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Supplementary Methods and Materials 

RISS model: Sound stressors were applied as described (1) with modification. Mice were placed 

(3 per cage) in a 20×30×15 cm bedding cage, which was kept 25 cm below a speaker, inside a 

40×50×35 cm sound-insulated box. A speaker emitted pure tones at 5 frequencies (5, 11, 13, 15 

and 19 kHz) with random amplitudes varied over time for each frequency (0, 20, 60, 90, and 100 

dB sound). Each tone stimulus lasted for 5 or 10 sec in random order, and mice were stimulated 

continuously without interval. The sound stimuli were produced and edited by software 

Audacity. The sound stressors continued for 30 min as a set. In the original SS protocol, a set of 

30-min stimuli was given once a day on days 1, 3, and 4 (Fig. 1A) (1). The RISS model 

intensified the stress protocol by increasing the stimulus frequency: a set of sound stimulus was 

repeated every 3 hr for 6 times overnight (from 16:00 to 10:00), followed by resting silence for 6 

hr (from 10:00 to 16:00). The procedure was repeated on days 1, 3, and 4 as for the SS protocol. 

The control groups were placed in similar chambers for 4 days without stress exposure. Both 

groups of mice had access to food and water freely during the stress period. After the stimulus 

procedure, mice were returned to their original home cages in the animal care facility. In both the 

SS and RISS protocols, the day after completing the stress stimuli is called P0; the post-stress 

day 1, P1; and so on.  

 

Repeated LPC16:0 injection model. The chronic pain model was based on the repeated acid 

injection model protocol by Sluka et al (2), and LPC16:0 was used for pain induction to replace 

acidic saline injection. Mice received in the left gastrocnemius muscle two intramuscular 

injections (1 day apart) of 10 μL neutral saline solution (pH 7.4; buffered with HEPES) 

containing vehicle (0.96% ethanol) or LPC16:0 (4.8 nmol; Avanti Polar Lipids Inc) (3). In the 
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experiment of pharmacological inhibition of ASIC3, APETx2 (50 pmole; Alomone, Israel), a 

selective ASIC3 antagonist, was co-injected with LPC16:0.  

 

Behavioral assays. All sensory testing was performed in the same procedure room. Animals 

were acclimated to the environment (room, cage, and experimental tools) before testing. The 

experimenter stayed with the animals during habituation to reduce the risk of analgesia related to 

experimenter-induced stress. The experimenter was blind to the treatment types and genotypes in 

all behavioral studies. 

Von Frey filaments: Animals were placed on an elevated mesh platform, and a 0.2-mN von Frey 

filament was applied to the plantar surface of both hind paws. A positive response was defined as 

lifting, shaking, guarding, or licking paws when the stimulus was applied. For each paw, the 

filament was applied 5 times at 30-sec intervals.  

 

Hargreaves test: Mice were placed individually in Acrylic cubicles mounted on a glass surface 

maintained at 30°C. The test was performed after acclimatization. The thermal stimulus of the 

radiant heat was then applied to the plantar surface of each hind paw. Each mouse was tested in 

three sequential trials with an interval of 2-3 min. The assay cutoff was set at 30 sec to prevent 

tissue damage. Paw withdrawal latencies were calculated as the mean of three measures.  

 

Muscle withdrawal threshold test: A hand-made cone-shaped tweezer (2.3 mm in diameter) was 

placed on a pressure-measurement device (38500 - P.A.M. Pressure Application Measurement, 

Ugo Basile). Mice were trained to acclimate in an experimenter’s glove with hind-limbs 
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passively extended. This force-sensitive tweezer was applied to the belly of the bilateral 

gastrocnemius muscles. Mice underwent an average of three trials per animal.  

 

Grip force test: A metal mesh (4 × 8 cm) was attached to force-sensitive device (MK-380CM/R, 

Muromachi) for forelimb grip. Mice were familiarized with the apparatus by performing the grip 

force task 1 week before regular data collection. Each mouse was placed around the mesh to 

acclimate to the environment for at least 15 min before testing. After adequate grasping on the 

mesh, mice were pulled by the tail to measure grip force of the forelimb. Grip force was 

calculated from an average of 5 trials per animal.  

 

Open field and elevated plus maze test: In the open field test, spontaneous locomotor and 

exploring activity were measured in the open arena (48 × 48 cm). After habituation for 1 hr in 

the home cage, each mouse was released into a corner of the arena and allowed to explore for 20 

min. In the elevated plus maze test, mice were placed in the maze consisting of two open arms 

with 1-cm ledges and two enclosed arms with 15-cm walls during a 5-min period. The maze was 

elevated to a height of 50 cm above the floor during the task. The recorded moving trace and 

time spent in the defined regions of each mouse were analyzed by using the TopScan system 

(Clever System, Reston, VA).  

 

Nesting behavior test: Nesting behaviors were evaluated as described (4). Nest building was 

assessed before (basal) and after stress exposure (P0) in RISS and control mice. Mice were 

habituated to the nesting cage for 48 hr before testing. One 5 × 5 cm
2 

Neslet consisting of pressed 

virgin cotton was cut into six approximately equal pieces (~1.7 × 2.5 cm
2
) as nesting material. 
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The Neslet pieces were evenly placed in the four corners and the middle of each long side of 

cage, and the cage space was thus divided into six equal zones for nesting assessment. Nesting 

quality was measured as follows: (1) 0.5 points was assigned to the mouse if it cleared one zone 

and (2) 0.5 points was assigned if the mouse shredded the nestlet. The nesting score ranged from 

0.5 to 6 points. The nesting behavior was scored after 120 min of exposure to the initial nesting 

material. 

 

Acoustic startle test: Startle response was measured by using the startle reflex cabinet (Med-

Associates, Georgia, VT, USA). Sound intensity within the cabinet was measured and calibrated 

by using a sound-level meter to ensure accurate presentation. Animals were placed in an acrylic 

animal holder mounted on a movement-sensitive platform, and a piezoelectric accelerometer 

below the platform detected the movement of animals. Startle amplitude was determined by the 

amplitude of the largest positive and negative peaks of the signal measured in a 300-ms window 

after the acoustic stimulus. A loudspeaker mounted before the animal holder provided the 

background white noise and acoustic stimuli. Before testing, animals were acclimated to the 

startle box for 5 min for 2 days. A 69-dB sound pressure level white-noise background sound 

was applied during the acclimation and continued through the test session. Each test session 

started with a 5-min acclimation period to the background white noise, followed by 6 trials of 

acoustic stimuli (120 dB × 20 ms) with a 30-sec interval. Animals were returned to the home 

cage immediately after the test session. Data analyses were carried out with the Med-Associates 

software (Startle Reflex v6.0). The reflex latency, maximum amplitude, and average amplitude 

were compared in stressed and control mice before (basal) and after stress exposure (P0).  
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Drug injections 

Analgesic drugs: Pregabalin (0.3, 1, 3 or 10 mg/kg bodyweight, i.p.; Toronto Research 

Chemicals), morphine (0.3, 1, 3 or 10 mg/kg bodyweight, i.p.), diclofenac (1, 3 or 10 mg/kg 

bodyweight, i.p.; Sigma-Aldrich) or vehicle (0.9% saline) was administered, and the effect of 

each drug was evaluated by testing 6 mice. Their analgesic effects were evaluated in the RISS 

mice. Sensory testing was carried out at 30 min and 1, 3 and 24 hr after injection of vehicle or 

drugs, with the experimenter blinded to the dose of test drugs. Because the RISS-induced 

hyperalgesia decreased gradually over time, the experiments of drug responses should be 

conducted as early as possible after stimulation is completed to ensure that the impact of 

behavioral attenuating changes interfered least with the pharmacological assessment. In addition, 

given the transient effects of analgesics (less than few hours), the mice were repeatedly used to 

comply with the 3Rs principle. Therefore, we conducted all the pharmacological studies on post-

RISS day1 and day 4 (3 days apart, within 1 week after RISS). Mice of post-stress day 1 and day 

4 were assigned randomly but equally to each tested dosage for counterbalance. During testing, 

the experimenter was blind to the individual treatment assignments. 

Mitogen-activated protein kinase 1/2 inhibitors: Intrathecal administration of ERK inhibitor 

U0126 (12.5 nmol; Sigma-Aldrich) and its inactive analogue U0124 was performed 30 minutes 

before the first LPC16:0 injection. Intrathecal injection was conducted through transcutaneous 

injection with a 30-gauge needle at the L5-6 dorsal spinal process under anesthesia of isoflurane 

(1.5%). 

Antioxidants: Systemic administration of NAC (200 mg/kg bodyweight, i.p.; Sigma-Aldrich) 

with Tempol (100 mg/kg bodyweight, i.p.; Sigma-Aldrich) or vehicle (phosphate buffered saline; 

PBS) was given 30 min before and after each RISS procedure at days 1, 3 and 4 (Fig. 3M) , with 
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the experimenter blinded to the experimental groups. A total of 6 doses of drug were given 

during the RISS protocol. Sensory testing was performed 1 hr after the last drug injection at P0 

and at P4 and P7, with the experimenter blinded to the experimental groups. 

PAF-AH inhibitors: Darapladib (Cayman, Ann Arbor, MI ) was solubilized in DMSO: PBS 

containing 1% methyl-β-cyclodextrin (1 :99) and given once daily by i.p. injection at 10 mg/kg 

body weight. Mice were randomly assigned to receive vehicle or darapladib for 5 consecutive 

days during RISS (Fig. 3M). Sensory testing was carried out 1 hr after the last drug injection at 

P0 and at P4 and P7, with the experimenter blinded to the experimental groups. 

