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AATHEE) & S0 IS BT AAFZEIE, & MICB W CER)IC
b4 —7xzar .y IFN-y) % &EVAL M A YDIL
H, FF2I0F5— (NK) HiaoiEt e, U v 8k
WHEACIE DT EAR SN, EE) & SERRE D BItR
DPREFENTETWS (Simpson 5, 2015 : Sinkai &,
1998). F7-5@Eh &EEICBIT AT, HRE DM
O —= 73 ERELEDFEEZWMASEL (1L
B, 1998), 12 » HEOWREOMED Y =4 b L —
Sy rRITUE s A% EIE, SEE O MER 5w
Wy ra 7)) v AosgweEEinsd 5 (Akimoto
5, 2003), F 7210 EEIZH 7z 5 HREEE O REE D8 AT
B SIXEBEURBAREOIEICWETALND
(Elsenbruch &, 2005) & v 72 He i %2 [ 3 40 9 T
Bu#iEdHs, LyrLl, 7 VyoEEicsuntid, 1
YA P (Aoki 5, 2007), FLEE (Davidson &
Beede, 2003: AR EAKAR, 2006) BILOFVE G
J (Arave 5, 1987) 7 L IiEMIRICE ¢ 2 #ifddH
52500, HRIEICHET 25 EDR L, BATEENIT R
MmeEEMBomEREEARZ ITESES (FREH
A, 2010). F72BIURATEILD ANTBAR O IAT
TEE)CIE, MR A TR RE S B ER DT A4 M A
A VREAERZIHIT S (AW, 2010) wo72Hii5d b
D, EB)E GIERRREOBRICOWTIZE 5742 IR E
INhb. EZTARWNIETIE, BT 2 EHID
ANEA O TNT TR A 215720, A%
M7 T AV F — A TR T H 2 AATHIE O B & AR,
2006) 2B\, MkGE L2y v oRATEE) K
I T MK 7 v NI GERRES IC IEd Iz
DWTHRE L 72,
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AR L, BITIXDY35+05 %, 1.3+06 #, 35=
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375025 B L O T718+16 kg TH o /2. T 7z, HRATH
DRIIEFERIC 132£32CTH - 72, 7B, BCSHAE
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& Furguson 5 (1994) ®JjiE% Hw7-.

FEHI T H1BEM 720 BEA SR, JEXY by Ema Yy,
TNVIFTNVIT7TNAF2—=TBLPF—Frv—FIF7 X
DTy THA V=V R EREETHIZ5%, 10%,
2% B L U83% %, FinWeTEHD 3 ARSIk Ak
DOFR % MEIZ 13%, 85%, 45% B L683% &L, I
BICMZ P ERI VYA L—VERE5T%HME L. £
LT, ZhoDfLfEHE H ARG (RMOKES R
MAKPEAT X3S H R, 2006) 12X D, TIHIL T AL F—
#¥m= (TDN) % 100%IZFE S 7.

AT I A B & ARAR (2006) DIJFEEICHE L TIro 72,
Tbb, PO EVIOKERNICHEEL, 20
PBEEX T2 L EEENC SR, A v N—F — %D
7oy v y—2 v, EEETHEEE % 315 m/
TOBATHEICHREL, 3201/ HoB rEsh % 18
MIZ 5 HOMEET, HZRLBGHED O 0T H o 1 B
FCTITo 7z DBONES X ORIMITRE DR T
ELMO DL 2720, WRRMEIRZ R, Simld
I5CHiATIT - 7.

WL B, AREAR (20060 DFFETIT, T
D TIREBREAT > 728, ARBABITL, LEUEO
B 22T v X ) ICEWmIICRE L. O,
DGER — T2 H gt 3R D AR EE RS SIS & A R E
W&, AREARME (20060 OFETUMEL.. Thb
b, BATEB R OOEECE 10 AL CHlE L, e
e 5 6 MO 2 AR L T 15 HALTRENT L 72

