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Understanding the Biological Stress of Early
Weaned Piglets
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Weaning Stressors
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most stressful periods in a pig’ s life
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Housing, nutrition, health, and management are technologies

used to reduce effects of weaning
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Pigs experience significant physiological, environmental, and social

challenges around weaning
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Stressors result in predisposition

to subsequent disease and other production losses in

growth, intake, morbidity and mortality
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Removal from sow and littermates
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The Weaning Phase
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weaning period is characterized by:
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Weaning is a Stressful Event
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intake and growth
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inflammation
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induces intestinal breakdown
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Eorly inflammation.impact’ s subsequent pig
performance
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Feed intake and weaning
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When weaned, the piglet must adapt to abrupt changes
in diet
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reduced initially after weaning
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The pig becomes malnourished and suffers from reduced growth
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Metabolizable Energy intake and weaning
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60-70% Metabolizable

energy is reduced by 60-70%
of pre-weaning intake by the
end for the 15t wk
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&F;x/\ IZX'E Approximately

2 wks post-weaning to recover
ME intake levels
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Fig 1. Effect of weaning between 3 and 4 weeks
of age on voluntary metabolizable energy intake
in piglets. (adapted from Le Dividich and Seve
DAE 19:63)
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Weight gain in first week impacts performance
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100-250 gfxE  Pigs

lose about 100-250 g BW the first
day after weaning.
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gain the first week impacts
subsequent days to market
(Tokach et al.,1992)
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Producers can utilize feed
ingredients or additives to
increase feed intake
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Structure and Functional changes of intestine and weaning
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The intestine aids

in the absorption of nutrients to help pigs grow
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Physiological changes in structure and function of the
infestine occur during weaning

— ’—7%‘ \ HEZLIQ%D ﬁ\fL[\_/,\ Enzyme activities, absorption, ana
secretion

» IRUNEE T2 BN, M iaRFELER
Absorpftive capacity is affected and can influence feed
efficiency (Pluske et al., 1997)
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Structure Changes at Weaning
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Hampson et al., 1986, Res. Vet. Sci. 40:32
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Digestive Enzyme changes at Weaning
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 Changes in digestive and pancreatic secretions can impact the intestine’s
digestive, absorptive and secretive capacity and finally barrier function
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Digestive Enzyme specific activities Time post-weaning
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Lalles et al., 2004, Anim. Res. 53:301 Wr W HT A & 47 Eb{E Values in percentage of pre-weaning values
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Inflammation associated with weaning
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When the intestinal barrier is compromised, it can result in

inflammation
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Consequences of weaning also result in reduced intestinal
barrier function (Spreeuwenberg et al., 2001; Boudry et
al., 2004; Moeser et al., 2007)
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Inflammation and Gut Barrier Function

o EXEFRKREEINGEME FIRAIIRUL  Intestinal Inflammation

reduces barrier function and absorption of nutrients
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Toxins stimulate lymphocytes to secrete cytokines that dissemble tight junction proteins or
reduce their expression and incggfé?e permeability
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Breakdown in the Intestinal Barrier
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Stress-induced Gl dysfunction
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Breakdown of tight junctions
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Increased intestinal permeability )
and inflammation
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Increased production loss due to g‘i

scours, low weight gain, sickness
and death.
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Net absorption is reduced in weaned pigs
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Weaned pigs had less net
absorption of fluid, sodium, and

chloride compared to unweaned
littermates.
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'ﬂfE e u&l—lﬁ E. coli infected

segments of weaned pigs had
reduced absorption compared to
infected unweaned pigs

Nabuurs et al., 1994; Res. Vet. Sci. 56:379
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Mean net absorption of fluid, sodium, chloride, and potassium in
uninfected and ETEC-infected segments of unweaned and
weaned pigs (adapted from Nabuurs et al., 1994 56:379)
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Measurement of the Intestinal Barrier:
Ussing chamber technique
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Transepithelial Paracellular flux of
Electrical Resistance (TER) radiolabeled probe
Ohm’s | aw: 3H-Mannitol
R=V/I Paracellfghr Transcellular
Houte Houte

High TER = Good - intact epithelial barrier Low flux rate = Good - intact epithelial barrier
Low TER = Bad — leaky epithelial barrier High flux rate = Bad — leaky epithelial barrier
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Weaning induces breakdown of the intestinal barrier in piglets
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0 High TER — GOOD — intact epithelial barrier 0 High Flux Rate — BAD — leaky epithelial barrier
Low TER — BAD — leaky epithelial barrier Low Flux Rate — GOOD - intact epithelial barrier
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Moeser et al., 2007, Am. J. Physiol. Gastrointest. Liver Physiol. 292:173-181
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Weaning induces stress hormones
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95%  Weaning induced both - T
serum corticotrophin-releasing factor |
(CRF) by 114% and cortisol by 95%

compared to unweaned controls 24 h 02 T\\" . ] —
post-weaning
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stress pathways may mediate

intestinal dysfunction

Moeser et al., 2007, Am. J. Physiol. Gastrointest. Liver Physiol. 292:173-181
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Weaning induced intestinal dysfunction
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Weaning induced intestinal dysfunction

as measure by TER and secrectory
activity is correlated with serum CRF
levels.
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Weaning results in reduced intestinal
barrier function
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Long term changes in intestinal barrier function.
Values represent means * SE, n = 6 animals (adapted
from Moeser et al., 2007, 292:G173)
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Weaning age impacts intestinal barrier function
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As weaning age is increased, intestinal barrier function is
improved as indicated by improved TER and lower

