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Introduction: Pigs and stress?

=  Why monitoring chronic stress?

Short communication

" Anima | we Ifa re Hair or salivary cortisol analysis to identify chronic stress

i in piglets?
= Economical aspect
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e Abstract
[ ] H OW ? Hair cortisol might better represent chronic stress than salivary cortisol in piglets. To
° test this hypothesis, 24 female, 7-day old piglets were allocated to two groups and artificially
. . . reared. The piglets in the stressed group were exposed to overcrowding (0.10 m¥piglet) and
requent mixig with unfamiliar paglets until the age o ays. The control group remained 1in
= Body weight, weight gain frequent mixing with unfamiliar piglets until the age of 28 days. Th I group remained i
. an unchanging group at a density of 0.29 m?/piglet. After 3 weeks, stressed animals had gained
an d fe e d conversion significantly less weight (median, here and throughout, 7.58 kg) than the control animals (6.43
kg: P=0.021). Additionally, hair from the stressed group contained significantly higher cortisol
[ ] B e h aviour concentrations (87.29 vs. 75.60 pg/mg hair; P = 0.005), whereas salivary cortisol concentrations
did not significantly differ between groups (0.30 vs. 0.25 pg/dL saliva: P = 0.447). Weight gain
™ B I 00 d and hair cortisol concentrations were significantly correlated (P = 0.036, r = -0.430), but neither

of these parameters were correlated with salivary cortisol concentrations (P = 0.929, r=0.019

- CO rt i SO I i N h a i r and P =0.904, r = 0.026, respectively).
. . evwords: Chronic stress: Cortisol; Hair: Pig: Saliva
Salivary cortisol Rewords: Chionie stess: Cortisol Hai: Pig:




Introduction: Why saliva?

* |ssaliva a valuable diagnostic biofluid?

Fold
] N on- | nvas ive te C h N |q ue Protein change | Type of stressor [Reference
Cortisol Up Acute and chronic [Parrotet al., 1989
- Stress_free CO”ECtIOﬂ ;mljnunoglobulin A Up Acute Muneta et al., 2010
alivary a-amylase Up Acute Fuentes et al., 2011
. Interleukin-18 U Acute Muneta et al., 2011
" N O t ra I n ed Staff Chromogranin A UE Acute and chronic [Escribanoet al., 2012; Casal et al., 2016
Serum amyloid A Up Acute and chronic [soleretal, 2013
u Ra p | d resu |tS Testosteron Up Acute Escribano et al., 2014
Odorant-binding protein Down Acute Fuentes-Rubio et al., 2014
Albumin Up Acute Fuentes-Rubio et al., 2014
Lipocalin 1 Down Acute Gutiérrez et al., 2017
Salivary lipocalin Down Acute Gutiérrez etal., 2017
Prolactin inducible protein Down Acute Gutiérrez et al., 2017
Adenosine deaminase Down Acute Gutiérrez etal., 2017
Carbonic anhydrase VI Up Acute Gutiérrez etal., 2017
Protein S100-A12 Down Acute Gutiérrez et al., 2017
Protein S100-A9 Down Acute Gutiérrez et al., 2017
Protein S100-A8 Up Acute Gutiérrez et al., 2017
Immunoglobulin M Down Acute Gutiérrez st al., 2017
Double headed protease Up Acute BT el AT
inhibitor submandibular gland
Haemoglobin Up Acute Gutiérrez et al., 2017




Material and methods: Experimental setup

= Stressors: =  Parameters:
= Qvercrowding = Weight gain
=  Control group: 0.29 m?/animal =  Hair cortisol
= Stress group: 0.10 m?/animal = Salivary cortisol
= Legal minimum: -

Salivary shotgun proteomics
0.15 m?/animal (<10 kg)

= No cage enrichment
= Mixing with unfamiliar animals d



Material and methods: Weight gain and cortisol

Micro*SAL™

Small Animal Saliva Collection System
Catalog Number MRSAL-403
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Material and methods: Salivary analysis
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Results: Weight gain

Weight gain during experiment
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*P = 0.021 (linear mixed models, P<0.05). For each group the
median (thick line), the 25t and 75t percentile (thin lines) and the
5t and 95t percentile (dotted lines) are shown.




Results: Cortisol concentrations
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*P = 0.005 (linear mixed models, P<0.05). For each group the median (thick line), the 25t and 75t percentile (thin lines) and the

5th and 95t percentile (dotted lines) are shown.



