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2, SRR O AW ER DL LR E, FRICES
TRERAMNLRERS [1). 2070, EAZETFO
PR A7 13m <, FRICPRERICRE LR TwE Sh
w5 [2].

Bovine respiratory syncytial virus (4> RS 7 £ V%)
i, BT FRICIFRERR 2 5] & 2 95, T
P BERT 5 LRI S SICEELT S [3,4]. 0D
728, HARTIZERS 7 A4V ADBEGETRixEE LT,
— RN T 7 F VRS T hILTW S,

Yy IVERRENREY I D 19ThY, Ekkz
LS & D L L BT, RNOTEEEEEM O RE g
ILER R L, PmRtkom FICEE R &E %2 gL X
NTws [5]. ZhFT, AXBFHEY I VERY
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8l. FiZBwTiE, WEEZOTFF~DEYIVED
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MH, bUbNOMAALRNIZBWT, EAZTIICB)
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HEABZTH~NDOE Y I YV ERGOHALA b LRI RIT T %
1 RSB B ARG SR

W
1 4 8 12 14 16 18

HB5E (&%)

ATH (kg) 0.45 0.92 0.92

o HEA SR (k) 0.10 0.50 1.36 1.02 0.68

BFRAE AR (kg) 0.61 1.22 2.26

W (F—v) (kg 0.01 0.05 0.25 0.25 0.25 0.25

W (FEYv—) (kg) 0.26 0.43 0.95
ARESESE (EhP)

TDN (%) 101.6 99.2 93.1 77.8 74.5 73.0 70.3

CP (%) 28.2 27.3 25.0 18.5 16.8 16.1 14.7

MG (%) 16.4 14.9 11.2 2.5 2.1 2.0 1.7

HINTh (g/kg) 13.9 13.1 11.1 5.9 5.9 5.9 5.9

v (g/kg) 7.3 7.1 6.6 5.1 4.7 4.5 4.1

<73 h (g/kg) 1.0 1.1 1.4 2.1 2.5 2.6 2.9

v¥ 3 E (IU/kg) 27.1 25.9 22.9 15.1 15.2 15.4 15.3

TDN : Total Digestible Nutrients (" #4{baE#a5)
CP : Crude Protein (HL% > /327 %)

Nz, T 12 8K CHlALIN, 201Ky 25
FICC 18 M E C s . TRIET vy Aaice sy
IVEHGHE (VE#) LxlfEo 2 ooftilairohn
72. VE # o 16 B (87.5+2.3 H ##, 113.8+10.8kg:
Py RS 12, 12~18E# £ T o 658 1Y,
Swecker 5 [11] O#E2B#1Z, 500[UDE ¥ I ¥
E (€% 34— HAREETEW, mE) % 1HEH
WZ1E, 1WA E LT 10ml FESTICHAN
Beh U/ —J, xtM#Eo 168 (87.8+1.9 H i,
114.8+10.2kg) 121&, ¥ % I Y E#H53ThLhr o7z,
FRERIA I 2018 4E 10 H~20194-5 A CTH - 7=, ikl
WP o RS R O ESER TR LIIRLE
A, W{H{LESRE (TDN), M v 8528 (CP), #l
We i D R G- 50E H A 28R (DRI - 2
(2008 4FML), M43 - AR E SRR O ZC R, 55-71,
RHRES, BN (2009) 2B AERERM LTV,
F72, TRTOTFPICH LT 14 Bl B G o =1
Bl2hew, RS WA IV AHAT 7 F ~ (No. 52 strain,
BB WAL ge i XM, B8 & A SHFBIC
Iml FRNEAE L7z, T4, B SRS MR 3
DHA KT A - THIFEHEIN. T2, 7T
DT GBI AT & OB R, BRI ERE T
D, IR R O AL SR R R A TR O A1

{, R ELMEITVaho .

