
Introduction

Circadian rhythm refers to the approximately 24 hr
cycles that are generated by an organism. Most physio-
logical systems demonstrate circadian variations. Many
hormones and other blood metabolisms, such as gastric
pH, insulin, glucose and plasmatic gastrine, have been
shown to exhibit circadian rhythm. Recently, the role of
social rhythm and its influence on circadian rhythms in
humans is revealed［2］. Energy- and food-reward homeo-

stasis is the essential component for maintaining energy
balance and its disruption may lead to metabolic disorders,
including obesity and diabetes. As such, circadian align-
ment, quality sleep and sleep architecture in relation to
energy- and food-reward homeostasis are important. For
examples, a reduced sleep duration, quality sleep and
rapid-eye movement sleep affect substrate oxidation,
sleeping metabolic rate, appetite, food reward and gut-
peptide concentrations（incretins; glucose-dependent
insulinotropic polypeptide〔GIP〕and glucagon-like
peptide-1〔GLP-1〕）. Also, circadian misalignment affects
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concentrations. No significant changes in mean glucose concentrations, at different time points, were
observed between day- and night-time. Meanwhile, significant increase was observed in postprandial insulin
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sleep architecture and the glucose-insulin metabolism,
substrate oxidation, and hypothalamic-pituitary-adrenal
axis activity［3］. A circadian rhythm has been shown in
glucose and insulin levels with peaks occurring during the
late night［6,8］. Therefore, normal alignment of feeding
and activity with the environmental light cycle is critical
for the maintenance of energy homeostasis［5］. Many
metabolically relevant hormones also show circadian
rhythm with different daily patterns. For example, cortisol
secretion has a circadian rhythm with the nadir during the
early night and the peak in the morning in humans study

［1］. 
However, the relationships of the glucose, insulin and

incretin rhythm between day-time and night-time had not
been investigated in healthy dogs. Therefore, the purpose
of this study is to investigate the circadian rhythm of these
parameters in healthy dogs.

Material and methods

Animals 

Four healthy dogs maintained in our laboratory were
used in this study（two castrated male beagles and two
spayed female beagles, 2-6 years old, 8.7-12.8 kg）. All dogs
were fed on commercial diet（Select Skin Care, ROYAL
CANIN JAPON, Inc. Tokyo, Japan）twice a day（7:00 am
and 7:00 pm）, and caloric intake was set at 1/2×1.6×RER

（BW0.75×70）at each meal, whereby RER means a resting
energy requirement and BW means body weight for
healthy dogs. Same amount of food was fed throughout of
this study.

Protocol

This study was carried out three times on consecutive
three days for each dog. Day-time was defined as 7:00 am-
7:00 pm and night-time as 7:00 pm-7:00 am. All dogs were
fed a commercial diet（Select Skin Care）twice daily

（7:00 am and 7:00 pm）and calorie intake was set at 1/2×
1.6×RER for each meal throughout this study. The dogs
were housed in individual cages. Water was available ad
libitum throughout the experiment. Pedometer

（Wandant, Fujitsu, Ltd. Tokyo, Japan）was placed for all
dog’s collar for monitoring activity time. The animal room
was maintained at 24±2℃ and 55±10％ relative humid-

ity, with a 12-hr light/dark cycle（lights on from 7:00 am
to 7:00 pm）. The living conditions remained constant
throughout the study.

This study was approved by the Nippon Veterinary
and Life Science University Animal Research Committee

（Acc No. 13-84）.

Blood sampling and assaying

Blood was obtained from the jugular vein of each dog
with preprandially（0）and 0.5, 1, 1.5, 2, 3, 5, 8, 12 hrs
after feeding diet for each three day. 

Blood samples for glucose and insulin were collected
into polypropylene tubes and allowed to clot at room
temperature for 15 min. Subsequently, blood samples
were centrifuged（1700 g）at 4℃ for 10 min to separate
the serum. Blood samples for active GLP-1 assaying were
collected into ice-cooled VacutainerR EDTA-plasma tubes.
Immediately after collection, an appropriate amount（10
µL of DPP-4 inhibitor per milliliter of blood）of DPP-4
inhibitor reagent solution（DPP-IV Inhibitor; Millipore
Headquarters, Billerica, MA, USA）was added, according
to the manufacturer’s instructions. Samples were immedi-
ately centrifuged at 1000 g for 10 min at 4℃ to obtain
plasma. Blood samples for total GIP assaying were collect-
ed into ice-cooled VacutainerR EDTA-plasma tubes. Imme-
diately after collection, centrifuged at 2000 g for 15 min at
4℃. After centrifugation, the serum and plasma samples
were immediately stored at －80℃ until further use. 

