	
	300
	
	303
	307
	5.6

	330
	
	
	263
	
	259
	260
	5.6

	360
	
	
	229
	
	230
	227
	4.9

	Dog ID: H
	Exp Grp: HGH
	WT: 6kg
	Sex: M
	Age: 6 months  Dose: 3000mg of Gongronema latifolium
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	
	153
	
	155
	156
	4.2

	0
	
	
	650
	
	648
	652
	4.4

	15
	
	
	660
	
	660
	663
	3.0

	30
	
	
	655
	
	656
	656
	4.6

	45
	
	
	655
	
	656
	656
	3.5

	60
	
	
	650
	
	649
	652
	5.2

	75
	
	
	619
	
	620
	621
	4.1

	90
	
	
	592
	
	593
	593
	4.6

	105
	
	
	569
	
	570
	568
	5.5

	120
	
	
	543
	
	544
	544
	4.9

	135
	
	
	513
	
	515
	515
	5.4

	150
	
	
	482
	
	486
	480
	4.6

	165
	
	
	462
	
	461
	463
	3.9

	180
	
	
	442
	
	440
	441
	4.3

	195
	
	
	417
	
	418
	417
	3.3

	210
	
	
	401
	
	400
	403
	3.6

	225
	
	
	376
	
	380
	374
	3.5

	240
	
	
	335
	
	338
	332
	4.1

	270
	
	
	295
	
	297
	293
	3.8

	
	
	
	
	
	
	
	176



	300
	270
	275
	
	266
	3.7

	330
	234
	234
	
	234
	3.8

	360
	183
	185
	
	185
	3.8

	Dog ID: I  Exp Grp: HGC
	WT: 5.6kg  Sex: M  Age: 7 months
	Dose: Placebo
	
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	concentration (mmol/L)

	-30
	195
	198
	
	193
	4.2

	0
	599
	600
	
	597
	4.5

	15
	601
	604
	
	604
	5.0

	30
	602
	600
	
	602
	6.2

	45
	603
	603
	
	604
	7.3

	60
	595
	598
	
	596
	7.9

	75
	505
	500
	
	505
	7.6

	90
	476
	480
	
	474
	7.7

	105
	419
	419
	
	421
	6.9

	120
	391
	394
	
	392
	7.4

	135
	381
	382
	
	381
	8.5

	150
	364
	360
	
	362
	8.0

	165
	352
	350
	
	349
	7.8

	180
	320
	319
	
	319
	6.8

	195
	300
	295
	
	298
	7.9

	210
	256
	253
	
	250
	6.8

	225
	240
	247
	
	243
	8.2

	240
	215
	212
	
	213
	6.9

	270
	207
	204
	
	203
	7.0

	300
	.
	.
	
	.
	6.8

	330
	.
	.
	
	.
	7.2

	360
	.
	.
	
	.
	6.8

	Dog ID: B  Exp Grp: HGP
	WT: 5.3kg Sex: M
	Age: 6 months
	Dose: 2.65mg of metroclopramide
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	concentration (mmol/L)

	-30
	223
	223
	
	223
	4.2

	0
	679
	680
	
	680
	4.5

	15
	674
	675
	
	675
	5.1

	30
	560
	561
	
	563
	8.0

	45
	483
	485
	
	485
	9.5

	60
	446
	445
	
	444
	9.3

	75
	419
	420
	
	417
	9.1

	90
	405
	405
	
	405
	7.6

	105
	392
	393
	
	390
	9.6

	120
	360
	361
	
	363
	9.7

	135
	342
	342
	
	342
	8.7

	150
	319
	320
	
	320
	8.4

	165
	287
	289
	
	290
	7.9

	180
	278
	280
	
	281
	9.2

	195
	250
	249
	
	248
	8.9

	210
	232
	233
	
	230
	8.9

	225
	225
	224
	
	223
	8.3

	240
	.
	.
	
	.
	8.1

	270
	.
	.
	
	.
	8.1

	300
	.
	.
	
	.
	8.4

	330
	.
	.
	
	.
	8.5

	360
	.
	.
	
	.
	8.3

	Dog ID: O  Exp Grp: HGL
	WT: 5kg Sex: M
	Age: 5 months Dose: 500mg of Gongronema latifolium
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	concentration (mmol/L)

	-30
	131
	136
	
	129
	4.0

	0
	527
	525
	
	524
	4.2

	15
	548
	548
	
	549
	4.5

	30
	557
	559
	
	555
	4.6

	45
	557
	558
	
	555
	6.3

	60
	514
	513
	
	511
	5.2

	75
	425
	422
	
	426
	7.0

	90
	391
	392
	
	394
	7.6

	105
	374
	373
	
	371
	7.9

	
	
	
	
	
	177



	120
	357
	
	357
	
	352
	7.7

	135
	344
	
	340
	
	341
	7.0

	150
	323
	
	326
	
	327
	7.8

	165
	297
	
	299
	
	296
	7.6

	180
	272
	
	274
	
	270
	7.2

	195
	246
	
	245
	
	244
	7.0

	210
	212
	
	212
	
	210
	7.5

	225
	191
	
	194
	
	195
	7.2

	240
	182
	
	186
	
	184
	6.6

	270
	169
	
	171
	
	172
	8.1

	300
	161
	
	166
	
	164
	6.4

	330
	135
	
	135
	
	132
	5.2

	360
	.
	
	.
	
