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ARIVE The ARRIVE guidelines 2.0: author checklist

The ARRIVE Essential 10

These items are the basic minimum to include in a manuscript. Without this information, readers and reviewers
cannot assess the reliability of the findings.

Item

Recommendation

Section/line
number, or reason
for not reporting

Study design

For each experiment, provide brief details of study design including:

a. The groups being compared, including control groups. If no control group has
been used, the rationale should be stated.

b. The experimental unit (e.g. a single animal, litter, or cage of animals).

rapy groups (25, 5U, 1UU, ZUU, 4UU, BUU
mg/kg), fumaric acid (100 mg/kg) + morph
ine (10 p g/kg) combination group, salin
e + morphine (10 p g/kg) control group,
and fumaric acid (100 mg/kg) + saline co
ntrol group. All interventions were via
intrathecal catheter. No experiment lack
ed a control group.

ple size calculation (n=10 per grolp aft
er 20% attrition adjustment) was based o
n independent samples t-test using G*Pow
er, with the mechanical paw withdrawal t
hreshold as the primary outcome measure.

Sample size

a. Specify the exact number of experimental units allocated to each group, and the
total number in each experiment. Also indicate the total number of animals used.

b. Explain how the sample size was decided. Provide details of any a priori sample
size calculation, if done.

g (n=11), 40u ng/kg (n—ll) 800 mg/kg (n
=12) — totaling 80 BCP mice for dose-re
sponse study Addltlonally ©40 nodel mic
e were divided into four groups (n=10/gr
oup) for morphine tolerance induction. T
otal animals used: 120 mice.

TrOM 1ITerature ana_preriminary experim
ents based on mechanical paw withdrawal

threshold). Minimun required was 8 anima
Is per group. After adding 20% to accoun
t_for potential attrition, final sample

size was set at 10 aninals per group.

Inclusion and
exclusion
criteria

a. Describe any criteria used for including and excluding animals (or experimental
units) during the experiment, and data points during the analysis. Specify if these
criteria were established a priori. If no criteria were set, state this explicitly.

b. For each experimental group, report any animals, experimental units or data points
not included in the analysis and explain why. If there were no exclusions, state so.

c. For each analysis, report the exact value of nin each experimental group.

a vere established a priori: Mice exhibi
ting motor dysfunction, absence of hyper
algesia by day 14, or fortality vere exc
luded. No_ additional exclusion criteria
vere applied to data points during analy

a statenent such as: "
xcluded from the anal
the inclusion criteria.” Alternatively,
if exclusions occurred, they should be r
eported here.

s tns10/group) - For Wiestern blot and inn
unohistochemistry (Figures 5A-50), exact
n values should be stated in the figure
Tegend or results text (currently not e
xplicitly reported—suggest adding)-

Randomisation

a. State whether randomisation was used to allocate experimental units to control
and treatment groups. If done, provide the method used to generate the
randomisation sequence.

b. Describe the strategy used to minimise potential confounders such as the order
of treatments and measurements, or animal/cage location. If confounders were
not controlled, state this explicitly.

g). Yes, randonisation was used. The man
uscript states: “"All experimental aninal
s vere grouped using a randon nunber tab
fe nethod after nodeling to ensure const
stent baseline levels across groups.

e randon nunber table method is expllcut
ly described as the sequence generation
method.

independently performed by another rese
archer blinded to experimental groups; (
3) During data analysis, the analyst did
not have access to' group information un
til all statistical tests were completed

. The manuscript does not explicitly add
ress control of order uf treatments/meas
urements or cage locatio

Blinding

Describe who was aware of the group allocation at the different stages of the
experiment (during the allocation, the conduct of the experiment, the outcome
assessment, and the data analysis).

TUar tests were LUnpIsiou, Uiereny Gisur
ing blinded evaluation in both the behav
ioral testing and data analysis stages."

- Group allocation: The manuscript does
not_explicitly state whether the person
perforning randonisation (random number
table_nethod) was blinded to animal char
acteristics. This is a minor omission.