 

ROS determination 

ROS levels in muscle tissue: Mice were anesthetized with urethane (1.3 mg/g, i.p; Sigma-

Aldrich), then sacrificed immediately after the RISS procedure. All efforts were made to 

minimize stress before tissue sampling. Quadriceps samples were frozen in optimal cutting 

temperature (OCT) compound in liquid nitrogen-cooled isopentane. Six to eight sections of 

muscle tissue per mice were obtained from 3 mice in each experimental group. Frozen cross-

sections were then washed with ice-cold PBS for 5 min. The muscle sections were further 

incubated with 300 nM CM-H2DCFDA (C6827; Invitrogen) in PBS at 37°C for 30 min and 

washed again with ice-cold PBS to stop the reaction. Positive controls were intramuscular 

injection of H2O2 containing PBS (100 mM, 20 μl) into the gastrocnemius muscle. Images were 

acquired under a Carl Zeiss fluorescence microscope. Fluorescence intensity of at least four 

fields per section was quantified by using Fuji (ImageJ, NIH) software. 
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ROS levels in immune cells: Blood was collected in EDTA tubes from the stressed mice at P0 

immediately after the RISS procedure and control group via cardiac puncture. All efforts were 

made to minimize stress before blood collection. Blood samples (50 μl from each mouse) were 

added in 3 ml lysis buffer (BD Bioscience) for erythrolysis. Samples were placed in dark for 10 

min and under centrifugation thereafter (447xg; 5 min; 24°C). After the supernatant was 

removed, 2 ml cell wash solution (5% bovine serum albumin in PBS) was added to the sediments 

and gently vortexed. A second centrifugation and sequent removal of supernatant were carried 

out under the same condition. An amount of 0.3 ml HBSS buffer and 1.67 μl CM-H2DCFDA (50 

μM, C6827; Invitrogen) was added to the sediment. The samples were again gently vortexed, 

then incubated in the dark for 15 min at 37°C. After the incubation was completed, the samples 

were immediately placed on ice for 5 min to stop the reaction. Flow cytometry was used to 

separate the types of leukocytes and measure intracellular ROS levels (FACS-Scan, Becton-

Dickinson, Immunofluorometry Systems). Granulocytes, monocytes, and lymphocytes were 

differentiated by their size (forward light scatter) and relative granularity (side light scatter; 

excited with a 488-nm argon laser beam). A total of 1000 cells were randomly collected and 

further analyzed in each experimental group. Oxidation of the CM-H2DCFDA in immune cell 

resulted in increased mean fluorescence intensity, so intracellular ROS levels were evaluated by 

measuring the mean fluorescence of the collected cells in each group. 

 

Lipid peroxidation and hydrogen peroxide (H2O2) determination: Blood samples were collected 

in the control and RISS mice by cardiac puncture. All efforts were made to minimize stress 

during blood collection. Serum lipid peroxidation levels were determined by thiobarbituric acid 

reactive substance (TBARS) assay with a commercial kit (Cayman, Ann Arbor, MI). TBARS 
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were expressed in terms of malondialdehyde levels. Serum H2O2 concentrations were measured 

with OxiSelect ADHP/Resorufin fluorescence assay (Cell Biolabs, STA-344).  

 

Histological and immunofluorescence analysis.  

Hematoxylin and eosin staining: Animals were anesthetized with urethane (1.3 mg/kg, i.p.), then 

sacrificed. Gastrocnemius muscle samples were frozen in OCT compound in liquid nitrogen-

cooled isopentane. Frozen tissue was prepared as 7 µm cross sections and immersed with 

Meyer’s hematoxylin followed by 0.5% Eosin Y disodium in 70% alcohol according to standard 

protocols. Digital microscopy recordings were used with magnification x200. Muscle specimens 

from three mice per group were investigated.  

Hematological and serum biochemical analysis: Blood samples from control and RISS mice 

were collected in EDTA tubes by cardiac puncture. Serum was extracted after centrifugation 

(15,000 g, 15 min, at 4°C), and preserved at -80°C until analysis. Hematological and biochemical 

analyses were conducted commercially with Fuji DRI-CHEM 4000i. Serum TNF-α levels were 

determined by commercial kit (ELISA Kit, Cayman). 

Serum stress hormone measurement: Blood samples were collected in the control and RISS mice 

by cardiac puncture. All mice were euthanized by using urethane (1.3 mg/kg, i.p.) between 8:00-

10:00, and all efforts were made to minimize stress before blood collection. Samples were 

centrifuged (15,000 g, 15 min, at 4°C), then serum was extracted and preserved at -80°C until 

analysis. Corticosterone and epinephrine levels were determined by ELISA kits (Corticosterone 

ELISA Kit, Cayman, and 2-CAT Research ELISA, LDN). Hormone levels were determined at 

baseline and P0, and at P7, P14, P21 and P28 after RISS.  

Intramuscular pH measurement: Intra-musculofascial pH was measured with pH electrode 
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(Hanna Instruments) placed within the belly of adductor magnus muscle belly under anesthesia 

of isoflurane (1.5%) in RISS mice at P0.  

 

Immunofluorescence staining: Animals were euthanized with urethane (1.3 mg/kg, i.p.) and 

perfused with 4% paraformaldehyde (PFA) at P0. L4 dorsal root ganglia (DRG) were extracted 

and immediately post-fixed in 4% PFA for 60 min, replaced with 30% sucrose overnight. DRG 

were embedded in OCT compound and sectioned (12 μm) with a Leica cryostat. Six to eight 

sections per mice (3~4 sections from each side DRG) were obtained from 3 mice in each 

experimental group. After three washes with TRIS-buffered saline (TBS), slices were blocked 

with a TBS solution containing 5% bovine serum albumin and 0.1% Triton X-100 for 2 hr at 

room temperature, then incubated with primary antibodies at 4 °C overnight [rabbit anti-ATF-3 

at 1:1000, Santa Cruz Biotechnology; rabbit anti-phospho-p44/42 Map Kinase (Thr202/Ty204) 

antibody (pERK) at 1:500, Cell Signaling; goat anti-calcitonin gene-related peptide (CGRP) at 

1:500, Bio-Rad; guinea pig anti-substance P at 1:500, Neuromics; mouse anti-Neurofilament 200 

kDa Antibody, clone N52, at 1:500, Millipore].Slices were rinsed three times with TBS, then 

incubated at room temperature for 60 min with DyLight 594-conjugated IB4 (at 1:200, Vector 

Laboratories) or corresponding AlexaFluor-conjugated secondary antibodies [at 1:200, Alexa 

488-conjugated donkey anti-rabbit IgG, Alexa 594-conjugated donkey anti-goat IgG, Alexa 594-

conjugated goat anti-guinea pig IgG, and Alexa 594-conjugated goat anti-mouse IgG, 

Invitrogen]. Tissue sections were then washed three times with TBS and mounted with Hoechst 

33342. Images were acquired by a Carl Zeiss fluorescence microscope with a 10X objective lens. 

All images from the same experiment were acquired with the same settings, including 

fluorescence intensity, acquisition time, and image resolution. The immunoreactivity of pERK 
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and the overlap between pERK and neuron markers (SP, CGRP, IB4 or N52) were assessed 

using Fiji (ImageJ, NIH) software, with the experimenter blinded to treatment and/or genotype. 

Background levels were obtained from sections incubated without primary antibody. To 

determine the percentage of positive neurons in DRGs, the number of labeled neurons (≧3 times 

of background staining) was divided by the total number of neurons. For colocalization analysis, 

every positive cell identified in co-immunostaining study with pERK and neuron markers within 

a tissue section was labeled with a number, and those cells exhibiting positive immunoreactivity 

for two antibodies were considered double-positive. 

Retrograde tracing with fluoro-gold (FG): To determine whether expression of pERK differed in 

afferent neurons of different tissue types, populations of DRG neurons projecting to cutaneous 

and muscle tissues were retrogradely labeled in vivo by using a tracer. Fluoro-Gold (10 μl, 2% in 

0.9% saline) was injected into 1) the plantar skin of both hind paws subcutaneously to identify 

cutaneous afferent neurons, and 2) bilateral gastrocnemius muscles to identify muscular afferent 

neurons. Injections involved a number 30 needle over 5 min at every injection site for full 

dissipation through the targeted tissues. In every injection experiment, the needle was carefully 

held in place to avoid erroneous staining of the adjacent tissues. After removing the needle from 

the muscle, the injection site was washed with saline and dried carefully to minimize the spread 

of FG to adjacent skin. Application of RISS was then performed 1 week after the completion of 

FG injection. Immunoactivity of pERK in neurons of L4 DRG was counted and further related to 

the subtypes of FG-labeled neurons. Immunoreactive cell counting and the overlap between 

pERK and FG were analyzed using Fiji (ImageJ, NIH) software as described above. 
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Clinical study 

Clinical information: The demographic and clinical data of patients and controls were obtained 

from questionnaires and interview by the same specialist throughout the study. All the 

participants had routine laboratory examination to exclude disorders that would otherwise 

explain the pain, including erythrocyte sedimentation rate, antinuclear antibody, rheumatoid 

factor, thyroid hormone, thyroid-stimulating hormone, alanine and aspartate aminotransferase, 

creatinine kinase, cortisol and electrolytes. Exclusion criteria for both groups included the 

presence of systemic rheumatological or immune disorders (such as systemic lupus 

erythematosus or inflammatory myositis), systemic use of corticosteroids, current pregnancy, 

chronic diseases under poor control (such as diabetes mellitus, hypertension) and malignancies. 

