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Changes in Serum Cortisol Concentration Due to Boarding Stress in Dogs
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Abstract : Among the dogs boarding at an animal hospital, 10 dogs each were selected as a free boarding group and
a kennel boarding group. Each group was further divided into 5 puppies and 5 mature dogs to examine the changes
in their serum cortisol concentrations during boarding (5 days). We collected blood at day 8 and then analyzed the
blood corpuscles, ran a biochemical serum test, and an additional urine test before boarding to check their health status.
After collecting the dog’s blood at 9:00 am, 3:00 pm, and 9:00 pm, we analyzed the cortisol concentration by the
radioimmunoassay (RIA) method. The daily serum cortisol concentration at 9:00 am, 3:00 pm, and 9:00 pm, had a
circadian rhythm during both the free and kennel boarding periods in both puppies and adults. Furthermore, the average
daily serum cortisol concentration was significantly increased during the Ist, 2nd, and 3rd day after free boarding
in the puppy group (P <0.01). In adults from the free boarding group, the serum cortisol concentration dramatically
increased on the 1st day (P <0.01), as well as on the 2nd and 3rd day (P <0.05). Interestingly, the average daily
serum cortisol concentration was significantly increased on the Ist day after kennel boarding as well as during the
entire period of kennel boarding in the puppy group (P <0.05). In the adult kennel boarding group, serum cortisol
concentration was significantly increased during the whole kennel boarding period (P <0.01). An interesting result was
that circadian rhythmicity in the sum of the daily serum cortisol concentrations was present in the free boarding group,
but not in the kennel boarding group in both puppies and adults. In summary, cortisol was released depending on
the degree of stress in free and kennel boarded dogs. Taken together, these results suggest that cortisol, a stress hormone,
should be maintained at physiological concentrations in a circadian rhythm when the animals are hospitalized.
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S-S ZHE3l= hypothalamo-pituitary-adrenal
(HPA) system= Z= SCNel| d= AAA]A (hypothalamic
clock)oll 2Jaix 2= H(11,12). Cortisok F217] = of| A
HEH]E= glucocorticoide]™, L FFZ+= cortisol, corticos-
terone 2 cortisone®] oW o]5e] EH] 9 A} HFL
oln] & A&HA Uk RS EfSES cortisolo] THF-
ES 2R, HEEF= cortisols} corticosterone®] %=
7F HIsgE Aow dEA Ark(13). ACTHE] A=l s
ZAEE 8F cotisol v 3oz WEEHE 4
cortisol®] WA} ol meE} gebr]7] wie] AR &
RS7E §Lo® ACTHE] 4] 2=l et M-S Uenfi)
o}t b 83 cortisolg 2t T3 AlghlAlA F415]
A7l FA9E 7sA s IS Qs 542
Rk oy} FEoU Al RE# XS] AEE 9iotst
7] Q1% =4 tiideo] "Huk3,13,14). AFIAE cortisol2]
AF7] e ofFlol 7P =L, Aol wgo] HalE o]
UTH(15). HollXe AA@FR), BAGH A5, =124
A5ye] AFHol| e cortisol2] YF7] WES AR} =
Aoe B2 st AdodMe WEst 108 HiE
A ATk(16). D771 HEe] HRlell thsix= AR AL &
dgk Sgwstol g g0 F A7t Hct

2 ATE "HEASS] Mol 2EH 29 EF cortisol
T AHAAAE 3kl A2 E(free boarding)dt 7l<}
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59 x 56 cm@] HA| cagedll g R oH, AFHA - F
ol A L5 FEE FABIEE T

Algjuy

e g s tisin Aol Bl Folg T
& T e ol AE AuRArINGY) 223 A7)
% 29 B9t 229N A 9N, 0F 34], 0.F 9]
5, 19 384 % 82 9k AYaigon] AP7I7EteE

)

7HIEE 238 Tk AP 13] 1m, A Alele
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8F cortisol 5= M