	.
	5.5

	Dog ID: K  Exp Grp: HGM
	WT: 5.8kg Sex: M Age: 7 months Dose: 1450mg of Gongronema latifolium
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	concentration (mmol/L)

	-30
	340
	
	343
	
	344
	3.6

	0
	720
	
	723
	
	721
	3.8

	15
	775
	
	778
	
	774
	4.8

	30
	800
	
	801
	
	802
	3.6

	45
	803
	
	804
	
	807
	4.3

	60
	805
	
	806
	
	804
	3.1

	75
	795
	
	796
	
	798
	6.2

	90
	687
	
	688
	
	689
	6.6

	105
	655
	
	657
	
	659
	6.6

	120
	646
	
	644
	
	643
	5.4

	135
	604
	
	601
	
	601
	4.8

	150
	572
	
	576
	
	574
	7.2

	165
	544
	
	548
	
	546
	5.4

	180
	530
	
	532
	
	532
	8.0

	195
	516
	
	520
	
	521
	6.1

	210
	488
	
	489
	
	486
	5.3

	225
	465
	
	463
	
	468
	5.7

	240
	442
	
	440
	
	445
	4.8

	270
	413
	
	410
	
	417
	4.5

	300
	400
	
	402
	
	403
	5.3

	330
	372
	
	377
	
	373
	5.8

	360
	349
	
	353
	
	350
	5.1

	Dog ID: T  Exp Grp: HGH
	WT: 5.4kg
	Sex:M
	Age: 7 months
	Dose: 2700mg of Gongronema latifolium
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	concentration (mmol/L)

	-30
	125
	
	124
	
	125
	3.7

	0
	639
	
	640
	
	639
	4.0

	15
	629
	
	628
	
	628
	4.4

	30
	627
	
	627
	
	627
	3.6

	45
	625
	
	626
	
	624
	4.9

	60
	624
	
	624
	
	624
	3.6

	75
	588
	
	588
	
	588
	4.7

	90
	566
	
	566
	
	566
	4.9

	105
	537
	
	536
	
	537
	6.0

	120
	510
	
	510
	
	511
	6.6

	135
	480
	
	480
	
	480
	6.1

	150
	449
	
	450
	
	452
	5.8

	165
	428
	
	428
	
	428
	5.5

	180
	408
	
	408
	
	409
	4.2

	195
	382
	
	381
	
	380
	3.8

	210
	367
	
	366
	
	367
	2.8

	225
	341
	
	341
	
	342
	3.0

	240
	300
	
	301
	
	301
	3.3

	270
	259
	
	260
	
	261
	3.8

	300
	234
	
	234
	
	235
	3.6

	330
	197
	
	200
	
	207
	4.0

	360
	146
	
	148
	
	146
	4.0

	Dog ID: J  Exp Grp: HGC
	WT: 5.8kg
	Sex: M
	Age: 6 months
	Dose: Placebo
	
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	concentration (mmol/L)

	-30
	203
	
	200
	
	200
	3.6

	
	
	
	
	
	
	178



	0
	642
	640
	639
	3.6

	15
	646
	646
	645
	4.0

	30
	660
	658
	657
	5.9

	45
	630
	629
	628
	6.1

	60
	588
	589
	586
	7.1

	75
	542
	539
	540
	7.4

	90
	495
	490
	489
	8.4

	105
	460
	459
	462
	7.5

	120
	450
	448
	447
	7.8

	135
	418
	416
	413
	7.1

	150
	409
	407
	406
	7.5

	165
	372
	375
	370
	7.2

	180
	344
	344
	342
	7.5

	195
	310
	311
	308
	7.7

	210
	267
	264
	265
	6.9

	225
	244
	240
	244
	7.8

	240
	221
	223
	219
	7.9

	270
	212
	214
	212
	7.1

	300
	.
	.
	.
	6.5

	330
	.
	.
	.
	6.0

	360
	.
	.
	.
	6.1

	Dog ID: L  Exp Grp: HGP
	WT: 5.5kg Sex: M  Age: 5.8 months  Dose: 2.75mg of metroclopramide
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	concentration (mmol/L)

	-30
	237
	236
	237
	4.1

	0
	808
	810
	806
	4.0

	15
	826
	830
	828
	5.3

	30
	667
	670
	665
	7.5

	45
	567
	567
	568
	8.8

	60
	520
	523
	521
	7.9

	75
	484
	488
	485
	9.4

	90
	467
	470
	471
	9.2

	105
	449
	452
	451
	7.4

	120
	408
	408
	410
	7.0

	135
	396
	399
	399
	9.3

	150
	355
	357
	357
	9.3

	165
	314
	315
	315
	9.4

	180
	303
	302
	303
	8.5

	195
	266
	266
	266
	8.0

	210
	243
	244
	250
	8.0

	225
	238
	240
	236
	8.6

	240
	.
	.
	.
	9.4

	270
	.
	.
	.
	8.6

	300
	.
	.
	.
	8.2

	330
	.
	.
	.
	8.9

	360
	.
	.
	.
	8.3

	Dog ID: M  Exp Grp: HGL
	WT: 5.3kg  Sex: M
	Age: 7.5 months  Dose: 530mg of Gongronema latifolium
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	concentration (mmol/L)

	-30
	223
	225
	226
	3.7

	0
	687
	688
	686
	3.8

	15
	724
	723
	726
	4.6

	30
	729
	730
	730
	4.9

	45
	722
	719
	724
	6.0

	60
	688
	690
	691
	5.8

	75
	597
	597
	599
	6.9

	90
	567
	569
	569
	7.8

	105
	527
	523
	524
	7.0

	120
	496
	499
	493
	7.4

	135
	484
	484
	484
	8.4

	150
	446
	450
	449
	7.2

	165
	430
	431
	432
	7.1

	180
	385
	390
	388
	8.0

	195
	355
	353
	357
	7.3

	210
	329
	330
	327
	7.0

	225
	309
	311
	310
	6.7

	
	
	
	
	179



	240
	
	284
	
	288
	
	285
	7.5

	270
	
	263
	
	259
	
	260
	6.1

	300
	
	253
	
	255
	
	253
	5.1

	330
	
	229
	
	232
	
	230
	5.8

	360
	.
	
	
	.
	