The severity and diffuseness of pain symptoms were assessed with verbal rating scale for pain 

(VRS; 0-10) and widespread pain index (WPI) based on the American College of Rheumatology 

criteria for fibromyalgia. The Perceived Stress Scale (PSS-10) was used to evaluate the 

perception of stress in individuals. To determine the disease impact and severity of fibromyalgia 

in study subjects, the Revised Fibromyalgia Impact Questionnaire (FIQR) was employed for 

evaluation of life function, overall impact and symptom intensity in patients with fibromyalgia. 

Blood collection and analysis: Venous blood was taken from patients and controls at the first 

clinic visit before pharmacotherapeutic intervention and then collected in EDTA tubes. Blood 

was then centrifuged at 3000 rpm for 15 min at 4
o
 C to obtain plasma. Plasma samples were 

stored at –80
o
 C until analysis. Serum lipid peroxidation levels were determined by TBARS 

assay with a commercial kit (Cayman, Ann Arbor, MI). 
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Lipidomics 

Untargeted lipidomic analysis: Sample preparation and processing. Serum samples from control 

mice as baseline and RISS mice at P4 (acute phase), P14 (subacute phase), P28 (late phase) and 

P56 (recovery phase) were extracted and analyzed. An aliquot of 100 μL serum from each mouse 

was extracted in a 1000-μL mixture of methanol and chloroform (1:2) with homogenizer 

(Geno/Grinder 2010 Spex SamplePrep; Metuchen, NJ, US). After centrifugation (4
。
C, 15000g; 5 

min), 600 μL lower layer fluid was collected. The serum extracts were then pooled and 

evaporated by nitrogen gas, and later reconstituted with 120 μL of 100% methanol. After 

centrifugation (15000g; 5 min), the supernatant was then filtrated with a 0.22-μm filter (Minisart 

RC-4; Sartorius, Germany). Lipid profiling of serum sample involved high-performance liquid 

chromatography coupled with quadrupole time-of-flight mass spectrometry (HPLC-QTOF-MS). 

An Agilent 1290 UHPLC system with an Agilent ZORBAX Eclipse Plus C18 column (2.1 × 100 

mm, 1.8 μm; Agilent Technologies, Santa Clara, CA, USA) was coupled with a Bruker maXis 

quadrupole TOF mass system (Bruker Daltonics, Bremen, Germany) for mass detection. MS 

data were then analyzed by using the molecular feature extraction algorithm of the Agilent 

MassHunter Workstation software (Agilent Technologies, Santa Clara, CA, USA). The HPLC-

QTOF-MS data from each experiment were processed by using True Ion Pick (TIPick) software 

for peak detection, alignment, and normalization . The metabolites were identified by using the 

in-house library with m/z, retention time, and ion abundance. 

 

Triple quadrupole mass spectrometry (QqQ MS) for absolute quantitative analysis of target 

lipids: Targeted analysis of LPC16:0, LPC18:0 and SM(d18:1/18:0) was measured by using an 

Agilent-1200 liquid chromatography system coupled to an Agilent-6410 QqQ MS with an ESI 
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interface. In brief, lipids were chromatographically separated on a CSHTM 1.7 µm, 1.0 mm × 10 

cm C18 column (Waters) with temperature of the column set at 55°C. The flow rate was set to 

0.1 ml/min over 20 min, and the mobile phase A consisted of 10 mM NH4HCO2 in ACN/H2O 

(60/40) and 0.1% formic acid (0.1% v/v) and mobile phase B of 10 mM NH4HCO2 in IPA/ACN 

(90/10) and 0.1% formic acid (0.1% v/v). The parameters of mass detection were N2 flow rate, 

10 L/min; gas temperature, 350°C; nebulizer gas pressure, 50 psi; capillary voltage 4000 V in 

positive mode; fragmentor, 135 V with collision energy 15 eV. Mass Hunter software was used 

for data acquisition. Quantitation involved using multiple reaction monitoring (MRM) for the 

m/z transitions as follows: 496.6 to 104.0 and 496.6 to 86.1 for LPC16:0; 524.4 to 104.1 and 

524.4 to 86.1 for LPC18:0; 731.6 to 185.1 for SM (d18:1/18:0). 

 

Lipidomic profiling for relative quantitative analysis. Lipids were identified by comparing the 

LC/MS profiles of the metabolites of interest to that of a standard compound analyzed with 

identical conditions, and their relative abundance among samples was further evaluated. In brief, 

lipids were separated on an Acquity HPLC separation module (Waters Corp., MA, USA) 

incorporating a CSH 1.7 µm, 1.0 mm × 10 cm C18 column (Waters) under gradient conditions at 

a flow rate of 0.1 ml/min over 20 min at 55°C. The mobile phase A consisted of 10 mM 

NH4HCO2 in ACN/H2O (60/40) and 0.1% formic acid (0.1% v/v) and mobile phase B of 10 mM 

NH4HCO2 in IPA/ACN (90/10) and 0.1% formic acid (0.1% v/v) for molecule protonation. Mass 

spectrometry was performed with a Xevo G2 qTof (quadrupole time-of-flight mass spectrometer, 

Waters) instrument equipped with an electrospray ionization probe (ESI, Waters) interface, with 

3kV capillary voltage and operated in the data-independent collection mode (MS
E
). Parallel ion 

fragmentation was programmed to switch between low (4 eV) and high (35–55 eV) energies in 
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the collision cell, and data were collected from 200 to 1600 m/z with leucin (Sigma Aldrich, m/z 

556.2771) as the separate data channel lock mass calibrant. Lipid standards purchased from 

Avanti Polar Lipids Inc. were used to confirm the LC/MS graph results, including LPC16:0 

(retention time=1.55, m/z=496.3427), LPC18:0 (retention time=2.07, m/z=524.3737), and SM 

(d18:1/18:0) (retention time=8.06, m/z=731.6062). Collected data were processed with 

Progenesis QI (Waters) for lipid identification and relative quantitative analysis. 
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Statistics 

Animal and clinical study: Data are presented as mean ± SEM and were analyzed by using Prism 

v7 (GraphPad Software, La Jolla, CA, USA). A two-tailed t test was used to determine 

significance between two groups, and F-tests for equality of variance were used for all t tests to 

compare variances. One- or two-way ANOVA followed by the appropriate multiple-comparison 

tests was used for comparing more than two groups as appropriate.  

Clinical study: Sample size calculations were performed using the statistical program G* Power 

(version 3.1.9.2), with a 0.05 significance level (α = 0.05) and a power of 80% (β = 0.20). One- 

or two-way ANOVA followed by the appropriate multiple-comparison tests was used for 

comparing more than two groups as appropriate. Spearman rank correlation analysis was used to 

assess the relevance between two parameters. P < 0.05 was considered statistically significant.  

Lipidomics study: The changes in peak intensity between groups were compared by fold-change 

analysis. Statistical differences between control and RISS groups in untargeted lipidomics were 

assessed by the Mann-Whitney test with SPSS v20. P < 0.05 was considered statistically 

significant. The PCA was used to determine the natural grouping of samples. To identify 

differentially expressing lipids for RISS, the supervised orthogonal partial least squares 

discriminant analysis (OPLS-DA) model with the control and P4 groups was constructed. A 

significance plot was then created to identify highly discriminative compounds for the P4 group 

based on their contribution to the variation and correlation within the data set. Both PCA and 

OPLS-DA analyses involved using MetaboAnalyst 3.0 (http://www.metaboanalyst.ca). 
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Figure S1 Effect of RISS on body weight, nesting behavior and startle response in mice. (A) 

Daily food consumption in mice before and after RISS (P0) (n=6). (B) Body weight changes in 

mice before and after RISS exposure (P0) (n=6). (C) Examples of nests built by a Ctrl and RISS 

mice (P0) 2 hr after initial introduction of nesting material (n=6). (D) Nesting scores of RISS and 

control mice before and after stress exposre. Nesting quality was scored 2 hr after exposure to 

nesting material (n=6). (E) Acoustic startle response test for control and RISS mice. Latency, 

peak amplitude and average amplitude to acoustic stimuli were measured before and after stress 
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exposure (P0) (n=6). Ctrl, control. B, basal. P0, the day after RISS procedure. ns, non-

significant. *p<0.05 indicates statistically significant difference between basal status and P0  (2-

way ANOVA). For complete statistical analyses, please refer to Supplementary Results. 
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Figure S2 Effect of RISS on stress hormones, biochemistry and histopathology in mice.  (A) 

Time course of RISS effect on corticosterone and epinephrine levels (n=5 per group). B, 

baseline. *p<0.05 compared to baseline (Kruskal-Wallis test). (B) Hematological and serum 

biochemical data in RISS and control mice at post-RISS day 0 (n=5 per group). (C) 

Gastrocnemius muscle sections with H&E staining from control and RISS mice. Scale bar, 20 

µm. (D) Serum levels of tumor necrosis factor-alpha (TNF-α) in RISS mice compared with 

controls (n=7 per group; Mann-Whitney test). (E) PH values (left) and hydrogen concentration 

converted from pH values (right) in muscle tissue of RISS mice at P0 as compared with control 

mice (n=6 per group; Mann-Whitney test). (F) Representative imaging of ATF-3 expression of 

L4 DRG neurons in control, RISS, and positive control (experimental autoimmune 

encephalomyelitis; EAE) mice at post-RISS day 0. Scale bar, 100 µm. (G) Quantitative analysis 

of ATF-3 expression in control, RISS and EAE mice (n = 3 mice per group; Kruskal-Wallis test). 