The serum glucose and non-esterified free fatty acid
（NEFA）were measured using a commercial kit（IatroLQ
GLU, Mitsubishi Chemical Medience CO., Tokyo, Japan
and IatroTeq NEFA, Mitsubishi Chemical Medience CO.,
respectively）using autoanalyzer（Type 7180 Automatic
Analyzer; Hitachi High-Technologies CO. Ltd, Tokyo,
Japan）. Serum cortisol concentration was measured using
a commercial kit（Siemens Immulyze cortisol 2; Siemens
Healthcare Diagnostic CO., Tokyo, Japan）using auto-
mated chemiluminescent immunoassay system（Immulyze
2000, Siemens Healthcare Diagnostic CO., Tokyo, Japan）.
Serum insulin concentration was measured using a Mori-
naga Dog Insulin commercial ELISA Kit（Morinaga
Institute of Biological Science, Kanagawa, Japan）accord-
ing to the manufacturer’s protocol. 

Each plasma samples were used to determine GLP-1
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and GIP concentration, respectively, which were
measured using a commercial Glucagon-Like Peptide-1

（Active）96-Well Plate ELISA Kit for mammals（Millipore
Headquarters, Billerica, MA, USA）and Rat/Mouse GIP

（Total）96-well plate（Millipore Headquarters, Billerica,
MA, U.S.A., respectively）according to the manufacturer’s
protocol. 

Statistical analysis

Measurement data from each of 3 days were averaged
separately for each dog on collected time-point. 

For statistical analysis, values are expressed as means
±SD. Total area under the curve during 0-12hrs（AUC0-

12hrs）was calculated by the trapezoidal rule. Statistical
significance was determined by Paired t-test and Two-Way
Repeated Measures ANOVA and Bonferroni’s post test,
when appropriate（GraphPad Prism analysis software,
GraphPad Software Inc., San Diego, CA, USA）. The
significance level was set at P＜0.05. 

Results and Discussion

No significant changes in mean glucose
concentrations, at different time points, were observed
between day- and night-time（Two-way repeated mea-
sures ANOVA）（Fig. 1-a）. Also, glucose AUC0-12hrs were
similar between day-time and night-time（Paired t-test）

（Fig. 1-b）. Significant changes in mean insulin concentra-
tions, at different time points, were observed between day-
and night-time（P＜0.05, Two-way repeated measures
ANOVA）. Significant increase was observed in postpran-
dial insulin concentration at 1 hr of night-time compared to
that of day-time（P＜0.05, Bonferroni’s post test）（Fig. 1-
c）. Although significant difference was not observed,
insulin AUC0-12hrs in night-time was slightly higher than
that in day-time（P＝0.457. Paired t-test）（Fig. 1-d）.
Insulin play key roles in the regulation of energy balance
and glucose homeostasis, and insulin resistance can
induce with obesity and inflammation［9］. Therefore, the
night-time with increasing insulin requirement to maintain
similar blood glucose concentration compared to day-time
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Fig. 1 Determination of changes in mean temporal glucose concentration（a）, and total area under the curve during 0-12hrs
of glucose（Glu AUC0-12hrs）（b）, mean temporal insulin concentration（c）, and total area under the curve during 0-12hrs of
insulin（Ins AUC0-12hrs）（d）obtained from four healthy dogs（n＝4）of day-time（solid line）and night-time（dot line）.
Results are expressed as means±standard deviation（SD）. The asterisks indicates significance（P＜0.05, Two-way
repeated measures ANOVA and Bonferroni’s post test）compared between day-time and night-time.
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suggested night-time might have a higher risk of fat
accumulation and obesity. 