FA413, 12 (F500), 14, 16 KU 18 5@#HIC EDTA-
2K R INEL 2R MAS J OV L — o BUZSR S % i C 8
R S ML 2RI L 72, 7 L — P BRIIES % FH v THREL
L7z, et Ui S i ok L, 58 < -30C
TPRAE L7z, EDTA-2K @8R %2 H v CHRELL 721
WLERINE, 3 ReI DA AMEREL, HRiBkEL, ~E7
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DYy ROAY 7)) v bEdHBMIREHREE (L)L
¥y, HARGETZE®W, i) <lwl7 mEh
DTANRGE BT IINT VAT T—E, v-IN
FINWVINTI VAT 2T—8, REY VLYV, REZEE,
JVTFEZY, RYYRVE, TVTIY, RAVAT
a—)v, PR, ERERRTIRE, Bk o ¥ SRR, o
L7FUvdF—8, HNTon, EBEY)Y, 75T
LT OWTII AL A A B AT 2IE  (H B 0HT3E 7020,
WHYNA 72770V =X, F i) ICTHEZELT- 72
M7 a1~ (Glb) fiilk, TPE2S Alb fEZ 5[V
TRD 7 MiEPoLr sy I VEREL L Ca-
tocopherol # #ll %€ L, a-tocopherol i J¥ & & & i &
ru< b7 57 14— (Prominence, (R85 & HAET,
AR STl L7 [12]. £/, 7V —=F VA NGH
%¢1 (FREE carrio duo, B 4 2A~<—, Hxl) #Hw
T, MiEPOMILA b L A< —% — (derivatives of
Reactive Qxygen Metabolites (d-ROMs)) K OF Pt
it JJ ¥ — # — (Biological Antioxidant Potential
(BAP)) # #ll % L 7= [13-15]. d-ROMs @ Hi {i} I3,
Carratelli Unit (Carr U) & L CT%f L 7. 1CarrU
1% 0.08mg H.0./dl ICH 43 5. M LA ML R,
Oxidative Stress Index (OSI) & LT&L, OSIiZ (d-
ROMs/BAP) x100=0SI & L CHE L7 [13, 14]. 4
RS 7 A )V ATk % I PLAARAMG E, Kubota & [16]
D & RO TTEITWE L 7.

P S N7z MR AR AE B VAL AR il 1L, ST = R
HARAICTORLZ. 72, RS 7 AV AISHT 5 Hilk
VAT + BEHEAR 202 CR L7z, SRR T
Brv 7 & (SPSS Statistics 24, HAT A - ¥— - T 4
B, W) 2T, FE—BEECBIT 5RO % IE
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CHFEZS KEFHF N
# 2 MERK AL A RAE

12 58k (BEFLR) 14 i 16 i 18 i

VE T x I AE VE if M VE T X R VE 7 X R
WBC (/ul) 8,913+£1,316 8,921+2,030 8253+1,988 8329+1,625 8,500+1,740 8,272+2,806 10,013+2,446 10,457+1,824
RBC (10*/ul)  1,122+100  1,141+78 1,126+117  1,127+94 1,097+112  1,087+85 1,111+163 1,075+90
Hb (g/dl) 114+1.1 11.8+0.7 11.2+1.1 11.3+0.9 10.9+1.1 10.8+0.9 11.2+1.5 10.8+0.8
Ht (%) 35.9+34 35.5%24 35.6%4.1 35.2%1.8 34.0£3.3 33.5%24 34.2%4.7 33.5%3.0
AST (1U/1) 84.6+24.8 82.1%32.7 99.1£35.8 104.3%£39.0 89.3£29.0 82.0+28.3 76.4%16.8 69.2£29.1
GGT (IU/D) 27.0+6.4 24.5*4.9 22.7%£4.9 24.1%£4.6 227173 22.0%3.8 21.9%5.8 24.1+12.1
T-Bil (mg/dl) 0.1+0.1 0.1+0.0 0.1£0.0 0.1+0.0 0.1+0.1 0.1+0.1 0.1+0.1 0.1+0.1
CK (IU/D) 167+161 150+97 173+81 171+79 186+124 169+44 164+45 153+40
UN (mg/dl) 13.7%4.1 13.8£2.9 11.5%3.5 11.7£3.6 11.2£3.5 10.4%3.6 10.7£3.4 12.9+5.8
Cre (mg/dl) 0.9%+0.2 0.9+0.1 0.9+0.1 0.9%+0.1 0.8+0.1 0.8+0.1 0.8+0.1 0.9+0.2
TP (g/dl) 6.9+0.7 6.9+0.8 6.8+0.7 6.8+0.8 6.5+0.5 6.5+0.7 6.7+0.6 6.7+0.7
Alb (g/dl) 3.4%0.2 3.5+0.3 3.2%0.1 3.3%0.2 3.1£0.2 3.1%0.2 3.1£0.2 3.1£0.3
Glb (g/dD) 3.6x0.8 3.4%0.8 3.6£0.8 3.5%0.9 3.5%0.6 3.4%0.8 3.7£0.7 3.6+0.8
T-Cho (mg/dl) 117+18 111+20 61+21 54+17 49+13 48+12 47+11 45+19
TG (mg/dl) 18.8+6.1 15.8+4.9 14.4+3.6 13.9+6.5 12.5+4.2 13.2+5.3 15.8+6.0 14.9+3.9
FFA (uEq/1) 278+142 20972 153£48 178+67 14647 153+68 122+43 168+111
BHB (umol/l)  220+127 244+182 340+113 37595 401+93 371+68 386+ 68 352+117
Ca (mg/dl) 10.1+0.8 9.9%0.4 10.1+0.5 9.8%0.7 9.9%0.4 9.8£0.5 9.8%£0.7 9.7£0.9
iP (mg/dl) 8.0+0.8 8.0+1.2 6.5+0.8 64+1.1 6.8+1.1 6.8+0.9 6.6+1.1 6.7+1.6
Mg (mg/dl) 24%+0.3 2.3+0.3 23%0.2 2.3+0.2 2.3%0.2 23+0.3 23%0.3 2.3%0.3