Ctrl, control. ns, non-significant. ATF-3, Activating transcription factor 3. Data are mean ± 

SEM. *p<0.05 compared to control mice.   
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Figure S3 Immunoreactivity of PERK expression in the spinal cord at post-RISS day 0. (A) 

Representative imaging of pERK expression of spinal cord in control and RISS mice at the L4 

segments at day 0. Scale bar, 50μm. (B) Quantification of pERK expression in the dorsal horn 

area of control and RISS mice (n = 3 mice per group). (C) Representative imaging of c-fos 

expression of spinal cord in control and RISS mice at the L4 segments at day 0. Scale bar, 50μm. 

(D) Quantification of c-fos expression in the dorsal horn area (n = 3 mice per group). ns, non-

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/annrheumdis-2020-218329–13.:10 2020;Ann Rheum Dis, et al. Hung C-H



23 

 

significant. Ctrl, control. n, number. Data are mean ± SEM. *p<0.05 compared to control mice 

(All Mann-Whitney test).  
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Figure S4 Lipidomics analysis of RISS mice. (A) Score plot of PCA based on lipidomic 

profiling of serum from RISS mice at different times compared to the basal (B) group: acute 

(P4), subacute (P14), chronic (P28), and recovery (P56) (from left to right). Red circles represent 

distribution of the basal group, and green circles represent RISS groups at each time. (B) Fold 

change analysis of the discriminative lipids for P4 selected by OPLS-DA and their variation 

trends in peak intensity from P4 to P56 (n=6 per group). Left: Box-and-whisker plots of 

identified lipids at basal status and P4. Whiskers represent minimum and maximum values. 

Right: Changes in peak intensity from P4 to P56 compared to basal status (Mann-Whitney test). 

(C) Score plot of PCA based on lipidomic analysis of serum from RISS mice at P0 compared to 

the basal group. (D) (related to Fig. 3H) Quantitative profiling of LPC18:0 and SM(d18:1/18:0) 

at P0 (n = 6 per group; ANOVA)). Serum levels were measured by selective reaction monitoring 

triple quadrupole MS. PCA, principal component analysis B: basal. LPC, 

lysophosphatidylcholine; PC, phosphatidylcholines; SM, sphingomyelin. *p<0.05, **p<0.01, 

indicates statistically significant difference between basal status and the RISS mice at different 

times (Mann-Whitney test). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/annrheumdis-2020-218329–13.:10 2020;Ann Rheum Dis, et al. Hung C-H



26 

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/annrheumdis-2020-218329–13.:10 2020;Ann Rheum Dis, et al. Hung C-H



27 

 

Figure S5 Repeated LPC16:0 injection induces chronic hyperalgesia by an ASIC3-dependent 

mechanism. (A) Representative images of pERK expression of L4 dorsal root ganglia (DRG) 

neurons after injection of LPC16:0 injection (i.m.) and vehicle. Arrowheads indicate examples of 

positive pERK expression. Scale bar, 100 µm. (B) Quantification of pERK expression after LPC 

injection (n = 3 mice per group; Mann-Whitney test). (C) Effect of repeated intramuscular 

LPC18:0 (left) and SM(d18:1/18:0) (right) injection on wild-type mice. Mice received two 

intramuscular injections (1 day apart) of neutral saline containing lipids (4.8 nmol) or vehicle. 

Mechanical hypersensitivity was assessed by the von Frey test. Orange arrows, lipid injection 

(LPC18:0 or SM(d18:1/18:0)). (n=6 per group; ANOVA). (D) Effect of ERK inhibitor (U0126) 

on the repeated LPC16:0 injection-induced chronic hyperalgesia as assessed by von Frey test. 

Intrathecal injection of U0126 (12.5 nmol) and its inactive analogue, U0124, was administered 

30 minutes before first intramuscular LPC16:0 injection. Green arrows, U0126 or U0124 

injection. Orange arrows, LPC16:0 injection. (n=6 per group; ANOVA). (E) Analgesic effect of 

intraperitoneal administration of pregabalin, morphine, and diclofenac on repeated LPC16:0 

injection model as assessed by von Frey test (n=6 per group; ANOVA). (F) Representative 

imaging of pERK expression of lumbar DRG neurons after intramuscular injection of vehicle, 

LPC16:0, and LPC16:0+APETx2 (ASIC3 inhibitor) at P0. Scale bar, 100μm. (G) Quantification 

of pERK expression after injection of vehicle, LPC16:0 and LPC16:0+APETx2 (n = 3 mice per 

group; Kruskal-Wallis test). (H) Representative imaging of pERK expression of L4 DRG 

neurons in WT and Asic3
-/-

 mice at P0. Scale bar, 100μm. (I) Quantitative analysis of pERK 

expression after LPC16:0 injection in WT and Asic3
-/-

 mice (n = 3 mice per group; Kruskal-

Wallis test). (J) Representative imaging of pERK expression of lumbar DRG neurons after RISS 

in WT and Asic3
-/- mice (at P0). Scale bar, 100μm. (K) Quantitative analysis of pERK 
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expression in WT and Asic3
-/- 

mice (n = 3 mice per group; Kruskal-Wallis test). (L) Effect of 

NAC (200mg/Kg bodyweight, i.p.) and Tempol (100mg/kg bodyweight, i.p.) on serum oxidative 

stress in RISS mice at P0. Left, serum MDA level (n=6); right, serum H2O2 content (n=6; both 

ANOVA). (M) Effect of NAC and Tempol on intracellular oxidative levels of blood leukocytes 

in RISS mice (at P0). ROS levels were measured by emitted fluorescence intensity from immune 

cells after oxidation of intracellular DCFH by ROS (n=10~11 per group; ANOVA). LPC, 

lysophosphatidylcholine. LPC inj., mice with repeated LPC16:0 injection. Ctrl, control. NAC, N-

acetylcysteine. MDA, malondialdehyde. ROS, reactive oxygen species. Data are mean ± SEM. 

*p<0.05, **p<0.01, **p<0.001, compared to vehicle (B, C, E, G and I), U0124 treatment (D) or 

control (K, L and M)  (All 2-way ANOVA). For complete statistical analyses, please refer to 

Supplementary Results. 
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Figure S6 Patient recruitment flow chart  
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Figure S7 Correlations of metabolite expression (peak intensity; vertical-axis) with (A) pain 

scores (verbal rating scale; horizontal-axis) and (B) symptom severity (scores of the Revised 

Fibromyalgia Impact Questionnaire; horizontal-axis) in the HC (n=30), FM-M (n=19) and FM-S 

(n=12) groups. FM patients were classified into two subgroups based on FIQR score with K-

means cluster analysis. Patients with higher FIQR scores was thus designated as the group with 

severe symptoms (FM-S), and those with lower scores as the group with mild symptoms (FM-M). 

HC, healthy control. Spearman’s rank correlation test. r = Spearman correlation coefficient.  
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Table S1. Upregulated lipids and their fold changes in peak intensity at different times after RISS 

 Lipid ID ion (m/z) Adduct 

Fold change (day post RISS / control) 

 P4 P14 P28 P56 

 

LPC 16:0 496.3399 M 

 

1.37* 1.11  1.20  1.05  

 

LPC 18:2 520.3399 M 

 

1.35** 1.07  1.13  1.01  

 

SM (d18:1/19:1)  744.6066 M + H
+
 

 

1.31* 1.06  1.29* 1.27  

 SM (d18:1/19:1) 745.6066 M + 2H
+
  1.30* 1.03 1.29* 1.25 

 

SM (d18:1/23:0) 801.6852 M 

 

5.24* 0.83  4.31  2.46  

 PC 36:3 784.5853 M  1.19** 1.01  1.05  1.02  

 Cer (d18:1/22:0) 622.6141 M  0.98  1.14* 0.79  1.00  

 Cer (d18:1/23:0) 636.6297 M  1.02  1.18* 0.79  1.06  

 Cer (d18:1/24:0) 650.6454 M  1.03  1.27** 0.85  1.07  

 

LPC 15:0 482.3242 M 

 

1.14  0.95  1.39* 1.38** 

 

SM (d18:1/24:1) 813.6849 M 

 

0.97  1.32  1.56** 1.53** 

 PC 35:4 768.5539 M  1.11  0.90  1.40* 0.81  

 LPC 17:0 511.3555 M + H
+
  1.08  1.06  1.03  1.14* 

 LPC 19:0 538.3868 M  1.15  1.19  1.21  1.24* 

 PC 34:1 760.5853 M  0.89  0.99  1.03  1.05* 

 PC 36:4 782.5696 M  1.08  1.07  1.12  1.22** 

 PC 36:5 781.5539 M + H
+
  1.17  1.13  1.17  1.31** 

Serum lipids were analyzed at post-RISS day 4 (P4), day 14 (P14), day 28 (P28), and day 56 (P56). Fold changes were calculated by dividing the mean of the 

peak intensity of each metabolite from RISS (P4, 14, 28 and 56) and basal groups (n=6 in each group). RISS and basal groups were compared by Mann–
Whitney test. *p <0.05, ** p <0.01. LPC, lysophosphatidylcholine. SM, sphingomyelin. PC, phosphatidylcholine. Cer, ceramide. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/annrheumdis-2020-218329–13.:10 2020;Ann Rheum Dis, et al. Hung C-H



34 

 

 Supplementary Table 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/annrheumdis-2020-218329–13.:10 2020;Ann Rheum Dis, et al. Hung C-H



