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ELL,1IHAHIE 1HEDEYVEKED 2%BE0 F WM 4 F KBRS &
B (FE#® %729 TDN 70%, CP 15.5%) % & & 412 2 % 5 L
THwE L, FEYP-EZEZARAKEHEEL T 24 A CTHMF L
o, MEHIE 9 FEIR LT 17T I T - o, $E B K OB KILHE
BERELEZ, EFOoKENES LOHEMIE 8 A HM»S 24
Wk £ T 4B I EICITo R, M~ Y A HEEZERMN
# (TERUMO, ®x, BA) #H W THBIR S H ML L,

KB HMET, EMoEIXIEARGCTEL -,

Fra—2RBIXTALA rRY) VYAFAR

22 M EFICFENRAN 7 v a - X B XTA 22U »UARAR
ZEBELLZ, AHMARI I, JomELrEF, 10: 0012 A
A ryam R R e FEm L2, &R B %MK ATIC, HEF R
18 7 — vV HEH# LT —757 4 (TERUMO, H®) % 3#EF L 7,
A AV yrOBKRANKEOEANIIC O RMOREMNEAT > 2%,
10: 00 MK &E 1kg 379V 0.1 U D v v A > AU ¥ (Insulin,
from bovine pancreas 15500-100MG, Cat# 11070-73-8, Lot#
069K0982, activity:=2 m27 USP units/mg Sigma-Aldrich, St.

Louis, MO, USA) Z# &% kWNicaE AL, 5% 5, 15, 30,

18



60, 90 B L " 12002, ~ XV F MU T AT 4 A ANDE
i mE (TERUMO, X, B A) IthikZ®B LKL, BK
L7 iEk&m LaRndb EREICEBEL T, 15 50 B =D o B
(4°C, 3000rpm) L 72 %, MHFEELHEIWML T-30CTH#HhFT
RfFLEZ, £ 2 ) vAEMABREERLAZEZE, HAE O 13:00
WK E 1kg 7~ Y 0.25g O 7 a3 — 2&EHK (50% glucose
solution, 1 e fli & T %, KWK, B AR) 2 HIRANICEEHE L, §Al
®o A A CAMBRRFEERKO FERCIY YT Y 7

AT o T2,

m &L S AT

=z %, /=2 — 2, NEFA,

pis

KWL DALFEOMLESD OR
Vo E, PV 7V U FBLIORa VAT — VEEITR
oM E T ¥ (KKk) o LZ% A4 7 U=z —UN, 7 ba— 2Z CII-
7 APV a—, NEFAC-7 X b U a—, U LUVEHE C-7 X MU
a—, U 7YV ¥ F A8 E-F A MNYa—, 3L AT 1T — )
E-7 2PV a—2MvTZzhEhHELL, MTEH B-v Fu
X v ES B R E X B-Ketone Monitoring System Precision
Xceed Pro (Abbott, Abbott park road, IL, USA) % H \ T
ME Lz, mEdh A2 ) CREFIHEROT ¥ 102U v

ELISA % v F (Mercodia, Uppsala, Sweden) Z £ U #H & L

19



2o T RXRTOHH T 2KMETAT» 2,

FE T O 22 BEBIEERLL LA - XL AR U VA
ABCTCERLAEAMLEBE O A2 vRBERTY VA RAY
ELISA kit ( Mercodia, Uppsala, Sweden) % H W T, ¥ v hk
DR T P anriciEs THEL, MTEP 7 Lra— 2R EIT
sy a— A2 CIIl-7 A bV a— (FXMELE, KKk, BE)
rHWTEIFALEBELCIVBAE L, & XToO@EEIT 2 KE

TAT » 7= &

L EMREREE
24 MW I T E 1lkg B37- 9 1.5ml & YV &L J X F

(LI, TWaH, BA) ZHIRANICKRES L TLEESHE

oy

IR

. JE T E S SHE M A2 R L Bm Loz, AF B,

(2]
=\

Rk B, BRREABESLIOCEBERBE THEHEZHRILL T, ®

I

PBS (pH 7.4) T#H®H Lk, BREEZF P THEMEL L., Kl
% 30 MU ANECHEMEMEMBEY > 7 r oI ET L L, RERL
7o TR RS A M 1 RT-qPCR @ #r £ T -80C T £ L 7=, Wi M&
Ok B T % om |, B, 0 B, F OB, AT B, 9w iR, M e,
B AE N, KMEBEMRESIOBHEKEBENER O & & &2 0 E L

., B—®HBITUOCE_F, B=ZF, FUFIAKEKTENE

20



RT-qPCR

Mk 7o IGF-1, INSR, mTOR, AMPKa, PGC-1a,
Sirtl, Sirt3, IGF-1, IGF-1R, INSR, C/EBPb, PPARy K &
' Leptin ® mRNA % B & %4 RT-qPCR B 2 L W & L 7=,
Pink bead lysis kit RNase free ( CYD-PINKE1-RNA, Next
Advance, Troy, NY, USA) £ Xk U0 Bullet Blender Storm
(CYD-BBY24M, Next Advance, Troy, NY, USA) % H \ T K
BHRAEFELEMBEE2 ST Y0 XL, WEMAEBR, & DMK,
B A M OO B X R T MEMEITE N E L Qiagen
(Maryland, CA, USA) ® RNeasy plus mini kit for liver
tissue, RNeasy plus mini kit for muscle tissue, RNeasy
plus mini kit for adipose tissue % ffl \» T, A — 5 — O # 4%
T oha i RNA 2 H L7z, il L72K RNA O
EH L OB EIZ NanoDrop-2000 (Thermo Fisher Scientific,
Waltham, MA, USA) % M \» T 260nm & 280nm ® E K T O
Wk EEE o0k EHHWTHMEL ., ReverTra Ace qPCR RT
kit ( Toyobo, KB, B X)) % H \ T 200ng » RNA »» 5 ¢cDNA
DEHEWRBLUBEBEZT ., 1 v dHicboRKIEKRMK
¥ Thunderbird SYBR Green master mix 10ul, 10pM PCR

Forward 5 L 8 10pyM 7 J 4 v — 4% 0.6nl, & & cDNA 8.8ul

21



N A o A E 20pl & LA JIGF-1 8 LK P IGF-1R( Gentili
5 2009), INSR (Pfaffl &5 2002) B8 &L T8 ACTB ( Peletto &
2011) o 7 753 4 v~ —®W¥ixF*E 1 &xx L7, mTOR, AMPKa,
PGC-1a, PPARy, C/EBPB, Leptin, Sirtl, Sirt3 O 7 7 A
< — X BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
B &L O Primer 3( https://sourceforge.net/projects/primer3/)

AW THE L7, PCRKXISIE, 95C T 14 M o B L L &

N

, 95 C T 10 & A Wit 15F, 60C £ /21X 59C T 45 # »

=N

A7k 40 BBV IRLE, T XTOSHIF 2 KXE TEME

L7, PCRED O BEML I/ HBEHRMBITICEIYHEBRLL, &

=10
o)

gt Tt el E oMM S B L cDNA DRGSR % % B EIF

e L, MERMGLFEROHRZI O ERLCELEHRB»L

& B+ DO mRNA R &% €& L, ACTB & N % ¥ & Iz +

& LT ACTBO € & TWIEL Tw L &,

HE B X OKE R

BOAFoOEEHMDPOm P RFEDE LA XU R

EiLx, B UBOBE 38 Ao b EEOCEHMELEH L,

AL, £ 2 ) yAEFRBRoOOLES 7o - RE, B

N

il

7 nva—z2aamRBomFEFR 7 ra— B LBV, R

k=

VIR E# B S AUC 2 E L o

22



et

(N

i

E T O BEEEEMOEKEENLHAR

Her

THHELZ, KHEIZX T 2% K& OMEx &
g/ Kk H kg £ L THMHB L =,
BOArFORBRBHBEREEE, KBRLEB K
meRHFERDE LA AT CBER CRE
EToMBEREBILIOCEEMRAATC LV H

MHEHX B XOCETFOMEMNEZ ZRLE T 2 2 K

DR LT, AEKEILZ P<00bZ2HEEHL & LI

2 11X SPSS Statistic version V22.0 (IBM, Armonk,

USA) TAT » 7=,

23
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s R

T2, BOAFEORRBRLHEQD K, ABRHEBFEREL LT
B EH oG ELERALAYTOHEEEZ L, O ALE
ORBBAMBFEOMREITNRK 85.9kg, ¥ X 7 HAHBKX 87.9
kg ThH Vv, LEERXMBEEIZSLoF, ERERFPORBRLEDOH K
TR X 33.4 8, NI EHEHRKX 32.7TH TH O, L HKX
MEET o7, RBBHABNL S FE ToOREKITIRKXHRN
305g/H , # v 87 BHH R KN 180g/H TH Vv, % %7 HH
R PXFBEX LK > 72 (P=0.01), WHAIMBMOHMEIEKI
L X R E AL R oo e
BOALUEOHEERFTOMLPTRBEDDE LA 2T ViR EL
X 3lmxmsll, WP REFEEZZRETIXHRKXND 14.3mg/dL,
2 oo KB XA 3.9mg/dL TH Y, X %7 E G R X R
X IV AEEICE» > (P<0.01), flt ® W3 3o Mm P R
MR XA AT CRECALAEKEEDT R P 2,
ETORBLHAELZER 4 0FLE, HAEKRE ISR KO H#
PE f 4.45kg, M E v 3.77kg, ¥ ¥ X7 H#l R X O K E T
4.04kg, M E v 3.86kg TH Y, WH & EFOHEHIZ KD ER

oo, ERKEL SHER OBILKMEEICQLHEOEEIT

N

oo o, 24 AR TR Z o8 7 B MR X T X

LV EM»o7 (P=0.01), WA OBRWEEKEIZLALEFOD

[

24



Mo RXEEREZ=L (P=0.03), E8MHEEF TIT, BB

mEEIT Y O Z7EHEHBREPSBEBEX IO &S0»o> 7% (P <0.01),

EToOMAZO AEHEEITY o N7 HBHBRERSGSHBRX L E

Mmool (P=0.02), 8 Ak o B AL FEAK E T, £ 2T M L

W v EC (P < 0.01), 24 Bl b EBHEI ML HEN-

77 (P<0.001), WIAMoOHBEKET, ZHHEIHELY L

(P=0.02), BESL % oo 3 WK E X, E82HIM LY & 0o~

(P =10.02),

22 MW O A4 22U vyE XU La— 2AFABICEB T

AWMy A4 2D ryrBXOYY LYo —EBEO AUC 2K 1 2R

-
i

o RN A X ) v ELEFE oMLY 7L a — X AUC T &

BB LU EZTEARELRZ» > (K la), #AKA 7 1

a— 2 HEHOMP 7L a— 2 AUC T H XM EITR -

RN, ML ZEEBENKNL T (P=0.03, 1b), 7 L 22 —

2R AEEEREOMLT 4> 2 Y AUC LB KB E1T R 0

N

N, MEN EBMHELVIE»r o= (P=0.03, le),

N
Iy

24 A s B o ZARE, S L HNBEED O EREICS T DHHM

EEAEFRXRHLHBICTAKLE, 24RO ZEKRKE (P=0.02) 1T %

X7 ERHRE AR LD EP 2, BEERLX, ¥

N7 BEHRBRREPSSEX LD EN- 2 (P <0.01) 2, fltow

5

TO R EEICAEXEETR Do L, 2408 I O ZEKE

y

25



PN

EEBE LM I BES(P<0.01), BWAFBEBBEMBLI(P=0.04),

MHEEAE N (P =0.02) 3N EBHELYE» -,

24 Ml R EF O, REM, BBRAEABE B X U X
ik ® mRNA BB E& %2 X 6L 72, EF DI,
, BRREABE S XL OCORMEMEBTMEBK IS T 2 0T 0

FRBRICLA DL 2 VEIMHNICE2EZEBITHELNLRD -

26
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X #
K1 AR TEH LT T A ~—

v T ay

s T el H4 2, bp

IGF-1 Forward 5 TTGGTGGATGCTCTCCAGTTC 118
Reverse 5 AGCAGCACTCATCCACGATTC

IGF-1R Forward 5 AAGAACCATGCCTGCAGAAGG 105
Reverse 5 GGATTCTCAGGTTCTGGCCATT

INSR Forward 5 TCCTCAAGGAGCTGGAGGAGT 127
Reverse 5 GCTGCTGTCACATTCCCCA

mTOR Forward 5 CAAGGAGATGGAACGGAAGAAG 145
Reverse 5 CAGCAACAGCGAGAGTGAGG

AMPKa Forward 5 GATGAGGTGGTGGAGCAGAG 131
Reverse 5 GTGAGAGAGCCAGAGAGTGAATG

PGC-1a Forward 5 TTCATGGAGCAATAAAGCGAAG 118
Reverse 5 TGTGGGTTTGGTGTGAGGAG

C/EBPB Forward 5 ACAGCGACGAGTACAAGATCC 154
Reverse 5 GACAGTTGCTCCACCTTCTTCT

PPARy Forward 5 CGACCAACTGAACCCAGAGTC 170
Reverse 5 GGTGATTTGTCTGTCGTCTTTCC

Leptin Forward 5 ATCTCACACACGCAGTCCGT 202
Reverse 5 CCAGCAGGTGGAGAAGGTC

ACTB Forward 5 CCAACCGTGAGAAGATGACC 148
Reverse 5 CCAGAGGCGTACAGGGACAG

Sirtl Forward 5 GCCATGGTTCCTTTGCAACA 120
Reverse 5 CATCAGCTGGGCATCTAGGA

Sirt3 Forward 5 CACTGCCTAGAACCCCAAGT 147

Reverse 5 TACTAAAGAGGCCAGGGTGC
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£ 2. MK B IOZ 7 BRIRIXORFEORBILEE L, AEB LUK

JLBE X
XA X 2R G RIRIX

I B (=7) (1=6) SEM P{H
B ALE B K 33.4 32.7 2.9 0.80
BALARFATE, kg 85.9 87.9 3.1 0.53
A ¥4k, g/ A

ARG — i 305 180 41.9 0.01

i —BERL -403 -394 61.9 0.89
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# 3. R L OF RV ERIBXORFEOERF O M RER B IO R VB
};f 1

SV X
AN TE
ot B X il R X
HH (=7) (7=6) SEM Pl
BUN, mg/dL 14.3 3.9 1.0 <0.01
NEFA, pg/L 513 484 91.8 0.76
Y H8E, mg/dL 93.0 79.1 10.6 0.22
FUZ V%Y K, mg/dL 15.5 18.0 4.3 0.57
B-t R S ESEE, mol/L 0.6 0.4 0.1 0.20
BarzxFa—1L, g/ldL 69.3 59.8 8.9 0.31
7' —2 mgldL 64.8 57.2 6.2 0.25
A A ) pg/L 0.5 0.3 0.2 0.14

Lok e BRI LT, iic L vy 3 R om iR EOSEEZFH L, T L7,
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F 4. MBEB L0 7 BHIREOE T ORER L ORI

ALFR X
B Ry
X HR X il BR X PiE
K M LB It ZH.
HH (n=6) (n=8) (=4) (n=6) SEM ¥ 5 {EH
{KE, kg
H A 4.4 3.8 4.0 3.9 0.29 0.60 0.16 0.41
8 W 214 20.6 23.2 19.8 0.69 0.43 <0.01 0.08
24 ik 37.1 34.3 40.5 35.4 0.84 0.01 <0.01 0.21
A (A, g/H
e L1 302 300 335 284 10.7 0.44 0.02 0.03
BEFL1% 140 123 154 139 6.2 0.02 0.02 0.91

WL = KA 8 Him
BEAL% = 8 Wi 24 HER
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# 5. FBER L OZ R EHIREOET O 24 BEIFIC ST 2 22 E R L UM RHEZS E
B (g/kg 25K HE)

SV X
AN TE
it B X ifill BE X Pl

FE 13 Tk 13 2 H.
THH (r=6) (u=8) (m=4) (m=6) SEM &KX M5 {EA
Z2{KE, kg 32.1 29.9 35.2 30.8 0.79 0.02 <0.01 0.17

FH S #S B 2
JIIIREET 42.6 427 42.6 427  1.22 0.97 0.93 0.99
=7 5.3 5.2 5.1 5.4 0.13 1.00 0.52 0.25
fiti 10.9 10.8 11.3 109 041 0.59 0.55 0.80
E1+2H 20.6 21.1 19.6 20.5  0.97 0.39 0.47 0.82
37 2.2 2.3 2.0 2.2 0.21 0.57 0.64 0.70
F4H 4.4 4.3 3.9 4.3 0.14  0.05 0.26  0.08
/N 27.6 29.3 27.9 295  2.10 0.90 0.43  1.00
N 38.7 33.4 33.4 32.0 2.35 0.17 0.17 0.42
B Mk 3.0 3.0 3.0 3.0 0.13 0.98 0.92 0.86
JHhik 15.0 15.6 15.6 16.2  0.40 0.13 0.13 0.91
ik 1.5 1.3 1.3 1.3 0.08 0.33 0.32 0.32
il 6.6 6.3 6.3 7.3 0.97 0.71 0.71 0.50
BB 7.1 10.5 8.4 9.2 0.93 0.99 0.04 0.20
KAaREEE I 12.6 15.7 13.4 156  1.09 0.76 0.02 0.69
W NG 7.8 8.4 9.6 8.6 0.39 0.02 0.66 0.07
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#F 6. AR LOF R BHIREOET O 2 4 8ERICIT 2580 mRNA 3=
W RIT S R