WBC : HImE%, RBC : RiEk%, Hb: NEZuvb sy Ht: A bFZ7 Uy b, AST: TANRSFUBETI /) MV AT 25—,
GGT: y-ZVZINVIIFT A T7x2T7—¥, T-Bil: BEYVE Y, CK: 7L T7F ¥ F—+¥, UN: REEE,

Cre: Z7VL7F =V, TP:RF VX2, Alb: 7V73IY, Glb: a7y v, T-Cho: #alLAxA5Fa—)v, TG : IR,
FFA : #EBEfRIEE, FHB: pe Fus Y, Ca: ANVY v A, iPEEY VY, Mg: <7 A Y7 A

450 B VE# (n=16)
400 - O x#é#E (n=16)
350 F
300 -
250
200 -
150
100

50

v E (10/dl)

v¥ 3

1 MmiE¥ s 3 E ol
S + REAEAR 2
VE BEE AR OMICHEEAED Y ( © P<0.05)

BoA L7ZZHBICOWTIEAF 2 =7 > b t g, B8
534G L7 h o 72IHH 122 W Tl Mann-Whitney @ U &
FENZTIT, P<0.05 2 ERAEL L.

157 &
MiFEE sy I v EREE 12, 14, 16 K O° 18 E i I
BWT, VElETIZZN£N320.0, 171.5, 120.1 KT

109.11U/dI TH Y, ®HEEETIZZN LN 338.8, 98.9,
79.0 X *5331U/dI TH -7 (K1). T/, VEHOD

—T721——

MY ¥ I v EEE, 14, 16 RO 18 AEIZHB W T
IR & IR LA BICEMECH o 72 (P<0.05). MLERHR
A Je AL RAE IS BT, SRR, WEEC

BhEE R, o7 (£2). 1% d-ROMs ¥, VE #
TR, KE LB o 7225, dREECI
18 HAEHICB VT LR L, VEMELEELAZICHEMET
o7 (P<0.05) (M2). Iuil BAP 1, #RERLIH b,
MEICHEZZ IR o720, 14~18BEIIZB VT,
VE BEcldeft i L <R L7z (M3). OSIiE,
VE B CIZRB T, KERZEE Rd o788, KR
FECIX 12~ 18 Bl F THRAICHIML, 18 EIICE W
TVER LR LAERICEMETH 72 (P<0.05) (K4).
RS U A WV ATH$ B YU, MRS H1I212~18
WG E THRA ISR L72AY, WEERICEE 2213305
Nhho72 (KM5).

Z =

FE, I E T A &, Ko ) ¥
ISEREAD 70 <, ARIEE S OS50 & ISR
K#THBH [17,18]. 7=, BTAELTFH4E, RV
AL A CHEE L, MO BRHRREA RN 2 &2
IR A7 I3EnwE ShTnws [19].

WA, FKEEBWICH T HHURA OEEMHREE S
TWwa [20]. 20720, KEEH 2L L LI2ERa
H#RZEE 73 719~725 (2020)



HEABZTH~NDOE Y I YV ERGOHALA b LRI RIT T %

100 | mvE# (n=16)
O xE#E (n=16)
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=
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2 T0f  [Qeesceoooeceoooee
~
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05 14 16 18

2 Mit A b L A< —7% — (Derivative of Reactive
Oxygen Metabolites (d-ROMs)) D2
I + R
VE fif & MR OMICABESDH D (% 1 P<0.05)

3,400 B VEE (n=16)
O &HERE (n=16)
3,200
E‘ 3,000
3
& 280 | 0 [T
IS
2,600
2400 12 14 16 18
BLI.
3 Biological Antioxidant Potential (BAP) DO
Iy + R

