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Supplementary Materials

1. Neutral auditory stimuli do not elicit cardiac autonomic alterations
To verify that the autonomic responses detected in the preceding experiments were specific to fear-conditioned CS cues rather than nonspecific reactions to general auditory stimuli, we assessed ECG parameters following exposure to a neutral auditory stimulus (1.0 kHz, 70 dB SPL, against fear-associated CS: 8.0 kHz, 70 dB SPL). Across all four experimental groups, no significant pre- to post-stimulus changes were detected in HR, SDNN, LF power, HF power, or the LF/HF ratio (all P > 0.05, Fig. S1A–E). These findings demonstrate that the autonomic dysregulation observed in PTSD model rats represents a specific response to fear-associated cues, rather than a non-specific reaction to auditory stimulation.
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[bookmark: OLE_LINK10]Figure S1. Neutral auditory stimuli do not induce significant changes in HR and HRV in normal and PTSD model rats, receiving saline or OXT treatment. A. HR (heart rate, bpm). B. SDNN (the standard deviation of normal-to-normal intervals, ms). C. LF (low-frequency power, ms²). D. HF (high-frequency power, ms²). E. LF/HF ratio. Histograms depict ECG parameter changes before (pre, baseline) and after (post) exposure to a neutral auditory stimulus (1.0 kHz, 70 dB sound pressure level, SPL) in normal and PTSD model rats treated with saline or OXT. Bars represent the mean ± SEM; overlaid dots denote individual animal data points. *P < 0.05; n.s. = not significant. Paired t-tests were used for comparisons between pre and post neutral auditory stimulus exposure.


2. The vagus nerve does not mediate fear cue-induced cardiac autonomic responses in normal rats
To confirm the specificity of the vagal effect in PTSD model rats, we performed identical bilateral cervical vagotomy (CVT) experiments in normal-saline and normal-OXT rats.
In the sham surgery condition, neither the normal-saline nor the normal-OXT group exhibited significant changes in HR, SDNN, LF power, HF power, or the LF/HF ratio following exposure to the fear-associated CS (Fig. S2A-E). However, after bilateral CVT, both normal-saline and normal-OXT groups displayed significant increases in LF power and the LF/HF ratio (Fig. S2C, E). These changes reflect a general physiological consequence of reduced vagal tone (consistently observed across all groups) rather than a specific behavioral/physiological response to the fear-associated CS. These findings demonstrate that the vagus nerve does not mediate fear cue-induced cardiac autonomic responses in normal rats, further highlighting the PTSD-specific nature of the vagal-dependent autonomic dysregulation observed in this model.
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Figure S2. Vagus nerve does not mediate fear cue-induced cardiac responses in normal rats. A. HR (bpm). B. SDNN (ms). C. LF (ms²). D. HF (ms²). E. LF/HF ratio. Histograms depict ECG parameter changes before (pre, baseline) and after (post) exposure to the fear-associated CS in normal rats treated with saline or OXT, following sham surgery and bilateral CVT. Bars represent the mean ± SEM; overlaid dots denote individual animal data points. **P < 0.01; *P < 0.05; n.s. = not significant. Paired t-tests were used for comparisons between pre and post fear-associated CS exposure.