i, ST TS EBHGH (08), #1738
BE S 1:E% (1:8),4 8% 4B BXO78% (7
W AT E 1BERD 1B W, BTEEN O8] X @
F (Pre) B X OMATEBENE T 2% (Post) O£
MicEnEn 1 E, RINETHEFRE DITV, BRILEIX
1M&H720 32 mL & L7z F87EE 2 Tb vt
WX Tk, HATXEMHCAEAHET 1 HOMEHOR X%
HHEICAT o 72, SRS OMEY > 7 ViZBWT, A% b
79U v b (HY) HIZE SIS Ht BME (7 vERASHL,
Hit) T, ARIER (RBC) %%, HIMLEk (WBC) #bB X
UNEZ O U Yy (HGB) EX VY v 7 EREH % (H
AN TFERAAH, HE) THELZ. arvFy—u
(Cort) B IZHHMMHZOME % EIA v b (Oxford
Biomedical Research, Oxford, MI, USA) % Hw<T
I AWET, fEIaT) v (1gG IgA B LU IgM
REEIIAF vy s Rt RKY v rzadx
T A, B RV CREILRGE T, EMio Akt
22385¢ % (Chemiluminescence ; CL fii) 1%, 593856
WEEET Y794 BR&vy 7y, T8 24
W, FMIRE ML X 294 B9 E LR HALRE



Ml &7z ) OALEFGR % B (1997) O K THE L 7.
HImEkB & KR 8Bk o 438 lE, Tanaka 5
(2008a) D FEE M2, 7a—H A4 b A MY —iL, F
LR L7 T Mgyt o CD3, CD4, CD8, TCRI-
N24 BL U WCINLIZHT5E/ 70 —F VA TH
L—kPuk, FLCIhS0REZya 7)Y T4V 54
7 ERERIG IS 2 R T RV E e, o7 u—
4 PAN)—D720DREGA B X OENT X, Tanaka
5 (2008a) DFFETITV, FIMERIZ (59 2 JEALER, HLER,
BHfifeE L O THIbeoHI 4, T Mike (CD3™HMilL) (2
¥ % CD4*, CD8', 6, CD8y o BX U WCl' y §
OTHREY 7y boBGEREL LT, THM
fad 7ty ~ oM, MmEREHEE: THlE Lz
BREC T Mifasl &% 5 U THIREICTL, 25
ZERZELO THilEY 72y PEIEEZRUTCEH L,
7272, SCTOMBXIZBITS 7HO—HTFT—512D
WL, 7H—=H%A4 b X MY —EEROTEIC X D HEAR
FEL D RIBL720, 08, 1 BABL N4 HOAL L.
AERTALEL X SAS (1988) #FIH L, LT —IcH
BT %, B IMERES X IR 2l I2 3BV T, 7 —
FIZRBO R YA I ICREO SO %, LS
E—TERE OB 2TV, BERTH-o72bDIZo0n
THRITR EFBE O, 6D 7% v Student D T #
Ex, 008, 18, 4 8B X7 HOMM D1 Scheffé
MEZAT> 72, TR OKLEENZEND Pre &
Post ®31%, ®IED & % Student D T Mg %47 - 72.
B R

1. HFTEHICE T 3 0EBO#E

B 1AZiE 03855 7 WO LT EBIIRIC B 1) 5547
TR AT O 2R & AT IE B OO OB K O
HRAEER L 0%, 08, 18 4 BB X7
HOLIE X, BATEBFTANEIC 69, 65, 66 B L O
TAH /53, AATEBIHREANEIZ 110, 96, 83 B L U954

Table 1. Primary antibodies used for immunostaining of
bovine blood cells

Specificity mAb/clone Isotype Cell types
Granulocytes MM20A 1gGl1 Granulocytes
CD3 MMIA 1gGl1 Pan T cells
MHC class 1 TH14B 1gG2a Monocytes, B cells
CD14 CAM36 1gGl1 Monocytes
CD4 ILA11A 1gG2a T cells helper
CD8 BAQIIIA IgM T cells cytotoxic
TCRI1-N24 GB21A 1gG2b vd T cells
WCI1-N1 B7A1 IgM WCIL' T cells

mAb: monoclonal antibody, MHC: major histocompatibility complex.
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/o), BATEEEHIC RSB TERR TN
B (P <005 [C@Edhorz. TR&HIRICBIY B 417E
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9/ 5 Thoiz.