3 cortisol =] £74-2 radioimmune assay (RIAYS
o]-8-sled $83} o U= cortisol affinity antibody”’} =
g8 Al g3 25 uel P AFE cortisol AFS
500 e 25k, B AlddE Eo' Al S5t
o 37°C 2 71ollA 4587 vRAIZL § Al el
U= BE AR AlA & F °]& Gamma Counter® 57
EISv=

SAHXzE

AgAFe)] Uig FARA2 Statistical Software (Version
12.0, SPSS Inc, USA)E AME-3}93L One-Way ANOVAS}:

Table 1. A species, age, and weight of dogs used in the
experiment

Group Aﬁgal (}ggfs) Weight Sex  Breeds

1 0.6 1.3 M M
2 0.8 3 M S
3 0.9 4 F S
Puppy 4 1 2.5 M Y
5 1 7 F C

mean  0.86 3.56

Group A

6 1.6 42 M P
7 2 2.8 M M
Adult 8 2.5 6.7 M C
9 3.4 2.7 F Y
10 42 33 F Y

mean 2.74 3.94
1 0.4 52 M C
2 0.7 4.7 F P
Puppy 3 0.8 7.4 F C
4 0.8 8.2 F C
5 0.9 4.7 M S

mean  0.72 6.04

Group B

6 1.3 3.5 F Y
7 1.8 32 M M
Adult 8 23 44 M S
9 2.7 38 F S
10 33 4.5 M P

mean 2.28 3.88

*Group A: free boarding, Group B: kennel boarding
*M: Maltese, S: Shih-tzu, Y: Yorkshier terrier, C: Cocker spaniel,
P: Pekingese
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Table 2. Daily schedule in free boarding dogs

8:00 AM

8:30 AM breakfast
9:30 AM ~ 6:00 PM

7:30 PM dinner
8:30 PM ~ 10:00 PM

10:00 PM bedtime

wake up, stretch, potty, and play while their breakfast are prepared

playground, exercise yard, napping, exploring, cubbing with canines, snuggling with humans

playground, napping, exploring, cubbing with canines, snuggling with humans.
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Fig 1. Circadian rhythm of the cortisol concentration in free
boarding puppy. -1: before boarding, +1, 2: after boarding.
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Fig 2. Changes of daily average cortisol concentration of free
boarding puppy. -1: before boarding, +1, 2: after boarding
**Significantly different from before Ist day of boarding at
P <0.01.

post hoc ZZ]aL student t-test?] FA7IH-S &3t oH
P <0.059 st Felide] e Aos skt

2 1

AIR2IE XtACIMe] 8T cortisol 5= St SN

et 7o) s Bt cortisol F= WSS S5
st lgrAstE A, gRA7|ZY, 1Ea EEE &
of 94 9], 2F 3A], ©F 9AJo] HF cortisol =
ZA3IAkFig 1). AHA sulElellr fgRd 7|7
cortisol =5 AHEH ERI 35 A cortisol T
S it 2.23+0.26 pg/dl (24 9A] 2.42+0.23 ug/dl,

o} o

lo rr lo

3A] 1.88+0.15 pg/dl, A9 94 2.40+0.41 pg/dE e}
S ZM cortisol®] %= W37} Y5714 (circadian rhythm)
e S ™ (Fig 1, 2). 18R 3, BF cortisol &
= 3 et 3.71+0.20 pg/dl (4 9A] 3.86+0.15 pg/
dl, &% 3A] 3.54+024 ng/dl, A9 9A] 3.82+0.27 pg/dl)
2 9gRd Y F cortisol FE7F YRS 3LF 9
SEROE fojFer IS 9 & 4 UlTp<
0.01) (Fig 1, 2). &3, 915 3U7H]= 95 cortisol
SE7F SIE B Ao s Frkehe A vEkd
AenF 4dRoll= sHF HaF 2.28+0.17 pg/dl (4 9A]
2.56+0.11 ug/dl, 23 34 1.90+0.32 pg/dl, A9 94] 238+
0.19 pg/dl), 5AA o= 3 o S cortisol FE= 2.16+
0.34 ug/dl (24 97 2.44+0.42 pug/dl, 25 34 1.86+0.21
pg/dl, A9 9A] 2,18+ 0.60 ng/d)EA et He] 3
cortisol’5 =9} FAFSHAl UERTHFig 1, 2).
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X2l MANM EF cortisol ST M3l 53