3. In vivo electrophysiological recording of VTA DA neuronal activity
Fifteen normal rats were secured to a stereotaxic frame (RWD Life Science Co., Ltd., Shenzhen, China) under isoflurane anesthesia for cranial implantation surgery. A 4×4 multichannel electrode array (KD-MWA, Kedou (Suzhou) Brain Machine Technology Co., Ltd., Suzhou, China; impedance ~500 kΩ) was slowly advanced unilaterally into the VTA at coordinates AP −5.0, ML ±0.6, DV 8.3–8.8 [1]. Extracellular spike waveforms were acquired using a multichannel recording system (AlphaLab SnR, Alpha Omega Engineering, Nof HaGalil, Israel).
After a 180-s baseline recording epoch, rats received intranasal saline (0.9% NaCl, 5 μl per nostril; n = 7) or OXT (30 IU total, 5 μl per nostril; n = 8), followed by 30 min of continuous spike recording. The D2 agonist quinpirole (50 μg/kg, delivered in 0.2 mL vehicle; Santa Cruz Biotechnology, CA, USA) was then administered intravenously, with neuronal activity captured for an additional 5 min.
Offline spike sorting was performed in Spike2 v8.0 (CED Ltd, Cambridge, UK), while firing frequency and burst metrics were quantified in NeuroExplorer v5 (Plexon Inc, Dallas, USA). Putative DA neurons were defined by two standard criteria: spontaneous firing rate <10 Hz, and ≥50% discharge suppression after quinpirole injection. Burst spikes were classified as ≥3 consecutive spikes with initial interspike intervals (ISIs) <80 ms and terminal ISIs >160 ms [2, 3].
Mean firing and burst rates were calculated across 180-s windows acquired before drug administration and at the peak response within the 30-min post-drug recording period. For saline-treated animals without obvious neuronal activity shifts, statistical data were extracted from 180-s traces collected pre-administration and 20 min after nasal saline delivery. Quinpirole-induced inhibition was analyzed by comparing 60-s recordings collected 60 s pre-injection and during the maximal inhibitory trough over the subsequent 5 min.
Upon completion of recordings, a 300 μA direct current was delivered through one recording wire for 5 min to generate focal electrolytic marks demarcating recording coordinates within the VTA. Brains were harvested and cryosectioned on a freezing microtome (CM1860, Leica Instruments, Mannheim, Germany) for histological validation of electrode placement.

4. Immunofluorescent detection of OXTR co-localization in VTA DA neurons
Three additional normal rats received intraperitoneal urethane anesthesia (1.4 g/kg; Sinopharm Chemical Reagent Co. Ltd., Shanghai, China) and transcardial perfusion with 0.9% saline followed by 4% paraformaldehyde diluted in 0.1 M PBS. Dissected brain tissue underwent 12 h post-fixation at 4 °C and cryoprotection in 30% sucrose-PBS until full tissue saturation. Tissue blocks were embedded in O.C.T compound and cut into 20 μm coronal slices on the freezing microtome (CM1860, Leica Instruments). Sections containing the VTA were identified according to the rat brain atlas and mounted onto gelatin-coated glass slides.
Slices were rinsed repeatedly in PBST (0.1% Triton X-100 in PBS) and blocked with 10% normal goat serum at 37 °C for 1 h. Slides were incubated overnight at 4 °C with a mixture of primary antibodies: rabbit anti-tyrosine hydroxylase (TH; DA neuronal marker; polyclonal, Cat. No. ab112, RRID: AB_297840, 1:500; Abcam, Cambridge, UK) and mouse anti-oxytocin receptor (OXTR; monoclonal, Cat. No. sc-515809, RRID: AB_2891171, 1:500; Santa Cruz Biotechnology, Inc., Dallas, TX, USA). After thorough PBS washes, secondary antibodies were applied for 1 h at 37 °C in the dark: Alexa Fluor 488-conjugated goat anti-rabbit IgG (polyclonal, Cat. No. ab150077, RRID: AB_2630356, 1:500; Abcam) and Alexa Fluor 555-conjugated donkey anti-mouse IgG (polyclonal, Cat. No. A0460, 1:500; no validated RRID assigned; Shanghai Beyotime Biotechnology Co., Ltd., Shanghai, China). Negative control sections were processed using identical staining protocols, with the respective primary antibodies substituted with PBS to exclude non-specific labelling. Three control conditions were prepared: OXTR single-negative (TH⁺/OXTR⁻), TH single-negative (TH⁻/OXTR⁺), and TH/OXTR double-negative (TH⁻/OXTR⁻). All control slides were incubated with the same two secondary antibodies used for experimental groups. Immunofluorescence images were acquired with a fluorescence microscope (DM2500, Leica Microsystems, Wetzlar, Germany).
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