	.
	5.6

	Dog ID: S  Exp Grp: HGM
	WT: 5.8kg
	Sex: M
	Age: 5 months
	Dose: 1450mg of Gongronema latifolium
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	314
	
	316
	
	319
	3.8

	0
	
	780
	
	778
	
	779
	3.1

	15
	
	789
	
	786
	
	789
	4.6

	30
	
	783
	
	782
	
	784
	4.1

	45
	
	780
	
	779
	
	781
	4.3

	60
	
	774
	
	775
	
	773
	5.0

	75
	
	714
	
	716
	
	714
	7.0

	90
	
	689
	
	689
	
	686
	6.1

	105
	
	653
	
	653
	
	653
	5.8

	120
	
	640
	
	640
	
	643
	7.0

	135
	
	606
	
	603
	
	601
	6.8

	150
	
	568
	
	568
	
	568
	5.3

	165
	
	538
	
	538
	
	540
	6.6

	180
	
	524
	
	520
	
	526
	5.3

	195
	
	512
	
	512
	
	512
	6.9

	210
	
	486
	
	488
	
	484
	4.9

	225
	
	464
	
	460
	
	460
	6.0

	240
	
	439
	
	439
	
	437
	6.1

	270
	
	410
	
	410
	
	408
	4.9

	300
	
	398
	
	399
	
	394
	4.2

	330
	
	364
	
	367
	
	366
	4.3

	360
	
	323
	
	324
	
	323
	4.3

	Dog ID: Q  Exp Grp: HGH
	WT: 5.1kg
	Sex: M
	Age: 5 months
	Dose: 2550mg of Gongronema latifolium
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	141
	
	143
	
	140
	4.0

	0
	
	487
	
	488
	
	488
	3.9

	15
	
	506
	
	508
	
	508
	4.1

	30
	
	535
	
	536
	
	536
	3.8

	45
	
	543
	
	540
	
	546
	4.0

	60
	
	543
	
	543
	
	543
	4.9

	75
	
	499
	
	500
	
	499
	5.0

	90
	
	483
	
	484
	
	484
	4.5

	105
	
	461
	
	465
	
	463
	5.5

	120
	
	438
	
	440
	
	437
	7.2

	135
	
	418
	
	420
	
	416
	5.3

	150
	
	390
	
	393
	
	391
	5.1

	165
	
	376
	
	380
	
	375
	4.6

	180
	
	358
	
	360
	
	358
	3.8

	195
	
	338
	
	340
	
	341
	4.2

	210
	
	326
	
	330
	
	327
	5.0

	225
	
	306
	
	304
	
	307
	3.2

	240
	
	274
	
	270
	
	273
	3.5

	270
	
	241
	
	239
	
	241
	3.6

	300
	
	221
	
	220
	
	223
	3.5

	330
	
	193
	
	193
	
	193
	3.2

	360
	
	156
	
	153
	
	154
	3.1

	Dog ID: N  Exp Grp: HGC
	
	WT: 6.4kg
	Sex: M Age: 6 months  Dose: Placebo
	
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	118
	
	116
	
	116
	3.5

	0
	
	472
	
	470
	
	470
	3.7

	15
	
	484
	
	485
	
	484
	5.8

	30
	
	503
	
	500
	
	506
	5.4

	45
	
	503
	
	504
	
	502
	6.8

	60
	
	430
	
	433
	
	431
	8.0

	75
	
	403
	
	400
	
	400
	7.3

	90
	
	372
	
	371
	
	370
	7.7

	105
	
	350
	
	349
	
	349
	6.6

	
	
	
	
	
	
	
	180



	120
	331
	333
	
	334
	7.6

	135
	310
	311
	
	311
	6.7

	150
	290
	289
	
	289
	6.6

	165
	264
	261
	
	260
	7.0

	180
	237
	230
	
	236
	6.7

	195
	214
	213
	
	216
	7.1

	210
	186
	185
	
	181
	10.5

	225
	156
	152
	
	154
	5.5

	240
	136
	130
	
	135
	6.9

	270
	127
	123
	
	123
	7.9

	300
	.
	.
	
	.
	5.9

	330
	.
	.
	
	.
	5.8

	360
	.
	.
	
	.
	5.4

	Dog ID: R  Exp Grp: HGP
	WT: 5.6kg Sex: M Age: 6.5 months Dose: 2.8mg of metroclopramide
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	concentration (mmol/L)

	-30
	216
	217
	
	218
	4.3

	0
	686
	689
	
	684
	4.6

	15
	696
	700
	
	703
	5.7

	30
	586
	587
	
	586
	8.1

	45
	499
	500
	
	504
	9.9

	60
	461
	463
	
	465
	8.6

	75
	432
	432
	
	432
	7.9

	90
	418
	419
	
	419
	9.5

	105
	403
	403
	
	404
	9.2

	120
	370
	373
	
	371
	9.2

	135
	350
	350
	
	351
	8.5

	150
	326
	327
	
	328
	8.9

	165
	293
	294
	
	295
	7.6

	180
	283
	283
	
	280
	9.0

	195
	254
	256
	
	253
	9.1

	210
	235
	233
	
	240
	8.6

	225
	219
	220
	
	216
	7.5

	240
	.
	.
	
	.
	7.2

	270
	.
	.
	
	.
	7.5

	300
	.
	.
	
	.
	6.9

	330
	.
	.
	
	.
	6.2

	360
	.
	.
	
