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} Introduction

SRess
STRESS
& 1
&

Chronic stress causes adverse Pharmacological treatments Animal-assisted interventions (AAls)
psychological and physiological effects may have side effects. have emerged as a complementary
(Faucher et al., 2023). - Growing need for approach for promoting
alternative approaches psychological well-being.
3/40

} Introduction

+ Highly sensitive to environmental and human signals
+ Responsive to behavioral and emotional cues

+ Capable of affiliative bonding
Suitable for providing feedback on human states

(Hama et al., 1996; Merkies et al., 2014; Smith et al., 2016; Smith et al., 2018; Trosch et al., 2019)

4140
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} Introduction

B Importance of integrating psychological and neurophysiological measures

+ Psychological benefits of AAls are consistently reported (pendry et al., 2018; wood et al., 2018).
* However, psychological improvements do not always correspond with physiological changes (ein etal., 2018; Huber et al., 2024).

+ Studies integrating psychological and neurophysiological measures remain limited.

Psychological states Neurophysiological states

A multimodal approach integrating self-reported psychological states with

neurophysiological indicators may better capture the effects of AAls.
5/40

} Introduction

B Neurophysiological markers in AAls
Electroencephalography (EEG)

Oxytocin (1=
Associated with social bonding ﬁ'—{iy Reflects emotional and cognitive states

Heart rate variability (HRV) Lopid
Indicators of autonomic nervous system (ANS)%h )
Reflect sympathetic—-parasympathetic balance "'
h;fs >
1%

Noninvasive measure of neural activity

and affiliative interaction

Cortisol

Biomarker of stress and animal welfare

v
6140

'y

L
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} Introduction
B Neurophysiological mechanisms of stress response

(Physical, Psychological, Social)
T =

Prefrontal Cortex
(PFC)

P Hippocampus Amygdala  Prefrontal Cortex Nuclous of the Locus Coeruleus (LC)
mygda Contest & memory  Emotional processing  Cogtive control Solitary Tract (NTS) Arousal & norsdrenesgic
I Wisceral sensary integration madulatian
Hypothalamus 1 +
(PVN) A
¢ Regulation via Regulaticn of
Brainstem / PVN, BNST, and Amygdalar Nuclei Sympathetic & Parasympathetic Activity
and PVN (HPA Axis)
+ +
W Auonomic Activity HPA Axis SAM Axis HPA Axis
R T T —— Modulation Activation Modulation
Rapid SAM (Sympathetic-Adrenal-Medullary) Axis Slower HPA (Hypothalamic-Pituitary-Adrenal) Axis
— (] 1 Heart Rate (HR) . e
] N 4
KCYR") + ‘ 2 08 o pamnil| | W -vo'o-»%-b;'e-oA-.;a;
Brainstem Nuclei Adrenal Medulla Epinephrine. T Cuygen Consumption PYN CRH Anterior ACTH Adrenal Glucocorticoids
(NTS.LC) Noreginephrine (Hypothalarmus) Pituitary Cortex (Cortisel)
Immediate autonomic responses. Sustained endocrine responses
7140
} Introduction
B Variability in AAl effects across populations and conditions
1. Population differences 2. Baseline perceived 3. Baseline physiology 4. Effect size in healthy 5. Need for rigorous
stress. (endocrine, ANS) populations designs
AAl effects vary across Even in healthy individuals, Differences in baseline In generally healthy To better capture the
study populations effects vary with baseline physiology (endocrine, ANS) populations, effects may be effects of AAls in healthy
perceived stress levels. can influence responses to smaller or more difficult to populations, appropriately

AAls. detect statistically. controlled experimental
ﬁ > &3 ” 5 = B o oy oo e
ﬁ Low stress High stress ' ‘
— D) )" 4
v
ey © @@ o o
clinical populations

system  nervous system

Effect size

(Crump & Derting, 2015; (Owens et al., 2021; Clinical Healthy
(Nimer & Lundahl., 2007). Yotanyamaneewong et al., 2025). Tomarken et al., 2015). populations  populations

B Welfare of participating animals

Monitoring physiological responses is essential in AAls to determine whether these interventions compromise animal welfare.

Salivary biomarkers are widely used to assess endocrine responses in animals during HAIS (Kapteijn et al., 2025).

