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Preliminary Study Characterizing the Use of Sitagliptin for Glycemic Control in
Healthy Beagle Dogs with Normal Gluco-Homeostasis
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ABsTRACT. Sitagliptin is a dipeptidyl peptidase-4 inhibitor aimed at treating Type 2 diabetes mellitus (T2DM) and T1DM, by increasing
blood levels of Glucagon-like peptide 1 (GLP-1) and insulin. The objective of this preliminary study is to characterize Sitagliptin’s ability
for glycemic control, in healthy dogs under an oral glucose tolerance test (OGTT) environment. Overall, Sitagliptin did not result in any
significant changes to temporal glucose and insulin concentrations. However, a ~55% increase in median total GLP-1 AUC_|59min Was
observed, as compared to baseline control in healthy dogs (n=5), thus indicating a similar mode of action of Sitagliptin between healthy
dogs and humans. Future studies to validate the use of Sitagliptin with dogs suffering from insulin independent diabetes are warranted.
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To date, only glucose-dependent insulinotropic polypep-
tide (GIP) and glucagon-like peptide-1 (GLP-1) fulfill the
definition of an incretin hormone in humans [10]. These
hormones are released by gut endocrine cells in response
to a meal and regulate blood glucose levels by stimulating
glucose-dependent insulin secretion. Furthermore, these two
peptides potentiate glucose- stimulated insulin secretion
in an additive manner, likely contributing and accounting
for the majority of the “incretin effect” in humans [2]. The
concept that oral glucose administration promotes a much
greater increase in plasma insulin levels, as compared to the
same amount of glucose given intravenously [28] underlies
the “incretin effect” [30], which is estimated to account for
approximately 50-70% of the total insulin secreted follow-
ing oral glucose administration.

As such, incretins have potential therapeutic use as antihy-
perglycemic agents, receiving much attention as a potential
new form of treatment for diabetes, especially against Type
2 diabetes mellitus (T2DM) originally, and more recently,
T1DM [1, 13, 15, 19, 25]. However, the therapeutic poten-
tial of endogenous GLP-1 and GIP is limited, because of
rapid inactivation by dipeptidyl peptidase-4 (DPP-4) [8, 35].
Enhanced incretin preparations, such as DPP-4 inhibitors
and DPP-4 resistant GLP-1 analogs, have emerged as new
classes of antihyperglycemic agents [11, 29], with clinical
data in humans demonstrating that incretin preparations can
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improve glycemic control by stimulating insulin secretion in
diabetic patients [4, 5, 12, 31].

DPP-4 inhibitors or gliptins are a class of oral hypogly-
cemic compounds that block DPP-4. The first agent of the
class is Sitagliptin, developed and marketed by Merck Phar-
maceuticals, which received approval from the U.S. Food
and Drug Administration (USFDA) in 2006. Sitagliptin
works to increase and stabilize active form incretin levels,
by competitively inhibiting DPP-4, which normally breaks
down GLP-1 and GIP [19]. By preventing GLP-1 and GIP
inactivation, both incretins are able to increase insulin se-
cretion, decrease gastric acid secretion and decrease blood
glucose levels. Recently, extending the use of DPP-4 inhibi-
tors to TIDM has been suggested. Recent studies in human
patients suffering from T1DM demonstrated that Sitagliptin
significantly improved overall glucose control, including
postprandial and 24-hr glucose control, in adult patients with
T1DM, while significantly reducing prandial insulin require-
ments [12, 16, 17, 25]

Surprisingly, the pharmacokinetics, metabolism and
excretion of Sitagliptin have been previously evaluated in
beagle dogs [3, 24], however, the use of Sitagliptin for glyce-
mic control in dogs has yet to be documented and evaluated.
As such, the main objective of this preliminary preclinical
study was to assess and determine the effect of Sitagliptin
on glucose metabolism in healthy dogs by monitoring serum
glucose, insulin and GLP-1 levels, during oral glucose toler-
ance test (OGTT) for potential clinical use treating diabetes
in dogs. The incretin effect exists in dogs [22, 32], so the
mechanism of Sitaglitpin action would mirror that in humans.
Because the majority of, if not all, clinical diabetes cases in
dogs is insulin-dependent (T1DM), withT2DM cases being
extremely rare [6], logic dictates that the effectiveness of
Sitagliptin in dogs would be severely hampered in cases of
insulin deficiency, since Sitagliptin’s main mechanism of ac-
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tion is increased insulin secretion via incretin stabilization.
However, our laboratory previously demonstrated that GLP-
1 analogs show potent glucose-lowering action in healthy
and TIDM dogs [32], similarly in T2DM suffering humans
[26]. Therefore, the incretin pathway is not exclusively
insulin dependent regarding its glucose lowering ability,
and as such, in spite of the ineffectiveness of Sitagliptin’s
pro-insulin secretion characteristic in dogs, it may be able to
lower blood glucose via alternate mechanisms.