Outcome
measures

a. Clearly define all outcome measures assessed (e.g. cell death, molecular markers,
or behavioural changes).

b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the
outcome measure that was used to determine the sample size.

nemistry.

Histological outcome: Hematoxylin-eosin
(HE) staining of left femur for tumor in
filtration and bone structure assessment
(Lines 212-220).

e calculation). The prinary outcore reas
ure is explicitly stated: “the rechanica
1 pau withdraual threshoid in the bone c
ancer pain model.” This outcone was used
for the a priori sanple size calculatio
n using G*Power 3.1.

Statistical
methods

a. Provide details of the statistical methods used for each analysis, including
software used.

b. Describe any methods used to assess whether the data met the assumptions of
the statistical approach, and what was done if the assumptions were not met.

not specity statistical methods used fo
r llestern blot quantification (Fig. 5A-5
8) or imnunchistochenistry data (Fig. 5
-5D). It is assured the same ANOVA appro
achvas used, but this should be explici
tly s

(2) Assessment oT spericity assumption
for repeated measures ANOVA;

(3) What vas done if assumptions vere no
t met (e.g., using non-parametric altern
atives or corrections like Greenhouse-Ge
isser).

Experimental
animals

a. Provide species-appropriate details of the animals used, including species, strain
and substrain, sex, age or developmental stage, and, if relevant, weight.

b. Provide further relevant information on the provenance of animals, health/immune
status, genetic modification status, genotype, and any previous procedures.

minor omission.

Sex: Male only. The manuscript does not

justify the use of male-only animals or

discuss potential sex differences as a

initation.

ueneuc moditication status: Wild-type (
y stated, but inferred as n

S rodiritstion nentioned).

Previous procedures: None (naive animals
© no previous procedures reported).

Experimental
procedures

For each experimental group, including controls, describe the procedures in enough
detail to allow others to replicate them, including:

a. What was done, how it was done and what was used.
b. When and how often.
c. Where (including detail of any acclimatisation periods).

d. Why (provide rationale for procedures).

- HE staining (Lines 212-220): 4% parafo
rmaldehyde fixation, 3-week decalcificat
ion, paraffin enbedding, xylene clearing
, ethanol dehydration, neutral resin sea
iing.

t administration of the day (Line 184-18
5).

- Tissue collection: Day 21 (Figure 1 ca
ption).

Mechanical tnreshold test: 3uU-minute
habituation on wire mesh platforns (Lin
e 178).
- Thernal test: Controlled ambient tem
perature 20-25° C (Line 186).

- Missing rationale: Why male-only anina
Is used (see Iten Ga coment): why spect
fic time points (days 3,7,10,14,15,16,18
,21) were chosen; why 7-day norphine tol
erance induction reginen was selected.

Results

10

For each experiment conducted, including independent replications, report:

a. Summary/descriptive statistics for each experimental group, with a measure of
variability where applicable (e.g. mean and SD, or median and range).

b. If applicable, the effect size with a confidence interval.

nerical values (mean + SD) for each out
cone measure (MWT, TWL, etc.) for all ex
perimental groups. The primary data is e
mbedded within the figures. Arrive guide
lines reconmend also providing this data
in a table in the text or supplement.
e s i s e s o o1

Cohen*s d, n 2) or confidence
intervais (Cls) for any of the prinary
or secondary outcome measires. This is a
common omission but is a key requiremen
t of the ARRIVE guldelmes for hypothesi
s-testing studies.



http://arriveguidelines.org
https://acrobat.adobe.com/uk/en/acrobat/pdf-reader.html

The Recommended Set

These items complement the Essential 10 and add important context to the study. Reporting the items in both sets
represents best practice.

Section/line
Item Recommendation number, or reason
for not reporting

Abstract 11 Provide an accurate summary of the research objectives, animal species, strain
and sex, key methods, principal findings, and study conclusions.

¢ (male) are not reported in the abstract.