8140
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} Introduction
B Objectives of this study
+ To investigate emotional, endocrine, neural, and autonomic responses
in humans under experimentally induced stress during EAls

+ To assess endocrine responses in horses during EAls

Hypotheses

1 Short-term EAls are hypothesized to improve psychological and neurophysiological outcomes

in normal individuals under experimentally induced stress.

2 Participation in EAls is hypothesized not to adversely affect the welfare of
participating horses.

9/40

l Materials and Methods

B Participants

* 18 students (9 males, 9 females; 22.22 [2.691] years)

B Ethical approvals
+ 6 horses (1 stallion, 5 mares; 15.83 [2.317] years)

+ Two Thoroughbreds, two Haflingers, and two Quarter Horses

B Ethical approvals

+ Institutional Review Board (Kyungpook National University): 2025-0225
+ Animal Experimentation Ethics Committee (Kyungpook National University): 2025-0389

10/40
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l Materials and Methods

B Experimental procedures

+ Participants completed four distinct activities, at intervals of at least one week, in a randomized

cross-over design.

P ==
jir 8 = [l = ﬂ VI~
Waiting PT TSST \% Activity
| 1T 1T 1 1 1 | 1 1
0 min 20 25 30 35 45 50 70 80 20 100
= saliva sampling ,1 = EEG and HRV recording ] = self-report assessment

11/40

l Materials and Methods

B Trier Social Stress Task (TSST)

» Standardized protocol for inducing psychosocial stress (Birkett, 2011; Kudielka et al., 2004)
+ Performed before each activity session
+ 10 min task (5 min speech + 5 min mental arithmetic)
v Speech task: continuous speaking (prompted if stopped early)
v Mental arithmetic: serial subtraction (restart if incorrect)
+ Stress induction components (Kirschbaum et al., 1993)
v Social-evaluative threat (neutral evaluative panel, video recording)

¥ Uncontrollability (continuous speaking, task restart)

_ 48 -




l Materials and Methods
B Meditation

* Included as a relaxation and comparison condition
+ Participants sat comfortably with eyes closed and remained silent.
+ Instructed to allow thoughts to arise naturally without control or suppression

1 Cognitive stress task

+ Designed to elicit psychological stress using social-evaluative threat and
cognitive demands (Dedovic et al., 2005; Dickerson & Kemeny, 2004).

+ Participants were informed that performance would be scored and
compared to normative data.

+ Task included English vocabulary (TOEFL-level) and mental arithmetic
challenges.

+ Responses were given verbally within a limited time, with neutral feedback

for errors or timeouts.

l Materials and Methods

B Static activity (interaction-focused) B Dynamic activity (task-based)

v Tactile interaction: grooming, rubbing, hugging

¥v" Mane braiding and decorative activities

v Free interaction without supervision

Ayala et al., 2021; Naber et al., 2025

directional control

v Leading the horse through barrels

v Basic riding skills: halting, initiating movement,

v Riding the horse through barrels
¥ &

14 /40
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l Materials and Methods

B Self-report measures
+ Pet Attitude Scale (PAS)
v Measures participants’ attitudes toward animals (Templer et al., 1981)

v 18 items rated on a 7-point Likert scale

« Semantic Differential Method (SDM)
v Assesses emotional states before and after each activity (Osgood, 1957)
v 9 items rated on a 7-point Likert scale

v Evaluates comfort, relaxation, enjoyment, and vitality

15/40
l Materials and Methods
ch BE Gl A ok DAE $ANA Qe FUNL. ol
&
! x H SR ELEL LR "
)‘l?{q?’l\&:§5“l: = ' ¢ g z FL ?[};4 P(,
C T TR " @ edngs W
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e s u 2 D
Semantic Differential Method (SDM)
| e 0XBE S48 7 9L 20 ¥E 29 3% 89 : ‘ : ; j ¢ ; ;
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l Materials and Methods

B Saliva sample collection
= saliva sampling

Waiting PT

TSST

Activity

1 I 1 1 1
0 min 20 25 30 35

I 1 1 LI L 1
45 50 70 80 85 90 100

« For animals, samples were collected in triplicate per activity.