Throughout the study, the same five healthy beagles (2
castrated males and 3 spayed females, 6.16-13.04 kg BW,
3-5 years old), were maintained in our laboratory for re-
search purposes and served as healthy controls. All dogs
were fed on a commercial diet (Select Protein, Royal Canin
Japon, Tokyo, Japan) twice a day (8 am and 8 pm), and the
caloric intake was set at 1/2 x 1.6 x RER (BW%7> x 70) for
each feeding period, whereby RER means the resting energy
requirement and BW means body weight for dogs [9]. Ap-
proval for this work has been given by the Nippon Veterinary
and Life Science University Animal Research Committee.

Oral administration of glucose solution (1.0 g/kg, FUSO
glucose 50%PL, FUSO Pharmaceutical Industries, Ltd.,
Tokyo, Japan) lasted for over 30 sec, and the dose of admin-
istered glucose solution was referenced in a previous study
[21]. This was carried out in replicate using the same five
dogs twice with a 2-week washout period.

In order to determine Sitagliptin’s effect, Sitagliptin
(JANUVIA®; MSD K K., Yokohama, Japan) was initially
orally administered to 5 healthy dogs at 1.0 mg/kg at 8:00
am, following a 12 hr overnight fasting period. This was a
referenced clinical dose used with T2DM patients in Japan
[23] and was administered on a daily basis for a period of
7 days. OGTT was performed on the last day of Sitagliptin
administration with Sitagliptin being administered 1 hr prior
to performing the OGTT [27].

For all procedures (OGTT, OGTT + Sitagliptin), blood
was obtained from the jugular vein of each dog immediately
prior to (0) and 5, 10, 15, 20, 30, 45, 60, 90 and 120 min af-
ter glucose administration [32]. Serum glucose, insulin and
plasma GLP-1 concentrations were subsequently also mea-
sured over a 2 hr period post initial glucose administration.

Blood samples for glucose and insulin were collected into
polypropylene tubes and allowed to clot at room temperature
for 15 min. Immediately after clotting, blood samples were
centrifuged at 1,700 g for 10 min at 4°C to obtain serum.
Blood samples for GLP-1 assaying were collected into ice-
cooled Vacutainer® EDTA-plasma tubes. Immediately after
collection, an appropriate amount (10 x/ of DPP-4 inhibitor
per m/ of blood) of DPP-4 inhibitor reagent solution (DPP-
IV Inhibitor; Millipore Headquarters, Billerica, MA, U.S.A.)
was added, according to the manufacturer’s instructions.
Samples were immediately centrifuged at 1,000 g for 10
min at 4°C to obtain plasma. The serum and plasma samples
were immediately stored at —80°C until further use.

Serum samples were used to measure glucose and in-
sulin using a Wako2 Glucose test commercial kit (Wako
Pure Chemical Industries, Tokyo, Japan) and a Morinaga
Dog Insulin commercial ELISA Kit (Morinaga Institute of

Biological Science, Yokohama, Japan), respectively. Alter-
natively, plasma samples were used to determine GLP-1
concentration, which was measured using a commercial
Glucagon-Like Peptide-1 (Active) 96-Well Plate ELISA Kit
for humans (Millipore Headquarters) according to the manu-
facturer’s protocol. This GLP-1 ELISA kit was previously
validated for use in dogs [33] with intra- and interassay vari-
ability of 4.5% and 12.9%, respectively, for canine GLP-1
concentrations.

Data are presented as median [min, max]. Total area un-
der the curve during 0—120 min (AUC_;5 min) for glucose,
insulin and GLP-1 was calculated by the trapezoidal rule.
Statistical significance was determined by Mann-Whitney
U-test. Statistical significance was set at P<0.05. All tests
were conducted using Sigmaplot analysis software (Sigma-
plot 11.0, Build 11.0.077; Systat Software Inc., San Jose,
CA, US.A).

With respect to glucose and insulin concentrations, Si-
tagliptin exhibited no significant effects, rendering similar
temporal patterns as baseline control, respectively (Fig. la
and 1b). This was reflected by similar values in total glucose
AUC_120 min and in total insulin AUC_;5 min When com-
pared to baseline control (13,468 [10,913, 16,188] versus
13,462 [11,423, 16,168] and 76.3 [54.6, 84.22] versus 70.0
[44.2, 95.0]; respectively). This was to be expected, since
the OGTT was applied in healthy animals with normal glu-
cose homeostasis ability and which were fully capable of
producing insulin and insulin secretion. Sitagliptin’s ability
to increase or enhance secretion of insulin appears to be neg-
ligible and unmeasurable in healthy animals due to normal
glucose homeostasis. However, the lack of any change in
glucose concentration is interesting, since a previous study
by our laboratory, involving Liraglutide, a long-acting ac-
ylated human GLP-1 receptor agonist, with a 97% amino
acid sequence identity to endogenous human GLP-1, dem-
onstrated a reduction in glucose concentration without any
accompanying changes in insulin levels in an OGTT with
healthy dogs with normal gluco-homeostasis [32].