- Experinental approach rationale: Hypoth

Background 12 a. Include sufficient scientific background to understand the rationale and esis that funarate nodulates pain and nor
. A phine tolerance by regulating spinal MrgC
context for the study, and explain the experimental approach. e éﬁgigoﬁiﬁ‘e%ﬁéﬂ {?”Jﬁ”iﬁr?ﬁﬂi!,g
ical methods s 90-94).
b. Explain how the animal species and model used address the scientific ie.gggnggegf':hg';g;gﬂ;ﬂgpggf;"ﬁ;i;;iﬁ;i;
objectives and, where appropriate, the relevance to human biology. Sl The Vo1 Gage-onty anirars- s n

oted but not justified in the background
(see Iten 8a comments).

Objectives 13 Clearly describe the research question, research objectives and, where
appropriate, specific hypotheses being tested.

FNrgC in these processes” (Lines 91-94).

Ethical 14 Provide the name of the ethical review committee or equivalent that has approved | ;,fstitucionat snimal care comittee: -
. . . . . and Use Committee of Peking University H
statement the use of animals in this study, and any relevant licence or protocol numbers (if calth Seience Center” i

applicable). If ethical approval was not sought or granted, provide a justification. vl Soat s cense nunber: * Ethics Appro

- Efforts to
e made to mi
reduce sampl

: “ Efforts wer
mal dlscomfort and

Housing and 15  Provide details of housing and husbandry conditions, including any environmental

husbandry eanChment to acclimatize before experiments began).
Animal care and 16 a. Describe any interventions or steps taken in the experimental protocols to "ﬁﬁniﬁsg.ﬁseﬁ;;:z:c; and duration: Not
monitoring reduce pain, suffering and distress. - g;;gﬂiz'gtgg;hgg ot described.

q prucedures Not detailed.

b. Report any expected or unexpected adverse events.

ific natt
ése toxic Signs (e.g., weight loss, letha

c. Describe the humane endpoints established for the study, the signs that were = Jastrointestinai distress) is'not de
monitored and the frequency of monitoring. If the study did not have humane iitiring trequency for e erdoln
endpoints, state this. ¢ pectried (©-a., daily, tice oal

ical sign checklist: Not provided.
eria for early euthanasia: Not expl
lcltlv defined.

021, Jiang et al. 2024.

Interpretation/ 17 a. Interpret the results, taking into account the study objectives and hypotheses, |/ . .. sty gotesi: o
scientific current theory and other relevant studies in the literature. o the iypothesia. that Tusaric acid bers
implications o . . ) .
P b. Comment on the study limitations including potential sources of bias, v Cranstational lnftations to hu
limitations of the animal model, and imprecision associated with the results. §-5'sﬁﬁifiﬁ:?;Z.;"mezEaSE%EZE%EWz;Z;

tion (see Item 8a comments).

Generalisability/ 18 Comment on whether, and how, the findings of this study are likely to generalise g evance of g (roise) 0 IRGHYL

- No dlScuSSlun of whether findings would

translation to other species or experimental conditions, including any relevance to human e%g"zfa"zedigfg:ggz szﬁgicggﬁf.zﬁgg o
biology (where appropriate). " onditions, ) "

- No discussion of generalizability to fe
male animals (see Item 8a, 17b comments).

Not reported. The manuscript does not con

Protocol 19 Provide a statement indicating whether a protocol (including the research tain any staterent regardirg protocol pre
registration question, key design features, and analysis plan) was prepared before the study, 2&2:225?35{ i inreasinah e o
; A . yourmls. especialtytrooe Yol toning
and if and where this protocol was registered. RIVE guidefines.
Data access 20 Provide a statement describing if and where study data are available.

are not deposited in a public repository.

Declaration of 21 a. Declare any potential conflicts of interest, including financial and non-financial. | s * <t or ireere
interests If none exist, this should be stated. * There are no conflicts to declare.”

