Fetal and Neonatal Programming on
Postnatal Growth and Feed Efficiency in Swine
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Pork Meat and Pig Production
¥ PR A2

Pork provides high-quality protein forhumanconsumption. Pork
meat is the mostimportant source of animal protein in China and
many other nations.
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However, in terms of nutrition and management, it is the most
challenging to raisepigs among livestock animals.
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This is because of the unique characteristics of swine biology.
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Whu et al. Ann. N.Y. Acad. Sci. 2014;1328:18-28



Unique Biology of Swine
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--- Fetal growth and development is regulated by
genetics, epigenetics, maternal maturity, and
environmental factors (e.g., nutrition).

g%ﬁﬁﬁﬁﬁ%ﬂaﬁmi RMIBEEF . BHARBGRAICT A E:

--- lUGR is defined as impaired growth and

development of the mammalianembryo/ifetus or

its organs during pregnancy.{ < 1.1 kg birth weight)
IUGR#E X AW AR GGl els e 5 A Kk &
Wbi. (<1.1kgHi4H)

Wu et al. J Anim Sci 84: 2316-2337, 2006



DNA methylation

Histone methylation & acetylation
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Ji etal. J Nutr Biochem
2016; 27:1-8

Placental growth

(including placental angiogenesis
and vascular growth)
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IUGR in Swine
B NAEKRZIR

Naturally occurring IUGR

(e.q., litter-bearing animals)
HARAEMIUGR (BlmE fash4)
Environmentally-induced IUGR

(e.g., over- and undernutrition, heat stress,
disease, and toxins)

FEHFHIUGR (Fillrs sl e e o #M.
B RHER)

Production-imposeduterine insufficiency
(e.g., increased litter size through breeding
or reproductive technologies and early
breeding at 70-80% of mature BW)

A AR RS SU T E Y Re A e (Bladd
A ZMBRBE R TE DA A e & B 3
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Foxcroft et al. J Anim Sci. 2006;84:E105-12.




Uterine Insufficiency and IJUGR
B IR A 2MIUGR

When an embryo is transferred from a genetically larger

mother to a recipient dam with a lower uterine capacity.
LRI N EEREKF EREN BB ES— /N EFEN A FHBUUGR.

V—r —rV—hIUGR ‘&m

When an embryo.is transferred from a genetically smaller

mother to a recipientdam with a higher uterine capacity.
LG N EEREUN T EFEREREEIATE %g%ﬂ%Tuﬁﬁﬁmiﬁn

Freking et al. Anim Reprod Sci. 2016;167:16-21




Experimentally-Induced Undernutrition

HEFEFHEFRAR

Well-controlled experimental studies have demonstrated
that maternal undernutrition during the peri-breeding or

gestation period reduces fetal'growth in pigs.
W TR, RN ARL B E R DR S BURE A KZIR

Undernutrition —> o

BErRAR

Prenatal growth of all species is sensitive to maternal
nutrition at all stages between oocyte maturation and
birth.

7E OP BRAH i ple BB i )L A AR TBT B, Ira R e i AR SR 5 52
2| BHAE TR

Atinmo et al. J Anim Sci. 1974;39:703-11;
Bazer et al. Reproduction 2009;138:195-209



Overnutrition and IUGR
B AL FAMIUGR

Increasing energy and protein intake duringa short period of time
(termed “flushing”) around conception can increase the number of
embryos/fetuses, but often results in increased porcine embryo and
fetal mortality.

R A RS EENEEMEARA (BMERHED % IEmERE iR LEE
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Obesé Sow
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Overfeeding is a waste of feed and does not increase porcine litter
size at birth.
JEARBESHREE, A G EE R T2

Ashworth CJ. Anim Reprod Sci. 1991;26:311-21



Overnutrition and IUGR
=L FAMIUGR

Overfeeding during all or part.of the gestation
also has a detrimental effect on pregnancy
outcomes in pigs.
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Overnutrition —> s
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Bazeretal. J Anim Sci. 1968;27:1021-6;
Cole. J Reprod Fertil Suppl. 1990;40:67-82;
Einarsson and Rojkittikhun. J Reprod Fertil Suppl. 1993;48:229-39;
Nelson and Robison. J Anim Sci. 1976;43:71-7