AR X
16 AN AV A}
2R B il B [X. PiE
BN i3 KBV i3 ZH

HH (n=6) (=8) (=4 (1=6) SEM ¥ {5 {Ef
JH ik

IGF-1 0.30 0.26 0.35 0.25 0.08 0.81 0.40 0.71

mTOR 0.30 0.25 0.31 0.30 0.07 0.68 0.66 0.81

AMPK 0.37 0.40 0.33 0.40 0.11 0.87 0.64 0.85

PGC-1 0.30 0.37 0.30 0.37 0.10 0.99 0.52 0.98

INSR 0.36 0.23 0.25 0.35 0.06 0.91 0.82 0.06

SIRT1 0.62 0.61 0.42 0.51 0.13 0.24 0.75 0.70

SIRT3 0.88 0.81 0.99 0.78 0.17 0.82 0.43 0.69
®EH

IGF-1 0.08 0.12 0.05 0.10 0.02 0.32 0.12 0.77

mTOR 0.09 0.14 0.08 0.14 0.03 0.95 0.08 0.93

AMPK 0.08 0.13 0.08 0.13 0.03 0.97 0.08 0.92

IGF-1R 0.05 0.10 0.06 0.08 0.02 0.72 0.10 0.53

INSR 0.09 0.16 0.07 0.12 0.03 0.38 0.09 0.69

SIRT1 0.40 0.33 0.21 0.32 0.06 0.14 0.74 0.18

SIRT3 0.45 0.44 0.41 0.43 0.06 0.67 0.93 0.88
=R PHAR

C/EBP-B 0.37 0.39 0.21 0.32 0.07 0.11 0.35 0.51

PPARG 0.24 0.24 0.14 0.21 0.04 0.12 0.44 0.45

LEPTIN 0.15 0.21 0.17 0.32 0.09 0.47 0.23 0.63

SIRT1 0.48 0.49 0.44 0.48 0.06 0.69 0.68 0.86

SIRTS3 0.89 0.91 0.74 0.84 0.10 0.26 0.57 0.70
e T RER

C/EBP-B 0.14 0.17 0.09 0.15 0.05 0.50 0.37 0.82

PPARG 0.10 0.10 0.06 0.11 0.02 0.55 0.21 0.31

LEPTIN 0.18 0.49 0.26 0.28 0.13 0.61 0.20 0.29

SIRT1 0.41 0.43 0.39 0.56 0.13 0.65 0.47 0.59

SIRTS3 1.12 0.95 0.83 0.76 0.17 0.19 0.49 0.79

7 — 21X ACTB O E=fETHIE L7
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Z %

AW T T,

G T B S

AV AN/ ()]

X 25 5 #R 1% H

LTWwaod, 7

B L 72 fA OB

Y RO N - ==

a2 —ua oy

o HHE, = x

sV

(EN

F AN

n

8

IR %

N

,/\7

”

HE, FOMEOD

(Husted &

i, g e BLOAE

2007), — K T, T o H

140 AW & # = x ¥

BEHRE oK T IL,

LT 5 (Martin

O AFEOERBEH O X N7 AR KDY

B Xomd BUNRE D ¥ L L,

HEMTH D ENL,

AN

VNI BB RENMSRBK XD KW

D B T L,

e L I SRS

H Lregs a6, KREHEOAHE

TV (Joshi 5 2003), ®

kR O f KRB H 60T,

Bz o8 B RICK

Ao

v

7

BUN iZ

H R

& &R

B XYoo B B

EFOHAFREICEBITIALNR DD - L,

— M WML RME D AFE R, D

# LL Al

— kB XU Z N7 BEERE LY

HAKRESE T T2

A

&

TR

G

FHEOHAEMREOIK T 2 H <

==%
=

PE

78

5 1997 ; Carstens & 1987),

&

4

vl

&

LA

mh, BIEZMB O X LE —FB XU X N HEIR

6 1 [

il R4

T w5

7

s

=t
o
A

DTk

Bk

L72HmABRCEF, EFORAERBENREKRNT DZ 2 BB IH T,

AW T T,

iR EHOBERE D X o8 BRI KD,
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EFOBALBEOWNK, 24 Bl OKERS LI OCBHEEREDEE
DEMMARHELNL, REEBEIRERERED AFXOX K% 110 B 2 5

O OoOREEREZEFHLEES, EF O 1

&
&
oty
A

oA TENME&EOE S 2EM T %2 (Gardner b 2005),
LU E e BB oMM T2 X AVF KB s H
DHERKEBEOLEODAOK S, HAEZOEKEWHSEBKE FH
TTE, HAeEKRKERI IV - X A4 v RY CEEMEOEREZ I
ST, 6 Ao EENIENME2HE MM EY %5 (Khanal &
2014), — %5, ZrMeur 6 B, B XIE 50%DH U — iR
O AFEFOREEOHAEAOTTEZT AN VERE L H D
(Husted & 2007), & H 2, IR O A EDx B 1% 28 8 »
5 T8 BHiCb 2Rk EBEHEBDBEO FRIT, EF O 280 A # K O
FEBLIOCOHEBEME NS 2% b3 TWw b (Ford
2007), —FH, ¥ U AOW I TIE, Chen & (2009) X, I
PR E I ) KN H (F RN HEEE 8%) AH %
wELEZRER~y 22 HAELREE T, SBX (v 87 8F
20% ) O v U AWLHEBEINTZET LY, 21 AWKEOEKENE
W EtEa®ELTBY, AHELEKIZ, vV XN TDH
lEF8MicE» 7 o N7 HEERE2sHRIND &, HAEREOD
whRPmET b R HELTWD, £, KX TIE, &

BB o X o R 72EHRMBIZ LY, 22 BE RO A 22U 20K
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W
=
&
»
il
o

KO AER, b ICHER T R F — H
BLXOEVMBO gk EICHEHET D EGRFH O mRNA

RXRLricgBiITArNNE o, UEDOZ B EERBAILE

F L E RN EEREOEREIE, Sy - A A v A Y »EKF
MBI UORESLS R AL F -RH#, BVUMBILICHE ST 5 &
Cr#HEoRHIABOLELL TN ST ICHEZROHEAORE LT
NiglEMFEBMELAH NI E LR3I,

AR T, EEREHICS T 2% 87 BHIRITET O 24

Wl RO WS oS A A EBEL 2 o7, He 5(2013)

T RYFOEERBEHO X o7 HHIRIT, 6 8 & F O EF O

uu]

NG, B, MR, e, KR L W o EE

il

O W, Al

B Lo a2 ELTEY (He H

i

7 g g O E

2013), AWM EEEREKOERTH » 7=,

AW TR, BEREHICBT S5 X2 07 BHIRICE D

FE D R oW T, HEFDOHRTHBL I, HEEFL THEEF

e
‘F“

AV = S A

.

YT RRN DL T, WO TR, AR
MBIZXxEHRMBLEEBEI, M TERSHEE T TCOLIENDE
HaEArHENhsnhdZ 3@ ESNLTWS (Ford 5 2007 ;
Jaquiery » 2016), & b2, 7 v POWETIET, B FH B X
O AETHOE o N7 ERBEAMBERELEEL, Mo T

oA MME Z2ME T 52 & (Guzman & 2006) R IR F &
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I FOZ N7 HHRE, RN, BEETF 2 ER
RO EE S E 0 RB 2D 25 Z 7 (Qasem
2010) Z &AL PN TEBDY, RrHoRH T o
RN BFERENICEBR T LDLDOND D EDNERLDL N,

FH o REHRICEDE®D

i

oo JU T HEE o P - T 8 E

HH MR’ SN T,
KB TR HEHAEZEOEKELE XU 24 Bk O KK EEID

L0V EBENE

Tt
A
R
=
|
E

fg B, K#MEEWE &£ %
T EODME T CTCEN-TE, ZTO/KRIE, A EOMHERN O
KEOERABELEEHEICB WY T, E8 T LY L E
BENRELL , BRAEENE N L ERETH > 7~ (Bennett
1991), F /=, K@% CTIix, 22 @AM, KBHEIIHLL
a2 - AREH O AU Y AUCHEL, A a— & AUC

&

g
['\ra
T

b, EBHEIM IV 2D oW ENE,

PRSI B W EXAHEEINTE, FTiEA 22U EZHEDS

O Tt # e 2 5F M 9 2 72D, MHERERBRSFANH LTV

(Cartiff » 2013)., A4 > A U v @& & 71 a— 2 K #

ZALE, =2 x A F @B L OEBERICERET D ATREMNE

»HH L (Welch » 2012), A4 » A2 U »ix, 7 I J & @

e

', AU NI BEAEKEBEHEMIEL LR HBMEAKO TS

N¥ —FTHEEEEMSYE, BRY N HEOMRE 3RS E
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(Hocquette © 1998), B HmMAHE DO A > XU K ZMHEOM

ER, LA r2) rREOCEENHNRETE, KHHE

jeim
S
i

meE RN ORBEHERKILIZHEESE 3 %5 (Hocquette & 1998), &
O A AEOHERERIZIB YT A A U WEBERSAS VAT
VIR EZ MR EE LS (Wolff & 1989), L E o Z & 2 5,

oM EIME LIRS T, MMEIDLEE WAL LAY VS W

N

fE L @mIMBERICHESMICERE L TWSE I EREBZHNE,
KWL TIET, BI+H (FERZEH)) ©ox X7 EHEHBE, 7
Na— X A Y CVEEFEERLKEKES T XX — KB, B M

laoftbicEBET 2EEGFHOEIREOEE M & T 10, A

oW FORELHBEOEBEEZB M EE L 2 LM HSL
MY, BT HoORERMBEBICEIYVEFORR S LCENE

"o fl # T & LSBT SR,
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Blum 5 2000 ;

Blum 2006 ;

Godden
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T YRl oREHREICEHEET SRS L ZEREICE R,
EF O REBRECRELSEZEEST LS EDR IR I NLT VD
(Stelwagen » 2009, Godden » 2019),

— F T, VA OHMERLG D EFOEBERBKEORE L REIHE

TOMEIERAE NN T WD, FAEFFITAEHEL 3AMIK

“

o)
Iy
=
=

Az ERLELELES, £% b BEEWIZK T D F ¥

n— AKX OE®EFOMF Fro— XEENFTEKXIDENML

o
(Y
fr
<

5, B oRNRE NRESNLD Z ERAHRE SN T

5 (Hammon & Blum 1997)., #i4& 74 w3 # 4 % 3 B [

MEWRKLGLELES, 8H@WMKEIZE T 2HBEXC/NE 2K

y

B s 42U Uy ERERTI SEMERES S NI D

(Hammon & Blum 2002), H A 74 ¥ AL =4 % 38 B #H

G LS a, SEEFICEBTLZDPMEBOMEY X, BE

DIRSHPERL, + 8B, 2B o LKA HEMRICER

L, Ko U RXR—EEHICEEST D> EPHL I XL TW

5 (Blattler 5 2001), 7 7 v v A A4 AfEWHLF oM %E T

T, HAERCHHLEERKRERE LS SE, BAE»DL 4 45 H &

EFTComRBFEENMNERL, K O@E L, WERL 2ERICE

JOWEH EOEMAE L L T LA WME I LT WD (Faber

5 2005), F 2, BIAETFTHFICHAEER 14 BH IO 20, 94

zJREE LemNB e R B ICHE NI 25 &, BERLDAT o 8K
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OmE, THORARKRT, MAEADERSEOKRWE T 5 2 &
N E &N TEBEY (Berge b 2009), WHITE A L5 K

SMWMEFORERELTLET S ATREELITRENRTWDS, T O

Lt
Tl
k=)

mt

@D

9_r
Y
™

, Mo oW ER G O EITEB N R

oAHrIZEEFY, T, ULAHEERTORMNLKERSR

EHRE~Ox B AR ELZHAEITITLALALE LR, KA %ET

I, A FOAFICERE TREBRICEYY ALEEBEMNMEEH L, 9

R OBARNF EFTCOREL L CRERBEICKITT EEZHA

9 52 &L BB LEL K,
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Moet & ik
AFRICB T L2 ERIT, bl RFEOMWERLTAES TF
HE,AKRESh @ EBEIW(HH Y ERmWKEHFS: A08019)

W o TEME L,

BEORAEER

MK FREFEGBFHMBEED EEBEHNEE ¥ — &
ARE (EJIERG, FHB) BT, 374+ —27 DA
EORBMEAT > MO A EBRHCHED AESZ 5 HMBRAEBE I &,
HHICAEAXBRIHEZ, 1HO 1#HEOHZYOKEEEITEEOD
1% o+ 4 A& e (Tde B R4, B KL H D W EE,
¥ & 7= CP: 15.5%, TDN: 70%) & L, ¥ HE i Xfa & & L
oM A EFT, EOAFELLOREBHMBEZET 256 10 H &8 L
R AT, RS AE 1I3H(FEHKE 71.857.3kg)
FAMKFEFAGRETHEENOFT S S CBX L, A 02
YR AELCEHMEBE LR, oM E T, EEESN (XK) ICET
5 TDN R & (A AHBEED A E 1996 F R, &K KEHK
MEeEEZRHB) 285 LE, ERBET 7L 7> L7 5~
A Fa—T7 LA AEREMEEE (TJAYE — 7 %M, A AL H
K, FR#H L CP: 12.0%, TDN: 75.0%) & L, %

f BT TDN B & 60% ¥ oMz T 8 &5 L. W&,
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AR A M (i) (@2 2 TDN ZE R & (B KESE B, KE

HBINEEBEEBRE 1996) 7 LV 7 7 A4 7 7 ~ A F a — 7 &

T4 AR S @ T, £ T TDN &% 50% 7 i 2T & %
BEHELE. RBREMAEZELT , @EEHNHICEST 2% I v A
BEBREOE X I v « I X2FAL T LI v AHF (N7 -3 v

28, JHEHBEBEBEE, BF) X, 1HMIC 1E, 1 HMS % £ &

W TR E5ELE, BERRZIZT 9 00 17:00 & L 2., =B M

f, KB ILXUHZBIARIBKEE L L 72,

EFofMEBEEH

IBEH OMEIR O A F OB KB, B2 1E, iR » 9E,

mE s 1 EBLOERD 2B TH >, B &R+ 0FETF L

THAODEBRELR LD ENTFTRIND D, KM% T,

EEICAEKLENFETFORZHEAESTR ELEL, 9 HO MR

SBEEOSL, THE MWL Y CHRMEEE BICLYRET, 28

MEE, 1HPINTFEFOS> L0 1EMMNHAZFRADICER, 18

MBAFEFDOH>LDO 1ENINERFRE T LD, ZTib b

zHRESTR»LRMSL L,

HA#K, 2TOFEFTEBE»D AP ER ST L, BT O

WEHEX~ORY 3T EUTOEEBD TH2, ¥+ D5 65D

FHAzHRWEEOATEHFTL2dRBK, &5 hRFF0ETFZH
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AMBEFTCOFEBFTIEMATCHIKROFAHMARA (7 v F R ¥ —

M 2 EEEEHNMES

o

A=, X, BA) zHAE® TH
MEM#GET 2BMES KIZE L2, LB KXMETHAIRKEIR
o »nhend oIk ELL., L ®RA®RT, 1L EABRRIKC
B ORYE (40C) #Mmax THBELEZ, MAHAKD 1 H

OBEBMBEESEERXKRELKkg - 50g & L, AT E&EHF®I

(@
l
i

G LTHIALAMAEHYTHKELEZ, LEMNMKELELNZET L

8 Afn LLBEIX, 2B, BAMBTICLDY 9B E THAFL .

EFoFREMNES L OCHRMLITIHAER, 3 BB T 18 #H 7

S
<©
5
E

o
e
i)
5
a
N

VAN R 2 s SN B N U B v A N S S ¥

o
S
)
it
He}

i (TERUMO, H x) & M W T &Ik 2 b &

m v 7=, % B (4°C, 3000rpm)

o

=

L=z 15 45 [
L%, L 2R LTHSHFET-30CTHEL L., £, &
B IgA S EOREOZD, 3, 5, T IO 9 ®RFIZEEWN

7

v

L HEMEY T EBERL TN ET-30CTHREL 2

VRZHE (LPS) A ABRBI T LEMRMAEPAE

MARBoOBMGES PR EERE KR ITITEZELHMT 52

BRIC U RS ERATRR L R L, BFR

5

iz 2, 5, 8
B ZE e B o FE F i, LPS from Escherichia coli 055:B5( LPS ;

Sigma-Aldrich, Saint Louis, MO, USA) # k& 1kg H 7= Y
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300ng ¥ FTioc® &5 L T, o(&HE5EE®T), 1, 2, 3, 4 kM #%IC
SHEIR 5 ~ ) A HEEZEHMLE (TERUMO, ¥ X, A &)