	.
	7.2

	Dog ID: BQ Exp Grp: GGM WT: 5.5kg Sex: f Age: 6.5 months
	Dose: 1375mg of Gongronema latifolium
	Dose clonidine: 1.10ml

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	concentration (mmol/L)

	-30
	150
	151
	
	150
	3.5

	0
	314
	313
	
	315
	4.2

	15
	323
	320
	
	323
	4.9

	30
	332
	335
	
	330
	5.2

	45
	398
	400
	
	397
	5.8

	60
	453
	454
	
	456
	6.0

	75
	453
	452
	
	454
	6.2

	90
	453
	450
	
	456
	7.1

	105
	450
	450
	
	450
	9.2

	120
	432
	434
	
	429
	10.0

	135
	417
	419
	
	420
	10.0

	150
	414
	412
	
	414
	10.0

	165
	398
	399
	
	400
	9.1

	180
	380
	379
	
	380
	8.0

	195
	365
	362
	
	364
	7.6

	210
	341
	340
	
	340
	6.0

	225
	335
	337
	
	332
	6.4

	240
	311
	309
	
	310
	6.0

	270
	298
	295
	
	300
	5.4

	300
	298
	297
	
	299
	4.0

	330
	253
	250
	
	255
	4.0

	360
	242
	239
	
	241
	4.0

	Dog ID: BH Exp Grp: GGL
	WT: 5.4kg  Sex: M
	Age: 6 mths
	Dose: 540mg G.latifolium  Dose clonidine: 1.08ml

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	181



	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	194
	
	198
	
	190
	4.0

	0
	312
	
	316
	
	310
	4.5

	15
	375
	
	380
	
	375
	4.8

	30
	383
	
	385
	
	383
	5.4

	45
	391
	
	394
	
	390
	5.8

	60
	425
	
	420
	
	423
	6.6

	75
	449
	
	450
	
	452
	7.0

	90
	449
	
	448
	
	449
	7.7

	105
	457
	
	459
	
	457
	8.7

	120
	444
	
	444
	
	447
	9.1

	135
	435
	
	436
	
	436
	10.8

	150
	412
	
	410
	
	410
	10.0

	165
	402
	
	402
	
	402
	10.0

	180
	402
	
	401
	
	399
	9.5

	195
	382
	
	378
	
	380
	8.9

	210
	376
	
	375
	
	375
	7.0

	225
	362
	
	363
	
	360
	6.9

	240
	340
	
	339
	
	342
	6.4

	270
	326
	
	326
	
	326
	5.7

	300
	318
	
	315
	
	319
	5.2

	330
	295
	
	291
	
	297
	5.5

	360
	249
	
	250
	
	247
	5.4

	Dog ID: BK  Exp Grp: GGM
	WT: 5.5kg
	Sex: M
	Age: 7 .5 mths
	Dose: 1375 mg of G.latifolium  Dose clonidine: 1.10ml

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	168
	
	166
	
	169
	3.8

	0
	423
	
	420
	
	423
	4.4

	15
	439
	
	439
	
	441
	4.6

	30
	447
	
	449
	
	446
	5.0

	45
	509
	
	510
	
	507
	5.4

	60
	555
	
	556
	
	553
	5.8

	75
	555
	
	557
	
	555
	6.1

	90
	555
	
	554
	
	555
	6.3

	105
	532
	
	534
	
	530
	7.8

	120
	528
	
	528
	
	526
	9.7

	135
	516
	
	520
	
	519
	9.2

	150
	501
	
	503
	
	500
	8.0

	165
	485
	
	482
	
	487
	7.8

	180
	474
	
	475
	
	477
	7.7

	195
	439
	
	440
	
	442
	7.0

	210
	431
	
	433
	
	434
	6.5

	225
	400
	
	402
	
	399
	6.0

	240
	381
	
	379
	
	381
	6.0

	270
	358
	
	359
	
	361
	5.1

	300
	338
	
	340
	
	340
	4.4

	330
	288
	
	288
	
	292
	4.6

	360
	280
	
	278
	
	283
	4.4

	Dog ID: BD
	Exp Grp: GGM
	WT: 6.9kg
	Sex: m
	Age: 7.5 months
	Dose: 1725 mg of G.latifolium
	Dose clonidine: 1.38ml

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	126
	
	124
	
	123
	4.0

	0
	258
	
	260
	
	262
	5.5

	15
	264
	
	262
	
	264
	6.0

	30
	296
	
	294
	
	300
	6.6

	45
	322
	
	320
	
	321
	6.5

	60
	408
	
	410
	
	406
	6.7

	75
	414
	
	412
	
	412
	7.0

	90
	414
	
	418
	
	416
	7.2

	105
	414
	
	415
	
	414
	8.6

	120
	408
	
	412
	
	410
	10.4

	135
	379
	
	376
	
	381
	9.6

	150
	365
	
	361
	
	365
	7.9

	165
	356
	
	357
	
	360
	7.5

	180
	354
	
	352
	
	356
	7.1

	195
	336
	
	340
	
	340
	6.8

	210
	330
	
	328
	
	333
	6.0

	225
	307
	
	300
	
	308
	5.9

	
	
	
	
	
	
	
	182



	240
	
	276
	
	279
	
	278
	5.5

	270
	
	261
	
	258
	
	264
	6.0

	300
	
	241
	
	246
	
	244
	5.1

	330
	
	212
	
	210
	
	212
	4.8

	360
	
	200
	
	197
	
	203
	4.9

	Dog ID: BS
	Exp Grp: GGC
	WT: 6.5
	Sex: m
	Age: 6months
	Dose: placebo
	Dose clonidine: 1.30ml
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	123
	