High Intake of Dietary Protein Reduces Litter Size in Gilts
= B E BB RFRE &S T3

Dietary crude protein (%) HRHEH

Variable

H Pooled
L 10 12 14 16 SEM
Maternal plasma ammonia 669 /705 '81° 932 1.7
(MM) BR4A i 2
Total number of piglets " , : .
born alive per litter 9.62°¢ 9.952 9.74> 9.48¢ 0.07
o AR WA BU B

Total number of ‘piglets : )
weaned at d 21 per litter 8.46° 9.042 8.76° 8.53¢ 0.05
21 RiGH BULEEE

There were 30 gilts in each treatment group. &M 4bB30=LEHE .
a-d: P <0.05.
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Organ Dysfunction and Abnormal Development

wEDREIAMKENIR

Testes 2
Ovaries 5 & IUGR —— | Multiple Systems
Brain X%

Heart -0 I

Skeletal muscle & #&Hl
Liver FF i

Thymus f§ i

Small intestine 2> Ji#
Wool follicles £ 32
Mammary gland /i3

McMillen IC and Robinson JS. Physiol Rev 85: 571-633, 2005;
Reynolds et al. Mol Cell Endocrinol. 2012;354:54-9;
Wu et al. J Nutr. 2004;134:2169-2172



Reductions of Muscle and Intestine in JUGR Pigs

IUGRFE AT 38 WL IA A figp 18 B
_ Tissue weight atbirth(g) AR 4=
Newborn pigs
S A AT Small intestine /him  Skeletal muscle& &l
Normal birth weight 45.5%1.5 23.3%0.8
(1.43 kq)
IEHRE
S e 23.5% 0.5" 11.2 £ 0.4*
K

Data are means = SEM, n = 8. ZiE="F ¥ £ SEM.
1 Gastrocnemius muscle. HEigll -
*P<0.01.

Wang et al. J Nutr. 2008; 138:60-66.



Reductions of Glutathione in Muscle and Intestine
in IUGR Pigs (0.86 kg) vs Normal Pigs {1.43 kg)
IUGRFE AT 48 WL A Al iz 8 3 A i =K & & (0.86'kg vs 1.43kg)

Newborn pigs GSH GSSG GSSG/GSH
4 A (umol/g tissue) < (nmol/g tissue) (umol/umol)
_ _ Small intestine /)i
o L Ot 2.74£046  129%45  0.046%0.002
S ';éé”ﬂj“;fijght 2.06% 0.11* 150 £ 4.8  0.072£0.003*
Normal birth weight Skeletal muscle’ /il
FE 4 E 1.10 £ 0.05 3 * 1.7 0.048 £ 0.003
Low birth weight . . .
(L E 084£0.04 65%2.2 0.077 £ 0.004

Data are means £ SEM, n = 8. 2{iE="F13{H* SEM.
1 Gastrocnemius muscle. HERZHI -

GSH = Glutathione (reduced form) it JE 2 bk & ik
GSSG = Oxidized glutathione HiLEI A Bt HAK
GSSG/GSH = Indicator of oxidative stress & M EFE b5



Development of fetal muscle fiber is impaired in {UGR pigs
IUGRF ¥ 7E in JLIANL R 448 X B 324

Embryonic mesynchymal precursor
JHE Ji5a 8] Joix 44

| Oxidative stress NO |
SREANR -

| Myocytes Adipocytes 1

A i 4 i
NO and olyamines |
—%Z{«ls M2 R

¥4 -4 Primaryfibers Secondaryfibers | IR i 4 %
(d 25-50 in pigs) (d 50-90 in pigs)

Numbers of muscle fibers at birth | HAEMPLAEREE

Postnatal muscle growth |
HABEILRBEK

Wu et al. J Anim Sci. 2010;88:E195-E204



Body and tissue composition FL4&F12H 23 24 g

T Whole-body and intramuscular fat mass (+ 1% to10%)
2 HIHAENE (3EN1%-10%)

1 Connective tissue content
AR SE

| Skeletal musclefiber number (- 10% to20%)
BRIA4EEE (FK10%-20%)

| Meat quality
P in i

Cardiovascular disorders4ta il 5 Z &L
1 Coronary heart disease
7o UM
1 Hypertension
v I A
| Endothelialfunction

W B T e

Oksbjerg et al. J Anim Sci. 2013;91:1443-53;
Rehfeldt et al. Domest Anim Endocrinol. 2004;27:267-85
Wu et al. J Anim Sci 84: 2316-2337, 2006.