A B C

s 1.0 o.0ns

h
. - oS
b ;— 0z I - b
£ = - = £ b 27 v
g TEw : EE
"u-C- - T_— E E +:.:._r\--"
o = 04
g 5 % Eopus
e
' - L JHI1
1 Ka (=011 ]

14 21 23 28 15 g Fa FaL] 28 15 1= 21 23 i)

Weaning Age Weaning Age Weaning Age

Fig 1. Wi H e X Wiy s == i Be R DI RE AU o AE RS N P93 £ bR, BEMCEE RS LA 4%

Effects of weaning age on post-weaning barrier function in porcine jejunum. Values are means * SE, n = 6 pigs per weaning
age treatment (adapted from Smith et al., 2010, 298:G352)
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Weaning impacts long term barrier function
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Weaning age of 15 or 28 d were evaluated
after 9 wks of age.
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reduced mucosal barrier function and
increased permeability
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Thus, weaning induces breakdown of - .
intestinal barrier function and can impact K13 . 15705 H e R (9 ) 5 i I SRR 5 s Dy 2

Ionger term effects Fig 3. Effects of weaning age and long-term mucosal barrier
function in porcine jejunum harvested from 9 wk old pigs
(from Smith et al., 2009, 298:G352)
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Weaning is associated with increased TNF-a in the intestine of piglets
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“These results demonstrate that
weaning in piglets is associated
with an early and transient
response in gene expression of
inflammatory cytokines in the
gut.”
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Pattern of TNF-a mRNA expression in the proximal, mid-, and distal Sl in the
proximal colon of the intestine of piglets on the day of weaning (d 0) and ond
1, 2, 5, and 8 post-weaning. (Adapted from Pie et al., 2004, J. Nutr. 134:641).
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Immune Stimulation
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(Johnson, 1997; Spurlock, 1997)

Immune stimulation results in production of pro-
inflammatory cytokines, which modulates intermediary
metabolism leading to reduced growth of the animal because
energy and nutrients are shifted to immune pathways.

(Johnson, 1997; Spurlock, 1997)



N FStressors:

The immune response begins
at local tissue sites with
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recruitment of inflammatory cells.
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Neutrophils and

Macrophages
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These stimulated cells produce
pro-inflammatory cytokines,
affecting multiple tissue cells
including the brain, the HPA axis,
the liver, adipose tissue,

muscle and bone.
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Hypothalmic-Pituitary-
Adrenal Axis
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Stimulation of the Acute Phase
Protein Response
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Chronic infusion of IL-1 results in decreased food
intake and body weight
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RS SR i 2 1 1k VEE Y R 20 A/ 25-1B (IL-1, 1.56 ng/hr) & LK B = AMAE ., 7
TERIATR AR, FEFIL-10) R B G R 2H ) S B AR B2 40 1)/ 18 g FlTas g,

Chronic intracerebroventricular infusion of recombinant interleukin-1B (IL-1, 1.56 ng/hr)
decreased food intake and body weight of rats. At the end of the 4-d infusion period, rats
receiving IL-1 had eaten 18 g less food and weighed approximately 15 g less than the vehicle-
infused controls. (adapted from Johnson, 1998, DAE 15:309)
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Effect of Immune System Activation in Pigs fed from 6 to 27 kg BW

oI RG0S X Low 7= High [Ep g e
Immune System Activation Percent Change
P R 0 2 I 7K 1.5% #iZ & Lysine

Criterion and Lysine level

KHE, kg 27.6 26.6 -3.62
Final BW, kg

HX&E&E, g 1,002 911 -9.08
Daily Feed, g

H 3, g 663 504 -23.98
Daily Gain, g

M AER g/kg 662 565 -14.65
Gain/Feed, g/kg

HEHE B GO AR 1.41 1.13 -19.86

E) Protein:lipid (Leanness)

Williams et al., 1997, J. Anim. Sci. 75:2463
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Weaning impacts expression of heat shock proteins
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In 21 and 28 d old pigs, heat shock proteins were tran5|ently increased
after weaning (David et al., 2002)
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Heat shock proteins may play a role in mitigating the negatlve effects associated
with weaning and pro-inflammatory cytokine activation due to their
cytoprotection mechanism by inhibiting pro-inflammatory cytokines and cellular
proliferation (Malago et al., 2002).
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—_/yﬁﬁﬁ-t Further research is needed to understand heat shock protein
modulation and beneficial effects in the intestinal tract.
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HBE/]/_EI‘WJ\ gﬂﬁ Biological alterations in metabolism, immune
et

system, and infestinal functions occur during and immediately after
weaning
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HH El/] =4 n These alterations are both short and long-term
Impochng the pig’ s growth and heailth.
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unﬂi/_l\'f_,, Aﬁﬁ'ﬁi %E/]'L_}“Lliﬁbo It is critical for

swine producers to utilize opproprlo’re health, nutrition, and
management strategies fo minimize adverse effects of weaning stress
and improve swine productivity
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