This meets the rel}ulremenl

b. List all funding sources (including grant identifier) and the role of the funder(s) | s reets e requirenent oy expriciaty
in the design, analysis and reporting of the study. posal SR N rteiie
vr'g:z % ;3222:2)(m applicable as there

N C National Centre
Bl Rerinement & Reduction www.ARRIVEguidelines.org
3 R of Animals in Research
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	Study design - 1a: Lines 90-99 (Study design). The study explicitly lists the following groups: Vehicle control group, fumaric acid monotherapy groups (25, 50, 100, 200, 400, 800 mg/kg), fumaric acid (100 mg/kg) + morphine (10 μg/kg) combination group, saline + morphine (10 μg/kg) control group, and fumaric acid (100 mg/kg) + saline control group. All interventions were via intrathecal catheter. No experiment lacked a control group.
	Study design - 1b: Lines 100-107 (Study design - sample size calculation). The experimental unit is a single animal (individual mouse). Sample size calculation (n=10 per group after 20% attrition adjustment) was based on independent samples t-test using G*Power, with the mechanical paw withdrawal threshold as the primary outcome measure.
	Sample size - 2a: Lines 136-143 (Randomization and blinding). The study specifies: Vehicle group (n=11), fumaric acid 25 mg/kg (n=12), 50 mg/kg (n=12), 100 mg/kg (n=11), 200 mg/kg (n=11), 400 mg/kg (n=11), 800 mg/kg (n=12) — totaling 80 BCP mice for dose-response study. Additionally, 40 model mice were divided into four groups (n=10/group) for morphine tolerance induction. Total animals used: 120 mice.
	Sample size - 2b: Lines 100-107 (Study design - sample size calculation). Sample size was determined a priori using G*Power 3.1 software. Parameters: independent samples t-test model, two-sided α = 0.05, power (1-β) = 0.90, effect size d = 1.875 (estimated from literature and preliminary experiments based on mechanical paw withdrawal threshold). Minimum required was 8 animals per group. After adding 20% to account for potential attrition, final sample size was set at 10 animals per group.
	Inclusion and exclusion criteria - 3a: Lines 122-124 (Establishment of bone cancer pain mouse model). Exclusion criteria were established a priori: Mice exhibiting motor dysfunction, absence of hyperalgesia by day 14, or mortality were excluded. No additional exclusion criteria were applied to data points during analysis.
	Inclusion and exclusion criteria - 3b: No exclusions reported. The manuscript does not explicitly state that there were no exclusions. It is recommended to add a statement such as: "No animals were excluded from the analysis after meeting the inclusion criteria." Alternatively, if exclusions occurred, they should be reported here.
	Inclusion and exclusion criteria - 3c: Lines 136-143 (Randomization and blinding). The exact n values are reported: Vehicle (n=11), fumaric acid 25 mg/kg (n=12), 50 mg/kg (n=12), 100 mg/kg (n=11), 200 mg/kg (n=11), 400 mg/kg (n=11), 800 mg/kg (n=12), and morphine tolerance groups (n=10/group). For Western blot and immunohistochemistry (Figures 5A-5D), exact n values should be stated in the figure legend or results text (currently not explicitly reported—suggest adding).
	Randomisation - 4a: Lines 144-146 (Randomization and blinding). Yes, randomisation was used. The manuscript states: "All experimental animals were grouped using a random number table method after modeling to ensure consistent baseline levels across groups." The random number table method is explicitly described as the sequence generation method.
	Randomisation - 4b: Lines 146-152 (Randomization and blinding). The following strategies were used to minimise confounders: (1) During behavioral testing, experimenters involved in testing were not responsible for group allocation or drug administration and remained unaware of group assignments; (2) Scoring of pain behavior recordings was independently performed by another researcher blinded to experimental groups; (3) During data analysis, the analyst did not have access to group information until all statistical tests were completed. The manuscript does not explicitly address control of order of treatments/measurements or cage location.
	Blinding - 5: Lines 144-152 (Randomization and blinding). The manuscript describes blinding at multiple stages:



- Outcome assessment (behavioral testing): "During behavioral testing, the experimenters involved in the testing were not responsible for group allocation or drug administration and remained unaware of the group assignments."