Results: Correlation assay
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Results: Salivary shotgun proteomics

596 proteins identified
7 proteins with a significant (>1.4) fold change
Number
Accession |of unique| Fold | Up or
Name protein number | peptides [change| down
1 [Acidic mammalian chitinase I3LL32_PIG 7 1.49 J
2 [BLAST: Long palate, lung and nasal epithelium protein 5 | F1S503_PIG 8 1.53 NV
3 [Haemoglobin subunit alpha HBA_ PIG 7 1.51 ™
4 |Lipocalin 1 LCN1_PIG 10 1.48 N
5 | Odorant binding protein OBP_PIG 9 1.99 J
6 |Salivary lipocalin SAL_PIG 11 1.41 J
7 | BLAST: Vomeromodulin F1S502_PIG 16 1.54 J




Results: Salivary shotgun proteomics

BLAST: Long palate, lung and nasal

Acidic mammalian chitinase (I13LL32_PIG) epithelium protein 5 (F1S503_PIG) Haemoglobin subunit alpha (HBA_PIG) Lipocalin 1 (LCN1_PIG)
. 40 =
E 12 12 L4 g 12 :
o 3 < 35
! g 3
a 2 =y = o) 2
= © =
10 _':-_‘C @ _ 10 . & a0 510
e 59 . e = = b=
* e * E [}
......... = £ 8
z £a . . 2 . -
08 2% 08 2 25 £ 08
P e 2 g
5o 8 g
E £ . ® 20 = S
E 06 2 2 06 e £ " e é 06
3 za ' g | e . £
S §d T 15 °
< o 3 @ 5
y 23 £ : . 2 52
" g5 o 3 ; = u 2o
S 2 H
E: 3o 3 10 "= s
2 E- o 0 e L)
8 8 2
k 0.2 2 2 e = 0.2
2 § % € o5 * 3 :
2 g &
T
-3
29 Control group Stressed group 00 o e e 0 Control group Stressed group 29 Control group Stressed group
P=0.149
Odorant binding protein (OBP_PIG) Salivary lipocalin (SAL_PIG) BLAST: Vomeromodulin (F1S502_PIG)
25 25 12 =
. —_—
= . G
o = .
g, = & —_
o 9 2 10
8 20 & 20 2 .
(] 2 by * *
£ g = .
3 £ .
s 5 08 ¢
¥ 3 e
5 15 £ 15 "
= 2z ff—
3 .
£ . E —%= 06 s
g 3 g %
s I
° by . ! -— . < -
P L 2 10 2 ’
o * ] . 1
2 L 2 . - g 04
5 o 5
° - 2 a—
£ . . g .
-1 2
> 05 -ﬂ . % 05
2 A o @ 02
k] - . £
2 &
K g
09 Control group Stressed group 00 Control group Stressed group o Control group Stressed group
P=0.166

* P<0.05 (linear mixed models). For each group the median (thick line), the 25™ and 75t percentile (thin lines) and the 5t
and 95™ percentile (dotted lines) are shown.



Discussion

Protein Fold change | Type of stressor |Reference

Cortisol Up Acute and chronic [Parrotetal., 1989
Immunoglobulin A Up Acute Muneta et al., 2010
Salivary a-amylase Up Acute Fuentes et al., 2011
Interleukin-18 Up Acute Muneta et al., 2011
Chromogranin A Up Acute and chronic g;clrébano et al.,, 2012; Casal et al.,
Serum amyloid A Up Acute and chronic |[Soler etal., 2013
Testosteron Up Acute Escribano et al., 2014
Odorant-binding protein Down Acute Fuentes-Rubio et al., 2014
Albumin Up Acute Fuentes-Rubio et al., 2014
Lipocalin 1 Down Acute Gutiérrez et al., 2017
Salivary lipocalin Down Acute Gutiérrez et al., 2017
Prolactin inducible protein Down Acute Gutiérrez et al., 2017
Adenosine deaminase Down Acute Gutiérrez et al., 2017
Carbonic anhydrase VI Up Acute Gutiérrez et al., 2017
Protein S100-A12 Down Acute Gutiérrez et al., 2017
Protein S100-A9 Down Acute Gutiérrez et al., 2017
Protein S100-A8 Up Acute Gutiérrez et al., 2017
Immunoglobulin M Down Acute Gutiérrez et al., 2017
Double headed protease inhibitor submandibular gland Up Acute Gutiérrez et al., 2017
Haemoglobin Up Acute Gutiérrez et al., 2017