2. STESHHPBICH T 5REOPOAMERE, FIMER
B, NEJOEVEE, NY 77Uy ME CL{E,
GEI/OJ) VEREBLCIILFY —ILBEDOHR
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Figure 1. Heart rates during walking exercise

Values represent means + standard deviation, and bars with a and
b are significantly (P < 0.05) different within the during walking
exercise group.

* : Means for Pre and the during walking exercise within each
walking exercise periods are significantly different (P < 0.05).
Walking exercise periods : Walking exercise of 32 minutes at 31.5 m/
min with a rounder during O (started day of the walking exercise) - 7
weeks period.

D Pre : The pre-exercise period just before the walking exercise.

- The during walking exercise of 32 minuets at 31.5 m/min.
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Table 2. Changes of blood characteristic at control and exercise on the walking exercise periods

Item Treatments Walking exercise periods, week Significance
0 | 4 7 T W TxW
Control 89421 87421 84418 90+17
. 2 *
White blood cell, <107uL - ice 8927 100+28 97435 104£13 * s s
Control 62459 64248 622431 64348
2
Red blood cell, x107hL Exercise 6544109 63541 661455 62142 IS S s
Hemoslobin. o/dL Control 11.1£1.1 11.540.7 11.2£0.6 11.4+0.6 e
globmn, & Exercise 11.040.9 11.30.4 11.6+0.7 11.240.3 = > >
Hematocrit. o Control 32.543.0 332416 32.543.1 335433 e
» 70 Exercise 323438 33.541.5 34.0+1.7 322419 S S s
Blood CL Control 8.135.29 15.40+5.78 10.804.39 11.10£2.04 o
Exercise 162541590  2424+17.00  9.96+7.74 6214535 S s s
oA el Control 0.42:0.14 0.41+0.17 0.38+0.09 03140.23 . . .
£4, M3 Exercise 03140.13 0.40+0.12 0.32+0.08 0.27+0.10 s s s
oM. il Control 1.60+1.39 2.1541.25 2.5242.50 1.45+1.21 . . .
£V, g Exercise 1.90+1.03 2.50+0.88 2.57+1.19 1.830.91 S S S
oG il Control 21.046.9 21.4+5.4 22.049.5 22.546.2 . . .
£Y, Mg Exercise 193274 23,5453 18.6+7.0 19.38.9 s s s
Cortisol. mmol/L Control 3.7142.88 5.55+3.65 473+3.79 1.3240.58 . . .
Oruisol, mmo Exercise 1.74+1.39 4414330 4.63+4.16 3.25+4.42 s s s

Values represent means + standard deviation.

* : Significance (P < 0.05). n.s. : Not significant.

" : Means with plus are tendency different (P < 0.1) between control group and exercise group within each walking exercise periods.

T : Treatments of control group and exercise group.

W : Walking exercise periods (0, 1,4 and 7 week) .

Walking exercise periods : Walking exercise of 32 minutes at 31.5 m/min with a rounder during 0 (started day of the walking exercise) - 7 week
periods.

Control : The non-exercise group, Exercise : The walking exercise group (the pre-exercise period just before the walking exercise).

Blood CL : Blood chemiluminescence activity (CL ; total photon counts / 20 min).

Table 3. Changes in the percentages of granulocytes, monocytes, T cells and B cells in white blood cell at control and exercise on

walking exercise periods

Cell Treatments Walking exercise periods, week

0 1 4 7
Granulocytes, Control 24.6+1.7a 37.2+12.3ab 39.5+10.4b* -
% Exercise 24.5+3.8 25.149.2 229429 26.7+10.3
Monocytes, Control 4.4+1.2 7.4+4.6 6.5£2.9 -
% Exercise 5.343.7 4.6+1.7 6.2+4.2 9.148.1
T cell, Control 15.949.7 15.146.2 17.0£10.6 -
% Exercise 13.3£5.5 12.0+4.8 15.0£5.4 10.3+4.2
B cell, Control 55.2+12.3 40.3+21.3 37.0+£23.1 -
% Exercise 56.9£12.5 58.4+15.6 55.9+11.0 54.0+20.4

Values represent means + standard deviation.

a, b : Means with different letters are significantly (P < 0.05) different within each group.