AR THEMRLBS LOCOKREEFEZ2AD Y TEBEZ 8 E L L,

i

BHE L7 T 15 o M ED 4 HE(4°C, 3000rpm) L 7= £,
Mm# %5\ L ToHHhE T-30CTHhFLIE,

2, 5, 8@ HFIC A T LPS AWM B4 EmKL L, & wHHR
2 M B o E 4 &, LPS ( Lipopolysaccharides from
Escherichia coli 055:B5, Saint Louis, Sigma-Aldrich, MO,
USA) # £ #H 1 kg 47~ 9 300ng ® &% L FIoE AL T 0 (#
5EAM), 1, 2, 3, 4 M BECAKREEF2H Y TEBE %
WE L, 5 1BBMBIC~NY v F U DT LAT 4 A AD
HEZEHME (TERUMO, ® 5 ) # Ml W T H e k20 b il L 7=,
BEHBL 72 Mk ix 15 5 M= o 8 (4C, 3000rpm) L 7= #%,
M %% & 4y &t L T TNF-a & #f £ T-30C THhfF L =,

9O AWK E 1kg 47~ 0 97.2mg X F A LB X — L
F U T A (Y LN F A, 64.8mg/mL, 437 8O OB )

L5 LE®HERESN

™

CHE MR E UM, Mmh L TE

R
e
=
3
i

. P L THR&GEEEZHE L2, k%I KEK

=
Nk
&
v

THREM & EH L EEArAEL L, ZHEETKEL

e

=
oy
B

bHIEEREHERLZS CTHEBLEZ, & O

Het

K & 12 xf

T O EEITIENKRE 1kg b

5

b o MxE=E L THEMNLZ,
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1R S5 7~ s i 1y

b LLBE 9 s £ T OHE BRI L 2 om 8

o

WA B & 38 W & 1

T, MR ORFREESR, 72— %, NEFA, UV Y IEH, b

741

YUY R, RALATE A, R VYRIE, T AT

NN 74 = S ) B - ol < 1)

/41

v, m 7 ) ryrgESLTMLE T LT
IR > % v b (JRFE®BEFR -Btest, 7/ /=2 — X2 CI test, NEFA
C-test, U B HE C-test, bV 7 U U K E-test, =T L A7
27— b E-test, & % ¥ X7 H testP LT A/G *F v b (1%
M T %, KB, BA) ZHWTHELLZ, MEFH 1L 2
V2 E X Bovine insulin ELISA kit ( Mercodia, Uppsala,
Sweden) # Ml W TH v F A v F ELISA &I LV @ E L 7=,
m#HEPp = v F Y — i EIL Cortisol ELISA kit ( Enzo Life
Sciences, Farmingdale, NY, USA) i L v # 4 ELISA % 2
LIV E L, BEFFEE, v boOHEEFIEICE - 2,
m9 IgG, IgA B L W IgM B E T Bethyl laboratories @
ELISA reagent kits #ff H L CT#% » F A4 v F ELISA 7k 2 &
DHEEAIT o, TP bH, MAXI SORP 96 UV = /b v A 7 &
7L — F (NUNC) (Z fx Bt /5 IR B f # #8 (pH9.6) T/ R L 7%
Y EFRY s o —F e Y Y IgQG, IgA, IsM $# £ ( Bethyl
laboratories, Montgometry, TX, USA) % 100ul/v = & 3 -

SELTC=ERC1IEBKEKELREZ, 0%, &£ — F 7L — kv
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+ v ¥ ¥ — (Biorad, Hercules, CA, USA) % H v T TBS-T
(pH8.0) T 5 MHFH L 7~%, TBS-T (pH 8.0) % 200ul/v
/T =l T30 0MKEL L, T oM%K, BTA LR KIS,

T bhEHELTEREEDEARRRIEE LT 20 75 F1

N
i
2%
—

oM iE A2 100ul/v = LTI A 1 RMERTHEL Z. BEEY
BomRAIB LG MmEOHRIT TBS-T (pH 8.0) 2 £ VAT
W,E Y Y IgG,IgA kB LU IgM O ¥ W H L X ¥ AL Sheep
Purified IgG ( Bethyl laboratories, Montgometry, TX, USA),
Normal/Pre-immune control sheep IgA (Alpha Diagnostic
international, San Antonio, TX, USA) B £ 8 Sheep IgM
whole molecule ( Rockland, Limerick, PA, USA) % H \ /=,

FDO%, 7 v— FW¥HE L T TBS-T (pH8.0) i kv &MWL
HRP #E#H 7 ¥ KU 7 o —F ik VY IgG, IgA, IgM
& (Bethyl laboratories, Montgomery, TX, USA) % 100ul/
Ve TMA, ERTIKMBMEELLZ, b — MEHFL TR
B E L L C TMB W (Kirkegaard & Perry Laboratories,
Inc., Gaithersburg, MD, USA) % 100ul/7 = AV T z, K
BT 16 pHMBEREREERICSE L, £0O#%, 0.18M H:2504 &
W &2 100/well MAZRIS LS E, v~ 27 27 L — KV =%
— (Varioskan LUX ; Thermo fisher scientific, Waltham,

MA, USA) # VW T 450nm TH X E N E L -, & X ToMmH
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o o Bl E X 2 KB TAT o T2,

EFT IgAEFEBEOWNEFERIULTOLEY ThHhDH, EEY
v & H50mg WX LT 20D YT A4 F— AL EH
~— (Complete mini ; Roche, Basel, Switzerland) & # %

Z XL ¥ L%, BEE T 1200 E L -, 5 49 ¥ L 7 B

fa

(15000xg, 4C) LFE#, - o FkiE % IgA ELISA & 2 H
Wl Il E G T TgA L RO FIRIC LD B E R AT o 2,

LPS & 5 1 R & ICHERLZOLFEITMODF TNF-a B E & H
£ L 72, TNF-a /¥ Enzyme-linked Immunosorbent Assay Kit
For Ovine Tumor Necrosis Factor Alpha (Cat# SEA1330V ;

Cloud clone corp, Katy, TX, USA) # H wvw TH v KA v F

ELISABIIC LY ¥y Pbo#ElE FIEICHKE-> THE L -,

B B X UK R AT

MEBPWERELZT, S HMoPEEKELAEAREKE TR L TE
SR PR G

WEREOT — B L 3B EE THIEFEOLP RS REE

IS O H 2 tBmEWL L ML, mF Ky, EF IgAh &

i

, LPSAWMEEBRKOKIE 7 — 724 H B LURKMHAL EZRE L

L ERES&»HiC Lo ML 72, #F 4HT SPSS

Statistics V 22.0 (IBM, NY, USA) # A W&, EKERMIZA
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AfEHR®®RBD LN (P <0.10) HBAIIXTAAERTXHINDOD

o
+
&
F
=

o
o]

FEE K I P<005 2 FHEZbHY & L,

P LY &L,
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0.06 < P<0.10



R

FE T ORI o WNR T, M RKS MEE T 38, MEF 1

B, B EXPHMEEF 18H, MEF 3HTH >, EF

ODKEELEKEZR LICRARLEZ, HAERK, THEB X O 98EH

DR B X EE e o

I

s WAL 1B X OTH

A 9B E cCoOBMAKICOLBEXBEET RN, L »n

L, AR ECTCHELEZHAE2S 7HE T TOH BIKITE

Mg E XA RBREX LD ECERSA2LNLE (P=0.09),

EEF+ O 9B ERFEOZERE, EAHRAEICTTDH>EBE, NIE

e E&E, HEHEMAE & LR 2ICRLE, ZEFHRECLAK

MEETZ2, BEOMTEEITENKESEATRK LD FE

Ko7 (P=0.01), BEWREMBEEMN (P=0.09) & 8 E

Wik gl oadtEZE (P=0.06) TBMNELE XA RKXIDY

i}

W R Y A b o Te . MR LS o R R oo Mo E ORI 4 B X R

i

ZE o, BAFTORA, BEHBEBILIOFOEHEICHWIE

Mk &5 o RITRD BRI,

2,5, 8 M IZEMm L LPS AfmABIKOLPSKRE5#%OD

HEEBEBoOoHWRE 22X 12L&, 2 EFFOHEBKRIEBEIZSREKXK

WEMNMKRSXEXPIPELSHERBRBSTSIBEMMAAR2 b (P=0.07), 5

BE T OR OPGREIBD LN o =, 8 T Q

HiEBHOZLAEFEHOMEE (P=0.08) BAHrbn, 51

51



fip

&

=N

e

Jv

fA]

i3

5.

WA TENBEGEESPFRKX I s < (P<0.05), &5

4 FF R A TEHARKEX IV ENVERPE (P<0.10) A& 5N

2.5 B X O 8 B I E M L /- LPS & 5 % 1 M S

A IMm ST TNF-aBEA*R 207K, W30 o iHIic

W T H LPSH S5 #% 1 HBMEBAICET 2 MWD TNF-a B E

MALEMBEEOR BT LSRN,

XBH M F oMby, £ 2AVrBLRXaLF Y — L

iy

ODHBENK 3R LE, MEPORFERBER, 7 b —

, NEFA, UV v JEH, +V 27U U F, alL AT na—

=
4>

X, TAT Iy, sYua 7Y g E, B LU0

7oL 7

/41

N 72 = B ) R - o N (1T O B S SR S VA = G (L - L 1=

O HAERBIR DN -, £, MFEH 020

F=arF Yy A RECEBTHAAKXEZERS X GRAEIE

[ A I T

F 3IWE T 3 B E 7THEBWEFEOLFARH#®LKST, 1 X

YR IV F Y N REE R L, @y MY 27U YR

B2 7THEEBEBICHABNEESEXASRELDE» > (P

0.04), MHF,H a2 F vy — L EEIT 3 HBEICHALBEMBG

KA EEXEIDEmro7 (P=0.03),
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me g o7y BEOHBEX 4125 L 72, ILF
IgG, ITgA B X O IgM T HI OEITICHE VDT REOIKRT M

ol (P<0.01) », W¥FnofwErsroe s U oy 5 A

&

MBXME A2 LOXEERIIEZ» - 2,
3, 5, T XWX 9OHEHmOEF IgATEOHERB LK 5275
L7, SEEKE TELS, BEBHICHEVESFT O IgAh B EIZIEKTL

72 (P <0.01) DAEXMBIZEITRD LILE D> T,
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X #
F 1. ARKB L OB S RIZE T DEFORE, K (FHARERE)

JILER X
HH B X BINKG5 X Pl
K&, kg
HAE 3.46+0.41 3.84+0.71 0.65
3 Hin 4.65+0.53 5.05+0.95 0.70
1 B n 6.05+0.61 6.32+1.15 0.84
9 22.92+2.3 22.9+1.5 0.64
Hig k&, kg/H
HANS 3 B 0.40+0.04 0.40+0.09 0.93
3 HE 5 1B 0.35+0.03 0.32+0.05 0.60
HAENG 1 R 0.37+0.03 0.35+0.06 0.79
1A% D 9 B 0.29+0.08 0.30+0.01 0.71
HAENS 9 R 0.29+0.03 0.30+0.02 0.79
fHIE B R E
HANG 3 B 0.115+0.007 0.103+0.010 0.36
3 Hm S 1 A 0.104+0.008 0.084+0.006 0.02
HA NS 1 88 0.109+0.006 0.092+0.001 0.09
185 9 i 0.085+0.009 0.085+0.015 0.98
HANS 9 @ 0.087+0.008 0.086+0.013 0.94

MiIE H AR = AR/ AREE, kg
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#£ 2. FBXPBIOWHEMB G XKICBIT HETO 9 BEBRFOZERER L OHEAESSE S
(R HEAERR E)
ALER[X
HH it BRI BINFE 51X P
Z2{KE, kg 18.7+1.8 18.7+1.1 0.98
N EE, kg 10.9+1.1 10.7+1.8 0.73
SRR, kg 1.25+0.08 1.24+0.05 0.98
FE+EE4HUE, kg 2.59+0.18 2.60+0.14 0.92
FR I R T &, g/Z= R kg
Jisd 3.83+0.47 3.91+0.25 0.80
& 47.6+1.42 46.9+1.28 0.64
L 5.78+0.10 5.71+0.05 0.56
fifi 12.1+0.31 12.7+0.35 0.28
Hf iR 4.00+0.43 4.21+0.64 0.83
AR 0.074+0.01 0.094+0.01 0.17
Pl 16.9+0.57 18.5+0.50 0.17
RN 1.34+0.09 1.40+0.13 0.29
JiEd = 7.43+0.56 4,93+0.59 <0.01
i) 0.08+0.01 0.09+0.01 0.77
5 ik 4.15+0.12 4.32+0.14 0.27
BIEBLIUOE2E 16.2+1.63 18.5+1.13 0.41
%3y 1.42+0.14 1.71+0.11 0.29
HA4H 5.35+0.37 5.69+0.39 0.63
/WG 30.3+1.3 36.9+2.7 0.14
Kz 9.5+0.4 10.4+0.5 0.41
Lo JE B AR RA 4.38+0.40 4.06+0.17 0.36
KABIMERE A 8.92+1.52 11.03+0.62 0.15
K R A 8.22+0.81 9.60+0.53 0.33
B Rt B R A 8.66+0.96 10.05+1.30 0.09
KERENRBIA G & 25.8+2.3 30.7+2.1 0.06
A ORERASREIS, %
IR 59.1+0.63 58.7+0.37 0.49
NENA 17.7+0.84 17.7+0.53 0.95
B 22.3+0.26 22.9+0.19 0.36
Z O 0.87+0.02 0.71£0.07 0.43
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# 3. MK LOCWFLEMG G XKIZBIT 2ET O 3B LV 7 HimEOMm PR DRE (F
PR AERR E)

SV X
HH it FRX BIE 5 X P1E
7V a—A, mg/dl 3 H i 124+4 12845 0.69
7 HEn 121+7 12343 0.62
FUZUED K, mg/dl 3 H#in 79+21 83+15 0.91
7 Hthn 77+16 44+7 0.04
oL 25 m—/L, mg/dl 3 H 103+10 93+3 0.41
7 Hthn 106+9 99+6 0.31
U UHE'E, mg/dl 3 Hn 140+19 146+16 0.84
7 Hthn 141+9 134+14 0.51
NEFA, pEq/L 3 Him 420+198 354452 0.80
7 H#in 398+154 204430 0.27
a7, g/l 3 Hin 6.7+0.2 6.6+0.2 0.95
7 Hhn 6.1+£0.2 6.0+0.1 0.82
TNT I, g/l 3 Hikn 2.740.1 2.7£0.1 0.95
7 Hhn 2.8+0.1 2.8+0.1 0.63
sa7 ), el 3 Hiin 4.0+£0.2 4.0£0.2 0.97
7 H 3.340.2 3.3+0.1 0.95
TINT I TaT ) ol 3 Hifm 0.7+0.1 0.7+0.1 1.00
7 H 0.9+0.1 0.8+0.1 0.89
1 LF > —)L, ng/ml 3 Hifm 19.4+3.9 40.0+6.9 0.03
7 H 19.343.3 22.345.2 0.33
IgG, mg/ml 3 Him 24.4+2.1 22.2+1.2 0.41
7 H 19.2+41.9 18.440.3 0.74
IgA, mg/ml 3 Hfn 3.0£1.2 3.2+1.3 0.88
7 H 0.5+0.3 0.6+0.2 0.77
IgM, mg/ml 3 Hfn 4.6+1.0 4.3+1.4 0.69
7 Hil 2.7+0.6 2.6+0.9 0.87
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2 ILa—X, mg/dL

/dL

jo2]

m

N

2L ATO—)

“@
A

NEFA, nEg/L

180
160
140
120
100
80
60
40
20

1200

1000

[e]
o
o

[02]
o
o

sz P =049
IR P < 0.01
ALEE X ] P = 0.73

2 3 4 5

il P =099
(L) P <001
LPEXEFIR] P = 0.83

L

2 3 4 5
i
L3 P =082
I l] P <001

LERXIERY P = 0.29

kSR, mgldL
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120
100
80
60
40
20

sz P =058
R[4 P =0.07
ULEE X FIA] P = 0.66

0 1 2 3 4 5 6 7 8 9
E
.
4
p Nz P =0.60
] RE[H] P < 0.01
U X R P = 0.70
0 1 2 3 4 5 6 7 8 9

ek
P P =0.58
IRE R P < 0.01

LB X FEIE] P = 0.64




MR P =060
() P < 0.01
LB XEFE] P = 0.70

36 - Jun: | P =099
34 R P < 0.01
LLE X RG]

20 1 s P=075 60
o 1.8 1 R P < 0.01
3 16 | WX RE P = 0.78
™14 |
o 14
™12
A
i 1.0 1

pun:i P =013
2 50 14 1) P < 0.01
ALBEXRIA] P = 0.23

B

1. MK (o) BLUWIHLEBMGEX (A) DOEFOMPERSREOHE (FHHZLE
E523))
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40 1 LER P = 0.80
35 1 FEF P < 0.01
30 WLEE X R P = 0.60

IgG, mg/mL
= N N
o

60 T 40 P P =0.90
e P < 0.01
WUER X EE P = 1.00

IgA, mg/mL
- N w N
o o o o

o

o
-
N
w
I
(¢}
(218 >4
[¢4]
©

N
(8]
]

LT P =091
B P < 0.01
LB X BEf P = 1.00

- N
[&)] o
1 1

IgM, mg/mL
o

B 2. xHRX (o) kL UHABMBEK (A) DEFOMT IgG, IgA LU IgM RE
DHERS CFEHRERRE)
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35 4 T AL FE P =01
fisy i P < 0.01
30 - PR X BFfH P = 0.33
0
[o%) 25 I
(S
< 20 -
oo
H
15 -~
i
10 ~
5 4
O T 1
2 3 4 5 6 7 8 9 10
E R