17/ 40
l Materials and Methods
B Hormonal analysis
Baseline: mean of three saliva samples collected -10, -5, and 0 min before TSST (Pérez-Edgar et al., 2008)
é i Oxytocin ELISA Cortisol ELISA
" gj‘i" k e __».  ADI-900-153A (Enzo) 1-3002 (Salimetrics)
1e Sensitivity: 15.6 pa/mL \BLUEERE T sensitivity: 0.007 pgrdL
Intra-CV(%) | Inter-CV(%) | Species | Intra-CV(%) | Inter-CV(%)
Human 2.673 6.508 Human 4.482 10.570
Horse 3.596 8.509 Horse 7.994 19.371
18140
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l Materials and Methods

B ECG (Electrocardiography)

+ Recording for 3 min using QEEG-64Fx system (Laxtha, Republic of Korea)

Waiting ¢ pPr TssT | ° Activity re

I | L || | I I 1
0 min 20 25 30 35 45 50 70 80 920 100

+ Electrodes placed on both wrists.
+ R-peak detection: R (R studio, USA) / HRV analysis: Kubios HRV Scientific Lite (v 4.1.1, Finland)
+ Spectral bands: extremely low frequency (0-0.04 Hz), low frequency (LF; 0.04-0.15 Hz), high frequency (HF; 0.15-0.40 Hz)
+  HRV metrics (Shaffer & Ginsberg, 2017; Song et al., 2026)

v SDNN (the standard deviation of normal-to-normal intervals)

v RMSSD (root mean square of successive RR interval differences)

v LF/HF ratio

19/40

l Materials and Methods

B EEG (Electroencephalography)

+ Recording for 3 min using QEEG-64Fx system and Telescan (Laxtha, Republic of Korea)

ji A A

Waiting 1 PT TSST Activity

I LI 1 I I I
0 min 20 25 30 35 45 50 70 80 90

+ Electrodes placed over prefrontal (Fp), frontal (F), temporal (T), and parietal (P) regions.

¥ International 10-20 system (Song et al., 2026)
+ Power spectral analysis of four bands
v Delta (0.5-4 Hz), Alpha (8-13 Hz),
Low-beta (13-19 Hz), High-beta (20-30 Hz)

v Relative power calculated as band power / total power (0.5-50 Hz)

20/40
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l Materials and Methods

B Statistical analysis
« G*power (v 3.1.9.7, Germany), SPSS (v 29.0.2.0, USA), SAS (v 9.4, USA)

v G*Power: sample size estimation for repeated-measures design

v" Independent t-test: comparison of PAS scores between sexes

v" Principal factor analysis: identification of SDM subscales

v" Linear mixed-effects model (SAS PROC MIXED): analysis of emotional, endocrine, neural, and
autonomic responses with fixed effects of sex, activity, and time

v" Model-based contrasts: targeted pairwise comparisons between time points and activities

v Akaike information criterion/ Bayesian information criterion: selection of covariance structure

21/40

l Results and Discussion

B Pet Attitude Scale scores
EAls study (n = 18)

1504

100 T

50

0 T

Male Female
22140
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B Results and Discussion ‘

B Emotional state scores during EAIs (n=18) .

Values: mean (SE)

« A, B: across time (within activity, p < 0.05)

. Cognitive .
Time point Meditation Static activity Dynamic activity
stress task
Emotional Pre 4.77 (0.259) 4.79 (0.259)A 4.59 (0.259)* 4.98 (0.259)
stability Post 5.04 (0.259)* 3.88 (0.259)%:° 5.62(0.259)%¢ 5.48 (0.259)*
Vit Pre 4.74 (0.241) 472 (0.241)* 439 (0.241)* 4.78 (0.241)*
italit
Y Post 4.72 (0.241)* 4.13 (0.241)8:® 5.61 (0.241)8-¢ 5.91 (0.241)B:¢

< Previous studies have reported improvements in stress and emotional states following EAls

(Chakales et al., 2020; Pasiuk et al., 2023).