35 

 

Table S2. Upregulated lipids and their fold changes in peak intensity at P0 after repeated and 

intermittent sound stress (RISS) 

 Lipid ID 

  

ion (m/z) 

   fold change 

   Adduct  (post RISS/control) 

 

LPC 16:0 

 

496.3399 

 

M 

 

1.47** 

 

LPC 18:0 

 

525.3712 

 

M + H
+
 

 

1.47* 

 

LPC 18:3 

 

518.3242 

 

M  

 

1.11** 

 

LPC 20:2 

 

548.3713 

 

M 

 

1.19* 

 

LPC 20:5 

 

542.3242 

 

M 

 

1.31** 

 

SM (d18:1/18:0) 

 

731.607 

 

M 

 

2.12** 

 

SM (d18:1/20:0) 

 

759.6383 

 

M 

 

1.86** 

 

SM (d18:1/20:1) 

 

757.6223 

 

M 

 

1.76** 

 

SM (d18:1/21:0) 

 

773.6539 

 

M  1.67** 

 

SM (d18:1/22:0)  788.6696  M + H
+
 

 

1.59** 

 

SM (d18:1/22:1) 

 

785.6536 

 

M 

 

1.52** 

 

SM (d18:1/23:0)  802.6852  M + H
+
 

 

1.40* 

 

SM (d18:1/24:0)  816.7009  M + H
+
 

 

1.23* 

 

Cer (d18:1/22:0) 

 

622.6141 

 

M 

 

1.35** 

 

Cer (d18:1/23:0) 

 

636.6297 

 

M 

 

1.19** 

 

PC 34:1 

 

761.5853 

 

M + H
+
 

 

1.06** 

 PC 36:4  782.5696  M  1.17** 

 PC 36:5 

 

780.5539 

 

M 

 

6.79** 

 PC 38:2  814.6324  M 

 

1.13** 

 PC 39:6  820.5852  M  1.34* 

 PC 40:4  838.6322  M  1.50** 

 PI 38:4  905.6001  M + NH4
+
   1.18** 

Serum samples were collected immediately after RISS procedure (P0, hyper-acute stage) for lipidomic 

analysis. Fold changes were calculated by dividing the mean of peak intensity of each metabolite from P0 and 

basal groups (n=6, each group). RISS and basal groups were compared by Mann–Whitney U test. *p <0.05, 

** p <0.01. LPC, lysophosphatidylcholine. SM, sphingomyelin. PC, phosphatidylcholine. PI, 

phosphatidylinositol. 
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Table S3. A comparison of demographic data and clinical manifestation between patients with 

fibromyalgia and healthy controls 

Variable Patients (n=31)   Controls (n=30)   p-value 

Age   46.39 ± 11.87   49.93 ± 14.47   0.299 

F / M  28 / 3    27 / 3   0.966 

       
Verbal rating scale 

 
 7.03 ± 2.39  

 
 0.70 ± 1.21 

 
<0.001* 

Widespread pain index  9.03 ± 4.50    0.57 ± 0.90   <0.001* 

       
Symptom severity scale           

  Cognitive function 1.48 ± 0.93   0.77 ± 0.68    0.001* 

  Fatigue 2.00 ± 0.68   0.87 ± 0.43    <0.001* 

 
Waking up tired 2.16 ± 0.82 

 
0.70 ± 0.60 

 
<0.001* 

  Headache 0.87 ± 0.34   0.43 ± 0.50   <0.001* 

 
GI symptoms 0.55 ± 0.51  

 
0.13 ± 0.35 

 
<0.001* 

  Depression 0.65 ± 0.49   0.13 ± 0.35   <0.001* 

 
Sum 7.71 ± 2.12 

 
2.93 ± 1.76 

 
<0.001* 

        
PSS-10 11.77 ± 4.37   21.52 ± 8.27   <0.001* 

                

FIQR             

 
Domain 1 27.35 ± 22.63 

 
1.10 ± 2.40 

 
<0.001* 

  Domain 2 12.16 ± 6.19   0.27 ± 1.05   <0.001* 

 
Domain 3 63.06 ± 14.53 

 
12.67 ± 10.14 

 
<0.001* 

  Score 52.28 ± 17.66   6.97 ± 5.94   <0.001* 

FIQR, the Revised Fibromyalgia Impact Questionnaire. PSS-10, Perceived Stress Scale. Values are 

mean ± standard deviation. Student's t test. * statistical significance. 
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Table S4. The fold changes in intensity of lipids increased significantly in patients with fibromyalgia as 

compared with healthy controls  

 Lipid ID 
 
ion (m/z) 

 
Adduct 

fold change 
  p value 

  FM / HC 

 

LPC 16:0 
 
496.34  

 

M 1.71  
 

0.010 

 

LPC 16:1 
 
494.32  

 

M 1.13  
 

0.036 

 

LPC 18:1 
 
523.36  

 
M + H

+
 2.22  

 
0.000 

 

LPC 18:3 
 
518.32   M  1.47  

 
0.001 

 

LPC 20:1 
 
550.39   M 1.60  

 
0.000 

 

LPC 20:2  
 
548.37  

 

M 1.63  
 

0.000 

 

LPC 20:4 
 
544.34  

 
M 1.84  

 
0.005 

 

LPC 22:6 
 
569.34  

 

M+ H
+
 1.64  

 
0.001 

 

Cer (d18:1/22:0) 
 
622.61  

 
M 2.72  

 
0.007 

 

PC 36:0 
 
790.63  

 
M 1.88  

 
0.001 

 PC 38:1  816.65   M 2.94    0.003 

Fold changes were calculated by dividing the mean of peak intensity of each metabolite from 

fibromyalgia and healthy control groups (n=31 and 30 respectively). Comparison was made using 

Mann–Whitney U test. FM, fibromyalgia. HC, healthy controls. LPC, lysophosphatidylcholine. Cer, 

ceramide. PC, phosphatidylcholine.  
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Table S5. Subgroup of patients with fibromyalgia based on the symptom severity of FIQR 

scores (K-means method) 

Variable Cluster 1   Cluster 2   p-value 

Description   FM-M   FM-S     

N 
 

19 
 

12 
  

Age     43.5 ± 12.2   50.9 ± 10.2   0.152 

F / M 
  

18 / 1 
 

10 / 2 
 

0.296 

        
Verbal rating scale   5.89 ± 2.00   7.67 ± 2.35   0.032* 

Widespread pain index 
 

7.42 ± 3.70 
 

11.58 ± 4.60 
 

0.010* 

       
PSS-10     20.68 ± 8.60   22.83 ± 7.90   0.490  

        
FIQR 

      

  Domain 1 14.89 ± 16.46   47.08 ± 16.16   <0.001* 

 
Domain 2 8.21 ± 4.40 

 
17.58 ± 2.94 

 
<0.001* 

  Domain 3 55.68 ± 8.64   74.75 ± 14.52   <0.001* 

 
Score  41.49 ± 8.90 

 
70.65 ± 11.46 

 
<0.001* 

FM-M, fibromyalgia with mild symptoms. FM-S, fibromyalgia with severe symptoms. 

FIQR, the Revised Fibromyalgia Impact Questionnaire. Values are mean ± standard 

deviation. Mann–Whitney U test. * statistical significance. 
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Supplementary Results 

 
1. Statistical table for Figure 1-5 and Figure S1-7 

Figure 

# 

Panel Test used        

alpha=0.05 

n F/t value & Df p value Post-hoc 

tests 

1B 

von Frey 2-way ANOVA 6 

interaction: F (1, 10) 

=37.50 
P=0.0010 

Bonferroni 

(*vs B) 
time: F (1, 10) = 73.50 P<0.0001 

stress: F (1, 10) = 13.51 P=0.0043 

MWT 2-way ANOVA 6 

interaction: F (1, 10) 

=20.99 
P=0.0010 

Bonferroni 

(*vs B) time: F(1, 10) = 46.99 P<0.0001 

stress: F(1, 10) = 43.12 P<0.0001 

open field 2-way ANOVA 6 

interaction: F (1, 10) = 

0.06062 
P=0.8105 

Bonferroni 

(*vs B) 
time: F (1, 10) = 33.19 P=0.0002 

stress: F (1, 10) = 

0.09008 
P=0.7702 

elevated plus maze 2-way ANOVA 6 

interaction: F (1, 10) = 

0.3492 
P=0.5677 

Bonferroni 

(*vs B) 
time: F (1, 10) = 100.9 P<0.0001 

stress: F (1, 10) = 

0.05605 
P=0.8176 

1C 

von Frey 2-way ANOVA 6 

interaction: F (16, 160) = 

14.43 
P<0.001 

Bonferroni 

(*vs Ctrl) 
time: F (16, 160) = 16.55 P<0.0001 

stress: F (1, 10) = 66.21 P<0.001 

Hargreaves test 2-way ANOVA 6 

interaction: F (15, 150) = 

3.863 
P<0.0001 

Bonferroni 

(*vs Ctrl) 

time: F (5.665, 56.65) = 

5.511 
P=0.0002 

stress: F (1, 10) = 152.2 P<0.0001 

MWT 2-way ANOVA 6 

interaction: F (9, 90) = 

7.443 
P<0.0001 

Bonferroni 

(*vs Ctrl) 

time: F (4.421, 44.21) = 

6.943 
P=0.0001 

stress: F (1, 10) = 69.21 P<0.0001 

1D Grip force 2-way ANOVA 6 
interaction: F (9, 90) = 

6.011 
P<0.0001 

Bonferroni 

(*vs Ctrl) 
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time: F (4.560, 45.60) = 