3. ETORNRBX (o) BILUWIFLEMBEX (A) @3, 5, 7TEILU9 BRI
HEY IgA 8 (mg/HiEE ¢ DR (CEHATEHERRE)
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130 - LFR P =0.24
i P =0.85
120 1 ¥ X R P =0.63

110 A
100 A

90 A

TNF-a, pg/ml

60 A

50 A

40 - ' ' ' '

5. FEFOMBI (o) BLUWILBIETIL (A) 02, 53 L8 BRIIIHT 2
LPS #5 (300ng/kgBW) #% 1 BEREF SO H TNF-o JE (THLAEHERE)
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fil = 4
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BIXTWOdEGKOEEEE O

BN 5 R X, P 7B A

WLz 2y, BN 5 fE ¥R

oW ATE KN R fF W LT

O MFgE T AL, K Tk E B O 5l

DRI KD A ML R

il

BT3T 22 R #EF T

EEHEOMETIE, BEOL T

LB, 2 FLb X %% R

T W3 (Love b, 2017)., U

B EREEC, BNHE G

nHE 2

b
M
&
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mt
Sz
5
<
ho
[

i oEF T oo BRX

e L, 8 M R T IX, KR

o WIE KRR E O KIE L

i

L 72 dm ik o8 5| 2 il L,
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A o E MM 24T (Dianzani & Baron, 1996) = & 7 &

mHLEMBERE T, ANAMNA2WMBEMEELC LS X ML R LR

JR RGO BB E 2 H O, WEE~OETREME LK T S H

LA EEM S E X LN

AR TR, LPTRE T T CREMEBAERZICEKR DS

ToHBEEICHE VL T RENKETLEZ, FETFDALUEIT 4-8

W R

i

b, i TgG R EN EF LBYD S22 EAHEE SN
T Y (Hernédndez-Castellano 5 2017; McGovern & 2017),
AR T LM IgG R EMN 9B I T LR MmN RS R,

AR TR, WHLEMBEEHC I TE@MBEOLP MY 7Y
TV FPREOERS B I OHBR O KEENIENEER O M
Moy Aoz, HAETHEICER 3HMY AL L E

L 7= #t

o

il

5
Heh o mp U 720 &Y FEEE 7H6HKKOM

7 T Ik 2
Mol 25y n— B VIBEEREBEEXAZICENT 52 2 &
HmELTCRBY, ZToOoBEBEEFELRVAEBELHEIC L 5 E

Wi o mic 1 b &%E%2L TW5D (Hammon & Blum

1998), AME TH WA BMAMEC X0 JEWWIRNLES

o, 9 BB ORNBIBEMOBRBBERE M LEZZ &N EX

S 4 o

Lk &b, RHFE T, HE®R THHOWILRA OBENK

53, N2 2WEBEEENE O AL RAERDAEBERD D
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N )

FIE T, HA® TEHOMAEMG F X, BWNHEEE

DANZBLWAFXRIT HEHEoMH I OMREY 4 X0 KT,

MR EER OIS EZ2E T S 9MEREOREEKREZ MK

THOWMEE, LT FODATFOHERONBIZEBIT 2KEE

OWIR AR EL 9OBBBFEOCARBREVEBEEZE N IH®E S Z &

AR S B SR B N4 SR T
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BA4E ~ V20O - BEHAEEFABIC XML EOH NN K

72

A oOREKEZHBLD &T DK

ERBIVAEBECRE T RE

i

B3IETIEH, HAEABOMI OBMNME EIW LY B OIEE R I
BRIV HNBEMEEZEZEESINLDD ZER R ENTE, Fin

d ko, HETIE, BKF¥H oAk F, HAE®ROD

i
y
o

BIH LU ORET BRI

2

SN WHBESLNRNBEEBEICERT 22 0T >~ @EDN

et

Honhicsho22dH 5, WHAHOREKEZGBST L FIE

LT, ~UZARITy PE2 AW THAMORERE O ZEE X

RXHE i, —EHTZY oETEE WK% 34 (5

+H

FfF), s-10 kR E (BHF O R ERMHE), 16 LR E (K EKX

K) IR EBE L TMH~ O FoOoWIAELTZEISE DL FIE

Fiorotto © 1991) Al AH &, KA BMLUBEORBIHEE, N

WHEES LOUORKAEDRB OBERELRICT T 2 KENRE

( Aubert & 1980 ; Duff & Snelll1982) X, B H O 1

VD UoEBMHEREIE L OBEE (Bei b 2015), A > 2 U v 4 W

O EHMB A EELEYNHEL MNCCENT WS,

FEEEOBRBICE VT, BE, T40EHFRECIETH

BHEEA ST AN BT LI2ERNLEERLEOBREREREKT %
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Wl

ER LT HEKZzHAEL-RALOBERENE R L >

H o5, WAL B oOoRMILOBMER FICLL2AM -4 0K ERE

Pz

N Y ER O E® Mo N D Z L (Soberon 6 2012
Soberon & Van Amburgh 2013) & ¥ > X 7 B KW o &
AR o ERENEE M LML THIFKIZI T 258G R
EHmERROoOMmMLEE F®R T H/HERLE LN TW S (Nonnecke
5 2003 ; Hengst ©» 2012 ; Obeidat » 2013 ; Ollivett &
2012 ; Ballou » 2012) 28, BRA % O B EEE ~ 0B ITH
O A2 7 o T WA,

HAE®%, £ PR v 2TH, BEHBROZTH RE LIS L
fot%, B T 1-2 % (Calder 2013), ~ v A T 3-4 # #n
NH, BE O IgG o pE £ % B4 L T (Stecher & Thorbecke
1967) oy M AE N FEE L CTWwW < (Maggini & 2018)), % #
T EBER X OBRBRIECLLIERE, RUEREPEALHT DE
BLoERATHLY, T X ALF —RF AT HE, BEHFI LRI X
T U R EOHERERBERTOXRZ T AEMBE, fFICMBEMERE
RHMAER OB E L CEAREE L EHE D2 & (Calder
2013 ; Chandra 1992 ; Maggini & 2018) X B L E R 2N BN
B ot 5 mMHEE KEBICEH D D5 M (Kelly & Coutts
2000) AR 3 h TWd, /o, REHBETMEHICHE-> TET

LT, WEBEEXRK~OFKEY) 27 BNE £S5 (Calder 2018), =Z D
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ERXE T,

< fpuy s

oy e &k o B RE & oo B E M &2 R T

MM AEFREFOREBHERLLERAKICE

&R EN A2 B

L P RCH LR o

i
N

Z 3

il

W b5 FE

W ET 5

, TNF-a,

mPELEEME S EH MO

= T,

%

‘—/C\

-
—

IL-

U R % ¥E(CLPS) M BN &

5 1989)

Z E L,

WA ik TR T

Radtke 2011 ;

» mRNA 3 I %

e}

JiE

il

HE L

LR EEE AL RS, WA

R L E O WREMSE NS S N

VA O — W FE LR 2 E

i

c
A
&

N
™
4
)

, M ORL M o o oEL

il
N
i
=

R, & % ER L TR

Ker
%
fau)
r
™

BB & Lk, ke

R¥
il
=
=
=3
™

mEDRIEWMY AT A OB
BEETFTLVELTRDLNILTWD
A % ( Fannin & 2005; Smedegédrd
Mook o T @i BE M g A g ), 1 E

fa 723 E A & v 5 R A #& (Koch &

Thapa & Faber 2019815 52 % A4 bW A4
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BOoE & F Ik

Wl

AEYWEBRILAMRFIVWEREZBES CTAR S (KRBHF

7 A15002), B EBR E M CH T OB EICH - TER L L,

HRBDBLTCEET LN

6 MM oL L O D ICR w7 X (Clea Japan, Tokyo,
Japan) #lE AL TCHEALAE AXBBEMWMLHEL T, EREHIT,
ER 22+ 2C, MHB 14KH (5:00-19:00) THF S v, -
Loy bfOBE (] F M AME CE-2, K4 8.65% CP 25.1%,
339.9kcal/100g, Clea Japan) B X K EKEZ A A BRS¢
e, lE~DU XA~y X ER —-—OF7— 2 ANT 5HMBERBE
S, BARHECXREREEL, AEE, i~y X F@ENO T —
TH#WMEL, IEHNEAEAEOE MBS LCERO KK OFEZL
B CcCHEERARLEZ, "8 FTE2TCOoOMEETONKRKEZ B EL,
BE D 10 R ETHDHZ ExmRBELELE®E, —EOETFHK
Z 10 8 (M &% 508 ; FRX) H D5 ik 48 (ff &% 28 ;

KEBAKX) CHELTEX4ET > 2 HE

o
o

BT o

Wbl T, #HEOBELTHL T o LY ERKEICL, LD

EWEE 2K T Ly icEKLEZE, EFHRAEBERIBARABSF C

3 WM OB ECHAEL, BALARFICEE»S MEOVHIE

Bk HITWEKL MR 1EST>@E, @I Or— v TLERE
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DLy PEEE Kz BHBEERSIESEMNGETHRERAR 2 E

L7, FEEFoKEIT 3EEKR S 8HEEICHE L, @& EER

X3 EEm OB D 8HE E THEEMEL, @B OKYE

i

mEECHEAEMNLEBDREREMBL L,

L EMEWE

BE A - 8 BRI, FELEHMEREICEKED IV HET
EMEE T AE R OCMBEN O —TICBE L, 10mM U B K E A H
A AK®R(PBS,pH7.4)IC % fi# L /- Escherichia coli serotype
055:B5 1 sk ®» UV K £ # (LPS, 1lmg/ml, Sigma-Aldrich, St.
Louis, MO, US) # fk & 20gBW % /= v spug I HNIC&HE L L
o, BEhHE 3FMBICHMER I LD ZEIEIE, BEbHIZHHA

L T zHMBLAL, BRLAEMBITERT 30 fFiE L7

o

, b Ay fEl w4 B (10000xg, 4C) I K v mE % 4 B L T

N

—30C THfr L, MEAREBRL &, BBE L TLBE, IFRE,

I B L OEK, WKROHEE2GH L, BWKEIZHESLIC

Ho|

WHEERZRTHERHELLELE —80CTHhRAFLLE., TOK, BN

HBANEMRELEZERL CRERAERTST TER LS ET - 80C

TR fHF L =,

e TNF-aRESLIOCOL S, EFRHEI7T2T7) VREANE
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miyEF H TNF-a # E I Legend MAXTM mouse TNF-a ELISA
kit ( Biolegend, San Diego, CA, USA) Z# AW T, % v bk O
B EFIBEIZCE > TH » F A v F ELISAW LY @l &E L 72, iiF
HoIgG, IgMB XU IgABE L ICEY IgAEET, TN
# N Mouse IgG ELISA Quantitation Set ( Bethyl
laboratories, Montgomery, TX, USA), Mouse IgM ELISA
Quantitation Set ( Bethyl laboratories, Montgomery, TX,
USA) B £ " Mouse IgA ELISA Quantitation Set ( Bethyl
laboratories, Montgomery, TX, USA) # FHH W T, RE ¥ v I
DOEBAEFIHIWEE > TH v F A v F ELISAW K0V @l E L 72, M
WY r7romRERT, TEEFOER S IgG 1T 5000
5, IgM B L O TgA X 1000 fF & L7, &SP IgA il 2w T,
e L - EMFE BOmg 2 727 7 —F¥ 4 b B H¥ — (Complete
Mini ; Roche, Basel, Switzerland) % & & PBS % 20 % & /I
2 T LS HE B LERT 2 FMBKELZZ, =L 9 8
(15000xg, 5min, 4C) L T EHEE®H L. T O LEF % & H N
HDH W IE b0 fF AR L T IgA ELISAICH WA, F ~To o #H
X 2 RECERBLEZ, EF o IgA &R KO EE % 50% &

RELTHRELHTEMEDVDEED Y OEE Tx LI,

RT-qPCR
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Fg g #L &% © TNF-a, IL-6, IFN-y ¥ £ " IL-10 ® mRNA %
B & % RT-qPCR 5 CTE & L =, Pink bead lysis kit RNase
free (CYD-PINKE1-RNA, Next Advance, Troy, NY, USA)
B L 8 Bullet Blender Storm (CYD-BBY24M, Next Advance,
Troy, NY, USA) # AW TCTHMERERHFLEZWRZ2FxE Y ) 14 X
L 72 % , RNeasy plus mini kit( Qiagen, Maryland, CA, USA)
ZH W Tk RNA 2 H L, #HLZ#HKR RNAOMESR LT
B FE X NanoDrop-2000( Thermo Fisher Scientific, Waltham,
MA, USA) %# A\ T 260nm & 280nm O E & T o WX JE L £
DO A WvwW TH E L ~,ReverTra Ace qPCR RT kit (Toyobo,
Osaka, Japan) % i\ T 200ng ®» RNA 7» 5 cDNA ® & ik #
Tol,ly=xNVbH-bH O KIGEHE®MBEILZ Thunderbird SYBR
Green master mix 10ul, 10uM PCR Forward & £ &* 10uM
7T A4 = — % 0.6nl, 8 % cDNAS8.8ul # M 2 7~ &K EKKE 20pl
L7, PCREGIE, 95C T 1oy oo B L%, 92C T
158 L 60CT 1Mo A 27 vaE 40HHEY L -, § T
Do K ETERLLE, ERALRET T A — ORI
Duan 5 (2017) A A Wi 79 4 ~—EI 2B LELIXRTL),
PCREY OR AR T MBEHRBHICLIIVPHERELLZ, 28K
Mo » 5B 7- DNAOREGERZEEEGEZ FIRE L, EHEHEHMK

T OHFmRZEI O MERLEZBEERR”SL FEMEF O mRNA
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EHEBEALAEEL,GAPDHZ N EE &Mz 7+ & L T GAPDH O

EEMTMEL TR L&,

w B B
FBEF O 1 EE 6 3 ETCOKRBEITLAL FFMHZZER L
TORBEHMESBE DMLY ALz, AEKEIEIX P<0.05

FAHEBEE YV E L, 0.0b<P<0.10ZF2ZEm»dbH & L -, FEH

MICZBEFEHAAPRD LN TZEHABIZ S TIEAHERT tHRE

AT o T2,

ETOHARGEE, BALBKOMBERKE, 3B L8 EEO
EEMAERECEIVELNLET — 23, MALHOLAKXE L
OCETFTOMHNEERNLET 22 ckE@ @ oric v @irL 7z,
AEXKEIEZ P<0.056 ZAE=Z=HDV &L, 0.056< P<0.10%

fEm H Y &L m, e AN SPSS Statistic version 22(IBM,

Armonk, NY, USA) TA7 » 7=,
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R

MR O R v X0 B IE, REXEB XL ESNX T
FhEFN 12.1 BLTC 1238 ThHho, —dHb o FHE
T E R AN 13, MIL EHMXIEL 12.5 L Th - 72, B
TOMAEREOFHEEZ, FBXoOMKEMN 1.70g (n=23), W »n
1.65g (n=29), Wi 3L & W X X 2 1.65g (n=28), M2 1.62¢g
(n=22)TC, AARAXBIOHENICEID2AEEEEZTR > T2,
Fo2ULMAB O ERBRICB U 2KE, HE, #HEERSR
EOfAptsh ®E2 77 L, EFOMKET 3HEGBSELC 8 H M

EHL R BX LI VMAEE MR NDNENL > (P<0.01), 3

o

W R X EZEDNR O LN o R, 8 H i I O F F L M E

Rﬁ.,

+ S MEE F KV E Do (P<0.01)., 3 @B »5 8 MM = <
OBRWERITZTLEBEBXE CEET RS, MMETFT IV L HBEEFIEHW

MR TH -7 (P<0.01), fil B W& 3w &8N K N H K

I
9_‘..
=
W
A
N

< 0.01), HEMXM LY o7 (P<0.01),

RMAEED 20 oM EREICETOLEXMBZE LR, MDD

IV Ko (P<0.01), %= O %R, fil B0 R A & #

ME LD bxt KX TEm < (P=0.04), X LV &E»o7 (P

< 0.01),

# 3, 3AMEE L 8SHEFIZKIT D ZEMEREICKHK T D NEE

EE X or L

F

o 3 M Wm BF O L iR O M X E B LWL EE X RS
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SHEX LD b ABICENL - (P<0.01), £7, 38O

Mo o M & B & WAL EHENX A RX KXY 6 EWMER@S S

bni7 (P=0.07), 8

Ed
i

Wik, o Mo E ORI WO &

MmE T B LY K WWEm (P 0.09) # = L, Blg P &
CEHBIIWAEENX CHBX Ey&EWVHEHMBR (P =0.09) »

b nle, MoMxEZEIT3EBK (P=0.02) LW 8H

(P = 0.04) ¢ B ICHEEF LYY bMEFTE >, 8A

e

Bl Mg (P < 0.01) & Mg (P < 0.01) o EH & H M T I

JOVAFRBICELS, FEBLIUCRBEIHE MK LY HFEICED» -

- (P<0.01), ¥

(\\(u

, BB o M =& & 3 3 E # 2 T M i L

[

D b HEWHmE A or L (P=0.08) 28, 8@ iF (21X 2 @ H M

[N S VD SR N S Al

N

£ 4 3B LY 8HEEBICE T AEEAN LPS &5 3 H

=N

OMmiES TNF-aBEORKRER 2 R L7, mMiFP TNF-a B F X
3 A B W THAEE NIX CHRBRX Lo b E WEMB (P =
0.09) N AL NN, Z OMEmiE 8 MM IZIEH DB IL7AR Mo