A28 SellA 3 sulE]elAe] e 717 B}t
9] cortisol F=5 =93 A3, g 35 A cortisol
FEE 3% HiE 2.19+0.19 ugdl (A 94 232+0.19
pg/dl, % 3A] 2.36+0.28 pg/dl, A9 9A] 1.88+0.15 pg/dl)
2 Yepd o2 cortisole] IF71/3S VERNATHFig 3, 4).
Ader A A, = cortisol FE=E 3F H 347+
028 pug/dl (24 9A] 3.48+024 pg/dl, 23 3A] 3.64+0.32
pg/dl, A9 9A] 330+030 pg/d)E EEFA AL I3
cortisol FE7F FeA R FUIES gl & & AT
(P<0.01). SIEFEZ 3U7A= EEA A cortisol F=0
vl &% cortisol BE7F Z7Rs AP <0.05) LERA
5 SEEA 4dAole S et 2.27+ 020 pg/dl (24 9
Al 250 +0.12 pg/dl, 23 34 2.36+0.18 pg/dl, Y 94
1.96 +0.42 pg/dl), A= 3 Ha 85 cortisol ==
221+0.17 pg/dl (24 94 2,50+ 0.33 pg/dl, 235 34 230+
0.20 pg/dl, A9 9A] 1.84+0.11 pg/dhEH JERFAHS] &
% cortisol'F =} FAFSHA UFERSITHFig 3, 4).

AISERIE XfHA0Mel EF cortisol s Hist =H

AR A4 sufejoll A $EkR s 717F B2k cortisol
FTEE 243 49, 8RS 35 A cortisol FEE S
Hah 2.17+0.22 pg/dl (24 94 238+ 0.25 pg/dl, &5 34
226+ 036 pg/dl, A9 94 1.86 +0.09 pg/d)E LFEPH O 24
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Fig 3. Circadian rhythm of the cortisol concentration in free
boarding adult. -1: before boarding, +1, 2: after boarding.
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Fig 4. Changes of daily average cortisol concentration of free
boarding adult. -1: before boarding, +1, 2: after boarding
*Significantly different from before 1st of boarding at p < 0.05,
**Significantly different from before 1st of boarding at
p<0.01.

cortisol& =+ circadian rhythm& HATHFig 5, 6). $IEH
# 194 EF cortisol FEE S Hak 3.86+0.16 pedl
(A 94 3.62+024 pg/dl, 23 34 4.06+0.18 pg/dl, A
9 9A] 3.90+0.17 pg/dhE AEEA 3 D5 cortisol &
7t gR 6 A FrRtE fozos Z/13kS 8
& & AATHP <0.05). AHF91E 7He] A9-ell= e
394 7= 8F cortisol FE7H S7H AFS UERd &
4AAHE = YERA A2 cortisol TEE 3 &899 (Fig
2, 4) ARSERIE e A, 4dAE S Ha 337+0.17
pg/dl (&3 9A] 3.44+0.11 pg/dl, £F 3A] 3224026
pg/dl, A9 9A] 3.44+021 pg/dl), 597 F Hit EF
cortisol FEE 3.08+0.10 pg/dl (24 9A] 3.12+0.08 pug/
dl, &% 34 3.10+0.18 ug/dl, A 9A] 3.02+ 0.13 pg/dl)
2A SgRA 717 T EF cortisol F=7F FEEA A
o] &l Sk AES FX399H, EF cortisors =] A

F717de] e YehAl= 2tTHFig S, 6).
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Fig 5. Circadian rhythm of the cortisol concentration in kennel
boarding puppy. -1: before boarding, +1, 2: after boarding.
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Fig 6. Changes of daily average concentration of kennel
boarding on puppy. -1: before boarding, +1, 2: after boarding
*Significantly different from before 1st of boarding at p < 0.05.