	121
	
	123
	4.5

	0
	
	249
	
	247
	
	246
	5.7

	15
	
	258
	
	260
	
	260
	6.0

	30
	
	270
	
	273
	
	275
	6.0

	45
	
	322
	
	320
	
	324
	7.3

	60
	
	406
	
	400
	
	410
	8.4

	75
	
	424
	
	421
	
	420
	8.8

	90
	
	424
	
	424
	
	423
	9.4

	105
	
	424
	
	426
	
	428
	10.6

	120
	
	412
	
	414
	
	414
	10.4

	135
	
	376
	
	373
	
	380
	9.3

	150
	
	367
	
	369
	
	363
	8.4

	165
	
	358
	
	353
	
	354
	7.9

	180
	
	346
	
	350
	
	348
	7.6

	195
	
	331
	
	337
	
	335
	7.0

	210
	
	322
	
	329
	
	320
	6.7

	225
	
	316
	
	318
	
	311
	5.8

	240
	
	286
	
	283
	
	284
	5.4

	270
	
	264
	
	260
	
	260
	5.4

	300
	
	240
	
	243
	
	248
	5.3

	330
	
	210
	
	209
	
	207
	5.2

	360
	
	204
	
	200
	
	204
	4.6

	Dog ID: BA
	Exp Grp: GGC
	WT: 6.8kg
	Sex: f
	Age: 7 months
	Dose: placebo
	Dose clonidine: 1.36ml
	

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	203
	
	206
	
	202
	4.0

	0
	
	365
	
	361
	
	369
	5.6

	15
	
	385
	
	387
	
	384
	6.3

	30
	
	409
	
	408
	
	411
	6.9

	45
	
	414
	
	412
	
	419
	7.5

	60
	
	432
	
	431
	
	436
	8.1

	75
	
	457
	
	459
	
	458
	8.7

	90
	
	457
	
	455
	
	457
	9.5

	105
	
	460
	
	463
	
	461
	9.9

	120
	
	447
	
	446
	
	449
	9.5

	135
	
	429
	
	430
	
	427
	10.6

	150
	
	419
	
	417
	
	422
	9.8

	165
	
	406
	
	404
	
	400
	9.0

	180
	
	398
	
	395
	
	400
	8.6

	195
	
	388
	
	390
	
	386
	8.0

	210
	
	383
	
	387
	
	388
	7.6

	225
	
	367
	
	370
	
	366
	7.0

	240
	
	349
	
	351
	
	353
	6.6

	270
	
	332
	
	336
	
	339
	6.2

	300
	
	332
	
	333
	
	329
	6.1

	330
	
	293
	
	297
	
	292
	5.8

	360
	
	260
	
	257
	
	265
	4.9

	Dog ID: BI
	Exp Grp: GGL
	WT: 6.0kg
	Sex: m
	Age: 5.5 momths  Dose: 600mg of G.latifolium Dose clonidine: 1.20ml

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	186
	
	183
	
	188
	5.1

	0
	
	345
	
	347
	
	348
	5.0

	15
	
	362
	
	361
	
	362
	5.6

	30
	
	386
	
	389
	
	390
	6.0

	45
	
	396
	
	398
	
	394
	7.2

	60
	
	410
	
	413
	
	400
	7.1

	75
	
	430
	
	427
	
	432
	7.3

	
	
	
	
	
	
	
	
	183



	90
	430
	
	431
	
	433
	
	9.1

	105
	430
	
	430
	
	430
	
	11.2

	120
	420
	
	422
	
	424
	
	10.0

	135
	398
	
	400
	
	396
	
	9.7

	150
	386
	
	388
	
	388
	
	9.2

	165
	376
	
	379
	
	374
	
	9.0

	180
	369
	
	370
	
	366
	
	8.2

	195
	352
	
	350
	
	351
	
	8.0

	210
	349
	
	345
	
	347
	
	7.0

	225
	336
	
	334
	
	334
	
	6.6

	240
	313
	
	315
	
	311
	
	6.6

	270
	306
	
	309
	
	308
	
	6.0

	300
	284
	
	282
	
	286
	
	5.9

	330
	249
	
	246
	
	251
	
	5.1

	360
	232
	
	232
	
	234
	
	5.0

	Dog ID: BM
	Exp Grp: GGL
	WT: 5.7kg
	Sex: m
	Age: 6 months
	Dose: 570 mg of G.latifolium  Dose Clonidine : 1.14ml

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	178
	
	176
	
	174
	
	5.0

	0
	392
	
	391
	
	390
	
	5.0

	15
	417
	
	419
	
	413
	
	5.5

	30
	435
	
	435
	
	431
	
	5.9

	45
	443
	
	440
	
	446
	
	6.3

	60
	449
	
	451
	
	447
	
	7.1

	75
	463
	
	466
	
	465
	
	9.0

	90
	463
	
	461
	
	464
	
	9.3

	105
	463
	
	463
	
	465
	
	9.1

	120
	457
	
	460
	
	454
	
	9.5

	135
	420
	
	425
	
	454
	
	7.9

	150
	415
	
	419
	
	418
	
	8.0

	165
	406
	
	400
	
	403
	
	6.2

	180
	397
	
	399
	
	396
	
	6.1

	195
	375
	
	373
	
	373
	
	5.3

	210
	363
	
	361
	
	365
	
	5.5

	225
	352
	
	351
	
	353
	
	5.9

	240
	329
	
	331
	
	329
	
	5.8

	270
	312
	
	315
	
	311
	
	5.9

	300
	303
	
	300
	
	300
	
	5.5

	330
	264
	
	260
	
	265
	
	4.6

	360
	238
	
	234
	
	235
	
	4.6

	Dog ID: BT
	Exp Grp: GGH
	WT: 5.6kg
	Sex: m
	Age: 7 months
	Dose: 2800mg of G.latifolium
	Dose clonidine: 1.12ml