Postnatal Growth ¥4 5 K14 K

--= No change in feed intake per kg body weight.
BATHREXFTERA MW
| Whole-body and skeletal muscle growth (- 5% to 10%)

42 S RFEEIRAERK (FK5%-10%)
| Efficiency of feed efficiency (weight gain/feed intake)( - 5% to 10%)

BRI R (FEK5%-10%)

| Skeletal system development

ARG XE

Hormonal imbalance ¥ & K F& L
T Plasma levels of glucocorticoids and renin

I 5 B BB 3= M ' ZRACE

| Plasma levels of thyroid hormones & anabolic hormones

I 5% R R IR = 7T
(e.q., insulin, growth hormone, and IGF-]) (- 15 to 30%)

(MRS ER, EREEAMRSRFERKET) (F{K15-30%)

Schinckel et al. Prof Anim Scient. 2010;26:51-69;
Schoknecht et al. Pediatr Res. 1997;42):201-7.



Reductions of Feed Efficiency in Growing IUGR Pigs
IUGRFE AR AT 2 2 K Bt EL R IR

Difference in gain:feed ratio between

Body weight IUGR pigs (1-kg birth weight) and large-
(kg) birth weight pigs (2-kg birth weight)
(NG IUGRAFH AEAkg) RUKH A B (&

H2kg) BRI ZER
47 10.0% |
65 8.0% |
84 5.1% |
103 4.8% |

Gilts with 1-kg birth weight require 13 more days to reach

125-kg birth weight than gilts with 2-kg birth weight.
HAEFIAFRE & ERERE N A H2A TR ZHEF>13R A A RN25A fr k&

Powell and Aberle. J Anim Sci. 1980;50:860-8;
Schinckel et al. Prof Anim Scient. 2010;26:51-69



Metabolic disorders 1t #} 2L

Insulin resistance

JBR 5 R DL
p-Celldysfunction

B4l flTh e 2L
Dyslipidemia

1 g 57 5

Glucose intolerance

7l & B A e AE

Impaired energy homeostasis
e E RSN

Obesity il it

Type-ll diabetesI1ZL 5% K
Oxidative stress s 4t ML

Glu
Fat

cose
— 002

Mitochondrial dysfunction Z& % /&) EFREAS

Barker and Clark. Rev Reprod 2: 105-112, 1997.
Wang et al. Antioxid Redox Signal. 2012;17:282-301



Neonatal Mortality, Health and Adjustment
A JLRIZETF. B RALE M

1 Stillbirths (IUGR is responsible for most of stillbirths
in animals.) (+ 20% to 50%)
HhG (UGREMMIFLHIHIFEIRRE)  GEm20%-50%)

T Morbidity and mortality (Indivestock, most IUGR
neonates die in the first wk of fife.) (/- to 10-fold)
KRFRTCR (ExX@ah. AZaUUGRH ) LA A e — A%
. ) GE&ET-101%)

| Adjustment to the extrauterine life (e.g., behavior
and suckling)

A Ja FENEE A CRlim, 17 AR

McMillen IC and Robinson JS. Physiol Rev 85: 571-633, 2005;
Reynolds et al. Mol Cell Endocrinol. 2012;354:54-9;
Wu et al. J Nutr. 2004;134:2169-2172



Transgenerational Effects of Fetal Nutrition

7 )LE 77 B B5 AR IR A% R D

Compared to female pigs with a normal birth weight,
exhibit:
5 IE % & E B A ELIUGRERJE R I A«

(1) Delay or failure to express estrus, conceive or
farrow;

JEIR B E A RERTES ZBERE” T
(2) Reduced preweaning and postweaning growth
performance.in affected offspring; and

2R AR 32 5% Wi Jg A A Wl m Ja A A K P e
(3) Suchadverse effects of IUGR can be carried for
up to five generations.

