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Incretin action and effect of the incretin preparation for glucose metabolism in dogs.

Hitomi Oda

Incretin was shown to exert their insulinotropic effects through a variety of
mechanisms, including increasing the rates of insulin synthesis, granule docking, and
exocytosis. In the presence of matched glucose concentrations, insulin secretion is
greater following ingestion of glucose than following infusion of glucose. This was
referred to as "the incretin effect” and is believed to be modulated at least in part by
intestinally secreted hormones such as glucose-dependent insulinotropic peptide (GIP)
and glucagon like peptide-1 (GLP-1). These incretins have various effects besides
stimulating insulin secretion. These effects include delaying gastric emptying and
suppressing glucagon secretion in patients with diabetes mellitus (DM).

The aims of this study were to investigate the effect of incretin and incretin
preparation for glucose and insulin metabolism in dogs.

Chapter 2: Confirmation of the “incretin effect” in healthy dogs and investigate
distribution of tissue genetic expressions of GIP and GLP-1 in intestine

In order to confirm whether dog have “the incretin effect”, we performed the oral
glucose tolerance test (OGTT) and intravenous glucose tolerance test (IVGTT) under
similar blood glucose variation using artificial pancreas apparatus. No significant
difference was observed in temporal serum glucose concentrations between OGTT and
IVGTT, since we adjust the intravenous glucose infusion to reproduce similar blood
glucose variation as the OGTT. However, insulin, GIP and GLP-1 concentration in
OGTT were significantly higher than those in IVGTT. Overall, our insulin and incretin
results confirm the existence of the “incretin effect” in healthy dogs. However, this
effect was weaker than similar human study.

GIP produced by K-cells have commonly identified in the upper small intestine,
whereas GLP-1 is produced by the L-cells primarily located in the distal small intestine
and colon in human study. Therefore, the aim of this study was to examine distribution
of tissue genetic expressions of GIP and GLP-1 in canine intestine. GIP genetic
expression was highest in the duodenum as compared to other small intestine (jejunum,
ileum). However, genetic expression of GLP-1 was the highest in ileum as compared to
duodenum and jejunum. This result was not consistent with other mammals, thereby the
incretin effect might be decreased in dogs.

Chapter 3: The circadian incretin concentration and effect of diet with different
nutritional composition in healthy dogs.

In order to determine the circadian incretin concentration and effect of different
nutritional composition, different diets were fed in 5 healthy dogs.

The incretin concentrations were different between day and night-time. For data
analyses, day-time was defined as 7:00 am-7:00 pm and night-time as 7:00 pm-7:00 am.
We measured GIP, GLP-1, glucose, insulin, and non-esterified free fatty acid
concentration (NEFA). GIP and GLP-1 concentrations were increased in a few hours
after ingestion, and followed by slowly decreased. However, different percentage of rise
and peak values were observed between the day-time (7:00 am to 7:00 pm) and the
night-time(7:00 pm to 7:00 am) when fed the same amount of diets twice a day



(semidiurnal). In addition, NEFA concentration of the day-time was gradually increased
as compared to the night-time. These results suggested that feeding dogs in night time
cannot be consumed all energy from food intake.

Then, the impact of 5 commercially available prescription diet regimens on
postprandial glucose, insulin, GIP, and GLP-1 concentrations were investigated with
five healthy dogs. The diet regimens used were as follows: Select Skin Care dry
(general use: moderate protein, moderate fat, moderate carbohydrate and low fiber),
Gastro Intestinal (Low fat) dry (moderate protein, low fat, high carbohydrate and
moderate fiber), Renal dry (low protein, high fat, moderate carbohydrate and moderate
fiber), Obesity dry (high protein, moderate fat, low carbohydrate and high fiber), and
Fibre Response dry (moderate protein, high fat, low carbohydrate and high fiber). In
two high-fiber diets (Obesity and Fibre Response dry), GLP-1 concentration was
significantly increased compared to other diets. Meanwhile, GIP secretion was
increased in high-fat diet (Renal dry) and this result was similar to the previously
reports in other mammals. In addition, GIP concentration was decreased in two
high-fiber diets. These results might be related to chapter 2 results, GIP expression was
the highest in the duodenum and decreased gradually in the jejunum. Therefore, feeding
the high-fiber diet induce absorption lag, thereby GIP concentration might be decreased.

Chapter 4: Effect of liraglutide on glucose metabolism in healthy and T1DM
dogs.

Recently, enhanced incretin preparations, such as liraglutide have emerged, with
clinical data indicating that enhanced preparations can improve glycemic control by
stimulating insulin secretion in patients suffering from Type 2 diabetes mellitus (T2DM).
Liraglutide is a long-acting acylated human GLP-1 receptor agonist developed for the
treatment of T2DM. The prolonged action of liraglutide is achieved by attaching a fatty
acid molecule at one position of the GLP-1 molecule, binding with aloumin results in
slower degradation. Recent study suggested liraglutide improved control of blood
glucose and reduced meal related hyperglycemia by increasing insulin secretion,
delaying gastric emptying, and suppressing glucagon secretion. Recent human study has
shown that liraglutide administration with insulin preparation in patients with well
controlled T1IDM reduces mean and standard deviation of daily blood glucose.
Therefore, liraglutide might suppress glucagon and induce lowering blood glucose
concentrations as in dogs.

In order to determine the effect of incretin preparations on serum glucose and insulin
concentrations, dipeptidyl peptidase-4 (DPP-4) resistant GLP-1 analog, liraglutide was
administered in 5 healthy dogs. Liraglutide was dispensed medication before starting
OGTT. Significant decrease was observed in temporal serum glucose concentrations in
liraglutide group as compared to control group. Since these dogs are healthy, insulin
regulation is properly functioning and regulated. Therefore only a minimal amount of
additional insulin was likely secreted, since it was not required. Insulin stimulation and
glucagon inhibition contribute equally for the effect of GLP-1 in human study.
Furthermore, it is known that liraglutide is capable of increasing insulin secretion and
suppressing prandial glucagon secretion in a glucose-dependent manner. Hence, we
speculate that stabilized glucose concentrations, after the OGTT, due to liraglutide
treatment, may have been principally attributed to reduced glucagon secretion, instead
of insulin secretion in healthy animals. Liraglutide's prandial glucagon suppressive



ability appears to play a key role in its glucose-lowering capability. Since a liraglutide
associated glucose lowering effect was observed in healthy dogs, and we suspect that
this was principally resulting from liraglutide’s ability to suppress prandial glucagon
release into the blood, we tested whether TIDM dogs would respond favorably to
liraglutide treatment. TIDM dogs responded favorably to liraglutide treatment, which
lead to a significant reduction of 46.0% in glucose AUCO0-12h (total area under the
curve for 0-12h), and a significant reduction of 66.5% in serum glucose as compared to
baseline controls (insulin treatment only).

In conclusion, this study demonstrated that healthy dogs have the incretin effect and
the incretin secretion was affected by different nutritional composition. Moreover,
incretin preparations affect glucose and insulin metabolism in healthy and DM dogs.
This study confirms the potential use of GLP-1 as an attractive candidate for therapy
and management in DM dogs.