-, 3B L 8SHEHEHE VT RIZE W THMEEITL S N2 o

£ 5 WCETFTOMF IgG, IgAh B L IgM BE B L X# 4

IgsA G 2% L7, 3EEKOMNS IgG B EITWIALEHENK

THBX LIV AEEBECE» > (P=0.01) A, 8 8 @ Fr 2 2 &
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HX M EZ28 A5

=

X HE £ T A

Pz

N T HE L b
B0 XM E
M THE IS N

=
K D

(P 0.08)

< 7 7= . 8 i

D

FRX I L

IL-10 % # & 3 4

Zo 3 Em (P

N

B o<

IFN-y % Bl & % i 9L
Zor L 2oy,

Bz B v T,

b VA SRR N i

N A A/ SRR i/ S

N

TR 7 N /AP N S W

P SN A VA R T Al D

> 7 (P=10.02),

< 72 Mm% R L

(P 0.03)

= 0.08) B"@AD» b,
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8 H i FF |

-
—

B X

(P=0.07),

8

BEHINMEK A HK XD b F

TNF-a % H

(P=0.07), 8

i

ETZDENRE DI,

e

o

e

I N

6 IZH IR oY% A4 8T 42 mRNAREHE X =~ L 2,

o\

Edow A

==X

mE Lo AR

FLEH MK T

s M YE R D IgA B LT IgM E E

8 M RF I M E Y IgM B

IgA
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H 1R
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X #

F1. AWETHEH LT I A4 ~—/S

Ein T B

TNF-a Forward 5-CCCCCAAAGGGATGAGAAGTTC-3’
Reverse 5-GGCTTGTCACTCGAATTTTGAGA-3’

IL-6 Forward 5-CGGAGAGGAGACTTCACAGAG-3
Reverse 5" ATTTCCACGATTTCCCAGAG-3’

IFN-y Forward 5-AAGCGTCATTGAATCACACCTG-3
Reverse 5-"TGACCTCAAACTTGGCAATACTC-3’

IL-10 Forward 5-GGGGCCAGTACAGCCGGGAA-3’
Reverse 5-CTGGCTGAAGGCAGTCCGCA-3

GAPDH Forward 5-TGTGTCCGTCGTGGATCTGA-3

Reverse 5-"TTGCTGTTGAAGTCGCAGGAG-3
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2. ETOFRERLUHEELR (38K 205 8 Al E ToOHEE, FEHERER LU
BRIV E~DOEILEFINORE (CFHHEHERE)

SILEE X
XX W L B N X P1E
A,
HH HE i3 JAi3 i3 el MERI 1EH
I n=20 n=20 n=8 n=8
3 B AE  14.3£0.6  13.5+0.7 18.0+0.7 17.7+0.5 <0.01 0.13 0.60
etk n=4 n=4 n=4 n=4

8 HEHHFAE  37.4+1.0 29.80.4 42.4+1.8 33.0:0.5 <0.01 <0.01 0.41
B, — 8 A
AEE, g/H 0.65£0.01 0.46+0.01 0.69+0.04 0.43+0.02 0.82 <0.01 0.21
FIEHEIE

, g/A 5.52+0.03 5.02+0.13 6.19+0.21 5.51+0.21 <0.01 <0.01 0.60
FEHER &

HREHAE 0.43+0.01 0.46+0.01 0.44+0.01 0.46£0.01 095 0.04 0.66
R 0.12+£0.01 0.09+0.01 0.11+0.01 0.08£0.01 0.04 <0.01 0.51

Rtk E = 3-8 Bk Ty 07
FE % = 3-8 W ORI A (R) / 3-8 MiH DEFHER & ()
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# 3. ETOHEIE (38

& 8RR OAXIEREE (BW) ~OWRFL 2O

(R HEAERR E)
JILER X
R ML SN X P

5 H e (n=4) M (=4) M (n=4) M (i=4) 0 MR R HAIEH
BlEFLIRE

Ha Ji7 0.58+0.02 0.59+0.02 0.62+0.04 0.67+0.04 0.07 0.29 0.52
JEL g 0.72+£0.02 0.69+0.07 0.64+£0.05 0.71+£0.05 0.60 0.63 0.35
JHHig 4.67+0.09 4.3740.11 4.72+0.17 4.55+0.10 0.34 0.08 0.60
N7 0.56+£0.02 0.55£0.01 0.50+0.02 0.52+0.02 <0.01 0.91 0.29
fiti 0.88+0.03 1.00+£0.06 0.83+0.03 1.18+0.03 0.47 0.02 0.20
EE+EIE  1.76£0.05 1.64+0.05 1.62+0.05 1.69+0.05 0.46 0.67 0.15
8 I fHpRF

Hfa fR 0.17£0.02 0.29+0.01 0.17+0.01 0.30£0.02 0.54 <0.01 0.87
P fik 0.25+0.01 0.35£0.01 0.28+0.01 0.35+0.01 0.16 <0.01 0.20
JHF M 5.27+0.12 5.13+0.13 5.35+0.13 5.37+0.12 0.22 0.63 0.55
Lol 0.52+0.03 0.50£0.04 0.48+0.02 0.47+0.06 0.40 0.74 0.84
fifi 0.58+0.03 0.70£0.05 0.54+0.05 0.59+0.04 0.09 0.04 0.43
EHE+EIE 1.9740.04 1.57+0.09 2.15+0.10 1.69+0.09 0.09 <0.01 0.73
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* 4. FERLR (3 i) B LU 8 BEMFOETOEEN LPS 5% O MY TNF-a RE
(pg/ml) ~OWHFLEMIOFE CEYHRAERE)

SLFRX
XX EER=s =S PIE
HH (=4  M(=4) AE=4) M (=4) WFR MER] REHAEH
fE L IRs 256+62  264+57 441451 429+160  0.09 0.98 0.92
8 # 138+104 368+136  209+86 272+13 0.90 0.15 0.40
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# 5. HEFLRF (3BE) B LU 8BEFOETOMY IgG, IgA, IgMRE (ng/ml) X
UEF [gA B8 (pg/g Hifi3e) ~OWILERINORE (R EE)

SLER X
*THRX GIEiREYES P&

Vi3 i3 I i3 AH.
HH (=4) (r=4) (r=4) (r=4) ALER MR EH

BfEFL e
IgG 13613 149+16 88+15 100+£21 0.01 0.47 0.97
IgA 2.9+1.0 3.2+0.1 4.3+1.4 3.0+£0.5 0.50 0.59 0.36
IeM 56+9 5948 68+10 54+4 0.70 0.54 0.29

#rp IgA 5.0+3.4 4.841.0 4.9+1.2 9.6+0.8 056 0.53  0.59
8 I

IeG 195+36 255+29 204+62 281+38 0.69 0.14 0.85
IgA 225+10 160+15 198+18 208+43 0.68 0.29 0.16
IsM 114+5 150427 119+17 165+24 0.63 0.07 0.79

#FhIgA 199430  501+141 148426  303+95  0.18 0.02  0.42
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# 6. HBEILRE (3 I KO8 BEMIFE T OB O A F A > mRNA L~ D
ALEWMOLE CFYHRERE)

JLER X
X} HE X ek L B i X P

1k s M s A
THH (n=4) (r=4) (=4) (r=4) mE MRl 1ER

FfE 7L BRF
TNF-a 0.99+0.23 0.94+0.27 1.20£0.10 1.2240.34 0.35 0.94 0.88
IL-6 0.84+0.29  1.19£0.81 0.89+0.32 1.31:0.51 0.87 0.48 0.95
IFN-y 0.5140.12 0.41+0.03 0.91+0.33 1.16:0.48 0.08 0.80 0.57
IL-10  0.83+0.14 0.93£0.34 0.9440.15 1.14+0.24 051 053 0.84

8 A
TNF-a 0.56+0.21 1.16£0.30 1.45+0.23  1.49+0.44 0.07 0.32 0.38
IL-6 0.65£0.50  1.09+0.31  13.349.7 1.68+0.48 0.20 028 0.24
IFN-y  0.59+0.20 0.60+0.09 6.27+4.16 3.13+2.42 0.11 0.53  0.53
IL-10  0.53+0.11 1.09+0.12 2.66+0.88 1.34+0.38 0.03 0.45 0.08

FE{xF O mRNA B &3 GAPDH ORI ETHIE L - HE TR L=,
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(Kimura » 1986),

R Lcbo&EFEZDLND,

k& T,

v HFBFICHEML T, T2 bbb,

i:3

VA N S e

28.9g
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-
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X R

LT, W

L5 BFMREIL, MR HIZTEB T 5 ICR
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5 (Rosenberger b 2017),
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1969)

/AN [5) I e S

TEARHE I N TEB Y (Yerex &5 1988),

MWKk »w TEKEOXRE WV IH

N S )

I

T & M

B LT

RROKT &R K Z2BEBN, B

BEBWITEB W THLRD LN TW

it

7

r\\(..

OMRMFAEERGFIZL DM

X HEBEOMKT LMK ER LT

4 (Greenwood 5 2004)

s EmEMRHERL oM ER

L (Geiger b 2016) N #® &
WA OmALEZHEMIC XD
WK m, 8 H i FF o %

o AN TIIWILE O #H

150 HEEF O~ 7 20 O RIEICE &

LB MK T

o % & EA

2 o

& i 2, (K

il 2 I

kR, WA

5 Mo ®E

STk,

HE AL IR o L &

=, il o B

S EREEINTEY (Ye b 2012), A #F 28 O W

iR 2 8EERFROMEEET N

L EMENEBER INDIFERTDH » L,

fii o B B & T

O g & H OB oM E T, 8 M BF B 2 T M oS M T OB
Ky, FREEER I IE M LY Kel d (KK
3R THEDY, S HIIZINE N EALT 18 H iR

T Ml T A ML M T LY RE L,
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v EVWZLEPHRESNTEY (Iwata b 1993), KB %E I
BT H 3 8 i We I AT s 25 fE CTHE X VW R&E WM, 8 8im
BFC R, MBS L O T LY RE, BREIET
MLV b R& L, BTFOHELFEBKOMEENBEI L,

AW TE, WMo EHMICELBEALRFOLF IgG B
EAEKTFTLAE, ~ 7 XA THEBITHICKHEERHBCTCES L L
IgG(Kim & 2009)« 2 T, HAEZKBEMDL I HKO IgG
BT LY IgG O F F BT 2 M L T (Ghetie 5 1996 ;
Pentsuk & 2009)% B & % B /{5 5. FE 71X 3-4 0@ 2 5
H & o 1gG 4 # B 4% 7 5 (Stecher & Thorbecke 1967),
Ubk»ro, WA EZHMTIEAEALHBEK Ig6b ORI EOKRT R,

Mod o o E N, BT E & o I1gG PE A B bR 0B FE -

PELEAEBRO M AQREKETL25 S EITATEELE XL L L,
WA EBEMXICB T 2L KON IgGREOMKTIX, 8@

BEICEREELTCWEZD LS, 38 BHEBOETORE S

(R

TV CEALAEOKTEIWALESE NS XS A S LR RIE T
m<, —HBREILTH D EE XL,

ABEIE T, SHEHEmFFEOEMBET IghAa &L M ET IgM R E

™
BF
it
b

V-
Tyl
&

e, MTHEIY LR, U X MR L

176-—= A N VA — NV EHXEHFRLLEHEE, BERF O IgM B

N

TR IgeREPB® ML, RE I 7Y VELEDNT X b Y
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DR #E I N b 2 N RTEINTEDH (Han b 2002), K

=2
o
S
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(=
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BT oM~y 2o/ »ifld IgM & Ef IgA

i
s
s
=
=
Qﬁ

Al bR T EHLED X b YDA

9_|..
O
o
9
-
3
m

oY
=
&

E bR EV T 2T, WRE THMEOKBNDENTT 5 X
Uy l@# TdH S5 (Thapa & Farber 2019), M g @ ¥ o

AF e bTERHEAEEBERALEEHNICERICEL L

=

%, N &
o> TiEMHML TW < (Shichkin 5 2020), £/, v 7 A TbH
Mo T H B KL 4-6 @Bk KERD, £ 0O®%ITNE
L b tHR x B L TWwW << (Gray &5 2006), #1 81 sk & #5112
B osMBEBOEELSARIT, KB THREOBE AL B L O HKREIRE

= A2 gl =& Z ¥ (Thapa & Farber 2019)., K #f 38 T #

0
Nk
=

WA omAEREMICL S 3AKRKICKE T LK E

i
S
i

A

oo A dx o, T MR EE LR T o B RE IR BB IC

&
N

2L T W oA fE M
NE L ND,
AHBE TIE, I EEMX CHALKEO LPS &5 % o MiFH

TNF-a BE B L OM B O IFN-y mRNA 3 #H & o 8 0 & m 2

& b 7= .Ballou & (2015) O FE Tz, ¥V v — ¥ —H + 4
w7 ERKEFORBAEY 6 HE OBALRKEETEHKT
HE, 11T EEBEEICBOYWTRBE DSOS RERIL ALK 2 KB HEH A

¥ LPS & L 2% L 7~ B ® TNF-a EMHRE OB KX KB EIC%
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TLOHHPEKOBIELAN—-RAPFPEOHRKNAEALIL, @& N7 HE
BEMVMRABALOZREIMREREOREE LT HHE L S D & H#
HLTWd . REMEY A MDA TH D TNF-a T EiL~ 7 n
Ty — b EEIN, BHRES IR Ty -V 8D RE
HoE bR XIEIZE 2 L (Turner & 2014), IFN-y &
T#MIR L FF 27 rFIT —MBIZELY TICEES N, <
s 7y — U OEFEMEALLBE MEOEEERET S (Schroder
5 2003) Z b, WA EMNMK CB OSSN BEALR O MG
th TNF-a # E Sk © IFN-y mRNA ¥ 5 & © L 8 @ m T,
WORLH o A BN LY MR RE R BN S
AREEE L TWVWDLDHEO0EEZLNDL,Ballou 5(2015) &,
V=V —BIrE~OE XN BIEEBRHAAL O X E N M
e EOIISEEBBOMEEZ R L TW 5B,

AR TIE, WAL EH M LD ERRICEL L 8 REBEEOD
o g 1o 8 v T TNF-a ® mRNA R B & o8 mEmeE IL-10

mRNA BHEHE O ML A 5L 7. Ye b

N
Do
[am)
—
Do
p—
o

ICR = ¥

AEHWTHAHRIKE —HBEF-#H% 3IRICHZEL T 38MEET

(R
z

Wy LR EBHRHKE - BHEFH 10 L& LEdRBRKZ LK
A LEZ&ER, 150 AWMKFICRET XA E XMBEF®R T & 0
HH O TNF-a B E 2 b I o TNF-a mRNA ¥ 8 & 2 3t B

K ELIOVxRZBEBBRKTER T 2 2HELTHBID (Ye b
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2012),
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B HE KMeEBE

EEMAEI2HICRB T, BMTrHWICBEFEOREZMHNEI,

EHAEKE TCAEENRTE FTE,ERAHDUEOERK, O KESE,

ERAFARSSMLDE O BIEY 27 BN EHEF S Z & (Barker 5 2002;

Gluckman & 2007) D#H & N TLLHE, B 1+ 722 8 o 0 8 5k

E#MoRBEARKELREEORREER LUBRBOOEFTFERICB Y D &

MBI EBT S SR ARB T ST & W ENEC

/41
\
3

v~ A, v b, BAE, V¥, TEREOK L REYET

NERBOWTH RPN ITOR TE L, £, BETEHESEED
Bk Th, OHEENORREKRKERLOREERNN®RKX S
O HMEE, Ny wHE, BIHBEE, FRERUOKE, AKX
BRXRAERECORZFOAEEHRCHEHERVVEE AT EN L E
BLErRiETAREEP D6, R T I I v 7

RE Y T U TWwbd (Daniel & 2007 ; Ford o 2007 ;
Greenwood & 2009;Jaquiery » 2012:Du ® 2015; Sinclair
5 2016), £ 2 T, AMRAR TCETREFLEEILB T Z2MRH 7T r s
Ty IO RFRAEERETILIEDICHE 2 ORBE AT o L,
EEMIEIC LD BT oRESRICED KRS OE N IE ®
JE U A2 7 B k4 %5 (Gluckman & Hanson 2004) = & X,

v~ U ABLOYT v bOETAERICLEVDBE TSI NS H

[
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=
EE
HE

BoOoBMESLHBEBEOEEEZoOH MY ®E I

(v
(\rf
b N

T A 5 (Guan & 2005 : Chen & 2009), & O

B

W+ 8oz N7 BHBRIZEDHAERDF & OHEEORERN

M shs»r, vrwiArFThdTEdkh-F

&

DI AV AAN AR o

R o Ao FEERLEZH EHREAETHKERS, £, F

B
S

EIZOWTHEMICHESLEMEN T2, £ 2T, H 2
BTE, Uy AN HERREREEKRER O AFICKES LT,
Ry N7 BEHIIRERERICRERBE S NLELEFOHEROK
ERPIUOELE#EEIBET L, KEXBEVEHRICEE T 5 E s
FHOEBRELRLORZZVa — X — A 2 U @ &FWHo0EI
LTI, BIALROME, RBEREVE® O FHE 2 ILET D
kWML, ToEEE MW REEATHR L FEKIZ,