Yhu—UaiEHEEDTEY [21], T 12E LT,
vy I VEFHI ORGSR I N TW 5.
FAOMEE ¥ I v EREICOWTIE, 100 [U/d] &
TR EE [22], 70 IU/dI R CIIRZRE L Sh
Tw5 [23]. RFEBWT, IMFEY S I ¥ EBEIW
BEL BT 12~ 18 I TR 2 124 L7245, VE
BBy, 100 IU/dI DL ETHER L. —F,
XFIREE T 14 BESLIRET 100 IU/dI K TdH ), 188
CBW TR 70 IU/dL K TH o 72, FH~DE S 3
¥ E OG5 FIToVTIE, HAMZEEEE Ty
fil ¥l 15 IU/kg, National Research Council (NRC)
fAFERE [24] Tld, 15~601U/kg THH L ENTw
5. KWRICBTAE Y I Y EofiRiE=1E 15
1U/kg LL 1-CH Y G G- 2 72 LT\ 7225, 4R,
151U/kg Lo ¥ % I Y E%##5LTH, TH4olmi
Yy I VEREIE 70IU/dI e 500N
TWwa [25]. F72, REFRICE 2 MERBRAE K V4
LFRAMEIZ DOV TIE, WINORIZB VT D MR
WCHERAEERL, E¥PIVERSGICIAMIEL Y 3
A¥R&EE 73 719~725 (2020)

367 | mVE# (n=16) *

347 | O ximEmE (n=16)

32F

30F

2.8
Z  26)

24

221

20r

1.8+

16 12 14 16 18

W
4 Oxidative stress index (OSI) D2
SR & R
VE BEE IR OMICEEAED Y (  P<0.05)
101 : B VE % (n=16)

= 9r O xfHE#E (n=16)
& 8r
B L
g 7 R
NS R I T
N . e b C T
~ o0 T T
Y 4+ h
1%
4

3 [
&+

2 |

1 1 1 1 1

12 14 16 18
o
5 2 RS % A )V A O HIFLAA O
S = R g

TN RS A VAT 7 F O A2 RT

YEBEDANOEEIIEA L ot EL SN
AL A b LA, EWEMEM L SIRILDoNT v 20
o TRENBLEENTWVS [26]. IHHREREMICL S
AL A M L 2 %7”9 d-ROMs & HilE{baE 2 7" 3 BAP
REFEICHMEICHETE, BRKELILET 2 Z &5
BBTHbEEINTWDS [13, 14]. AFED d-ROMs 12
DWW, VE #ETIERBWIMY, KELRE#HILH -7
A, AHEEECIZ 1S EEIcBVWTkE L LA L, VE#
LR LAEREMETH - 72, PiR{LAE% "3 BAP 12
DV, AELREI R o720, FIREETIE 14 B
VIkg, VEREL I UIRCHER L2, BIEA ML RXER
RY OSIIZDWTId, VE BT iBimgh, K&an%
B d o720 LT, *HREETIX 12~ 18 #il
T4 ERL, 18BEEICB VT VER LKL, &
BAEEMETH-72. WHEBEEOL Y I Y EREL, 1458
i M O 16 HEIC B WV TUIKE & S5 100 TU/d] Al
THY, 18HEIIIB VTR ZME S5 70 1U/dI £
WMTHhorz. D7, FEHTIE 14 BEsLIRE, M
FOESY I VEREMUETH>/2720DI1C, €F 3
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CHFEZS KRAHET B % b

EDMG53 2 EALEMAAET L, igibitz R
BAP I VERFE B LK HER L72OTIERwh L&
AbNz 851, MEFETIE 18 HEIITB VT, MK
HOY sy IVERENRZETH 7272012, €F 3
YEDME5TAMBLA ML ABRERESMETL, FRIC
o THLA ML 2% /RT d-ROMs 2 LA L7-D Tl
GuhkFEz ol —F, VERTIE, mMiEhors
IVERBEIIEFHACHERL, HREBRILEOKT &k
LA DL ZAD¥WMZIZ 72O TIE e eE 2 57,