Hat 2.19+0.19 pg/dl (234 94 2.32+0.19 pg/dl, 23 34|
1.88+0.15 pg/dl, A1 9X] 236+ 027 pug/d)E VFER} cortisol
F%+E circadian rhythme HATHFig 7, 8). &= 1Y
A dZF cortisol FEw SHF it 3.47+0.26 pg/dl (24
9A] 348024 pg/dl, 2F 3A] 3304029 ug/dl, A 94
3.64+0.33 pg/dh= fgRA 3 F cortisol =7} -2
Hog 7K Rl & 4 AUATHP <0.01). 4YA= 3HF
Hah 2274020 pg/dl (&4 9A] 2,50 +0.12 pg/dl, &5 34
1.96+0.42 pg/dl, A9 9A] 2.36+0.18 pg/dl), 5LA &% 3
& 8F cortisol FEE 221£0.17 pg/dl (2 94] 2,50+
0.33 pg/dl, 25 34 1.84+0.11 pg/dl, A9 94 2.30+0.20
ng/dhEA EF cortisol == YERA Aol vla] F71E
FFE AEEA 717 Tt AEKH R fAEeH, 9%
cortisol'5%=2] circadian rhythm =t H&slA e &
kchFig 7, 8).

Xe2lEft AISERIE JHOIMS| cortisol S=E5}

AHSIE o] ek ARERTE AlolM el A cortisol
FEE Hasl] 2 23, AR E Adele Agnd
a1 Aol vl cortisols =7t B8] Aot Ex) &
HE M3 it etua 4dAole et
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Fig 7. Circadian rhythm of the cortisol concentration in kennel

boarding puppy. -1: before boarding, +1, 2: after one and two
days boarding.
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Fig 8. Changes of daily average concentration of kennel
boarding adult. -1: before boarding, +1, 2: after boarding
**Significantly different from before one day of boarding
at<0.01.

cortisor& =9k FAFSHAl WERsTE Zeuh ARSAE9IEre] 73
o= flEEd ol vlal Eok cortisol F=7F AHFSIE
Hlgl 2 FEE FASNoH SEEA T o]5o] AA
ofF A& cortisolE=E EATHFig 9). HEHA77H
= 3 B9t 835 cortisols = WIS ATE Azl A
dd F cortisolE=2] 543 circadian rhythmS Z7-91€h
< HEEA 2UATE] Hol7] ARSI oY ARGEIE
A e 717F Sl circadian thythme SFS5HA] 2
oA ko dY Hi cortisol Fe= AR ¢
o HlwE wf FHoRE w2 2 FATE I F+ A
ATHFig 10).

I
-

a

ZEH AT FEoll oA AN 1%, 283 e, 2,
QA A= Fo] FoARE wl v5elF Wojr|do] wEE
o] dojul= W3l o= Ao g FIFH= AHE Dot
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Fig 9. Comparison of circadian rhythm of the cortisol
concentration between free boarding and kennel boarding
puppy. -1: before boarding, +1, 2: after boarding A: free
boarding (AM 9:00), B: free boarding (PM 3:00), C: free
boarding (PM 9:00), D: kennel boarding (AM 9:00), E: kennel
boarding (PM 3:00), F: kennel boarding (PM 9:00).
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Fig 10. Comparison of circadian rhythm of the cortisol
concentration between free boarding and kennel boarding
adult. -1: before boarding, +1, 2: after boarding A: free
boarding (AM 9:00), B: free boarding (PM 3:00), C: free
boarding (PM 9:00), D: kennel boarding (AM 9:00), E: kennel
boarding (PM 3:00), F: kennel boarding (PM 9:00).
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