O A FILBWWTHLREREICHAEZ OBIKEEK

B
Pl
=t
3
<
o
0k

NS5 EEARMI THL MNICL T,

vVYOMALEFTE NI, BE, IR T, X I U ER

X v BEIZEGE R, 0 7070 o256 RIKEKESLE LV,

Tt

IGF-1 e P ol kR FXOBEFR, Ok Yo RERHEYHR
&t & % (Abd El1-Fattah & 2012; Blum & Hammon 2000 ;
Ontsouka » 2003 ; Stelwagen » 2009), £/, 7 ¥, ® A
FRLELORFIE, BHFHickhBE2AH0 L THEBT S EE T,

HAEZWIALOEBR 24 L T IgG a2 BEHELZTHH REBTH I
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. (Weaver 5 2000; Quigley & Drewry 1998), H 4 % o &
EZ2 AL BERIEI, EFOAFERBEERICEE TH L, BB O &
B, LETCHEK, HAFTFOBExOABEEE O Y -5
DAHREESCHSE Mo EllmxETLEEND T2 7
I 4 R AN T S (Begnell 5 2009; Bagnell 5 2017
Bagnell &5 2019;Bagnell & Bartol 2019; Spencer & 2019),
MEH, AP ORGSO, BWHBERE, N HowHE%E

KBS LALLM ENLD OB, Fm, I 0B

il
08

EME N EERET SN TWA (Hammon ¢ Blum 1997 ;
Blattler © 2001 ; Hammon & Blum 2002 ; Faber 5 2005 ;
Berge © 2009), L2 LZ2a2anb6, WIhofzgdHEERLHEHR

T HmA ftomgpdmMmAaaER2oRrfFicE EEL, EHMNICHA

ool

1

4
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s
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e

BrH~rmmERILRn, F3ETE, DA
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FrHVWTHAR THHOOAL A OBME &2 9@ # R O
HECHREBBECREITEEL>RAAE L., TOo/FE, HAER
THREOWABMBE S X, BNKEERKOANBZNLEHIAEE®,
MEOmE B L OMBEY A X 0K T, BLIERERO R GE
IR T s 9 B o Bt &2 TEMERSH DN,
FOAFOHAERONIBICBT 2HBEO RN 2L 98 #
KO Al fEFEREL2HMMNsE L B, L oEM

BENDNBOBEERRMEE Z2AL T, HALBFREEORNEIEW
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(Aubert & 1980; Duff

L

L Snelll1982) X, kBB O A4 A
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YHE R EE L 0B E

(Bei & 2015) N &N TEBO, B8 o s 3, WA H

DREKRKELRBHOEFONSWHERELLELRET DI LN

5o

0k

nN<Twasd, £7-, FFEEOCHRBICE W T, HBHIE,

FHhRAORBFRELCETO 2RHEL ST NICET KRS ERRE

mEoBEELERKETZEN L s Y N2 BEREDL ORH

AOoHEBRSPELL22HD, WHAHMORHALOE ER S
XA M FHFOoORERENMERFROILEEIMIZ >N D5 Z

¢ (Soberon 5 2012 ; Soberon & Van Amburgh 2013) X
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5

R TR ERERO N L2 TR T LHHRNED

L TWwW 5 (Nonnecke & 2003 ; Hengst & 2012 ; Obeidat &

94



2013 ;

Ollivett &5 2012 ;

Dt

i

N

N

-’C\\

B4

=g

7=

i)

Z

53

pe

e

)

v

>

(=g

>

A

Ballou

AR Gl IS N A Ao

O OEL T E R

My

o R~ DR

b

LPS JE e N &% 5 &

5 2012), L » L

S5 T W wn, F

X 5w oH B 8o on

MR L 72 R RR

B & £ L, TNF-

WioB T BF A FH A D mRNA ¥ &

b

~ v A ORI M oML &8 NG o

Tzolg T b0, HALREOMKRK

B O AR BE O EEHE XK 23 & &

o

&6, pEAH

BT bHmALH O

®F
\E_EMEU
mt
-

N

IgG &

Rl DN

B iR {2 o

LR K ERE o IL-10 8 X 8 TNF-a © PFE £ % # X

%

/A

e

N

D

fil PR, @) E o B N

f 5, W

MW EloMBREREBICET DREKESY

b, EFroOoHERORKREWNEHE, KK

RS (VR el
5, B T8 oxE
& B EFEL

95



o

AW EB IO AMXE F LODITHLY ., KB RD D

B LEIB OB ELELMMRXREFRZEAN ZMEEFH

= M E#BERICESRERBELES, . KX & £ L

by, RBEBRO L L5 THE2HBY ELELEFRFEH

&
O
™

BB ERREAREFEE M TRTUEARS L LA K ¥ BS

FhAMBEBAEM X EBHFTHN ALY ¥ — B XEDEHICESH
BHLET, 6K, KFFEOZRITICH LD, 5LHET KRS RERZEAE
mAEBMREE LA FTHRE L Y AR EHEBE OF

R, SEFPHEOFLAEAFERICEHNBIL £ 3,

96



51 A 3

Abd El-Fattah AM, Abd Rabo FH, El-Dieb SM, El-Kashef

HA. 2012. Changes in composition of colostrum of

Egyptian buffaloes and Holstein cows. BMC

Veterinary Research 8:19,

7R . 2008, MR E B ERKEICEL LY T T—. BHXK

¥ ElRARBYELIESSEE 358, 61-65.

Adair LS. 2014. Long-term consequences of nutrition and

growth in early childhood and possible preventive

interventions. Nestle Nutritional Institute

Workshop 78: 111-120.

Alharthi AS, Batistel F, Abdelmegeid MK, Lascano G,

Parys C, Helmbrecht A, Trevisi E, Loor JJ. 2018.

Maternal supply of methionine during late-

pregnancy enhances rate of Holstein calf

development in utero and postnatal growth to a

greater extent than colostrum source. Journal of

Animal Science and Biotechnology 9: 83.

Alvarenga TIRC, Copping KJ, Han X, Clayton EH, Meyer

RJ, Rodgers RJ, McMillen IC, Perry VEA, Geesink

97



G. 2016. The influence of peri-conception and

first trimester dietary restriction of protein in

cattle on meat quality traits of entire male

progeny. Meat Science 121: 141-147.

Bagnell CA, Steinetz BG, Bartol FF. 2009. Milk-borne

relaxin and the lactocrine hypothesis for

maternal programming of neonatal tissues.

Annals of the New York Academy of Sciences 1160:

1562-157.

Bagnell CA, Ho TY, George AF, Wiley AA, Miller DJ,

Bartol FF. 2017. Maternal lactocrine

programming of porcine reproductive tract

development. Molecular Reproduction and

Development 84: 957-968.

Bagnell CA, Bartol FF. 2019. Review: Maternal

Programming of Development in the Pig and the

Lactocrine Hypothesis. Animal 13: 2978-2985.

Bagnell CA, Ho TY, George AF, Wiley AA, Miller DJ,

Bartol FF. 2017. Maternal lactocrine

programming of porcine reproductive tract

98



development. Molecular Reproduction and

Development 84: 957-968.

Bagnell CA, Bartol FF. 2019. Relaxin and the 'Milky

Way': The lactocrine hypothesis and maternal

programming of development. Journal of

Molecular Endocrinology 487: 18-23.

Bartol FF, Wiley AA, Miller DJ, Silva AJ, Roberts KE,

Davolt ML, Chen JC, Frankshun AL, Camp ME,

Rahman KM, Vallet JL, Bagnell CA. 2013.

Lactation Biology Symposium: lactocrine

signaling and development. Journal of Animal

Science 91: 696-705.

Ballou M. 2012. Immune responses of Holstein and

Jersey calves during the preweaning and

immediate postweaned periods when fed varying

planes of milk replacer. Journal of Dairy Science

95: 7319-7330.

Ballou MA, Hanson DL, Cobb CdJ, Obeidat BS, Sellers

MD, Pepper-Yowell AR, Carroll JA, Earleywine

TJd, Lawhon SD. 2015. Plane of nutrition

influences the performance, innate leukocyte

99



responses, and resistance to an oral Salmonella
enterica serotype Typhimurium challenge in
Jersey calves. Journal of Dairy Science 98: 1972-
1982.

Barker DJ, Osmond C. 1986. Infant mortality, childhood
nutrition, and ischaemic heart disease in England
and Wales. Lancet 1: 1077-1081.

Barker DJ. 1998. Mothers, babies and health in later

life.

Barker DJ, Eriksson JG, Forsén T, Osmond C. 2002. Fetal
origins of adult disease: strength of effects and
biological basis. International Journal of
Epidemiology 31: 1235-1235.

Barker DJ. 2007. The origins of the developmental origins
theory. Journal of Internal Medicine 261: 412-417.

Barua S, Junaid MA. 2015. Lifestyle, pregnancy and
epigenetic effects. Epigenomics 7: 85-102.

Berge AC, Besser TE, Moore DA, Sischo WM. 2009.
Evaluation of the effects of oral colostrum

supplementation during the first fourteen days on

100



the health and performance of preweaned calves.
Journal of Dairy Science 92: 286-295.

Bennett GL, Kirton AH, Johnson DL, Carter AH. 1991.
Genetic and environmental effects on carcass
characteristics of Southdown x Romney lambs: I.
Growth rate, sex, and rearing effects. Journal of
Animal Science 69: 1856-1863.

Blum JW, Hammon H. 2000. Colostrum effects on the
gastrointestinal tract, and on nutritional,
endocrine and metabolic parameters in neonatal
calves. Livestock Production Science 66: 151-159.

Blattler U, Hammon HM, Morel C, Philipona C, Rauprich
A, Romé V, Le Huérou-Luron I, Guilloteau P,
Blum JW. 2001. Feeding colostrum, its
composition and feeding duration variably modify
proliferation and morphology of the intestine and
digestive enzyme activities of neonatal calves.
Journal of Nutrition 131: 1256-1263.

Broadhead D, Mulliniks JT, Funston RN. 2019.
Developmental Programming in a Beef Production

System. Veterinary Clinics of North America: Food

101



Animal Practice 35: 379-390.

Burrin DG, Davis TA, Ebner S, Schoknect PA, Fiorotto
ML, PJ Reeds, SMcAvoy. 1995. Nutrient-
independent and nutrient-dependent factors
stimulate protein synthesis in colostrum-fed
newborn pigs. Pediatric Research 37: 593-599.

Carstens GE, Johnson DE, Holland MD, Odde KG. 1987.
Effects of prepartum protein nutrition and birth
weight on basal metabolism in bovine neonates.
Journal of Animal Science 65: 745-751.

Cartiff SE, Fellner V, Eisemann JH. 2013.
Eicosapentaenoic and docosahexaenoic acids
increase insulin sensitivity in growing steers.
Journal of Animal Science 91: 2332-2342.

Chavatte-Palmer P, Velazquez MA, Jammes H, Duranthon

V. 2018. Review: Epigenetics, developmental
programming and nutrition in herbivores. Animal
12: 363-371.

Chen JC, Frankshun AL, Wiley AA, Miller DJ, Welch KA,

Ho TY, Bartol FF, Bagnell CA. 2011. Milk-borne

lactocrine-acting factors affect gene expression

102



patterns in the developing neonatal porcine uterus.
Reproduction. 141:675-83.

Chen JH, Martin-Gronert MS, Tarry-Adkins J, Ozanne
SE. 2009. Maternal protein restriction affects
postnatal growth and the expression of key
proteins involved in lifespan regulation in mice.
PLoS One 4: e4950.

Costa TC, Moura FH, Souza RO, Lopes MM, Fontes MMS,
Serdo NVL, Sanglard LP, Du M, Gionbelli MP,
Duarte MS. 2019. Effect of maternal feed
restriction in dairy goats at different stages of
gestation on skeletal muscle development and
energy metabolism of kids at the time of births.
Animal Reproduction Science 206: 46-59.

Couper KN, Blount DG, Riley EM. 2008. IL-10: the master
regulator of immunity to infection. dJourmal of
Immunology 180: 5771-5777.

Coverdale JA, Hammer CdJ, Walter KW. 2015. HORSE
SPECIES SYMPOSIUM: Nutritional programming
and the impact on mare and foal performance.

Journal of Animal Science 93: 3261-3267.

103



Cushman RA, Perry GA. 2019. Developmental

Programming of Fertility in Livestock. Veterinary

Clinics of North America: Food Animal Practice 35:

321-330.

Daniel ZC, Brameld JM, Craigon J, Scollan ND, Buttery

PJ. 2007. Effect of maternal dietary restriction

during pregnancy on lamb carcass characteristics

and muscle fiber composition. Journal of Animal

Science 85: 1565-1576.

Dianzani F, Baron S. 1996. Nonspecific Defenses. In:

Medical Microbiology. 4th ed. Chapter 49. Univ. of

Texas Medical Branch Press. Galveston.

Du M, Huang Y, Das AK, Yang Q, Duarte MS, Dodson MYV,

Zhu MJ. 2013. Meat Science and Muscle Biology

Symposium: manipulating mesenchymal progenitor

cell differentiation to optimize performance and

carcass value of beef cattle. Journal of Animal

Science 91: 1419-1427.

Du M, Wang B, Fu X, Yang Q, Zhu MJ. Fetal programming

in meat production. 2015. Meat Science 109: 40-

47.

104



Duan X, Gao S, L1 J, Wu L, Zhang Y, Li W, Zhao L, Chen
J, Yang S, Sun G, Li B. 2017. Acute arsenic exposure
induces inflammatory responses and CD4+ T cell
subpopulations differentiation in spleen and
thymus with the involvement of MAPK, NF-kB, and
Nrf2. Molecular Immunology 81: 160-172.

Dutta S, Sengupta P. 2016. Men and mice: Relating their
ages. Life Science 152: 244-248.

Fannin RD, Auman JT, Bruno ME, Sieber SO, Ward SM,
Tucker Ccd, Merrick BA, Paules RS. 2005.
Differential gene expression profiling in whole
blood during acute systemic inflammation in
lipopolysaccharide-treated rats. Physiological
Genomics 21: 92-104.

Faber SN, Faber NE, Mccauley TC, Ax RL. 2005. Case
Study: Effects of Colostrum Ingestion on
Lactational Performance. The Professional Animal
Scientist 21: 420-425.

Fall CHD, Kumaran K. 2019. Metabolic programming in

early life in humans. Philosophical Transactions

105



of the Royal Society B ; Biological Sciences 374:

20180123.

Fiorotto ML, Burrin DG, Perez M, Reeds PJ. 1991. Intake

and use of milk nutrients by rat pups suckled in

small, medium, or large litters. American Journal

of Physiology 260: 1104-1113.

Ford SP, Hess BW, Schwope MM, Nijland MJ, Gilbert JS,

Vonnahme KA, Means WJ, Han H, Nathanielsz PW.

2007. Maternal undernutrition during early to

mid-gestation in the ewe results in altered

growth, adiposity, and glucose tolerance in male

offspring. Journal of Animal Science 5: 1285-

1294.

wmEEZ, REMEK, KAMHEER. 2009. “FH OB % kT

oo WA, BERME T"115-124. EE ; NEH

kX, MA 25, AMNER, S BE®R, Hih XA, A

AFXBEBRBEKBRREREZR, F 27V it &

.
Ao

Frutos J, Andrés S, Trevisi E, Yanez-Ruiz DR, Lépez S,

Santos A, Giraldez FJ. 2018. Early Feed

106



Restriction Programs Metabolic Disorders in
Fattening Merino Lambs. Animals 8:83.

Gardner DS, Tingey K, van Bon BWM, Ozanne SE, Wilson
V, Dandrea J Keisler DH, Stephenson T, Symonds
ME, 2005. Programming of glucose-insulin
metabolism in adult sheep aftermaternal
undernutrition. American Journal of Physiology-
Regulatory, Integrative and Comparative
Physiology 289: 947-954.

Gauvin MC, Pillai SM, Reed SA, Stevens JR, Hoffman ML,
Jones AK, Zinn SA, Govonil KE. 2020. Poor maternal
nutrition during gestation in sheep alters prenatal
muscle growth and development in offspring.
Journal of Animal Science 98: skz388.

Geiger AJ, Parsons CLM, Akers RM. 2016. Feeding a
higher plane of nutrition and providing exogenous
estrogen increases mammary gland development in
Holstein heifer calves. Journal of Dairy Science 99:
7642-7653.

Gentili S, Morrison JL, McMillen IC. 2009. Intrauterine

growth restriction and differential patterns of

107



hepatic growth and expression of IGF1, PCK2,

and HSDL1 mRNA in the sheep fetus in late

gestation. Biology of Reproduction 80: 1121-1127.

Ghetie V, Hubbard JG, Kim JK, Tsen MF, Lee Y, Ward ES.

1996. Abnormally short serum half-lives of IgG in

beta 2-microglobulin-deficient mice. European

Journal of Immunology 26: 690-696.

Gluckman PD, Hanson MA. 2004. Living with the past :

evolution, development, and patterns of disease.

Science 305 : 1733-1736.

Gluckman PD, Hanson MA. 2004. Developmental origins of

disease paradigm : a mechanistic and evolutionary

perspective. Pediatric Research 56 : 311-317.

Gluckman PD, Hanson MA. 2004. The developmental

origins of the metabolic syndrome. Trends in

Endocrinology and Metabolism 15: 183-187.