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	230
	
	233
	
	231
	
	3.9

	0
	418
	
	420
	
	416
	
	4.0

	15
	423
	
	420
	
	423
	
	4.0

	30
	431
	
	430
	
	430
	
	4.2

	45
	448
	
	450
	
	451
	
	4.4

	60
	460
	
	459
	
	460
	
	5.4

	75
	468
	
	470
	
	469
	
	5.7

	90
	476
	
	473
	
	475
	
	6.0

	105
	478
	
	476
	
	475
	
	8.3

	120
	478
	
	478
	
	477
	
	10.0

	135
	466
	
	463
	
	465
	
	10.0

	150
	443
	
	443
	
	443
	
	9.8

	165
	418
	
	420
	
	420
	
	8.9

	180
	409
	
	411
	
	407
	
	7.6

	195
	399
	
	401
	
	401
	
	7.3

	210
	389
	
	386
	
	387
	
	6.8

	225
	381
	
	380
	
	383
	
	5.8

	240
	374
	
	372
	
	375
	
	5.2

	270
	354
	
	354
	
	354
	
	4.7

	300
	339
	
	340
	
	337
	
	4.5

	330
	307
	
	301
	
	309
	
	4.5

	360
	285
	
	280
	
	283
	
	4.0

	Dog ID: BO  Exp Grp: GGH
	WT: 5.8kg
	Sex: m
	Age: 6 months
	Dose: 2900mg G.latifolium
	Dose clonidine: 1.16ml

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	
	184



	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	259
	
	255
	256
	3.5

	0
	
	458
	
	456
	459
	3.7

	15
	
	461
	
	459
	460
	3.8

	30
	
	471
	
	474
	469
	4.0

	45
	
	490
	
	488
	491
	4.6

	60
	
	511
	
	511
	511
	5.3

	75
	
	548
	
	547
	545
	6.5

	90
	
	577
	
	575
	575
	6.8

	105
	
	580
	
	580
	578
	7.8

	120
	
	580
	
	577
	581
	9.0

	135
	
	558
	
	560
	561
	9.9

	150
	
	538
	
	540
	537
	9.8

	165
	
	509
	
	510
	510
	8.8

	180
	
	497
	
	500
	501
	7.7

	195
	
	471
	
	468
	468
	7.0

	210
	
	461
	
	460
	459
	6.7

	225
	
	452
	
	452
	453
	6.2

	240
	
	440
	
	439
	439
	5.6

	270
	
	418
	
	416
	415
	5.0

	300
	
	400
	
	397
	403
	5.0

	330
	
	352
	
	350
	354
	4.8

	360
	
	336
	
	330
	333
	4.6

	Dog ID: BJ
	Exp Grp: GGH
	WT: 6.5kg
	Sex: m
	Age: 5 months  Dose: 3250mg of G.latifolium  Dose clonidine: 1.30ml

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	213
	
	215
	212
	3.5

	0
	
	347
	
	345
	350
	3.4

	15
	
	353
	
	350
	352
	3.7

	30
	
	368
	
	370
	372
	3.8

	45
	
	398
	
	400
	403
	4.7

	60
	
	428
	
	425
	424
	5.1

	75
	
	466
	
	470
	464
	5.2

	90
	
	499
	
	500
	503
	6.0

	105
	
	505
	
	507
	506
	7.1

	120
	
	511
	
	514
	513
	9.9

	135
	
	481
	
	480
	478
	10.0

	150
	
	463
	
	465
	461
	9.0

	165
	
	434
	
	430
	435
	8.5

	180
	
	407
	
	403
	405
	7.5

	195
	
	398
	
	395
	400
	6.4

	210
	
	395
	
	390
	398
	6.4

	225
	
	380
	
	378
	376
	5.9

	240
	
	359
	
	362
	353
	5.1

	270
	
	356
	
	353
	357
	4.9

	300
	
	338
	
	340
	336
	4.6

	330
	
	305
	
	305
	303
	4.3

	360
	
	273
	
	271
	268
	4.1

	Dog ID: BP
	Exp Grp: GGM
	WT: 5.8kg
	Sex: m  Age: 7 months  Dose: 1450kg of G.latifolium Dose clonidine: 1.16ml

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	247
	
	249
	245
	5.0

	0
	
	356
	
	353
	352
	5.1

	15
	
	364
	
	366
	362
	5.9

	30
	
	377
	
	379
	375
	6.0

	45
	
	401
	
	403
	400
	5.9

	60
	
	420
	
	415
	418
	6.3

	75
	
	473
	
	470
	474
	6.3

	90
	
	497
	
	500
	499
	6.8

	105
	
	508
	
	511
	506
	9.6

	120
	
	513
	
	515
	513
	10.5

	135
	
	486
	
	488
	488
	9.4

	150
	
	468
	
	468
	468
	8.5

	165
	
	451
	
	450
	449
	8.0

	180
	
	431
	
	429
	434
	8.0

	195
	
	420
	
	417
	423
	6.6

	
	
	
	
	
	
	
	185



	210
	417
	
	
	
	417
	
	417
	
	6.3

	225
	404
	
	
	
	398
	
	401
	
	5.7

	240
	365
	
	
	
	367
	
	363
	
	5.7

	270
	358
	
	
	
	356
	
	356
	
	5.1

	300
	351
	
	
	
	350
	
	354
	
	5.7

	330
	324
	
	
	
	326
	
	322
	
	5.0

	360
	299
	
	
	
	295
	
	301
	
	5.1

	Dog ID: BB
	Exp Grp: GGP
	WT: 7.0  Sex: m
	Age: 7 months
	Dose: 3.5mg of metroclopramide
	Dose clonidine: 1.40ml

	Time (minutes)
	Antral area 1 (mm2)
	
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	226
	
	
	
	223
	
	225
	
	3.5

	0
	405
	
	
	
	408
	
	403
	
	6.6

	15
	415
	
	
	
	413
	
	418
	
	7.7

	30
	430
	
	
	
	426
	
	428
	
	7.5

	45
	445
	
	
	
	447
	
	444
	
	8.5

	60
	452
	
	
	
	454
	
	454
	
	11.6

	75
	512
	
	
	
	516
	
	511
	
	9.1

	90
	534
	
	
	
	536
	
	540
	
	11.3

	105
	550
	
	
	
