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Physiological equilibrium
(= homeostasis)

The state of steady internal physical

and chemical conditions maintained by
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Stress —the loss of homeostasis
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Restoration of homeostasis Is a
multi-system procedure
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It is all about channeling & utilizing all available resources!



The necessity for evaluating stress

In farm animals
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o Animal welfare — represents the way we look after
animals

o Animal performance enhancement: homeostatic
animals perform (= produce) better, as resources
are channeled for production instead of coping
with stressors

o Improving farmers profitability
(fertility, growth rate, milk production etc.)



Environmental enrichment in dairy goats

Rational:

Goats are very rustic(rural) & herd animals, live in groups mostly in
pasture. Relocation to intensive framing may result in:

Husbandry related stress [Sevi et al.(2009); Grandin et al.(2015)]

Lack of resources, competition between individuals and aggressiveness
[Sevi et al.(2009); Barroso et al.(2020)]

Lack of enrichment (boredom) and aggressiveness
[Wemelsfelder et al.(1986)]

Tampered physiological, immunological and productivity parameters
[Kannan et al.(2000); Miranda-de la Lama et al.(2013); Nwe et al.(1996); Fazio et al.(2015)]
Environmental enrichment can alleviate husbandry related stress

[Aschwanden et al.(2009); Mandel et al.(2013)]



Experimental design:
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Classic physiological & hematological

parameters:

Complete Blood count (CBC)
Within normal reference range and with no significant @
changes following the environmental enrichment! q

Blood Biochemistry

Dry Goats Milking Goats

Parameter Mean += SEM Mean + SEM P-Value
Control Enriched Control Enriched
Albumi.n [gde} 3.30 4+ 0.132b 3.56 4+ 0.16 2P 3.70+0.19° 3.10+0.10°F *0.0325
ALT (U/L) 16.50 £+ 0.58 ¢ 14.34 +0.722bP 13.12 + 0.33F 15.51 + 0.44 2P *0.0030
Sodium (mmol /L) 146.36 + 0.60° 148.5 + 0.47 2 149.75 = 0.55° 1464 + 046" *<0.0001
Chloride (mmol /L) 104.47 4+ 0.54° 107.13 + 0.93° 107.24 + (0.97 @ 103.35 + 0.66 P *<0.0001
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Oxidative metabolites status:

 Reduction in serum advanced glycation end products (AGE) only in dry
goats group post enrichment — indication of reduction in oxidative stress in

this group

Glucose e————> Schiff base «——— Fructosamine

R-NH2
Or Arginine

RNH2 RNH2
Or Arginine Or Arginine
Endproducts
Carboxymethyl-lysine
Lipid peroxidation Pentosidine Glycolysis,
(glyoxal, methylglyoxal) Pyrraline Methylglyoxal,
Glucosepane 3-deoxyglycosone
Hydroimidazolones,
efc

Chen et al., Nutrition & Metabolism 15: 72, 2018

AGE concentration (mcg/ml)
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Immune related anti-oxidant: Transferrin

o4
* Reduction in serum Transferrin levels in dry enriched group — indication of
reduction of oxidative stress in this group and the opposite in milking
enriched group!
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Immune (stress related) gene expression In PBLS

Dry goats:

No change in HSP-70: multi-specie cellular marker

* Declinein pro-inflammatory cytokines gene expression

 Decline in immune related anti-oxidants (Lysozymeé&Transferrin) gene
expression

« Decline in 3/4 genes of interest in dry enriched group — indication of
reduction in stress in this group.

2.5

2.0

1.5

1.0

0.5

Relative Normalized Expression

30 1

0.0 L

N=48, *p<0.05 |

I * :

I * * ]

ol = 3
HSP-70 IL-1R Lysozyme IL-6 Transferrin

Control - Enriched -



Immune (stress related) gene expression In PBLS

Milking goats:

Incline in HSP-70: multi-specie cellular marker

Incline in pro-inflammatory cytokines gene expression

Incline in immune related anti-oxidants (Lysozyme&Transferrin) gene
expression

Incline in 4/4 genes of interest in milking enriched group — indication of
elevation in stress in this group
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Anti-stress hormone — Oxytocin:

* Reduction in serum Oxytocin levels in dry enriched group — indication of
reduction of stress in this group and the opposite in milking enriched group

20

-
(5]
1

10 -

Serum Oxytocin concentration (ng/ml)

(5]
1

Milking status
Dry
I Control
I Enriched

ab
b
I c I

Milking

N=48, *p<0.05

Control Enriched Control
Treatment

Enriched

Hypomlallmm
s / Pnulhrlyglmd
OXTR | Adrenal gland
BLA 7
: 3
v Catecholamines.

- Infant vocalization (human) - Eye contact (human, dog) [

Pituitary gland

Oxytocin/. "

( Auditory stimuii | { Visual stimi |

Social signal stimulating
Oxytocin release

- Infant odors (goat)
Olfactory stimuli

Olfactory function

- Individual cognition
(mouse, sheep)

- Nipple stimuli (rat, mouse, human)
- Stroking (rat, mouse, dog, human)
- Uterine stimulation (sheep, rat)

Physical stimuli

Physiological outputs

- Milk production (rat, mouse, sheep, cow, human, etc.)
- Pain relief (mouse, rat, human)
- Stress alleviation (rat, sheep, human)

Behavioral outputs

- Maternal Behavior (rat, mouse, human)
- Bonding formation (vole, sheep)

- Social cognition (mouse, human)

« Anxiety relief (mouse, rat, human)

- Eye-contact (human)

- Trust (human)

Oxytocin regulation on
physiology and behavior



Oxytocin effects:

NERVOUS SYSTEM Bmmw.,.m
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= 1 formation of chondrocytos (osteoarthritis)
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Mehdi et al., Frontiers in immunology 13, 2022



Anti-stress hormone — Serotonin:

« Elevation in serum Serotonin levels in dry enriched group — indication of
reduction of stress in this group, while no change in milking enriched group
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conclusions:

Stress involves biochemical and physiological responses of multiple
systems: nervous, endocrine and immune.

The use of physiological, biochemical and immunological markers,
allows early detection of stressors in different husbandry practices.

Environmental enrichment (stages & brushes), affected the goats in an
opposite manner (depending on their physiological statuses); alleviate
stress in the dry goats, while induces stress in the milking goats.

It is recommended to continue and research for other means to
alleviate stress in farm animals, using the described methodology and
while keeping in mind that animals in different physiological statuses,
can react differently. Most importantly: “Primum non nocere”




Additional reading:
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