IUGR 5§ ji2 By X L& 4 [ 1F H B8 77 S2 KB A

Freking et al. Anim Reprod Sci. 2016;167:16-21






Fetal and Neonatal Programming

fa JLAE AR ) LR R AL

The intrauterine environment of the conceptus (e.g., fetal
nutrition and endocrine status) may alter expression of
the fetal genome and have life-long consequences. This
phenomenon is termed ‘“fetal programming’.
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B

HHIRIE, FHreELLERNEH . Jiﬂ’f)rﬂ%lﬁﬂﬁ “Br)LEE

)?,[/h”

Structure =D,
?}ﬁomn . Growth 4 K
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Hafner SJ. Biomed J. 2016;39:166-76.



Fetal and Neonatal Programming G 5,45 DT SRS
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Nutrients -
ExE

Epigenetic Regulation of Gene Expression
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Hafner SJ. Biomed J. 2016;39:166-76
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Fetal and Neonatal Programming
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Major Donors of Methyl Groups for DNA and Protein Methylation
DNAFIZE H FEMAK T EREEF A

—SE M Dihydrofolate

DMG = Dimethylglycine
l THFA = tetrahydrofolate
N3,N°-Methylene-THFA N5N"0-3F B 5 [0S HER Vit = Vitamin

Vit B, vitgf Oveine AR
HHEEB, 4B, Serine Z=I&
N°-FHE-JIS R N5-Methyl-THFA THLE{Aﬁ*qu@ Folic acid M
[m] B4 - B R
Homocysteine Methionine E&5 &
4 Vit B,

H3EW, Betaine  DMG + _—
I SR S-Adenosylmethionine s.fR# HRREEB

DNA, Histone
% choile DNA, AEH
: DNA-CH;, Histone-CH; (FRZ:DNA,

S-Adenosylhomocysteine TEAER)

S-IRH R BBk = 58

Brosnan et al. Biochem J. 2015;472:135-46



DNA Methylation Explains Transgenerational Effects of Nutrition

DNA F ZEAC R & 77 s R AL RN

£
5 ATCGAT .,

Parent DNA strands

. 3’ TAG?TA 5’ WEDNALE
ATCGAT / % I\ "ATCGAT

ITLITI

TAGCTA Unmethylated-datghter TAGQTA

DNA strands
CH,

l {24k % )L IDNA%E l
CH, CH

ATCGAT ATCGAT

Methylated daughter m

TAGCTA DNA strands TAGCTA
CH REA L LKIDNAEE CH,



IUGR Reduces Expression of Many Genes in the Porcine
Placenta and Fetus, Including Nitric Oxide (NO) Synthase

IUGRFHEBPE RG R ARG )L F 2 RN R L, AF AN A58

NADPH + H* NADP*
NO Synth
L-Arginine + O, \~ % as@/* NO + L-Citrulline
Tetrahydrobiopterin
L-RAR 2 s LIRAR

Wuoetal. (2008) Amino Acids 2008; 35:691-702



Placental Growth and Uteroplacental Blood Flows

BE 2 A4 KA+ B G AL I

The placentais the organ that transports nutrients,
respiratory gases, and the products of metabolism

between maternal and fetal circulation.
e ZRHA S G )L BliEmE 7= . S-SR, BRI T=YIRIESE -

Placental growth (including vascular growth) is crucial

for fetal growth and development.
fREARK (BRLEEK) M TEIAERH X EERER.

£ (.

j S
KHE kL
Blood Flowjf[Lﬁ
(NO)

Reynolds et al. J Physiol 572: 51-58, 2006.



Rates of uteroplacental blood flows depend.on
placental vascular growth, which results from
angiogenesis (the growth of new vessels from

existing ones) and p/acental vascularization.

T E AR Fi AR R T iR E AR S, e 008 A K 5 A
B (ETEAMERFERAR) NGEINEEER.

Placental growth
REAEK Uteroplacental blood flows
Placental vascularization e A=l

=EAlIN
Motla éus
e VL

Blood Flowjf[Lﬁ
(NO)

Reynolds et al. J Physiol 572: 51-58, 2006.



Impaired Placental Blood Flow inllUGR
IUGR# 175 i £ il i

Insufficient uteroplacental blood flows and reduced transport
activity in natural uterine insufficiency.

H R0 F 7B e RN T 5 IS SR 12 15 Y REK

Both undernutrition of adult ewes and overautrition of
adolescent ewes during pregnancy reduced placental
proliferation and placentalexpression of angiogenic factors.