* : Means with asterisk are significantly (P < 0.05) different between control group and exercise group within each walking exercise periods.
Walking exercise periods : Walking exercise of 32 minutes at 31.5 m/min with a rounder during 0 (started day of the walking exercise) - 7 weeks
period.

Control : The non-exercise group, Exercise : The walking exercise group (the pre-exercise period just before the walking exercise).
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U'BAE (MHC class 1T " flfg& CD14" Milan7) @
AL, BXERZENRO 0EDS 7THOMENCHE L%
id 7% <, WX EHRTEOMICHEEE I Lho 7.
—7Jj, Granulocytes” Mg CEEAIER) BAE, BRITXT
FO0ED»S 7THOKIBNCAHELRE I Lo 72h, &
WX TIEO0M, 1 HBI4EDPNEIC 246%, 372% B
FUN395% &Y, 0 EICH~N4ETIIAEE (P <005
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X UNCD4'/CDS8'T filBa b 1%, X & RITKOMICAH
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CDS' TRt x, WX CTiZ08, 1HAB X4 HIC
BOT—EOEALITA SN Do 72h, HRATX T 038,
18, 4 8B L7 MAAINEIC 111, 1.34, 156 B L 175
Y, 0OBICHRTHETEE (P <005 XEL, &
TEBW DL 2512 oNTHAICE L kol
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5. HITEBRIRICH T ZRMMPOAMERS, FIMER
B, NEJOEVEE, NY VU v ME CL1E,
BEIOT) VEBESICINF Y —ILBEDOHKS
2121%, Pre & Post O MATEBI 212 BT % KA

I H o WBC %%, RBC %, HGB i# ¥, Htfi, CL1#,

IgG, IgM, IgA ¥ X U Cort i FE O 3l & 4R

fR7% %R L7z, 72 Pre & Post ®AATEE 1% L &

IFEBIE ORI & 2 I ehLE O 4 BB B 4T o 7.

Z O ZILRCE O 5 TS R AL, AT EEN T T RBC

¥, HtiEiBs X O CLMHICAERENE (P < 005) 254 bh

7o, MATHEBIHENICAEEEE R L, NS OKEMER

bhedros. WBCHUE, 0855 7HOZNZN Pre

& Post DMICHELRELIIA LN LD -7z, RBC #B

XU HGB X, 0L S 7THOKWMICZEhENE

HREALE Do 725 RBC %%, 138 T Pre 78635 %

10* M / u L, Post 3587 x 10" Ml /uL & 7%=V, Prelllt

~ Post THWAMEN (P < 0.1) #:/_ L7z Ht i 0H

BLO1HTIZ Pre 732% 3B £ 1°34%, Post A5j#H T

31% & 7 ), Pre \2 X Post 25Hi % T (P < 0.1)

%, BETHE (P < 005) (KT L7 FKA§il CLf#

i, 08, 1HABXC4BATIIHEELREALIE R - 7208,

7 38 T & Pre 7% 621 X 10°CPM, Post %% 12,5 x 10°CPM

&7 0 Pre \2H~X Post TLEH-35MM (P < 01) %R

L7z, Im%EIgA, IgM, IgG g H L NI 4E Cort A1,

025 7THDLZWM T, #1ZFN Pre & Post ® I

HEREAT o T

Table 4. Changes of T cell subsets number in peripheral blood at control and exercise on the walking exercise periods

Cell Treatments Walking exercise periods, week

0 1 4 7
CD4, Control 10.70+5.61 8.3+5.80 11.55+6.98 -
x10°/uL Exercise 5.77+3.01a 6.63+2.16ab 9.50+1.57ab 10.07+6.61b
CDS, Control 10.42410.62 12.52+16.01 10.09+10.95 -
x10°/uL Exercise 4.94+1.40 5,02+1.11 6.26+2.03 5.37+2.70
Y8, Control 3.71£1.75 2.73+1.68 3.56+2.97 -
x10%/uL Exercise 3.2342.28 3.49+1.95 3.84+1.72 438+3.77
CD8+y3, Control 0.95+0.57 0.910.75 0.810.54 -
x10°/uL Exercise 1.16£0.85 1.27+1.22 1.28+0.57 1.20+1.26
WC1+8, Control 1.95+0.83 1.110.64 1.84+1.60 -
x10°/uL Exercise 1.32+0.57 1.40+0.45 1.28+0.66 1.73+1.39
CD4/CDS, Control 1.83+1.86 1.20+1.04 1.89+1.38 -
Rate Exercise 1.1120.36a 1.34+0.47ab 1.56+0.22ab 1.75+0.37b

Values represent means + standard deviation.

a, b : Means with different letters are significantly (P<0.05) different within each group.