5.818 
P=0.0004 

stress: F (1, 10) = 69.69 P<0.0001 

1E 

von Frey 2-way ANOVA 6 

interaction: F (1, 10) = 

03719 
P=05556 

Bonferroni 

(*vs B) 
time: F (1, 10) = 220.2 P<0.0001 

sex: F (1, 10) = 0.02262 P=0.8834 

MWT 2-way ANOVA 6 

interaction: F (1, 10) = 

0.1955 P=0.6678 

Bonferroni 

(*vs B) 
time: F (1, 10) = 62.49 

P<0.0001 

sex: F (1, 10) = 4.730 
P=0.0547 

1F 

von Frey (female) 2-way ANOVA 6 

interaction: F (10, 100) = 

15.05 
P<0.0001 

Bonferroni 

(*vs Ctrl) 
time: F (10, 100) = 14.74 P<0.0001 

stress: F (1, 10) = 149.6 P<0.0001 

von Frey (male) 2-way ANOVA 6 

interaction: F (10, 100) = 

9.781 
P<0.0001 

Bonferroni 

(*vs Ctrl) 
time: F (10, 100) = 8.041 P<0.0001 

stress: F (1, 10) = 94.87 P<0.0001 

von Frey (RISS 

female vs male) 
2-way ANOVA 6 

interaction: F (10, 100) 

=0.3038 
P=0.9787 

Bonferroni 

(female vs 

male) 

time: F (10, 100) = 38.57 P<0.0001 

sex: F (1, 10) = 1.765 P=0.2135 

1G 

von Frey-pregabalin 2-way ANOVA 

6 

interaction: F (20, 120) = 

2.135 
P=0.0064 

Bonferroni 

(* vs RISS-

Vehicle) 

time: F (3.529, 105.9) = 

7.649 
P<0.0001 

dose: F (5, 30) = 90.82 P<0.0001 

6 

interaction: F (8, 60) = 

0.2801 
P=0.9701 

Bonferroni 

(+ vs Ctrl-

Vehicle) 

time: F (3.334, 50.01) = 

0.2117 
P=0.9049 

dose: F (2, 15) = 0.9638 P=0.4039 

MWT-pregabalin 2-way ANOVA 6 

interaction: F (12, 72) = 

2.685 
P=0.0003 Bonferroni 

(* vs RISS-

Vehicle) time: F (4, 72) = 8.072 P<0.0001 
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dose: F (3, 18) = 2.566 P=0.0493 

6 

interaction: F (12, 80) = 

0.3958 
P=0.9613 

Bonferroni 

(+ vs Ctrl-

Vehicle) 

time: F (3.445, 68.91) = 

1.472 
P=0.2256 

dose: F (3, 20) = 0.5541 P=0.6513 

Hargreaves test-

pregabalin 
2-way ANOVA 

6 

interaction: F (8, 60) = 

7.788 
P<0.0001 

Bonferroni 

(* vs RISS-

Vehicle) 

time: F (4, 60) = 21.29 P<0.0001 

dose: F (2, 15) = 11.15 P=0.0011 

6 

interaction: F (8, 60) = 

0.2524 
P=0.9783 

Bonferroni 

(+ vs Ctrl-

Vehicle) 

time: F (2.564, 38.46) = 

0.1155 
P=0.9308 

dose: F (2, 15) = 0.3232 P=0.7288 

von Frey-morphine 2-way ANOVA 

6 

interaction: F (12, 80) = 

0.9939 
P=0.4623 

Bonferroni 

(* vs RISS-

Vehicle) 

time: F (4, 80) = 0.9083 P=0.4633 

drug: F (3, 20) = 0.5009 P=0.6859 

6 

interaction: F (12, 80) = 

0.5117 
P=0.9014 

Bonferroni 

(+ vs Ctrl-

Vehicle) 

time: F (4, 80) = 0.2396 P=0.9151 

dose: F (3, 20) = 0.4397 P=0.7271 

MWT-morphine 

2-way ANOVA 6 

interaction: F (8, 60) = 

1.285 
P=0.1950 

Bonferroni 

(* vs RISS-

Vehicle) 

time: F (3.328, 49.93) = 

2.452 
P=0.0498 

dose: F (2, 15) = 7.883 P=0.0046 

2-way ANOVA 6 

interaction: F (8, 60) = 

0.2340 
P=0.9830 

Bonferroni 

(+ vs Ctrl-

Vehicle) 

time: F (3.030, 45.45) = 

0.1487 
P=0.9314 

dose: F (2, 15) = 0.09918 P=0.9062 

Hargreaves test-

morphine 
2-way ANOVA 6 

interaction: F (8, 60) = 

1.450 
P=0.8029 

Bonferroni 

(* vs RISS-

Vehicle) 

time: F (2.444, 36.66) = 

3.054 
P=0.2102 

dose: F (2, 15) = 4.606 P=0.0276 
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2-way ANOVA 6 

interaction: F (8, 60) = 

1.628 
P=0.1358 

Bonferroni 

(+ vs Ctrl-

Vehicle) 

time: F (2.791, 41.86) = 

4.353 
P=0.0108 

dose: F (2, 15) = 4.187 P=0.0359 

von Frey-diclofenac 

2-way ANOVA 6 

interaction: F (8, 60) = 

0.8603 
P=0.5547 

Bonferroni 

(* vs RISS-

Vehicle) 

time: F (3.302, 49.54) = 

0.6274 
P=0.6156 

dose: F (2, 15) = 0.6186 P=0.5519 

2-way ANOVA 6 

interaction: F (8, 60) = 

0.2011 
P=0.9896 

Bonferroni 

(+ vs Ctrl-

Vehicle) 

time: F (3.016, 45.24) = 

0.2834 
P=0.8381 

dose: F (2, 15) = 0.05272 P=0.9488 

MWT-diclofenac 

2-way ANOVA 6 

interaction: F (8, 60) = 

0.5609 
P=0.8054 

Bonferroni 

(* vs RISS-

Vehicle) 

time: F (3.398, 50.96) = 

0.3385 
P=0.8213 

dose: F (2, 15) = 0.1479 P=0.8638 

2-way ANOVA 6 

interaction: F (8, 60) = 

0.6164 
P=0.7606 

Bonferroni 

(+ vs Ctrl-

Vehicle) 

time: F (2.660, 39.91) = 

0.6338 
P=0.5793 

dose: F (2, 15) = 

0.002700 
P=0.9973 

Hargreaves test-

diclofenac 

2-way ANOVA 6 

interaction: F (8, 60) = 

0.2718 
P=0.9727 

Bonferroni 

(* vs RISS-

Vehicle) 

time: F (3.036, 45.54) = 

0.2649 
P=0.8525 

dose: F (2, 15) = 1.395 P=0.2783 

2-way ANOVA 6 

interaction: F (8, 60) = 

0.3403 
P=0.9466 

Bonferroni 

(+ vs Ctrl-

Vehicle) 

time: F (3.534, 53.01) = 

0.3272 
P=0.8365 

dose: F (2, 15) = 0.1102 P=0.8964 

2B pERK expression 
Kruskal-Wallis 

test 
3 

 
P=0.0004 *vs Ctrl 

2D pERK expression 
Mann-Whitney 

test 
3  

P=0.0357 (cervical); 

P=0.0286 (thoracic); 

P=0.357 (lumbar) 

* vs Ctrl 
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3A TBARS 1-way ANOVA 6 F (3, 20) = 12.42 P<0.0001 
Bonferroni 

(*vs Ctrl) 

3C ROS probe_muscle 
Kruskal-Wallis 

test 
3  P=0.0004 *vs Ctrl 

3D 

ROS_granulocyte 1-way ANOVA 11 F (3, 40) =29.83 P<0.0001 

Bonferroni 

(*vs Ctrl) 
ROS_monocyte 1-way ANOVA 11 F (3, 40) = 22.77 P<0.0001 

ROS_lymphocyte 1-way ANOVA 11 F (3, 40) = 8.777 P=0.0001 

3E H2O2 1-way ANOVA 6 F (3, 20) = 11.52 P=0.0001 
Bonferroni 

(*vs Ctrl) 

3H QqQ_LPC16:0 1-way ANOVA 6 F (2, 15) = 5.355 P=0.0176 
Bonferroni 

(*vs B) 

3I 
LPC160-dose 

dependent effects 
2-way ANOVA 6 

interaction: F (24, 160) = 

3.012 
P<0.0001 

Bonferroni 

(* vs RISS-

Vehicle) 

time: F (5.218, 104.4) = 

17.05 
P<0.0001 

dose: F (3, 20) = 14.30 P<0.0001 

3J 

Intramuscular 

LPC16:0 injection 

_von Frey 

2-way ANOVA 8 

interaction: F (18, 252) = 

10.45 
P<0.0001 

Bonferroni 

(*vs 

Vehicle) 

time: F (18, 252) = 11.66 P<0.0001 

drug: F (1, 14) = 40.50 P<0.0001 

Intraplantar 

LPC16:0 injection 

_von Frey 

2-way ANOVA 6 

interaction: F (12, 120) = 

6.163 
P<0.0001 

Bonferroni 

(*vs 

Vehicle) 
time: F (12, 120) = 10.74 P<0.0001 

drug: F (1, 10) = 11.03 P=0.0077 

3K 

von Frey (left) 2-way ANOVA 6 

interaction: F (14, 105) = 

4.804 
P<0.001 

Bonferroni 

(*vs vehicle; 