P27 39 18] A BF = BRE FEAA R A 8 1S TR 30~ R A

2 fo 39 5 A e A 1 B AR R ek
Motrb éus
EHZ!E/ k)lj
Blood Flow Jf[Lﬁ

Wallace at al. J Physiol 565: 19-26, 2005. (NO)



Arginine KZEK

Placental Placental
vascular blood
growth flow

Ja A B A K fa A i s

Nuftrient B LAEK
M B [ transfer
LIEFD | frommother | —> Fetal Growth
Jii ¥ iz to fetus

Wu et al. J Nutr 134: 2169-2172, 2004.



Arginine, Glutamine and Proline Enhance
Protein Synthesis in the Porcine Conceptus

REaR. FEABBENEERRIERESTRNELR SR

K=Y EPT . [FAM
Proline «———Arginine

l EPT fa#ishHZ | EPT = Extra-placental
5=® Ornithine tissues

lonc ,.ﬂ Glutamine &2 & Bii%

z#Z Polyamines  apq *) Leu. Pro

(+) l WA (+\ /Jr) AR WER

Protein synthesis ﬁ Amino acids

B AR fe)y  Eum
NO

Wang XQ et al. (2016) Biol Reprod






Dietary L.-Arginine Supplementation Enhanced Fetal Growth in Pigs
H AR INL- 5 R e i 2 I A2

* P— : ..
P=0.10 - Alanine  Arginine
** P<().03 A& fE= %
: 14 - 18 - s 3k
14
* &k i
12 ) ij |
“} i =] ID T
E i
= 81 S o0 10 -
5 o g 6 = 84
4 Yy :
3 N 3
0 - 0A . 0
Total Piglets Born Total Piglets Born Alive Ave. Litter Weight
B BER FEHEE

Gilts (n = 53)were fed a corn- and soybean meal-based diet supplemented with 1%
L-arginine<HCl or isonifrogenous L-alanine between Days 30 and 114 of gestation.

EHIR30-114 K, & tHE AR T R- RS EMBR, HPRn%tL-BEER
BB REBSZFERAEE (n=53)

Mateo et al. (2007) J. Nutr. 137: 652-656.



Dietary supplementation with arginine (Arg) increases the
volume of fetal fluids and conceptus survival and growth in
gilts (Days 14 — 25 of gestation).
HRASINBRBRIENG & tHE (T14-25 K808 s, 28RliE®E

ALK,
Variable Z= Control 0.4% Arg 0.8% Arg
Number of gilts (n) E&8%% 14 15 14
Live fetuses (n) i/ 10.5P 12.72 12.22
Embryonic mortality (%) 2472  11.2° 10.1°
N A S )
Total placental weight ( 93 1252 1132
Placental welg/Wag)
Total amniotic fluid (mL) 2.52b 4.06° 3.42°
KR
a-b: P<0.05

Li et al (2014) Amino Acids 46:375-384



Worldwide Studies that Reported Beneficial Effects

of Dietary Arginine Supplementation on Embryonic
and Fetal Survival in Gestating Sows

TRRL AN NS R ER X U Uk B B G A BRLZE 8 =4 A FIME H
7E tH 590 Bl P9 B e

B AHIE Australia (De Blasio et al. 2009): 1% Arg (d 17-33)

1 [H China(Gao et al. 2012): 0.8% Arg (d 22-114)
o] = The Netherlands (Ramaekers et al. 2006): 1% Arg (d 14-28)
HPI= New Zealand (Campbell 2009): 1% Arg (d 14-28)
i  sweden (Bérard and Bee 2010): 1% Arg (d 14-28)
XHE  United States (Lietal): 0.8% Arg (d 14-28)

Wu et al. (2013) Amino Acids 45:241-256



Reproductive performance of gilts fed diets supplemented
with or without 1% glutamine (d 30 — 114 of gestation)

H R EASINEBAZSIN %A 2B Ja 28 (dER30-114%)