« These effects may be associated with increased endorphin release (Brown et al., 2020).

a, b, c: across activities (within time, p < 0.05)

23/40
J Results and Discussion
B Salivary concentrations of cortisol (nmol/L) during EAls (n = 18)
Time point Meditation Cogritive Static activity Dynamic activity
stress task
Baseline 4.23 (0.552)*8 4.59 (0.569)* 3.88 (0.531)*8 3.49 (0.559)B¢
Post-TSST 4.86(0.622)*% 595 (0.639)°C7  4.63 (0.600) 433 (0.634)*""
Post-activity (0 min)  4.61 (0.545)**  6.00 (0.557)*"  3.96 (0.529)**  4.05(0.557)*
+10 min 456 (0.555)°C® 551 (0.570)*%% 356 (0.538)>°  4.02(0.567)*°
+20 min 3.87(0.459)%% 490 (0.473)*" | 3.02(0.450)%7 | 3.32 (0.471)MC*
+30 min 3.85(0.462)P%  4.86(0.473)*%> | 2.84 (0.452) ¢ W
+ Values: mean (SE)
Cortisol A, B, C: across time (within activity, p < 0.05)
Indicator of stress response a, b, c: across activities (within time, p < 0.05)
AAls may facilitate post-stress cortisol recovery in humans. SETG
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B Salivary concentrations of oxytocin (pg/mL) during EAls (n = 18)

Cognitive
Time point Meditation Static activity Dynamic activity
stress task
Baseline 7825 (11.482)"% 8431 (11.482)" 84.68 (11.482)*  56.82 (11.482)M"
Post-TSST 96,05 (12.122)*8  86.16 (11.621) 77.90 (11.873) 70.51 (12.124)*8
Post-activity (0 min) 72.18 (10.827)* 82.27 (10.827) 86.62 (11.212) 76.70 (11.038)*8

+10 min
+20 min

+30 min

97.06 (9.637)%
73.88 (10.856)"F
72.63 (11.083)*

79.62 (9.646)
81.91 (10.856)

82.31(10.763)

91.63 (9.460) 86.09 (9.282)

82.37 (10.856) 67.18 (10.966)*"

79.16 (10.859) 71.88 (11.092)"8

Oxytocin

Associated with social interaction and bonding

+ Values: mean (SE)

« A, B: across time (within activity, p < 0.05)

+ a, b: across activities (within time, p < 0.05)

Dynamic activity may have induced increases in oxytocin through interaction.

25140
B HRV parameters during EAls (n = 18)
Time Cognitive Dynamic
Parameter . Meditation Static activity .
pomnt stress task activity
Pre 63.05 (5.680) 56.49 (5.533) 57.16 (5.569) 55.99 (5.751)
SDNN TSST 56.30 (5.799) 53.90 (5.639) 60.35 (5.681) 57.17(5.877)
Post 59.52 (5.665) 55.32(5.519) 54.20 (5.555) 51.89 (5.735)
Pre 68.77(6.516)*  57.88 (6.519) 59.08 (6.598) 56.35 (6.700)
RMSSD TSST 57.77(6.407)% 5510 (6.410) 63.19 (6.484) 63.56 (6.582)
Post 66.63 (5.766)*** 5570 (5.769)°  61.40 (5.810y  54.16(5.883)"
— Pre 1.14(0.192) 1.21 (0.211) 0.88 (0.199)AB 1.19 (0.198)
) TSST 1.11(0.176) 1.15(0.185) 1.28 (0.186)* 1.16 (0.178)
ratio

Post 0.86 (0.170)° 1.27 (0.175)* | 0.84 (0.180)* ¢ | 1.33 (0.183)

+ SDNN: overall HRV (Chand et al., 2024; Wu et al., 2026). ; s
Static activity may reduce
+ RMSSD: parasympathetic activity (Song et al., 2026). .
stress-related autonomic arousal.

+ LF/HF ratio: sympathovagal balance (Shaffer & Ginsberg, 2017). Siidi
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B Tactile interaction activates the oxytocin system
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l Results and Discussion

B Social buffering mechanisms

nucleus accumbens

social bonding

Striatum
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. Time - Cognitive . Dynamic
Relative delta power e Metwie T e Swessay O

Pre 0.64 (0.054)" 0,62 (0.054) 0.64 (0.054)" 0.66 (0.054)

during EAls (n = 18) Fpl TSST 060 (0.049)°  0.63(0.049) | 0.65(0.049)° | 0.62(0.049)

Post 0.53(0.045)%°  0.57(0.045p | 0.53 (0,045 | 0.61 (0.045)

Pre 0.66 (0.051)" 0.62 (0.051) 0.65 (0.051)* 0.62 (0.051)

Fp2 TSST  060(0.049)°  0.63(0.049) | 0.65(0.049)% | 0,61 (0.049)