# vs 

LPC16:0) 

time: F (7, 105) = 21.34 P<0.001 

drug: F (2, 15) = 34.78 P<0.001 

von Frey (right) 2-way ANOVA 7 

interaction: F (7, 84) = 

5.540 
P<0.0001 

Bonferroni 

(*vs B; # 

between 

groups) 

time: F (7, 84) = 26.95 P<0.0001 

Genotype: F (1, 12) = 

2.434 
P=0.1447 

3L open field 2-way ANOVA 5 

interaction: F (1, 8) = 

0.5078 
P=0.4964 

Bonferroni 

(*vs B) 
time: F (1, 8) = 46.52 P=0.0001 

genotype: F (1, 8) = 

2.645 
P=0.1425 
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von Frey 2-way ANOVA 7 

interaction: F (5, 60) = 

5.738 
P=0.0002 

Bonferroni  

(* vs B; # 

between 

groups) 

time: F (5, 60) = 24.35 P<0.0001 

genotype: F (1, 12) = 

66.13 
P<0.0001 

3N 

QqQ_LPC16:0 1-way ANOVA 6 F (2, 15) = 8.880 P=0.0029 
Bonferroni 

(* vs Ctrl) 

von Frey 2-way ANOVA 5 

interaction: F (3, 24) = 

5.285 
P=0.0061 

Bonferroni  

(* vs B; # vs 

RISS-

Vehicle) 

time: F (2.247, 17.97) = 

21.84 
P<0.0001 

drug: F (1, 8) = 27.54 P=0.0008 

3O 

Relative quantitative 

analysis_LPC16:0 
1-way ANOVA 6 F (2, 15) = 5.976 P=0.0123 

Bonferroni 

(* vs Ctrl) 

von Frey 2-way ANOVA 6 

interaction: F (3, 30) = 

3.366 
P=0.0314 

Bonferroni  

(* vs B; # vs 

RISS-

Vehicle) 

time: F (3, 30) = 18.77 P<0.0001 

drug: F (1, 10) = 69.75 P<0.0001 

4A 

PSS-10 unpaired t test 
HC:30 

FM:31 
t=5.729, df=59 P<0.0001 * vs HC 

TBARS unpaired t test 
HC:30 

FM:31 
t=2.415, df=59 P=0.0188 * vs HC 

4E Clinical lipidomics 
Mann-Whitney 

test 

HC:30 

FM:31 
  

as annotated in 

figures 
*vs HC 

4F 

Correlation: HC-

LPC16:0 

Spearman’s rank 
correlation 

HC:30 

FM:31 

 
with VRS:P=0.838 

with FIQR:P= 0.580 
 

Correlation: HC-

LPC18:1 
 

with VRS:P=0.551 

with FIQR:P=0.707 
 

Correlation: HC-

LPC20:1 
 

with VRS:P=0.769 

with FIQR:P=0.051 
 

Correlation: HC-

LPC20:2 
 

with VRS:P=0.407 

with FIQR:P=0.850 
 

Correlation: HC-

LPC20:4 
 

with VRS:P=0.275 

with FIQR:P=0.967 
 

Correlation: HC-

LPC22:6 
 

with VRS:P=0.476 

with FIQR:P= 0.457 
 

Correlation: HC-

Cer(d18:1/22:0) 
 

with VRS:P=0.342 

with FIQR:P= 0.519 
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Correlation: HC-

PC36:0 
 

with VRS:P=0.360 

with FIQR:P= 0.220 
 

Correlation: HC-

PC38:1 
 

with VRS:P=0.012 

with FIQR:P= 0.620 
 

Correlation: FM-

LPC16:0 
 

with VRS:P=0.082 

with FIQR:P= 0.618 
 

Correlation: FM-

LPC18:1 
 

with VRS:P=0.810 

with FIQR:P=0.917 
 

Correlation: FM-

LPC20:1 
 

with VRS:P=0.520 

with FIQR:P=0.258 
 

Correlation: FM-

LPC20:2 
 

with VRS:P=0.246 

with FIQR:P=0.960 
 

Correlation: FM-

LPC20:4 
 

with VRS:P=0.892 

with FIQR:P=0.288 
 

Correlation: FM-

LPC22:6 
 

with VRS:P=0.661 

with FIQR:P= 0.158 
 

Correlation: FM-

Cer(d18:1/22:0) 
 

with VRS:P=0.142 

with FIQR:P= 0.561 
 

Correlation: FM-

PC36:0 
 

with VRS:P=0.749 

with FIQR:P= 0.725 
 

Correlation: FM-

PC38:1 
 

with VRS:P=0.796 

with FIQR:P= 0.673 
 

5A FIQR unpaired t test 
 FM-M:19 

FM-S:12 
t=13.66, df=59 P<0.001 

#FM-M vs 

FM-S 

5B 

VRS 1-way ANOVA 

HC:30 

FM-M:19 

FM-S:12 

F (2, 58) = 273.0 P<0.0001 

Bonferroni 

(#FM-M vs 

FM-S, *vs 

HC) 

WPI 1-way ANOVA 

HC:30 

FM-M:19 

FM-S:12 

F (2, 58) = 70.35 P<0.0001 

Bonferroni 

(#FM-M vs 

FM-S, *vs 

HC) 

5C 

PSS-10 1-way ANOVA 

HC:30 

FM-M:19 

FM-S:12 

F (2, 58) = 16.73 P<0.0001 

Bonferroni 

(#FM-M vs 

FM-S, *vs 

HC) 

TBARS 1-way ANOVA 

HC:30 

FM-M:19 

FM-S:12 

F (2, 58) = 3.963 P=0.0244 

Bonferroni 

(#FM-M vs 

FM-S, *vs 

HC) 

5D LPC16:0 M 
Kruskal-Wallis 

test 

HC:30 

FM-M:19 

FM-S:12 

 
FM-M vs HC: P=0.2216 

FM-S vs HC: P=0.0347 

FM-M vs -S: P>0.9999 

Bonferroni 

(*vs HC, 

#FM-M vs 
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LPC18:1 M+H+  
FM-M vs HC: P=0.0041 

FM-S vs HC: P=0.0104 

FM-M vs -S: P>0.9999 

FM-S,) 

LPC20:1 M  
FM-M vs HC: P=0.0213 

FM-S vs HC: P=0.0032 

FM-M vs -S: P>0.9999 

LPC20:2 M  
FM-M vs HC: P=0.0041 

FM-S vs HC: P=0.0021 

FM-M vs -S: P>0.9999 

LPC20:4 M  
FM-M vs HC: P=0.1006 

FM-S vs HC: P=0.0288 

FM-M vs -S: P>0.9999 

LPC22:6 M+H+  
FM-M vs HC: P=0.0011 

FM-S vs HC: P=0.0002 

FM-M vs -S: P>0.9999 

Cer(d18:1/22:0) M  
FM-M vs HC: P=0.0554 

FM-S vs HC: P=0.1320 

FM-M vs -S: P>0.9999 

PC36:0 M  
FM-M vs HC: P=0.0073 

FM-S vs HC: P=0.0406 

FM-M vs -S: P>0.9999 

PC38:1 M  
FM-M vs HC: P=0.0259 

FM-S vs HC: P=0.0991 

FM-M vs -S: P>0.9999 

5E 

Correlation: HC 

Spearman’s rank 
correlation 

30  as annotated in 4F  

Correlation: FM-M-

LPC16:0 

19 

 
with VRS:P=0.902 

with FIQR:P= 0.064 
 

Correlation: FM-M-

LPC18:1 
 

with VRS:P=0.767 

with FIQR:P=0.480 
 

Correlation: FM-M-

LPC20:1 
 

with VRS:P=0.349 

with FIQR:P=0.991 
 

Correlation: FM-M-

LPC20:2 
 

with VRS:P=0.234 

with FIQR:P=0.276 
 

Correlation: FM-M-

LPC20:4 
 

with VRS:P=0.911 

with FIQR:P=0.104 
 

Correlation: FM-M-

LPC22:6 
 

with VRS:P=0.338 

with FIQR:P= 0.246 
 

Correlation: FM-M-

Cer(d18:1/22:0) 
 

with VRS:P=0.438 

with FIQR:P= 0.596 
 

Correlation: FM-M-

PC36:0 
 

with VRS:P=0.671 

with FIQR:P= 0.680 
 

Correlation: FM-M-

PC38:1 
 

with VRS:P=0.741 

with FIQR:P= 0.464 
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Correlation: FM-S-

LPC16:0 

12 

 
with VRS:P=0036 

with FIQR:P= 0.113 
 

Correlation: FM-S-

LPC18:1 
 

with VRS:P=0.390 

with FIQR:P=0.220 
 

Correlation: FM-S-

LPC20:1 
 

with VRS:P=0.694 

with FIQR:P=0.520 
 

Correlation: FM-S-

LPC20:2 
 

with VRS:P=0.439 

with FIQR:P=0.557 
 

Correlation: FM-S-

LPC20:4 
 

with VRS:P=0.728 

with FIQR:P=0.854 
 

Correlation: FM-S-

LPC22:6 
 

with VRS:P=0.968 

with FIQR:P= 0.216 
 

Correlation: FM-S-

Cer(d18:1/22:0) 
 

with VRS:P=0.141 

with FIQR:P= 0.072 
 

Correlation: FM-S-

PC36:0 
 

with VRS:P=0.661 

with FIQR:P= 0.491 
 

Correlation: FM-S-

PC38:1 
 

with VRS:P=0.656 

with FIQR:P= 0.639 
 

              