Gluckman PD, Hanson MA. 2005. The fetal matrix:

Evolution, development and disease. Journal of

the Royal Society of Medicine 98: 130-131.

Gluckman PD, Hanson MA, Beedle AS. 2007. Early life

events and their consequences for later disease: a

108



life history and evolutionary perspective. American
Journal of Human Biology 19: 1-19.

Gomes RM, Bueno FG, Schamber CR, de Mello JCP, de
Oliveira JC, Francisco FA, Moreira VM, Junior MDF,
Pedrino GR, de Freitas Mathias PC, Miranda RA, de
Moraes SMF, Natali MRM. 2018. Maternal diet-
induced obesity during suckling period programs
offspring obese phenotype and hypothalamic
leptin/insulin resistance. Journal of Nutritional
Biochemistry 61: 24-32.

Gray DH, Seach N, Ueno T, Milton MK, Liston A, Lew AM,
Goodnow ccC, Boyd RL. 2006. Developmental
kinetics, turnover, and stimulatory capacity of
thymic epithelial cells. Blood 108: 3777-3785.

Greenwood PL, Bell AW. 2003. Consequences of intra-
uterine growth retardation for postnatal growth,
metabolism and pathophysiology. Reproduction
Supplement 61: 195-206.

Greenwood PL, Hunt AS, Bell AW. 2004. Effects of birth
welight and postnatal nutrition on neonatal sheep:

IV. Organ growth. Journal of Animal Science 82:

109



422-428.

Greenwood PL, Bell AW, VercoePE, Viljoen GJ. 2009.
Managing the Prenatal Environment to Enhance
Livestock Productivity. Springer Netherlands Press.
Amsterdam.

Greenwood PL, Clayton E, Bell A. 2017. Developmental
programming and beef production. Animal Frontiers
7 38-47

Guan H, Arany E, van Beek JP, Chamson-Reig A, Thyssen
S, Hill DJ, Yang K. 2005. Adipose tissue gene
expression profiling reveals distinct molecular
pathways that define visceral adiposity in
offspring of maternal protein-restricted rats.
American Journal of Physiology-Endocrinology and
Metabolism 288: 663-673.

Guzman C, Cabrera R, Cardenas M, Larrea F,
Nathanielsz PW, Zambrano E. 2006. Protein
restriction during fetal and neonatal development
in the rat alters reproductive function and
accelerates reproductive ageing in female

progeny. Journal of Physiology 572: 97-108.

110



Hammon H, Blum JW. 1997. Prolonged colostrum feeding

enhances xylose absorption in neonatal calves.

Journal of Animal Science 75: 2915-2919.

Hammon H, Blum JW. 1998. Mectabolic and Endocrine

Traits of Neonatal Calves Are Influenced by

Feeding Colostrum for Different Durations or

Only Milk Replacer. Journal of Nutrition 128:

624-632.

Hammon HM, Blum JW. 2002. Feeding different amounts

of colostrum or only milk replacer modify

receptors of intestinal insulin-like growth factors

and insulin in neonatal calves. Domestic Animal

Endocrinology 22: 155-168.

Hammon HM, Steinhoff-Wagner J, Flor J. 2013. Lactation

Biology Symposium: Role of colostrum and

colostrum components on glucose metabolism in

neonatal calves. Journal of Animal Science 91:

685-695.

Hammon HM, Liermann W, Frieten D, Koch C. 2020

Review: Importance of colostrum supply and milk

feeding intensity on gastrointestinal and systemic

111



development in calves. Animal 14: 133-143.

Han D, Denison MS, Tachibana H, Yamada K. 2002. Effects
of estrogenic compounds on immunoglobulin
production by mouse splenocytes. Biological and
Pharmaceutical Bulletin 25 1263-1267.

Hanley B, Dijane J, Fewtrell M, Grynberg A, Hummel S,
Junien C, Koletzko B, Lewis S, Renz H, Symonds M,
Gros M, Harthoorn L, Mace K, Samuels F, van Der
Beek EM. 2010. Metabolic imprinting, programming
and epigenetics - a review of present priorities and
future opportunities. British Journal of Nutrition
104: 1-25.

HE N 2008, M R E O E B & H MR E LK RME R
— BAFK&EE IR ERENEZE 3% 105-109.

He ZX, Wu DQ, Sun ZH, Tan ZL, Qiao JY, Ran T, Tang
SX, Zhou CS, Han XF, Wang M, Kang JH,
Beauchemin KA. 2013. Protein or energy
restriction during late gestation alters fetal
growth and visceral organ mass: an evidence of
intrauterine programming in goats. Animal

Reproduction Science 137: 177-182.

112



He ZX, Wu DQ, Sun ZH, Tan ZL, Qiao JY, Ran T, Tang
SX, Zhou CS, Han XF, Wang M, Kang JH,
Beauchemin KA. 2013. Protein or energy
restriction during late gestation alters fetal
growth and visceral organ mass: an evidence of
intrauterine programming in goats. Animal
Reproduction Science 137: 177-182.

Hengst BA, Nemec LM, Rastani RR, Gressley TF. 2012.
Effect of conventional and intensified milk
replacer feeding programs on performance,
vaccination response, and neutrophil mRNA levels
of Holstein calves. Journal of Dairy Science 95:
5182-5193.

Hernandez-Castellano LE, Sudrez-Trujillo A, Martell-
Jaizme D, Cugno G, Arguello A, Castro N. 2015.
The effect of colostrum period management on BW
and immune system in lambs: from birth to
weaning. Animal 9: 1672-1679.

Hinde K, Skibiel AL, Foster AB, Del Rosso L, Mendoza
SP, Capitanio JP. 2015. Cortisol in mother's milk

across lactation reflects maternal life history

113



and predicts infant temperament. Behavioral
FEcology 26: 269-281.

Hocquettea JF, Ortigues-Marty I, Pethick D Herpin P
Fernandez X. 1998. Nutritional and hormonal
regulation of energy metabolism in skeletal
muscles of meat-producing animals. Livestock
Production Science 56: 115-143.

Hodgson JC. 2006. Endotoxin and mammalian host
responses during experimental disease. Journal
of Comparative Pathology 135: 157-175.

Husted SM, Nielsen MO, Tygesen MP, Kiani A, Blache D,
Ingvartsen KL. 2007. Programming of
intermediate metabolism in young lambs affected
by late gestational maternal undernourishment.
American Journal of Physiology-Endocrinology
and Metabolism 293: 548-557.

KAB N, HFHF—. 1969. ICR-JCL T~ UV A D HEFHKE I
B I o8 # 2  FERBRHSOER. ERHH 19,
133-140.

Iwata H, Hagiwara T, Katoh M, Yamamoto S, Yamakawa S,

Shiga A, Hirouchi Y, Kobayashi K, Inoue H, Enomoto

114



M. 1993. Historical control data of organ weight and

gross findings in F344/DuCrj rats and B6C3F1 mice.

Jikken Dobutsu 42: 383-396.

Jaquiery AL, Oliver MH, Honeyfield-Ross M, Harding JE,

Bloomfield FH. 2012. Periconceptional under-

nutrition in sheep affects adult phenotype only in

males. Journal of Nutrition and Metabolism 123:

610.

Jaquiery AL, Park SS, Phua HH, Berry MJ, Meijler D,

Harding JE, Oliver MH, Bloomfield FH. 2016.

Brief neonatal nutritional supplementation has

sex-gpecific effects on glucose tolerance and

insulin regulating genes in juvenile lambs.

Pediatric Research 80: 861-869.

Joshi1i S, Garole V, Daware M, Girigosavi S, Rao S. 2003.

Maternal protein restriction before pregnancy

affects vital organs of offspring in Wistar rats.

Metabolism 52: 13-18.

Khanal P, Husted SV, Axel AM, Johnsen L, Pedersen KL,

Mortensen MS, Kongsted AH, Nielsen MO. 2014.

Late gestation over- and undernutrition

115



predispose for visceral adiposity in response to a

post-natal obesogenic diet, but with differential

impacts on glucose-insulin adaptations during

fasting in lambs. Acta Physiologica 210: 110-126.

Khanal P, Axel AM, Kongsted AH, Husted SV, Johnsen L,

Pandey D, Pedersen KL, Birtwistle M, Markussen

B, Kadarmideen HN, Nielsen MO. 2015. Late

gestation under- and overnutrition have

differential impacts when combined with a post-

natal obesogenic diet on glucose-lactate-insulin

adaptations during metabolic challenges in

adolescent sheep. Acta Physiologica 213: 519-536.

Kimura K, Takeuchi K, 1986. Growth of the Je¢l: ICR mouse.

Okajimas Folia Anatomica Japonica 63: 265-280.

Koch U, Radtke F. 2011. Mechanisms of T cell development

and transformation. Annual Review of Cell and

Developmental Biology 27: 539-562.

Kucia M, Langhammer M, G6rs S, Albrecht E, Hammon

HM, Niurnberg G, Metges CC. 2011. High-protein

diet during gestation and lactation affects

mammary gland mRNA abundance, milk

116



composition and pre-weaning litter growth 1n

mice. Animal 5: 268-277.

Kihne S, Hammon HM, Bruckmaier RM, Morel C, Zbinden

Y, Blum JW. 2000. Growth performance, metabolic

and endocrine traits, and absorptive capacity in

neonatal calves fed either colostrum or milk

replacer at two levels. Journal of Animal Science

78: 609-620.

Langley-Evans SC, McMullen S. 2010. Developmental

origins of adult disease. Medical Principles and

Practice 19: 87-98.

Le Dividich J, Esnault T, Lynch B, Hoo-Paris R, Castex

C, Peiniau J. 1991. Effect of colostral fat level

on fat deposition and plasma metabolites in the

newborn pig. Journal of Animal Science 69: 2480-

2488.

Lin Y, Xu XY, Wu D, Lin H, Fang ZF, Feng B, Xu SY, Che

LQ, Li J, Zhuo Y, Wu CM, Zhang JJ, Dong

HJ.2019. Maternal energy insufficiency affects

testicular development of the offspring in a swine

model. Scientific Reports 2019 9: 14533.

117



Love AC, Lovern MB, DuRant SE. 2017. Captivity
influences immune responses, stress
endocrinology, and organ size in house sparrows
(Passer domesticus). General and Comparative
Endocrinology 252: 18-26.

McGovern FM, Sweeney T, Ryan MT, Lott S, Campion FP,
Boland TM. 2017. An investigation into the
effects of maternal supplementation with excess
iodine on the mechanisms and impacts of reduced
IgG absorption in the lamb postpartum. British
Journal of Nutrition 117: 951-963.

Maresca S, Valiente SL, Rodriguez AM, Testa LM, Long
NM, Quintans GI, Pavan E. 2019. The influence of
protein restriction during mid- to late gestation
on beef offspring growth, carcass characteristic
and meat quality. Meat Science 153: 103-108.

Martin GS, Carstens GE, Taylor TL, Sweatt CR, Eli AG,
Lunt DK, Smith SB. 1997. Prepartum protein
restriction does not alter norepinephrine-induced

thermogenesis or brown adipose tissue function in

118



newborn calves. Journal of Nutrition 127: 1929-
1937.

Meganck V, Hoflack G, Opsomer G. 2014. Advances in
prevention and therapy of neonatal dairy calf
diarrhea: a systematical review with emphasis on
colostrum management and fluid therapy. Acta
Veterinaria Scandinavica 56: 75.

Micke GC, Sullivan TM, Soares Magalhaes RJ, Rolls PJ,
Norman ST, Perry VE. 2010. Heifer nutrition
during early- and mid-pregnancy alters fetal
growth trajectory and birth weight. Animal
Reproduction Science 117: 1-10.

Moallem U, Werner D, Lehrer H, Kachut M, Livshitz L,
Yakoby S, Shamay A. 2010. Long-term effects of
feeding ad libitum whole milk prior to weaning
and prepubertal protein supplementation on
skeletal growth rate and first-lactation milk
production. Journal of Dairy Science 93: 2639-
2650.

Mohrhauser DA, Taylor AR, Underwood KR, Pritchard

RH, Wertz-Lutz AE, Blair AD. 2015. The influence

119



of maternal energy status during midgestation on
beef offspring carcass characteristics and meat
quality. Journal of Animal Science 93: 786-793.

National Animal Health Monitoring System. Dairy 1996;
National dairy health evaluation project. Dairy
heifer morbidity, mortality and health
management focusing on pre-weaned heifers. Ft.
Collins (CO); USDA-APHIS Veterinary Service.

Neville TL, Caton JS, Hammer CJ, Reed JdJ, Luther JS,
Taylor dB, Redmer DA, Reynolds LP, Vonnahme
KA. 2010. Ovine offspring growth and diet
digestibility are influenced by maternal selenium
supplementation and nutritional intake during
pregnancy despite a common postnatal diet.
Journal of Animal Science 88: 3645-56.

Nickles KR, Hamer L, Coleman DN, Relling AE. 2019.
Supplementation with eicosapentaenoic and
docosahexaenoic acids in late gestation in ewes
changes adipose tissue gene expression in the ewe

and growth and plasma concentration of ghrelin

120



in the offspring. Journal of Animal Science 97:

2631-2643.

Nielsen MO, Kongsted AH, Thygesen MP, Strathe AB,

Caddy S, Quistorff B, Jergensen W, Christensen

VG, Husted S, Chwalibog A, Sejrsen K, Purup S,

Svalastoga E, McEvoy FJ, Johnsen L. 2013. Late

gestation undernutrition can predispose for

visceral adiposity by altering fat distribution

patterns and increasing the preference for a

high-fat diet in early postnatal life. British

Journal of Nutrition 109: 2098-2110.

BEHRKEERAKKEZFZEFTR®B (F). 1996. H K

TEE - D AFE (1996 F ER) TREFES. BN

Novaes Soares P, Silva Tavares Rodrigues V, Cherem

Peixoto T, Calvino C, Aparecida Miranda R,

Pereira Lopes B, Peixoto-Silva N, Lopes Costa L,

Claudio-Neto S, Christian Manhaes A, Oliveira E,

Gaspar de Moura E, Cristina Lisboa P. 2018.

Cigarette Smoke during Breastfeeding in Rats

Changes Glucocorticoid and Vitamin D Status in

121



Obese Adult Offspring. International Journal of

Molecular Sciences 19: 3084.

Nusser KD, Frawley S. 1997. Depriving Neonatal Rats of

Milk from Early Lactation Has Long-Term

Consequences on Mammotrope Development.

Endocrine 7: 319-323.

Nonnecke BJ, Foote MR, Smith JM, Pesch BA, Van

Amburgh ME. 2003. Composition and functional

capacity of blood mononuclear leukocyte

populations from neonatal calves on standard and

intensified milk replacer diets. Journal of Dairy

Science 86: 3592-3604.

Obeidat BS, Cobb CJ, Sellers MD, Pepper-Yowell AR,

Earleywine TdJ, Ballou MA. 2013. Plane of

nutrition during the preweaning period but not

the grower phase influences the neutrophil

activity of Holstein calves. Journal of Dairy

Science 96: 7155-7166.

Ollivett TL, Nydam DV, Linden TC, Bowman DD, Van

Amburgh ME. 2012. Effect of nutritional plane on

health and performance in dairy calves after

122



experimental infection with Cryptosporidium
parvum. Journal of the American Veterinary
Medical Association 241: 1514-1520.

Ontsouka CE, Bruckmaier RM, Blum JW. 2003.
Fractionized milk composition during removal of
colostrum and mature milk. Journal of Dairy
Science 86: 2005-2011.

Ontsouka EC, Hammon HM, Blum JW. 2004. Expression of
insulin-like growth factors (IGF) -1 and -2,
IGF-binding proteins-2 and -3, and receptors for
growth hormone, IGF type-1 and -2 and insulin in
the gastrointestinal tract of neonatal calves.
Growth Factors 22: 63-69.

Osmond C, Barker DJ. 2000. Fetal, infant, and childhood
growth are predictors of coronary heart disease,
diabetes, and hypertension in adult men and
women. Environmental Health Perspectives 108:
545-553.

Ozanne SE. 2001. Metabolic programming in

animals.British Medical Bulletin 60: 143-152.

123



Peletto S, Bertuzzi S, Campanella C, Modesto P, Maniaci
MG, Bellino C, Ariello D, Quasso A, Caramelli M,
Acutis PL. 2011. Evaluation of internal reference
genes for quantitative expression analysis by
real-time PCR in ovine whole blood. International
Journal of Molecular Sciences 12: 7732-7747.

Paneth N, Susser M. 1995. Early origin of coronary heart
disease (the"Barker hypothesis"). British Medical
Journal 310: 411-412.

Pentsuk N, van der Laan JW. 2009. An interspecies
comparison of placental antibody transfer: new
insights i1into developmental toxicity testing of
monoclonal antibodies. Birth Defects Research Part
B: Developmental and Reproductive Toxicology 86:
328-344.

Pfaffl MW, Georgieva TM, Georgiev IP, Ontsouka E,
Hageleit M, Blum JW. 2002. Real-time RT-PCR
quantification of insulin-like growth factor

(IGF) -1, IGF-1 receptor, IGF-2, IGF-2 receptor,

insulin receptor, growth hormone receptor, IGF -

124



binding proteins 1, 2 and 3 in the bovine species.

Domestic Animal Endocrinology 22: 91-102.