Y'Y IVEWR, HRERLZMLTLSILIILD, B
JEWCHK T B PRI RN S B 2 EAVRENTWDS [5-8].
¥ 72, BEMEWATE~0OE Y I v EHGIE, 0B
B2 L, e RS RET 7 F VMK S
WEATET L L HE SN TS [10, 27].
—BIZ T ORATHRORARIIL, WFLH O FiAAT
PO oM sLBRGE 2 SIS (28], BT
x5 AT 7 I R, BATYUREOm VA TIZ Y
7 F  OFRNEIRIGT 5 Z WD 5720, BITIUR
HEBICIT) eI TD [28]. RSV A
VAR T B FFOBTHURDHER IOV TIE, RV A
7 A VR4S o Al E TRBATYURE IR 5 5 Mk
Nz b [29], "L 74— FHFClE3 7 HinE
TRATIER A R T 205 % w2 LR Bt s
W5 [30]. RS WAV AIZ X BF DI EHOIE
X6 AMEITOHRDZVESNTEY [31], HA
T, 2~5 7 HiwmoAHAET4, 0~10 7 Hmo LA
TSP NIRRT 2B W T RS A VA DM G- 5
I 23 9 D B S LB AR ShvTw b [32,33]. &
Wrgecid, TR O RS w7 A v 202 & B L% O
A THT A72012, 14 8Es 3.5 7 Al Wiz
RS A NVAEY 7 F ¥ %M L7278, UM e
BWT12~18 Ml E CHRAIIKT L7z, CoOBEKNEL
T, BFOBITHEOHBIZL LTI F T LA 7D
HBEPHITFONS. BEOWMEITBVTY, BITIURE
AT TOFHE~DLRS 7 A4 NV AED 7 F v Hfii bk
EAEZBFEIEL Z EhmE SN TS [34,35]. L
o T, ABIRICBWTIE, €3IV EHRS L4ERS
T ANRIET 7 F VR X DPURIEEANDOEBEIZ OV
THOE2IZTHIEIREELL, 4% Birbukofikx
R LT 7 F VAT LERH D LE 2 b
AWFIEICBWT, VEHOIMFEE ¥ I ¥ E BRI RE
B L EfE TR L, 18 Bl B Tid d-ROMs
O OSTIE Xt T & Wi LA BIIECTH - 72 2 & aF
REsN, 2o ehs, HABOREME T F~0
¥y I VERSE, MEhorsy I v EREDCSME
KT X, BILA ML AD A% PR 5 W REE 2%
ATz G, BABTH~N0OE Y IV E ok ER,
BALA P L AW THESY I Y EDEHBETIZOWT

Mt 20 ELRH L e EZ ON T2, KRifRIE, T
P LTHEEICE Y I VE 2% 555702 AN
HEHICE Yy I VP EHRG 2 HH0 L72AS, BIRILE IS
BOTERINCE DY IV ERSPEMWRTET
HrEEZOND. Lo T, T L THEEICE
7 IVERBRIEL-OICETFEOEHENE Y I VE
PR OFENDRMPE ¥ I ¥ ESH T % &0 7230
RO G L LIV T HRET 2L ENHLEEZ S
nr:.

AIFFEIC BT, BT REFISAHBL 2.
KIFFEIZBNT, RS ™ 4 VA5 2 Hifdli 2 % L <
W72 7R T E AL SRR O M E B IG5
RWFFEILE N FE RIS RN, B3 - AR SRR T 7E b
W, AW v & — [HEHBA TS - RoREEE OB
IR 70 Y = 7 M) ] OFARE =T T T 72,

51 A X ®
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Effect of Parenteral Administration of Vitamin E on Serum Oxidative Stress
Biomarkers and Antibody Titer after Vaccination of Live Bovine
Respiratory Syncytial Virus in Weaned Japanese Black Calves

Konosuke OTOMARU, Shoko OISHI, Yu FUJIMURA, Yuki INAMOTO,
Katsuhisa NAGAI and Koji HYAKUTAKE

*Joint Faculty of Veterinary Medicine, Kagoshima University, 1-21-24 Korimoto, Kagoshima,
890-0065, Japan

SUMMARY

To assess the effect of vitamin E administration on Japanese Black calves after weaning, 16 calves received
500 IU vitamin E weekly by intramuscular injection from 12 to 18 weeks of age (VE group), and 16 calves did
not receive vitamin E injection (control group). All calves were vaccinated with live bovine respiratory syncy-
tial (RS) virus at 14 weeks of age. The serum a-tocopherol concentrations in the VE group were significantly
higher than those in the control group at 14, 16, and 18 weeks of age (P < 0.05). The serum derivatives of reac-
tive oxygen metabolites (d-ROMs) in the VE group were significantly lower than those in the control group at
18 weeks of age (P < 0.05). In the VE group, the oxidative stress index (OSI), which is calculated from the
serum d-ROMs and biological antioxidant potential (BAP), was significantly lower than that in the control
group at 18 weeks of age (P < 0.05). The antibody titers against bovine RS virus decreased gradually from 12
to 18 weeks of age in both groups. These results suggest that vitamin E administration might decrease oxida-
tive stress in calves. However, vitamin E administration did not affect the antibody response to vaccination of
live bovine RS virus, perhaps due to the presence of the maternal antibody.

—— Key words : Japanese Black calf, oxidative stress, vaccination, vitamin E, weaned.
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