	553
	
	556
	
	11.7

	120
	556
	
	
	
	552
	
	552
	
	12.5

	135
	532
	
	
	
	537
	
	535
	
	11.2

	150
	501
	
	
	
	503
	
	506
	
	11.7

	165
	449
	
	
	
	450
	
	447
	
	11.9

	180
	447
	
	
	
	447
	
	447
	
	12.0

	195
	421
	
	
	
	422
	
	425
	
	12.1

	210
	411
	
	
	
	415
	
	417
	
	12.2

	225
	400
	
	
	
	395
	
	398
	
	12.3

	240
	390
	
	
	
	385
	
	388
	
	12.3

	270
	372
	
	
	
	372
	
	372
	
	11.4

	300
	352
	
	
	
	353
	
	350
	
	11.4

	330
	337
	
	
	
	339
	
	342
	
	10.2

	360
	298
	
	
	
	294
	
	295
	
	9.1

	Dog ID: BC
	Exp Grp: GGL
	WT: 6.6kg
	Sex: m
	Age: 6 months
	Dose: 660mg of G.latifolium
	Dose clonidine: 1.32ml

	Time (minutes)
	Antral area 1 (mm2)
	
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	170
	
	
	
	169
	
	165
	
	5.5

	0
	316
	
	
	
	316
	
	312
	
	5.5

	15
	321
	
	
	
	325
	
	326
	
	6.1

	30
	333
	
	
	
	337
	
	335
	
	6.3

	45
	354
	
	
	
	356
	
	350
	
	6.7

	60
	370
	
	
	
	370
	
	368
	
	6.8

	75
	390
	
	
	
	395
	
	393
	
	7.5

	90
	418
	
	
	
	415
	
	414
	
	8.5

	105
	423
	
	
	
	423
	
	420
	
	9.0

	120
	426
	
	
	
	423
	
	423
	
	11.8

	135
	413
	
	
	
	411
	
	415
	
	11.0

	150
	391
	
	
	
	393
	
	395
	
	10.6

	165
	357
	
	
	
	359
	
	355
	
	10.4

	180
	342
	
	
	
	347
	
	341
	
	9.8

	195
	327
	
	
	
	329
	
	330
	
	9.0

	210
	316
	
	
	
	314
	
	318
	
	8.3

	225
	296
	
	
	
	293
	
	300
	
	7.0

	240
	279
	
	
	
	278
	
	280
	
	7.2

	270
	271
	
	
	
	273
	
	271
	
	6.0

	300
	253
	
	
	
	251
	
	248
	
	6.2

	330
	236
	
	
	
	233
	
	235
	
	5.2

	360
	194
	
	
	
	197
	
	199
	
	5.0

	Dog ID: BG
	Exp Grp: GGC
	WT: 5.6kg
	Sex: f
	Age: 5.8 months
	Dose: placebo
	Dose clonidine: 1.12ml

	Time (minutes)
	Antral area 1 (mm2)
	
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	231
	
	
	
	234
	
	235
	
	4.1

	0
	433
	
	
	
	429
	
	430
	
	5.8

	15
	449
	
	
	
	450
	
	452
	
	6.3

	30
	459
	
	
	
	455
	
	460
	
	6.4

	45
	469
	
	
	
	471
	
	465
	
	7.0

	60
	488
	
	
	
	490
	
	485
	
	7.2

	75
	523
	
	
	
	526
	
	520
	
	8.4

	
	
	
	
	
	
	
	
	
	186



	90
	549
	
	
	544
	545
	9.4

	105
	552
	
	
	551
	553
	10.1

	120
	552
	
	
	556
	550
	10.1

	135
	536
	
	
	534
	534
	9.8

	150
	517
	
	
	521
	519
	9.1

	165
	481
	
	
	480
	484
	9.0

	180
	449
	
	
	444
	450
	8.7

	195
	440
	
	
	440
	436
	7.9

	210
	433
	
	
	430
	431
	6.7

	225
	411
	
	
	414
	416
	6.4

	240
	401
	
	
	404
	401
	6.2

	270
	398
	
	
	400
	342
	6.1

	300
	369
	
	
	366
	370
	6.1

	330
	343
	
	
	340
	339
	6.0

	360
	311
	
	
	314
	310
	5.2

	Dog ID: BR
	Exp Grp: GGH
	WT: 6.5kg
	Sex: m
	Age: 7.5 months
	Dose: 3250mg of G.latifolium
	Dose clonidine: 1.30ml

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	concentration (mmol/L)

	-30
	206
	
	
	207
	204
	3.5

	0
	437
	
	
	440
	439
	3.7

	15
	450
	
	
	447
	448
	3.7

	30
	450
	
	
	457
	452
	4.0

	45
	471
	
	
	475
	477
	5.1

	60
	494
	
	
	492
	497
	5.4

	75
	522
	
	
	520
	519
	5.2

	90
	550
	
	
	546
	547
	5.8

	105
	550
	
	
	552
	550
	6.4

	120
	550
	
	
	548
	552
	9.9

	135
	547
	
	
	549
	547
	10.0

	150
	516
	
	
	514
	511
	10.2

	165
	481
	
	
	486
	484
	9.8

	180
	451
	
	
	454
	454
	9.0

	195
	430
	
	
	426
	429
	8.5

	210
	416
	
	
	412
	417
	7.8

	225
	403
	
	
	406
	405
	7.3

	240
	397
	
	
	393
	395
	6.7

	270
	381
	
	
	381
	381
	6.3

	300
	360
	
	
	361
	362
	6.0

	330
	330
	
	
	333
	328
	5.7

	360
	291
	
	
	289
	288
	5.0

	Dog ID: BE
	Exp Grp: GGP
	WT: 5.2kg
	Sex: m
	Age: 5 months  Dose: 2.6mg of metroclopramide
	Dose clonidine: 1.04ml