Post  0.50(0.045)%%  0.57(0.045° | 0510045 | 0.60(0.0457

Delta after Pre 049(0045)°  0.48(0.045) | 0.50(0045)° | 046 (0.045)

static activity F3 TSST 0.47 (0.040)* 0.46 (0.040)* | 0.43 (0.040)* 0.43 (0.040)

Post 0.38 (0.035)" 039 (0,035 | 0.38(0.035) 0.40 (0.035)

Pre 047 (0046 046 (0.046) | 049 (0046)° | 043 (0.046)

Emotional processing i F4 TSST  042(0.042) 04400420 | 039(0.042)° | 041(0.042)

Post 0.36 (0.036)" 038 (0,036 | 036 (0.036)" 0.39 (0.036)

Cognitive function E Pre 047 (0041 )A:] 0.49 (0.041 )? 0.49 (0.041 ): 046 (0.041)

T3 TSST 042 (0.040) 0.43(0.0405* | 0.40(0.040) 042 (0.040)

- 1 Post 0.37 (0.035)* 036 (0,035 | 0.36(0.035) 041 (0.035)

Relaxation i Pre 048 (0.047)" 0.52(0.047)* | 0.52 (0.047)" 0.43 (0.047)

T4 TSST  042(0046°  044(0.046)° | 039(0.046)° | 0.43(0.046)

Post 0.35 (0.040)" 037 (0.0400% | 036 (0.040)" 0.43 (0.040)

+ Decreased delta power is associated with Pre 03400420 03700427 | 040(0.042)° | 036 (0.042)°

. " . P TSST  030(0035  034(0.035* | 0290035 | 031(0.035)

increased cognitive processing (Knyazev, 2012). e DR el Posiioted) e viai

+ Suggests enhanced cognitive engagement during el o B ] (il el e

P4 TSST 0310038 0350042 | 0300038 | 032(0.038)

horse interaction Post 0.28 (0.032) 0.27 (0.032)" 0.27 (0.032)" 0.29 (0.032)

29/40

. B Time o Cognitive B Dynamic
Relative alpha power el e s S

Pre 0.17(0032)  020(0.033) | 0.16(0.032)" | 0.16(0.032)

during EAlS (n = 18) Fpl TSST 0.19 (0.029)* 0.19(0.029) | 0.16 (0.029)* 0.17(0.029)

Post 0.24 (0.029)* 0.20(0.029) 0.22 (0.029)* 0.20 (0.029)

Pre 0.16 (0.033)* 021 (0.033) 0.17 (0.033)* 0.19 (0.033)

Fp2 TSST 02000031 019(0.031) | 0160030 | 0.18(0.031)

Post 0260029 021(0.029¢ | 022000290 | 021 (00200

A|Pha after static & Pre 0.24 (0.031)° 027(0.031) | 0240030 § 0260031

: o F3 TSST 0270029  028(0.029) | 0260029 | 028 (0.029)

dynamic activities Post 0310028 029(0028) | 030(0.028° [ 0.310.028®

Pre 026(0032°  028(0032) | 024(0.032" [ 028(0.032)°

Relaxation i F4 TSST 0.29 (0,029 0.28 (0.030) 028 (0,029 [ 0.28 (0.029)*

Post 0.33 (0.028)8 0.30 (0.028) 0.31 (0.028)" 0.32 (0.028)8

- y Pre 0210024y 022(0025) | 0210024)° | 0.22(0.024)

Cognitive process 1 3 TSST 0230024 023(0024) | 02200240 | 023 (0.024)

" Post 0.28(0.024)°  025(0024) | 026(0.024° | 0260024

Attention i Pre 0.19(0.026)°  0.18(0.027)* | 0.17(0.026)* | 021(0.026)

T4 TSST 0230025 02000026 | 022(0.025° | 021(0.025)

Post 0270025 0230025 | 0250025 | 023 (0.025)

Increased alpha power indicates enhanced Pre 0360033 035(0033) [ 0330033 §T 0340033

3] TSST 03900290 037(0.030) | 0380029 [ 037 (0,029

attentional engagement and emotional stability. Post 0430029  038(0.029) | 042(0.029° f| 0.40(0.029°

Pre 035(0.036)  034(0.036) | 0.33(0.036)" | 0.38(0.036)"