We speculate that in the Liraglutide study, the reduction
in glucose concentration was most likely due to the action
of GLP-1 mediated delaying of gastric emptying and sup-
pression of prandial glucagon secretion [14, 34]. However,
Sitagliptin’s action is not exclusive to GLP-1 only [19] and
works to competitively inhibit DPP-4, which inactivates
incretin enzymes, such as GIP and GLP-1. By preventing
GLP-1 inactivation, Sitagliptin is able to potentiate the se-
cretion of insulin and suppress the release of glucagon by the
pancreas. However, GIP has been shown to possess gluca-
gonotropic effects in human subjects, and recent findings im-
plicate GIP as a “diabetogenic” hormone [7]. GIP is known
to stimulate the secretion of both insulin and glucagon which
might negate the glucagon suppressive effect of GLP-1 [2],
which may help to explain the lack of any changes to glucose
level with Sitagliptin as compared to a reduction with Lira-
glutide. Therefore, under a clinical setting in a diabetic dog,
there may be a strong possibility for a lack of any changes
observed with glucose concentration, after administration of
Sitagliptin, due to unchanged glucagon concentrations.
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Fig. 1. Effect of Sitagliptin on glycemic control in healthy dogs

(n=5). Determination of temporal changes in serum (a) glucose,
(b), insulin and (c¢) GLP-1 concentration with baseline control
values. Total area under the curve (0—12 hr) is indicated as insets
within each figure. Results are expressed as median [min, max].

In human T2DM subjects receiving Sitagliptin, a signifi-
cant increase in intact GLP-1 and GIP concentrations with
no corresponding changes to glucagon concentration was
observed after 1 week of treatment [ 1], which would support

our possible speculation. Interestingly, however, although
Sitagliptin use in human T1DM patients did not alter post-
prandial glucagon AUC [15], overall glucose control was
improved, including postprandial and 24-hr glucose control
[12], which suggests that although GIP may negate the glu-
cagon suppressive effect of GLP-1 [2], GLP-1 does have
other mechanisms to reduce post-prandial hyperglycemia,
such as delaying gastric emptying [12, 30] for example,
which would prevent any large influx in glucose concentra-
tion and aid in alleviating the need for a sudden large amount
of insulin secretion, which is lacking in T1DM [18]. As such,
future experiments with Sitagliptin and insulin dependent
diabetic dogs are needed to shed light on whether Sitagliptin
can alter glucose concentration under a clinical setting or
not. In addition, the relationship between Sitagliptin and
plasma glucagon and/or GIP concentration should be further
studied and pursued in future studies. Unfortunately, due
to the unavailability of a commercially available canine
glucagon or GIP ELISA kit, measuring plasma glucagon or
GIP concentrations will prove to be a challenge in any future
study involving Sitaliptin in TIDM dogs.

Regarding GLP-1 concentration, Sitagliptin appeared to
have a biological effect, resulting in greater median levels
of GLP-1 observed at the 15 and 30 min time points of the
OGTT as compared to baseline control (Fig. 1c). This was
expected due to the nature of the mechanism of action of
Sitagliptin, which prolongs the active state of GLP-1. How-
ever, neither increase of median GLP-1 levels at the two
aforementioned time points was considered to be statisti-
cally significant when compared to baseline control (Mann
Whitney U-test, P=0.690). As a consequence, although the
median value for Sitagliptin total GLP-1 AUC_;59 min Was
~55% greater than baseline control (921.2 [570.5, 1,556.4]
versus 615.1 [465.5, 884.3]), this was not considered sta-
tistically significant (Mann Whitney U-test, P=0.151). We
speculate that this result would be considered statistically
significant with a larger cohort of animals perhaps, and this
negative result is mainly attributed to the low power of our
sample (n=5). In addition, the dosage of Sitagliptin required
to demonstrate significance with healthy animals may differ
from the amount used in the study, since the amount used
was a referenced clinical dose used with human T2DM
patients in Japan [23]. Moreover, the greater median levels
of GLP-1 observed were not accompanied by any changes
observed with plasma glucose concentration. This appears
to be in accordance with the results from studies focusing on
the pharmacokinetics and pharmacodynamics of Sitagliptin
in healthy humans, in which Sitagliptin increased the post-
prandial rise in active glucagon-like peptide 1 concentrations
without causing hypoglycemia in normoglycemic healthy
male volunteers [4, 20]

In conclusion, Sitagliptide’s ability to act as a DPP-4
inhibitor appears to increase plasma GLP-1 concentration,
while leaving blood glucose and insulin levels unchanged in
healthy dogs, which is similar with healthy humans. Further
testing with different doses in healthy dogs should reveal
more information about the correct dose to use with insu-
lin dependent diabetes mellitus (IDDM) dogs. In addition,
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future studies involving the administration of Sitagliptin in
dogs with insulin secretion impairment or IDDM will offer
further validation for the use of Sitagliptin, as a hypoglyce-
mic agent, in dogs.
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