Walking exercise periods : Walking exercise of 32 minutes at 31.5 m/min with a rounder during O (started day of the walking exercise) - 7 weeks

period.

Control : The non-exercise group, Exercise : The walking exercise group (the pre-exercise period just before the walking exercise).
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Figure 2. Changes in the number of white and red blood cells, hemoglobin concentrations, hematocrit values, blood
chemiluminescence activity, plasma immunoglobulin G, A, and M levels and plasma cortisol levels at Pre and Post on each walking
exercise periods

Values represent means + standard deviation. n.s. : Not significant.

* . Means for Pre and Post within each walking exercise periods are significantly different (P < 0.05).

+ : Means for Pre and Post within each walking exercise periods are tendency different (P <0.1).

Walking exercise periods : Walking exercise of 32 minutes at 31.5 m/min with a rounder during O (started day of the walking
exercise) - 7 weeks period.

™ Pre : The pre-exercise period just before the walking exercise.

B Post : The period 2 h after walking exercise of 32 minuets at 31.5 m/min.

CL : Blood chemiluminescence activity (CL ; total photon counts / 20 min).
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31213 Pre & Post O BATEB 412 51T 5 KA
& M ERAINEE G O VIl & B R A2 R L7, M
RERB X OHLERDE A1 Pre & Post DHICA B R Z2AL
o7, THIRREAGIE, 18T Pre 57120%,
Post 28 14.1% & 7 D, Pre 121X Post TH & (P < 0.05)
WML, 438 TlE Pre 3150%, Post 2817.6% &7 1),
Pre (2} Post THINMER (P < 0.1) Z/R"L7z. B
fadl A, 48Tl Pre 555.9%, Post 25526% & 7% 0,
Pre (ZH~< Post T (P < 0.1) Z/RL7-.

7. SITEBRIRICH T KM T MY Ty hO#E

4121% Pre & Post ®AATEB Rl 212 BT 5 KR
THBES 72> b, $7%bH CDAT ARG, CD8™T M,
y o THINE, CD8 y 6 THINE, WCL"y 6 T HZD &
fa %t & 0° CD4"/CD8'T Mkt o ¥l & R e 2 %
RL7z. F72, W5 7a—% 4 s A MY —HCE
W, ALk O CD3" Milsne 2 75 L&KL, )
Y RBR— MO CD3 " #Miifa & CD4A™T Ml o B £ % ik
ART/RLZ. CDA'T MifaEE, 08, 1HEBLO7H
TENZFN Pre lZ L Post TH{INMEI (P < 01) %
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RL, 43 TiX Pre 25950% 104 / 1L, Post % 11.1 x
10°M8 / uL &7 Y, Pre 2k~ Post THE (P < 001)

’iééle]Lf: F/72Pre BL U Post IZBWT, MFHL Y
R4 BETHE (P < 005 Z8¥mL7. CD8'T
rﬁlﬂﬂ'ﬂliﬁ %, 0B X7 HATIZ Pre I2H A Post TE R

FhyhErm (P < 01) 2/RL7%A y 6 THIRREZ
0 38 T 1% Pre %8 323 % 10° flil / u L, Post A% 4.77 x 10>
/uL, 438 TIZ Pre %% 384x10° Ml / uL, Post #%5.19
X 10°M /ul &% 0, \/‘ﬂ‘ﬂ% Pre (21tX Post THE
(P < 005) (2#imL, F7213HTld Pre [~ Post T
B (P < 01) Z;_L7%. CD8 y o T ek
Pre & Post DRICHELRELIZ o7z WCl y 6T
MR, 038 TIiX Pre 28 1.32% 10* Ml / 1 L, Post %% 2.05
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Figure 3. Changes in the percentages of granulocytes, monocytes, T cells and B cells in white blood cell at Pre and Post on each

walking exercise periods

Values represent means + standard deviation.