Klimesch et al., 2007; Knyazev, 2007; P4 TSST 0.38 (0.034)28 037(0.034) | 038003 § 038 (0.034)*

Pascucci et al., 2025; Song et al., 2026 Post 0.42(0.033°  040(0033) | 041(0.033° [ 0.43(0.033

30/40
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. —
Relative low-beta power B T —
stress task
during EAIS (n = 1 8) Pre 0.03 (0.004)* 0.03 (0.004) 0.03 (0.004) 0.02 (0.004)
Fpl TSST 0,03 (0.003)* 0.027 (0.003) 0.03 (0.003)* 0.03 (0.003)
Post 0.04 (0.003)"* 0.03(0.003)* | 0,04 (0003)" 0.03(0.003)°
Pre 0,03 (0.004)* 0,03 (0.004) 0,03 (0.004)* 0.03 (0.004)
Fp2 TSST 0.03 (0,003 0.03 (0.003) 0.03 (0.003)* 0.03 (0.003)
Post 0.04 (0.003)"* 0.03 (0.003)™ 0.03 (0.003)"* 0.03 (0.003)°
Low-beta after Pre 0.05 (0.004) 0.04 (0,004 0.04 (0.004)° 0.04(0.004)
. o F3 TSST 0.05 (0.004) 0,04 (0.004)* 0.05 (0.004)* 0.05 (0.004)
Statlc aleIty Post 0.05 (0.003) 0.05 (0.003)* 0.05 (0.003)* 0.05 (0.003)
Pre 0.04 (0.004) 0.04 (0.004) 0.04 (0.005) 0.04(0.004)
F4 TSST 0.05 (0.004) 0.05 (0.004) 0.05 (0.004)' 0.05 (0.004)
Post 0.05 (0.003) 0,05 (0.003) 0.05 (0.003)" 0.05 (0.003)
Pre 0.06 (0.005) 0,05 (0.006)* 0.05 (0.006)" 0.06 (0.005)
T3 TSST 0.07 (0.005) 0.06 (0.005)\ 0.07 (0.005)* 0.06(0.005)
Post 0.07 (0.004) 0.07 (0.004)" 0.07 (0.004)" 0.06 (0.004)
Pre 0.06 (0.007) 0,05 (0.007)* 0.06 (0.007) 0.07(0.007)
T4 TSST 0.07 (0.008) 0.07 (0.008)" 0.07 (0.008)" 0.07 (0.008)
Post 0.07 (0.007) 0.07 (0.007)" 0.07 (0.007)" 0.06 (0.007)
. Pre 0.06 (0.006) 0.06 (0.006)* 0.05 (0.006)" 0.06 (0.006)
Attention i P3 TSST 0.07(0.006) 0.06 (0.006)* 0.07 (0.006)" 0.07(0.006)
Post 0.07 (0.005) 0.08 (0.005)% 0.07 (0.005)% 0.06(0.005)
+ Increased low-beta power indicates enhanced i sosmony, Mg | o6 | 050869
P4 TSST 0.06 (0.005) 0.06 (0.005)* 0.06 (0.005)% 0.06(0.005)
attentional engagement (Habelt, 2026). Post 0.06 (0,005 0.07(0.005)** | 0.06(0.005*> 0.06 (0.005)°
31/40
Relative high-beta power St Timopoi - T seain e st
S point Meditation Static activity Dynamic activity
stress task
during EAIS (n - 18) Pre 0.03 (0.005)® 0.03 (0.005) 0.03 (0.006) 0.03 (0.005)
Fpl TSST 0.03 (0.005)* 0.03(0.005) 0.03(0.005) 0.03 (0.005)
Post 0,04 (0.006)* 0.04 (0.006) 0.03 (0.006) 0.03 (0.006)
Pre 0.03 (0.005) 0.03 (0.005) 0.03 (0.006) 0.03 (0.005)
Fp2 TSST 0.03 (0.005) 0.03 (0.005) 0.03 (0.005) 0.03 (0.005)
High_beta aﬂer Post 0.04 (0.006) 0.04 (0.006) 0.03 (0.006) 0.03 (0.006)
Pre 0.04 (0.006) 0.04 (0.006)" 0.04 (0.006) 0.04 (0.006)
static & dynamic F3 TSST 0.04 (0.006) 0.05 (0.006)"* 0.05 (0.006) 0.05 (0.006)
Post 0.05 (0.006) 0.05 (0.006)" 0.04 (0.006) 0.04 (0.006)
activities Pre 0,05 (0.006) 0,05 (0.006) 0.04 (0.007) 0,03 (0.006)
F4 TSST 0.05(0.006) 0.05 (0.006) 0,05 (0.006) 0,06 (0.006)
Post 0.05 (0.006) 0.05 (0.006) 0.04 (0.006) 0.05 (0.006)
Pre 0.06(0.007) 0.05 (0.007)* 0.05(0.007) 0.05 (0.007)
T3 TSST 0.07 (0.007) 0.06 (0.007)*8 0.06 (0.007) 0.06 (0.007)
Post 0.06 (0.007) 0.07 (0.007)%* 0,05 (0.007)" 0.06 (0.007y*
Pre 0.06 (0.009) 0.06 (0.010)* 0.05 (0.009)* 0.06 (0.009)
T4 TSST 0.07 (0.010) 0.07 (0.010)* 0.07 (0.010)* 0.06 (0.010)
Post 0.07 (0.010)™ 0.08 (0.010)"* 0.06 (0.010)*5-* 0.06 (0.010)*
. Pre 0.06 (0.007) 0.05 (0.007)* 0.05 (0.007)* 0.05 (0.007)"
Stress & Arousal 1 3 TSST 0.06 (0.007) 0.06 (0.007)* 0.06 (0.007)* 0.06 (0.007)*
Post 0.06 (0.007)° 0.07 (0.007% | 0.05 @007y | 0.05 (0.007)%2
Pre 0.06 (0.007)™ 0.05 (0.007) 0.05 (0.007)* 0.03 (0.007)
+ Decreased high-beta power suggests reduced stress. r TSST 0.06 (0.007)* 0.06 (0.007) 0.06 (0.007)* 0,06 (0.007)
Post 0,05 (0.007)% 0.06 (0.007) 0.05 (0.007)+* 0.05 (0.007)*
32140
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[ Cortisol concentrations (nmoliL) during EAIs (n = 6) B Log-transformed oxytocin concentrations during EAls (n = 6)