No significant changes in mean GIP concentrations,
at different time points, were observed between day- and
night-time（Two-way repeated measures ANOVA）（Fig. 2-
a）. GIP AUC0-12hrs were similar between day-time and
night-time（Paired t-test）（Fig. 2-b）. Also no significant
difference was observed in GLP-1 concentration between
day- and night-time（Two-way repeated measures ANOVA）

（Fig. 2-c）.  However, GLP-1 AUC0-12hrs in night-time was
significantly higher than that in day-time（P＜0.05, Paired
t-test）（Fig. 2-d）. Incretins are released by gut endocrine
cells in response to a meal and regulate blood glucose
levels by stimulating glucose-dependent insulin secretion.
Since, 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［10］. Therefore, increase in
GLP-1 AUC0-12hrs in night-time might indicate delaying
gastrointestinal motility in the night-time. 

Significant difference was observed in NEFA con-
centration between day and night-time（P＜0.05, Two-way

repeated measures ANOVA）. Significant increase was
observed in NEFA concentration at 12 hr of day-time
compared to that of night-time（P＜0.05, Bonferroni’s
post test）（Fig. 3-a）. However, no significant difference
was observed in NEFA AUC0-12hrs between day- and night-
time（Paired t-test）（Fig. 3-b）.  The NEFA concentration
increased for energy consumption at post-exercise［4］.
Increased activity is associated with increased NEFA
concentration in day-time. Although, no significant
difference was observed in Step counts and Step AUC0-12hrs

between day and night-time（Two-way repeated measures
ANOVA and Paired t-test）（Fig. 3-e, f）, since this result
was considerable individual variability and all dogs were
housed in individual cages. Therefore, the lower gastro-
intestinal motility and decreased activity in night time as
compared to day-time might indicate that NEFA concen-
tration remain at a low level and night time is difficult to
consume all energy from food intake.

No difference was observed in cortisol concentration
and cortisol AUC0-12hrs between day- and night-time（Two-
way repeated measures ANOVA and Paired t-test）（Fig. 3-
c, d）. This result was consistent with previous study,
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Fig. 2 Determination of changes in mean temporal GIP concentration（a）, and total area under the curve during 0-12hrs of
GIP（GIP AUC0-12hrs）（b）, mean temporal GLP-1 concentration（c）, and total area under the curve during 0-12hrs of GLP-1
（GLP-1 AUC0-12hrs）（d）obtained from four healthy dogs（n＝4）of day-time（solid line）and night-time（dot line）. Results
are expressed as means±standard deviation（SD）. The asterisks indicates significance（P＜0.05, Two-way repeated
measures ANOVA and Bonferroni’s post test）compared between day-time and night-time.
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cortisol concentration showed no circadian rhythm in
healthy dogs［7］.

In conclusion, the insulin, GLP-1 and NEFA concen-
trations were different between day- and night-time, which
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）. This study
indicated that in night-time might induce hyperinsulinemic
state and low NEFA concentration. These metabolite
changes and hormone rhythms in night-time might relate
to higher risk of obesity in dogs, as in human study.
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朝夜での健常犬の血糖値、インスリン、インクレチン濃度の比較

小田民美・森　昭博・佐伯香織・左向敏紀

日本獣医生命科学大学獣医保健看護学科臨床部門　東京都武蔵野市　〒180‐8602

要　約：ヒトの研究において、血糖値、インスリンやインクレチン濃度には日周リズムが存在すること
が知られているが、犬においては明らかではない。したがって、本研究の目的は、朝夜での健常犬の血
糖値、インスリン、インクレチン濃度を比較検討することとした。朝7時から夜7時の朝試験と、夜7時か
ら朝7時までの夜試験を比較した。本研究では、4頭の健常犬を用い、朝夜7時の12時間ごとに同じフード
を同じ量給与した。そして、食後の血糖値、インスリン、インクレチン濃度（glucose-dependent
insulinotropic polypeptide〔GIP〕and glucagon-like peptide-1〔GLP-1〕）を測定した。血糖値は朝夜で有意
な変化は認められなかった。一方、インスリン濃度は食後1時間目に夜試験で有意に上昇していた。GIP、
GLP-1濃度は食後数時間で増加し、徐々に低下していく日内変動をとったが、朝夜で最高濃度が異なって
いた。これらの結果より、健常犬においてもこれらのパラメーターに日周リズムが存在することが明ら
かとなった。
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