* : Means for Pre and Post within each walking exercise periods are significantly different (P < 0.05).

+ : Means for Pre and Post within each walking exercise periods are tendency different (P < 0.1).

Walking exercise periods :
period.

[T Pre: The pre-exercise period just before the walking exercise.

Walking exercise of 32 minutes at 31.5 m/min with a rounder during O (started day of the walking exercise) - 7 weeks

B Post : The period 2 h after walking exercise of 32 minuets at 31.5 m/min.
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Figure 4. Changes of T cell subsets number in peripheral blood at Pre and Post on each walking exercise periods

Values represent means + standard deviation and bars with a, b or A, B are significantly (P < 0.05) different within the each groups of Pre or Post.

* : Means for Pre and Post within each walking exercise periods are significantly different (P < 0.05).

+ : Means for Pre and Post within each walking exercise periods are tendency different (P < 0.1).

Walking exercise periods : Walking exercise of 32 minutes at 31.5 m/min with a rounder during 0 (started day of the walking exercise) - 7 weeks
period.

[T Pre : The pre-exercise period just before the walking exercise.

I Post : The period 2h after walking exercise of 32 minuets at 31.5 m/min.
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Figure 5. Flow cytometric analysis for the proportions of CD3" cell in leukocytes and CD4" T cell in T cell subsets. The solid line
represents the leukocyte stained with anti-CD3 antibody ( CD3" cells or T cells ). The histogram shaded black is negative control
which is stained with only secondary antibodies. Dual—color flow cytometry for T cell subsets stained with anti-CD3 ( CD3" cell )
and anti-CD4 ( CD4" T cell ) antibodies.
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The purpose of this study was to investigate the effects of walking exercise on T cell subsets in
peripheral blood, phagocytic cell and other immune functions. Experiments were performed with six
Holstein dry cows housed in a tie stall barn. In the walking exercise group, the cows were subjected to
walking exercise of 32 minutes at 31.5 m/min with a rounder on 5 days/week during 7 weeks period.
The control group was to non-exercise. Heart rate, T cell subsets in peripheral blood and immune
functions were measured at the pre-exercise period just before walking exercise (Pre) and the period 2
h after walking exercise (Post) during 0 week (OW ; started day of the exercise), 1 week (1W), 4 weeks
(4W) and 7 weeks (7W ; 1 week before expected calving day).

Heart rate during the walking exercise decreased significantly (P < 0.05) at 4W than OW. The
numbers of white blood cell (WBC) showed a tendency to increase (P < 0.1) at the walking exercise
group than the control group in 7W, but, the number of red blood cell (RBC), concentrations of
hemoglobin, hematocrit (Ht), Luminol-dependent chemiluminescence activity (CL) of peripheral blood,
the concentrations of plasma immune globulin (Ig) G, IgA, IgM, cortisol and the each numbers of T cell
subsets were not significantly different between the walking exercise group and the control group in the
each periods of OW — 7W. However, the CD4 T cell number of peripheral blood elevated significantly (P
< 0.05) at 7W than OW in the walking exercise group.

In a comparison between Pre and Post, the number of RBC showed a tendency to decrease (P <0.1) at
Post than Pre, and Ht was significantly lower (P < 0.05) at the Post. The CL of peripheral blood in 7W
showed a tendency to elevate (P < 0.1) at the Post than Pre. The proportion of T cell in WBC in 1W was
significantly elevated (P < 0.05) at Post than Pre, and that in 4W showed similarly a tendency to elevate



(P < 0.1). The other hand, the proportion of B cell in WBC in 4W showed a tendency to reduce (P <
0.1). The numbers of CD4', CD8", y§ and WC1'y3T cell were significantly increased (P < 0.05) at Post
than Pre in the each periods of OW — 7W, or those were similarly increased in case there were not the
significant differences.

These results indicates that the increase of heart rates during the walking exercise of dry cow is
suppressed by the long period of the regular walking exercise, and that the regular walking exercise
increase the T cell proportion and the most of T cell subsets numbers temporarily at the period 2 h after

walking exercise.
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