HKHE R
Variable & & ~Control  Glutamine
'[,ﬂg%l t@gﬁ%%gg%\{e per litter, n 10.2 + 0.70 10.4 + 0.65
%%%rﬂ %%‘%ﬁ%& illﬁgiélets born alive, kg 1.33 + 0.04 1.41 + 0.03*
Imﬂ%%%e{%g E%t £g%f%£|| live piglets, kg 13.7 + 0.75 14.7 + 0.59*
¥%a§%% H?%%%ﬁ%%ﬁ%g all piglets born, % 164 + 09  11.0 + 0.6
?%ﬂ&%r%i ﬁg&%@%ﬂ%g live-born piglets, % 143 + 07  10.6 + 0.5*

Wu et al. (2011) J Anim Sci 89:2017-2030



Reproductive performance of gilts fed diets supplemented
with or without two functional amino acids (Arg + &in)?2

HRBINeE AT st E 2R ORABREZARE) X%

BE3E S Ae IR
Variable Z&& Control Arg+Gin Pooled
(n=32) (n=30) SEM

Total piglets born per litter, 5 & {35 B4 5% 11.03 11.90 * 0.40
Total piglets born alive per litter, & & {Fafeia 24 9.91 11.33* 0.33
Total litter wt at birth for all piglets born, kg 14.6 16.0 * 0.36
FEHEHEEE

Total litter wt at birth for all live piglets, kg 13.4 15.4* 0.32
BEAOFRBREE

Piglets born dead per litter, | E 4758 AT £ 1.13 0.57 * 0.12
Variation in birth weights among all 15.1 11.5* 0.53

piglets born alive, %
A A% B E S R =5

2 0.4% arginine + 0.6% glutamine (d 30 - 114)
Wu et al. (2010) J Anim Sci 88: E195-E204



CONCLUSION i

Fetal growth is controlled by complex interactions among genetic,
epigenetic, and environmental factors, as well as‘maternal maturity.
FEILE AR ZBIER . RWEE. FIRE R DR S A R

B R3Z BAEHRREE.

These factors regulate placental growth (including placental
angiogenesis and vascular growth) and, therefore, utero-placental
blood flows and the transfer of nutrients from mother to fetus.
XERRAERENAK (AERELEESMDEEK) . T5-Hk
% 1 I 2 DA RS TR R M BHA R iR LB H 22

IUGR results from disturbances of these maternal and fetal
homeostatic mechanisms. If has important implications for pig
growth and feed efficiency.

XRS5 ia ) LIEPFE LB S8l =~ S BUUGRAY 4. XX#EHAEKS
TR EAEERARE.

Improving amino acid and vitamin nutrition may provide an effective
means to prevent and treat adverse impacts of fetal and neonatal
programming in swine. B(E EPRE R ERM AL R ST, PR EG)LAH
AR HERE A B 2 WA 8077k



ACKNOWLEDGMENTS
BN

Grant support. NIH, Texas A&M University,and USDA.

Colleagues: Drs. Fuller Bazer, Robert Burghardt, Youngqging Hou,
Greg Johnson, Sungwoo Kim, Defa Li, Cynthia
Meininger, FenglaiWang, Junijun Wang, Yulong Yin

Assistants: Graduate Students, Postdoc Fellows, and Technicians

National Science Foundation of China,

_l_-_J_S DA United States National Institute Texas A&M University
,,,__- Department of ~ of Food and National Institutes of Health (USA)

Agriculture Agriculture Ajln(}mOtO |nc (Japaﬂ)
Henan Yinfa Animal Industry Inc.




	幻灯片1
	幻灯片2
	幻灯片3
	幻灯片4
	幻灯片5
	幻灯片6
	幻灯片7
	幻灯片8
	幻灯片9
	幻灯片10
	幻灯片11
	幻灯片12
	幻灯片13
	幻灯片14
	幻灯片15
	幻灯片16
	幻灯片17
	幻灯片18
	幻灯片19
	幻灯片20
	幻灯片21
	幻灯片22
	幻灯片23
	幻灯片24
	幻灯片25
	幻灯片26
	幻灯片27
	幻灯片28
	幻灯片29
	幻灯片30
	幻灯片31
	幻灯片32
	幻灯片33
	幻灯片34
	幻灯片35
	幻灯片36
	幻灯片37
	幻灯片38
	幻灯片39
	幻灯片40
	幻灯片41
	幻灯片42
	幻灯片43
	幻灯片44
	幻灯片45