Discussion

Protein Fold change | Type of stressor |Reference

Cortisol Up Acute and chronic [Parrotetal., 1989
Immunoglobulin A Up Acute Muneta et al., 2010
Salivary a-amylase Up Acute Fuentes et al., 2011
Interleukin-18 Up Acute Muneta et al., 2011
Chromogranin A Up Acute and chronic g;clrébano et al.,, 2012; Casal et al.,
Serum amyloid A Up Acute and chronic |[Soler etal., 2013
Testosteron Up Acute Escribano et al., 2014
Odorant-binding protein Down Acute Fuentes-Rubio et al., 2014
Albumin Up Acute Fuentes-Rubio et al., 2014
Lipocalin 1 Down Acute Gutiérrez et al., 2017
Salivary lipocalin Down Acute Gutiérrez et al., 2017
Prolactin inducible protein Down Acute Gutiérrez et al., 2017
Adenosine deaminase Down Acute Gutiérrez et al., 2017
Carbonic anhydrase VI Up Acute Gutiérrez et al., 2017
Protein S100-A12 Down Acute Gutiérrez et al., 2017
Protein S100-A9 Down Acute Gutiérrez et al., 2017
Protein S100-A8 Up Acute Gutiérrez et al., 2017
Immunoglobulin M Down Acute Gutiérrez et al., 2017
Double headed protease inhibitor submandibular gland Up Acute Gutiérrez et al., 2017
Haemoglobin Up Acute Gutiérrez et al., 2017
Acidic mammalian chitinase Down Chronic

BLAST: Vomeromodulin Down Chronic

BLAST: Long palate, lung and nasal epithelium protein 5 Down Chronic




Discussion

Protein Fold change | Type of stressor |Reference

Cortisol Up Acute and chronic [Parrotetal., 1989
Immunoglobulin A Up Acute Muneta et al., 2010
Salivary a-amylase Up+ Acute and chronic [Fuentes etal., 2011
Interleukin-18 Up Acute Muneta et al., 2011
Chromogranin A Up Acute and chronic g;clrébano et al.,, 2012; Casal et al.,
Serum amyloid A Up Acute and chronic |[Soler etal., 2013
Testosteron Up Acute Escribano et al., 2014
Odorant-binding protein Down Acute and chronic [Fuentes-Rubio et al., 2014
Albumin Up Acute Fuentes-Rubio et al., 2014
Lipocalin 1 Down Acute and chronic [Gutiérrez et al., 2017
Salivary lipocalin Down Acute and chronic? |Gutiérrez etal., 2017
Prolactin inducible protein Down Acute Gutiérrez et al., 2017
Adenosine deaminase Down Acute Gutiérrez et al., 2017
Carbonic anhydrase VI Up Acute Gutiérrez et al., 2017
Protein S100-A12 Down Acute Gutiérrez et al., 2017
Protein S100-A9 Down Acute Gutiérrez et al., 2017
Protein S100-A8 Up Acute Gutiérrez et al., 2017
Immunoglobulin M Down Acute Gutiérrez et al., 2017
Double headed protease inhibitor submandibular gland Up Acute Gutiérrez et al., 2017
Haemoglobin Up Acute and chronic? [Gutiérrez etal., 2017
Acidic mammalian chitinase Down Chronic

BLAST: Vomeromodulin Down Chronic

BLAST: Long palate, lung and nasal epithelium protein 5 Down Chronic

Not detected in all sampl




Discussion

Protein Fold change Type of stressor |Reference
Cortisol Up Acute and chronic  [Parrotetal., 1989
Immunoglobulin A Up Acute Muneta et al., 2010
Salivary a-amylase Up* Acute and chronic |Fuentes etal., 2011
Interleukin-18 J., 2011
Chromogranin A . al., 2012; Casal et al.,
, . Biomarker )
Serum amyloid A | Biomarker 4 Biomarker 013
Testosteron acute stress acut_e an chronic stress Gl
Odorant-binding p chronic stress io et al., 2014
Albumin io et al., 2014
Lipocalin 1 al., 2017
Salivary lipocalin . . . AC Ute St Fress al., 2017
Prolactin inducible al., 2017
Adenosine deamin] al., 2017
Carbonic anhydras . al., 2017
Protein S100-A12 . . . Ch ronic Stress al., 2017
Protein S100-A9 al., 2017
Protein S100-A8 al., 2017
Immunoglobulin M al., 2017

Double headed protease inhibitor submandibular gland Up Acute Gutiérrez et al., 2017
Haemoglobin Up Acute and chronic? [|Gutiérrez etal., 2017
Acidic mammalian chitinase Down Chronic
BLAST: Vomeromodulin Down Chronic
BLAST: Long palate, lung and nasal epithelium protein 5 Down Chronic

Not detected in all sampl




Conclusion

= Saliva is a promising tool to detect chronic stress in piglets

= Significant differences in salivary proteome profile between the
control group and the chronically stressed group

= Further validation of candidate biomarkers:
= Different protein detection methods
= Larger sample size
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