Time point Resting activity ~ Static activity ~ Dynamic activity Time point Resting activity Static activity ~ Dynamic activity
Baseline 2.75 (0.443) 2.55(0.443) 2.73(0.443) Baseline 4.64 (0348 4.31(0.348)M 4,17 (0.348)°
Post-activity (0 min)  3.09 (0.443)* 2.94 (0.443) 2.76 (0.443) Post-activity (0 min)  4.66 (0.348) 4.44 (0.348)
+15 min 2.69 (0.443)* 2.80 (0.443) 2.46 (0.443) +15 min 4.61 (0.348) 4.61 (0.348)°8 4.45 (0.348)
+ 30 min 2.05 (0.443)® 2.46(0.443) 2.39 (0.443) + 30 min 4.63 (0.348)" | 4.82 (0.348)2 | 4.18 (0.348)°

Values represent natural log-transformed concentrations of oxytocin.

+ Previous studies have reported increased oxytocin concentrations following interaction-based activities

(Handlin et al., 2011; Lopez-Arjona et al., 2021; MacLean et al., 2017; Odendaal & Meintjes, 2003; Ogi et al., 2020).

+ Notably, physical contact such as stroking has been identified as a key factor driving this effect (Handiin et al., 2023).

+ Therefore, tactile interaction-based activities may induce stronger oxytocin responses.

33/40
I Conclusions
NEUROPHYSIOLOGICAL EFFECTS (HUMAN) PSYCHOLOGICAL ANIMAL WELFARE & STRESS
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Hormonal Response 90, STRESS LEVELS
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ot o A ﬁ‘ e
T
EEG Brainwave Changes
. Delta (cognitive process) W\/\/ _—
Vitality Boost iti iologi
@ o e w\/\f\j\/\/\/\/— y Positive Physiological Response
@ Low-beta (concentration) Wwwww & - @
° High-beta (stress) "*"‘W"MM Tactile contact
HRV Analysis ﬁ Ait
- \ LFF These effects may vary
jﬁlﬂ\:‘_ Ei‘gg; I.mill-% dependinq on ac‘i"i?y Tactile activities increase
Autonomic  Parasympathetic Autonomic type and animal species. Oxytocin.
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