S1A Food consumption 2-way ANOVA 6 

interaction: F (1, 10) = 

0.4275 
P=0.5280 

Bonferroni 

(*vs B) 
time: F (1, 10) = 8.833 P=0.0140 

stress: F (1, 10) = 0.2557 P=0.6240 

S1B Body weight 2-way ANOVA 6 

interaction: F (1, 11) = 

7.073 
P=0.0222 

Bonferroni 

(*vs B) 
time: F (1, 11) = 3.858 P=0.0753 

stress: F (1, 11) = 1.215 P=0.2938 

SID Nesting behavior 2-way ANOVA 6 

interaction: F (1, 10) = 

6.176 
P=0.0323 

Bonferroni 

(*vs B) 
time: F (1, 10) = 3.151 P=0.1063 

stress: F (1, 10) = 0.3587 P=0.5625 

S1E Latency 2-way ANOVA 6 

interaction: F (1, 10) = 

0.3335 
P=0.5764 

Bonferroni 

(*vs B) 
time: F (1, 10) = 2.029 P=0.1847 

stress: F (1, 10) = 1.828 P=0.2061 
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Peak amplitude 2-way ANOVA 6 

interaction: F (1, 10) = 

0.3943 
P=0.5441 

Bonferroni 

(*vs B) 
time: F (1, 10) = 0.1050 P=0.7526 

stress: F (1, 10) = 

0.07101 
P=0.7953 

Average amplitude 2-way ANOVA 6 

interaction: F (1, 10) = 

0.2954 
P=0.5987 

Bonferroni 

(*vs B) 
time: F (1, 10) = 0.04954 P=0.8283 

stress: F (1, 10) = 0.1755 P=0.6841 

S2A 

corticosterone 
Kruskal-Wallis 

test 
5 

 
P=0.0321 *vs B 

epinephrine 
Kruskal-Wallis 

test 
5  P=0.0356 *vs B 

S2D TNF-α 
Mann-Whitney 

test 
7  P=0.4557 *vs Ctrl 

S2E pH value 
Mann-Whitney 

test 
6  P=0.8528 *vs Ctrl 

S2G ATF3 expression 
Kruskal-Wallis 

test 
3  

 
P=0.0144 *vs Ctrl 

S3B pERK spinal cord 
Mann-Whitney 

test 
3  P=0.0286 *vs Ctrl 

S3D c-fos spinal cord 
Mann-Whitney 

test 
3  P=0.0286 *vs Ctrl 

S4B Untargeted lipidomics 
Mann-Whitney 

test 
6   

as annotated in 

figures 
*vs B 

S4D 

QqQ_LPC18:0 1-way ANOVA 6 F (2, 15) = 0.1878 P=0.8307 
Bonferroni 

(*vs B) 

QqQ_SM(d18:1/18:0) 1-way ANOVA 6 F (2, 15) = 0.5195 P=0.6052 
Bonferroni 

(*vs B) 

S5B pERK expression 
Mann-Whitney 

test 
3  

 
P=0.0357 *vs vehicle 

S5C 

LPC18:0 2-way ANOVA 6 

interaction: F (12, 120) = 

3.638 
P=0.0001 

Bonferroni 

(* vs 

Vehicle) 

time: F (12, 120) = 6.627 P<0.0001 

drug: F (1, 10) = 4.592 P=0.0578 

SM(d18:1/18:0) 2-way ANOVA 6 

interaction: F (12, 96) = 

1.177 
P=0.3106 

Bonferroni 

(* vs 

Vehicle) 

time: F (12, 96) = 2.099 P=0.0238 

drug: F (1, 8) = 5.040 P=0.0550 
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S5D U0126 2-way ANOVA 6 

interaction: F (7, 70) = 

7.066 
P<0.0001 

Bonferroni 

(* vs U0124) 

time: F (4.536, 45.36) = 

21.25 
P<0.0001 

drug: F (1, 10) = 103.0 P<0.0001 

S5E 

von Frey-pregabalin 

2-way ANOVA 6 

interaction: F (4, 40) = 

14.93 
P<0.0001 

Bonferroni 

(* vs LPC 

inj.-Vehicle) 

time: F (3.529, 35.29) = 

11.53 
P<0.0001 

drug: F (1, 10) = 18.02 P=0.0017 

2-way ANOVA 6 

interaction: F (4, 40) = 

0.8184 
P=0.5211 

Bonferroni 

(+ vs Ctrl-

Vehicle) 

time: F (4, 40) = 0.3642 P=0.8326 

drug: F (1, 10) = 0.03407 P=0.8573 

von Frey-morphine 

2-way ANOVA 6 

interaction: F (4, 40) = 

0.3571 
P=0.8375 

Bonferroni 

(* vs LPC 

inj.-Vehicle) 

time: F (4, 40) = 0.2714 P=0.8946 

drug: F (1, 10) = 0.6098 P=0.4530 

2-way ANOVA 6 

interaction: F (4, 40) = 

0.04804 
P=0.9955 

Bonferroni 

(+ vs Ctrl-

Vehicle) 

time: F (4, 40) = 0.06282 P=0.9924 

drug: F (1, 10) = 0.4306 P=0.5265 

von Frey-diclofenac 

2-way ANOVA 6 

interaction: F (4, 40) = 

0.1313 
P=0.9700 

Bonferroni 

(* vs LPC 

inj.-Vehicle) 

time: F (4, 40) = 0.2112 P=0.9307 

drug: F (1, 10) = 0.05025 P=0.8271 

2-way ANOVA 6 

interaction: F (4, 40) = 

1.102 
P=0.3689 

Bonferroni 

(+ vs Ctrl-

Vehicle) 

time: F (4, 40) = 0.2780 P=0.8905 

drug: F (1, 10) = 0.6598 P=0.4356 

S5G pERK expression 
Kruskal-Wallis 

test 
3  

 
P=0.0002 *vs Vehicle 

S5I pERK expression 
Kruskal-Wallis 

test 
3 

 
P=0.0005 *vs Vehicle  

S5K pERK expression 
Kruskal-Wallis 

test 
3  

 
P=0.0006 *vs Ctrl  

S5L TBARS 1-way ANOVA 6 F (2, 15) = 10.80 P=0.0012 
Bonferroni 

(* vs Ctrl) 
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H2O2 1-way ANOVA 6 F (2, 15) = 10.22 P=0.0016 
Bonferroni 

(* vs Ctrl) 

S5M 

ROS_granulocyte 1-way ANOVA 

10~11 

F (2, 29) = 30.02 P<0.0001 

Bonferroni 

(*vs Ctrl) 
ROS_monocyte 1-way ANOVA F (2, 29) = 24.82 P<0.0001 

ROS_lymphocyte 1-way ANOVA F (2, 29) = 16.20 P<0.0001 

S7 

Correlation of 

metabolite expression 

with VRS 

Spearman’s rank 
correlation 

HC:30 

FM-M:19, 

FM-S:12 

 
as annotated in 

figures 
 

Correlation of 

metabolite expression 

with FIQR 

Spearman’s rank 
correlation 

HC:30 

FM-M:19, 

FM-S:12 

 
as annotated in 

figures 
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2. Untargeted lipidomic analysis 

Serum lipidomic analysis based on UPLC-QTOF-MS was used to investigate the nociceptive 

mechanism of RISS-induced pain at different times, including basal status (B), acute (P4), 

subacute (P14), chronic (P28), and recovery (P56) stages. 

To visualize the sample distribution of the multiple variate patterns, principle component 

analysis (PCA) was performed. Two principal components (PC1 and PC2) were calculated to 

build the unsupervised scatter plot. At times of P4, P14, P28 and P56, PC1 and PC2 together 

explained 52.4%, 46.5%, 41.8%, and 43.2% of the total variance, respectively. No outlier or 

intrinsic distribution was identified by the score plot, and thus all samples were recruited for 

further analysis.  

  To identify the differentially expressing lipids at an acute phase of RISS (P4), the supervised 

orthogonal partial least squares discriminant analysis (OPLS-DA) model with control and P4 

groups was used. The OPLS-DA score plot showed A clear partition in peak clusters between the 

basal and P4 groups (Figure 3F). The R
2
Y and Q

2
 of the resulting model were 0.166 and 0.71, 

respectively. The S-plot was conducted to identify discriminative metabolites that contribute to 

differentiate RISS from control treatment (Fig. 3G).  

  We next performed lipidomic profiling of P0 to probe the lipid expression of RISS at a 

hyper-acute stage. The PCA score plot was used again to visualize the sample distribution. Two 

principal components were calculated to build the unsupervised scatter plot and together 

explained 55.5% of the total variance. A clear partition in peak clusters was already observed 

between the basal and P0 groups in the unsupervised scatter plot. No outlier was identified by the 

score plot and thus all samples were recruited for analysis. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/annrheumdis-2020-218329–13.:10 2020;Ann Rheum Dis, et al. Hung C-H



52 

 

Movie Legend 

Movie 1 Representative video of the stimulation of repeated and intermittent sound stress 

(RISS). In the video two resting mice were separately placed in clear acrylic cubicles and then 

exposed to RISS (starting from the 6
th

 sec). Tense and agitating behaviors of mice were observed 

under RISS exposure. The animals occasionally showed startle responses (whole body flinch) 

synchronously under stress during the changes of tone stimulus (observed at the 24
th

, 33
th

, and 

49
th

 sec). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/annrheumdis-2020-218329–13.:10 2020;Ann Rheum Dis, et al. Hung C-H