Pollock JM, Rowan TG, Dixon JB, Carter SD. 1994. Level

Puppel

Qasem

of nutrition and age at weaning: effects on
humoral immunity in young calves. British
Journal of Nutrition 71: 239-248.

K, Golebiewski M, Grodkowski G, Slésarz J,
Kunowska-Slésarz M, Solarczyk P, hukasiewicz M,
Balcerak M, Przysucha T. 2019. Composition and
Factors Affecting Quality of Bovine Colostrum: A
Review. Animals 9: 1070.

RJ, Cherala G, D'mello AP. 2010. Maternal
protein restriction during pregnancy and
lactation in rats imprints long-term reduction in
hepatic lipid content selectively in the male

offspring. Nutrition Research 30: 410-417.

Quigley JD, Wolfe TA, Elsasser TH. 2006. Effects of

additional milk replacer feeding on calf health,
growth, and selected blood metabolites in calves.

Journal of Dairy Science 89: 207-216.

125



Quigley JD, Drewry JJ. 1998. Nutrient and immunity

transfer from cow to calf pre- and postcalving.

Journal of Dairy Science 81: 2779-2790.

Raeth-Knight M, Chester-Jones H, Hayes S, Linn J,

Larson R, Ziegler D, Ziegler B, Broadwater N.

2009. Impact of conventional or intensive milk

replacer programs on Holstein heifer performance

through six months of age and during first

lactation. Journal of Dairy Science 92: 799-809

Redl H, Bahrami S, Schlag G, Traber DL. 1993. Clinical

Reuter

detection of LPS and animal models of

endotoxemia. Immunobiology 187: 330-345.

RR, Carroll JA, Dailey JW, Cook BJd, Galyean ML.

2008. Effects of dietary energy source and level

and injection of tilmicosin phosphate on immune

function in lipopolysaccharide-challenged beef

steers. Journal of Animal Science 86: 1963-1976.

Reynolds LP, Caton JS. 2012. Role of the pre- and post-

natal environment in developmental programming

of health and productivity. Molecular and

Cellular Endocrinology 354: 54-59.

126



Reynolds LP, Borowicz PP, Caton JS, Crouse MS, Dahlen

CR, Ward AK. 2019. Developmental Programming of

Fetal Growth and Development. Veterinary Clinics

of North America. Food Animal Practice 35: 229-247.

Rincker LE, Vandehaar MJ, Wolf CA, Liesman JS, Chapin

LT, Nielsen MS. 2011. Effect of intensified feeding

of heifer calves on growth, pubertal age, calving

age, milk yield, and economics. Journal of Dairy

Science. 94:3554-3567.

Robinson DL, Cafe LM, Greenwood PL. 2013. Meat Science

and Muscle Biology Symposium: developmental

programming in cattle: consequences for growth,

efficiency, carcass, muscle, and beef quality
characteristics. dJournal of Animal Science 91:
1428-1442.

Rosenberger K, Costa JHC, Neave HW, Weary DM, von

Keyserlingk MAG. 2017. The effect of milk

allowance on behavior and weight gains in dairy

calves. Journal of Dairy Science 100: 504-512.

Salmon H, Berri M, Gerdts V, Meurens F. 2009. Humoral

and cellular factors of maternal immunity in

127



swine. Developmental and Comparative

Immunology 33: 384-93.

Sandra GD. 2008. Colostrum management for dairy

calves. Veterinary Clinics of North America: Food

Animal Practice 24: 19-39.

Sangild PT. 2003. Uptake of colostral immunoglobulins

by the compromised newborn farm animal. Acta

Veterinaria Scandinavica 98: 105-122.

Sarjan HN, Divyashree S, Yajurvedi HN. 2017. The

protective effect of the Vacha rhizome extract on

chronic stress-induced immunodeficiency in rat.

Pharmaceutical Biology 55: 1358-1367.

Schroder K, Hertzog PJ, Ravasi T, Hume DA. 2003.

Interferon-gamma: an overview of signals,

mechanisms and functions. Journal of Leukocyte

Biology 75: 163-189.

Shichkin VP, Antica M. 2020. Thymus Regeneration and

Future Challenges. Stem Cell Reviews and Reports

16: 239-250.

Sinclair KD, Rutherford KM, Wallace JM, Brameld JM,

Stéger R, Alberio R, Sweetman D, Gardner DS,

128



Perry VE, Adam CL, Ashworth CJ, Robinson JE,

Dwyer CM. 2016. Epigenetics and developmental

programming of welfare and production traits in

farm animals. Reproduction, Fertility and

Development 28: 1443-1478.

Smedegard G, Cui LX, Hugli TE. 1989. Endotoxin-induced

shock in the rat. A role for CbHha. The American

Journal of Pathology 135: 489-497.

Soberon F, Raffrenato E, Everett RW, Van Amburgh ME.

2012. Preweaning milk replacer intake and

effects on long-term productivity of dairy calves.

Journal of Dairy Science 95: 783-793.

Soberon F, Van Amburgh ME. 2013. Lactation Biology

Symposium: The effect of nutrient intake from

milk or milk replacer of preweaned dairy calves

on lactation milk yield as adults: a meta-analysis

of current data. Journal of Animal Science 91:

706-712.

Spencer TE, Kelleher AM, Bartol FF. 2019. Development

and Function of Uterine Glands in Domestic

129



Animals. Annual Review of Animal Biosciences. 7:
125-147.

Stecher VJ, Thorbecke GJ. 1967. Beta-1C and immune
globulin formation in vitro by tissues from germ-
free and conventional rodents of wvarious ages.
Immunology 12: 475-487.

Stelwagen K, Carpenter E, Haigh B, Hodgkinson A,
Wheeler TT. 2009. Immune Components of Bovine
Colostrum and Milk Journal of Animal Science
87:3-9.

Sullivan EC, Hinde K, Mendoza SP, Capitanio JP. 2011.
Cortisol concentrations in the milk of rhesus
monkey mothers are associated with confident
temperament in sons, but not daughters.
Developmental Psychobiology 53: 96-104.

Tatara MR, Sliwa E, Krupski W. 2007. Prenatal
programming of skeletal development in the
offspring: effects of maternal treatment with
beta-hydroxy-beta-methylbutyrate (HMB) on
femur properties in pigs at slaughter age. Bone

40: 1615-1622.

130



Thapa P, Farber DL. 2019. The Role of the Thymus in the
Immune Response. Thoracic Surgery Clinics 29:
123-131.

Turdi S, Ge W, Hu N, Bradley KM, Wang X, Ren J. 2013.
Interaction between maternal and postnatal high
fat diet leads to a greater risk of myocardial
dysfunction in offspring via enhanced lipotoxicity,
IRS-1 serine phosphorylation and mitochondrial
defects. Journal of Molecular and Cellular
Cardiology. 55:117-29.

Turner MD, Nedjai B, Hurst T, Pennington DJ. 2014.
Cytokines and chemokines: At the crossroads of cell
signaling and inflammatory disease. Biochimica et
Biophysica Acta 1843: 2563-2582.

Uetake K. Newborn calf welfare: a review focusing on
mortality rates. 2013. Animal Science Journal 84:
101-105.

Velazquez MA. 2015. Impact of maternal malnutrition
during the periconceptional period on mammalian
preimplantation embryo development. Domestic

Animal Endocrinology 51: 27-45.

131



Wallace M, Milne JS, AitkenRP, Adam CL. 20114.

Influence of birthweight and gender on lipid

status and adipose tissue gene expression in

lambs. Journal of Molecular Endocrinology 53:

131-144.

Wasowska E, Puppel K J 2018. Changes in the content of

immunostimulating components of colostrum

obtained from dairy cows at different levels of

production. Journal of the Science of Food and

Agriculture 98: 5062-5068.

Weaver DM, Tyler JW, VanMetre DC, Hostetler DE,

Barrington GM. 2000. Passive transfer of

colostral immunoglobulins in calves. Journal of

Veterinary Internal Medicine 14: 569-577.

Wells SJ, Dargatz DA, Ott SL. 1996. Factors associated

with mortality to 21 days of life in dairy heifers

in the United States. Preventive Veterinary

Medicine 29: 9-19.

Whitney, T. R., G. C. Duff, J. K. Collins, D. W. Schafer,

and D. M. Hallford. 2006. Effects of diet for

early-weaned crossbred beef steers on metabolic

132



profiles and febrile response to an infectious

bovine herpesvirus-1 challenge. Livestock Science

101 1-9.

Wolff JE, Dobbie PM, Petrie DR. 1989. Anabolic effects

of insulin in growing lambs. Quarterly Journal of

Experimental Physiology 74: 451-463.

Yan W, Wiley AA, Bathgate RA, Frankshun AL, Lasano S,

Crean BD, Steinetz BG, Bagnell CA, Bartol FF.
2006. Expression of LGR7 and LGR8 by neonatal
porcine uterine tissues and transmission of milk-
borne relaxin into the neonatal circulation by

suckling. Endocrinology 147: 4303-4310.

Ye Z, Huang Y, Liu D, Chen X, Wang D, Huang D, Zhao L,

Yerex

Xiao X. 2012. Obesity induced by neonatal
overfeeding worsens airway hyper responsiveness
and inflammation. PLOS ONE 7: e47013.

RP, Young CW, Donker JD, Marx GD. 1988. Effects
of selection for body size on feed efficiency and size
of Holsteins. Journal of Dairy Science 71: 1355-

1360.

133



Zhu Y, Li T, Huang S, Wang W, Dai Z, Feng C, Wu G,
Wang J. 2018. Maternal L-glutamine
supplementation during late gestation alleviates
intrauterine growth restriction-induced

intestinal dysfunction in piglets. Amino Acids 50:

1289-1299.

134



	KIMURA-Ataru-2021-A_ページ_001
	KIMURA-Ataru-2021-A_ページ_002
	KIMURA-Ataru-2021-A_ページ_003
	KIMURA-Ataru-2021-A_ページ_004
	KIMURA-Ataru-2021-A_ページ_005
	KIMURA-Ataru-2021-A_ページ_006
	KIMURA-Ataru-2021-A_ページ_007
	KIMURA-Ataru-2021-A_ページ_008
	KIMURA-Ataru-2021-A_ページ_009
	KIMURA-Ataru-2021-A_ページ_010
	KIMURA-Ataru-2021-A_ページ_011
	KIMURA-Ataru-2021-A_ページ_012
	KIMURA-Ataru-2021-A_ページ_013
	KIMURA-Ataru-2021-A_ページ_014
	KIMURA-Ataru-2021-A_ページ_015
	KIMURA-Ataru-2021-A_ページ_016
	KIMURA-Ataru-2021-A_ページ_017
	KIMURA-Ataru-2021-A_ページ_018
	KIMURA-Ataru-2021-A_ページ_019
	KIMURA-Ataru-2021-A_ページ_020
	KIMURA-Ataru-2021-A_ページ_021
	KIMURA-Ataru-2021-A_ページ_022
	KIMURA-Ataru-2021-A_ページ_023
	KIMURA-Ataru-2021-A_ページ_024
	KIMURA-Ataru-2021-A_ページ_025
	KIMURA-Ataru-2021-A_ページ_026
	KIMURA-Ataru-2021-A_ページ_027
	KIMURA-Ataru-2021-A_ページ_028
	KIMURA-Ataru-2021-A_ページ_029
	KIMURA-Ataru-2021-A_ページ_030
	KIMURA-Ataru-2021-A_ページ_031
	KIMURA-Ataru-2021-A_ページ_032
	KIMURA-Ataru-2021-A_ページ_033
	KIMURA-Ataru-2021-A_ページ_034
	KIMURA-Ataru-2021-A_ページ_035
	KIMURA-Ataru-2021-A_ページ_036
	KIMURA-Ataru-2021-A_ページ_037
	KIMURA-Ataru-2021-A_ページ_038
	KIMURA-Ataru-2021-A_ページ_039
	KIMURA-Ataru-2021-A_ページ_040
	KIMURA-Ataru-2021-A_ページ_041
	KIMURA-Ataru-2021-A_ページ_042
	KIMURA-Ataru-2021-A_ページ_043
	KIMURA-Ataru-2021-A_ページ_044
	KIMURA-Ataru-2021-A_ページ_045
	KIMURA-Ataru-2021-A_ページ_046
	KIMURA-Ataru-2021-A_ページ_047
	KIMURA-Ataru-2021-A_ページ_048
	KIMURA-Ataru-2021-A_ページ_049
	KIMURA-Ataru-2021-A_ページ_050
	KIMURA-Ataru-2021-A_ページ_051
	KIMURA-Ataru-2021-A_ページ_052
	KIMURA-Ataru-2021-A_ページ_053
	KIMURA-Ataru-2021-A_ページ_054
	KIMURA-Ataru-2021-A_ページ_055
	KIMURA-Ataru-2021-A_ページ_056
	KIMURA-Ataru-2021-A_ページ_057
	KIMURA-Ataru-2021-A_ページ_058
	KIMURA-Ataru-2021-A_ページ_059
	KIMURA-Ataru-2021-A_ページ_060
	KIMURA-Ataru-2021-A_ページ_061
	KIMURA-Ataru-2021-A_ページ_062
	KIMURA-Ataru-2021-A_ページ_063
	KIMURA-Ataru-2021-A_ページ_064
	KIMURA-Ataru-2021-A_ページ_065
	KIMURA-Ataru-2021-A_ページ_066
	KIMURA-Ataru-2021-A_ページ_067
	KIMURA-Ataru-2021-A_ページ_068
	KIMURA-Ataru-2021-A_ページ_069
	KIMURA-Ataru-2021-A_ページ_070
	KIMURA-Ataru-2021-A_ページ_071
	KIMURA-Ataru-2021-A_ページ_072
	KIMURA-Ataru-2021-A_ページ_073
	KIMURA-Ataru-2021-A_ページ_074
	KIMURA-Ataru-2021-A_ページ_075
	KIMURA-Ataru-2021-A_ページ_076
	KIMURA-Ataru-2021-A_ページ_077
	KIMURA-Ataru-2021-A_ページ_078
	KIMURA-Ataru-2021-A_ページ_079
	KIMURA-Ataru-2021-A_ページ_080
	KIMURA-Ataru-2021-A_ページ_081
	KIMURA-Ataru-2021-A_ページ_082
	KIMURA-Ataru-2021-A_ページ_083
	KIMURA-Ataru-2021-A_ページ_084
	KIMURA-Ataru-2021-A_ページ_085
	KIMURA-Ataru-2021-A_ページ_086
	KIMURA-Ataru-2021-A_ページ_087
	KIMURA-Ataru-2021-A_ページ_088
	KIMURA-Ataru-2021-A_ページ_089
	KIMURA-Ataru-2021-A_ページ_090
	KIMURA-Ataru-2021-A_ページ_091
	KIMURA-Ataru-2021-A_ページ_092
	KIMURA-Ataru-2021-A_ページ_093
	KIMURA-Ataru-2021-A_ページ_094
	KIMURA-Ataru-2021-A_ページ_095
	KIMURA-Ataru-2021-A_ページ_096
	KIMURA-Ataru-2021-A_ページ_097
	KIMURA-Ataru-2021-A_ページ_098
	KIMURA-Ataru-2021-A_ページ_099
	KIMURA-Ataru-2021-A_ページ_100
	KIMURA-Ataru-2021-A_ページ_101
	KIMURA-Ataru-2021-A_ページ_102
	KIMURA-Ataru-2021-A_ページ_103
	KIMURA-Ataru-2021-A_ページ_104
	KIMURA-Ataru-2021-A_ページ_105
	KIMURA-Ataru-2021-A_ページ_106
	KIMURA-Ataru-2021-A_ページ_107
	KIMURA-Ataru-2021-A_ページ_108
	KIMURA-Ataru-2021-A_ページ_109
	KIMURA-Ataru-2021-A_ページ_110
	KIMURA-Ataru-2021-A_ページ_111
	KIMURA-Ataru-2021-A_ページ_112
	KIMURA-Ataru-2021-A_ページ_113
	KIMURA-Ataru-2021-A_ページ_114
	KIMURA-Ataru-2021-A_ページ_115
	KIMURA-Ataru-2021-A_ページ_116
	KIMURA-Ataru-2021-A_ページ_117
	KIMURA-Ataru-2021-A_ページ_118
	KIMURA-Ataru-2021-A_ページ_119
	KIMURA-Ataru-2021-A_ページ_120
	KIMURA-Ataru-2021-A_ページ_121
	KIMURA-Ataru-2021-A_ページ_122
	KIMURA-Ataru-2021-A_ページ_123
	KIMURA-Ataru-2021-A_ページ_124
	KIMURA-Ataru-2021-A_ページ_125
	KIMURA-Ataru-2021-A_ページ_126
	KIMURA-Ataru-2021-A_ページ_127
	KIMURA-Ataru-2021-A_ページ_128
	KIMURA-Ataru-2021-A_ページ_129
	KIMURA-Ataru-2021-A_ページ_130
	KIMURA-Ataru-2021-A_ページ_131
	KIMURA-Ataru-2021-A_ページ_132
	KIMURA-Ataru-2021-A_ページ_133
	KIMURA-Ataru-2021-A_ページ_134
	KIMURA-Ataru-2021-A_ページ_135
	KIMURA-Ataru-2021-A_ページ_136
	KIMURA-Ataru-2021-A_ページ_137
	KIMURA-Ataru-2021-A_ページ_138