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	concentration (mmol/L)

	-30
	199
	
	
	198
	200
	3.8

	0
	496
	
	
	500
	493
	6.2

	15
	504
	
	
	506
	502
	7.4

	30
	517
	
	
	518
	520
	9.1

	45
	536
	
	
	534
	531
	11.6

	60
	541
	
	
	539
	539
	12.0

	75
	540
	
	
	544
	541
	13.0

	90
	524
	
	
	529
	527
	12.6

	105
	497
	
	
	499
	500
	12.4

	120
	458
	
	
	455
	461
	12.1

	135
	434
	
	
	437
	435
	12.0

	150
	411
	
	
	418
	413
	12.4

	165
	406
	
	
	406
	404
	11.9

	180
	399
	
	
	400
	397
	12.3

	195
	391
	
	
	392
	395
	12.1

	210
	376
	
	
	380
	378
	12.0

	225
	375
	
	
	371
	374
	12.1

	240
	354
	
	
	352
	351
	12.4

	270
	334
	
	
	331
	336
	12.0

	300
	283
	
	
	285
	288
	12.0

	330
	280
	
	
	281
	283
	11.8

	360
	274
	
	
	270
	276
	11.0

	
	
	
	
	
	
	187



	Dog ID:BF
	Exp Grp: HGP
	WT: 5.3kg
	Sex: m
	Age: 5 months
	Dose: 2.7mg of metroclopramide
	Dose clonidine: 1.06ml

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	211
	
	215
	
	217
	4.2

	0
	
	499
	
	498
	
	500
	6.8

	15
	
	498
	
	501
	
	497
	7.9

	30
	
	510
	
	514
	
	512
	8.2

	45
	
	527
	
	531
	
	525
	9.9

	60
	
	530
	
	533
	
	530
	11.4

	75
	
	530
	
	536
	
	528
	12.8

	90
	
	525
	
	521
	
	524
	12.5

	105
	
	501
	
	503
	
	502
	12.2

	120
	
	486
	
	482
	
	480
	12.0

	135
	
	462
	
	463
	
	466
	12.6

	150
	
	459
	
	460
	
	456
	12.1

	165
	
	432
	
	434
	
	437
	12.5

	180
	
	422
	
	425
	
	427
	12.1

	195
	
	390
	
	390
	
	390
	12.0

	210
	
	374
	
	377
	
	379
	12.0

	225
	
	373
	
	371
	
	371
	12.0

	240
	
	346
	
	343
	
	342
	12.1

	270
	
	330
	
	336
	
	332
	12.1

	300
	
	294
	
	297
	
	293
	12.2

	330
	
	284
	
	281
	
	279
	11.3

	360
	
	280
	
	278
	
	275
	11.3

	Dog ID: BL
	
	Exp Grp: GGP
	WT:7.0kg
	Sex: m
	Age: 6 months
	Dose: 3.5mg of metroclopramide
	Dose clonidine: 1.40ml

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	263
	
	267
	
	264
	5.1

	0
	
	604
	
	602
	
	600
	5.0

	15
	
	611
	
	614
	
	616
	5.6

	30
	
	626
	
	629
	
	630
	6.0

	45
	
	645
	
	640
	
	642
	7.2

	60
	
	640
	
	642
	
	644
	7.1

	75
	
	646
	
	644
	
	643
	7.3

	90
	
	621
	
	621
	
	621
	9.1

	105
	
	568
	
	566
	
	564
	11.2

	120
	
	550
	
	549
	
	547
	10.0

	135
	
	530
	
	528
	
	529
	9.7

	150
	
	518
	
	514
	
	516
	9.2

	165
	
	511
	
	513
	
	515
	9.0

	180
	
	492
	
	490
	
	494
	8.2

	195
	
	484
	
	479
	
	482
	8.0

	210
	
	469
	
	469
	
	461
	7.0

	225
	
	451
	
	454
	
	450
	6.6

	240
	
	430
	
	434
	
	429
	6.6

	270
	
	412
	
	415
	
	417
	6.0

	300
	
	406
	
	404
	
	401
	5.9

	330
	
	347
	
	344
	
	349
	5.1

	360
	
	342
	
	339
	
	337
	5.0

	Dog ID: BN
	
	Exp Grp: GGC
	WT: 5.9kg
	Sex: m
	Age: 6.5 months
	Dose: placebo  Dose clonidine: 1.18ml

	Time (minutes)
	Antral area 1 (mm2)
	Antral area 3 (mm2)
	Antral area 3 (mm2)
	Blood glucose

	
	
	
	
	
	
	
	
	concentration (mmol/L)

	-30
	
	207
	
	204
	
	202
	5.0

	0
	
	512
	
	510
	
	515
	6.1

	15
	
	517
	
	513
	
	515
	6.6

	30
	
	525
	
	527
	
	529
	7.1

	45
	
	541
	
	545
	
	539
	7.8

	60
	
	541
	
	546
	
	544
	8.3

	75
	
	552
	
	555
	
	558
	8.9

	90
	
	541
	
	547
	
	545
	9.7

	105
	
	526
	
	520
	
	524
	10.0

	120
	
	517
	
	514
	
	513
	9.9

	135
	
	501
	
	503
	
	499
	9.7

	150
	
	474
	
	478
	
	479
	8.9

	165
	
	450
	
	454
	
	451
	7.9

	180
	
	444
	
	444
	
	447
	7.6

	195
	
	427
	
	430
	
	432
	7.3

	
	
	
	
	
	
	
	
	188



	210
	419
	419
	419
	7.0

	225
	405
	409
	407
	6.6

	240
	400
	398
	396
	6.4

	270
	389
	381
	385
	6.0

	300
	308
	311
	313
	5.6

	330
	290
	294
	296
	5.1

	360
	270
	273
	273
	5.0