- Outcome assessment (scoring): "The scoring of pain behavior recordings was independently performed by another researcher who was also blinded to the experimental groups."



- Data analysis: "During the data analysis phase, the analyst did not have access to group information until all statistical tests were completed, thereby ensuring blinded evaluation in both the behavioral testing and data analysis stages."



- Group allocation: The manuscript does not explicitly state whether the person performing randomisation (random number table method) was blinded to animal characteristics. This is a minor omission.
	Outcome measures - 6a: Lines 164-176 (Pain behavior test) and Lines 222-234 (Western blot & Immunohistochemistry). The following outcome measures are clearly defined:



Behavioral outcomes: (1) Mechanical paw withdrawal threshold (MWT) using von Frey filaments (0.02-2.0g); (2) Cold pain withdrawal latency (PWL) using dry ice stimulation; (3) Spontaneous pain behavior (number of left hindpaw lifts, licks, and shakes over 10 min); (4) Paw guarding duration; (5) Thermal foot withdrawal latency (TWL) using 55°C hot plate.



Molecular outcomes: (1) MrgC protein expression level detected by Western blot; (2) MrgC protein expression localization and semi-quantification by immunohistochemistry.



Histological outcome: Hematoxylin-eosin (HE) staining of left femur for tumor infiltration and bone structure assessment (Lines 212-220).
	Outcome measures - 6b: Lines 100-105 (Study design - sample size calculation). The primary outcome measure is explicitly stated: "the mechanical paw withdrawal threshold in the bone cancer pain model." This outcome was used for the a priori sample size calculation using G*Power 3.1.
	Statistical methods - 7a: Lines 235-245 (Statistical analysis). The manuscript specifies:



Software: SPSS 27.0 and GraphPad Prism 9.0.



Data presentation: Mean ± standard deviation.



Behavioral time-series data: Two-way repeated measures analysis of variance (ANOVA).



Post-hoc comparisons: Tukey's test when ANOVA indicated significant main effects or interaction effects.



Significance threshold: P < 0.05.



Missing information: The manuscript does not specify statistical methods used for Western blot quantification (Fig. 5A-5B) or immunohistochemistry data (Fig. 5C-5D). It is assumed the same ANOVA approach was used, but this should be explicitly stated.
	Statistical methods - 7b: Lines 237-240 (Statistical analysis). The manuscript states: "Prior to conducting parametric tests, the normality of all datasets was verified using the Shapiro-Wilk test. After confirming normal distribution, parametric statistical methods were applied for analysis."



Missing information: The manuscript does not describe:

(1) Assessment of homogeneity of variances (e.g., Levene's test) for ANOVA;

(2) Assessment of sphericity assumption for repeated measures ANOVA;

(3) What was done if assumptions were not met (e.g., using non-parametric alternatives or corrections like Greenhouse-Geisser).
	Experimental animals - 8a: Lines 108-113 (Experimental materials). The manuscript specifies:



Species/strain: Male C57BL/6J mice.



Age: 8 weeks old.



Weight: Not explicitly stated. This is a minor omission.



Sex: Male only. The manuscript does not justify the use of male-only animals or discuss potential sex differences as a limitation.
	Experimental animals - 8b: Lines 108-111 (Experimental materials). The manuscript specifies:



Provenance: Department of Laboratory Animal Science, Peking University Health Science Center (License: SYXK [Beijing] 2021-0064).



Health/immune status: Specific pathogen-free (SPF) conditions with humidity (50-60%) and 12-hour light/dark cycle.



Genetic modification status: Wild-type (not explicitly stated, but inferred as no modification mentioned).



Previous procedures: None (naive animals; no previous procedures reported).
	Experimental procedures - 9a: Extensively described throughout Methods section. Key procedures with sufficient detail for replication:



- BCP model establishment (Lines 122-128): 10μL LLC cell suspension (4×10⁶/mL) injected into left femoral bone marrow cavity using microsyringe; needle kept still for 2 minutes.



- Intrathecal catheterization (Lines 129-135): L6 spinous process localization, 1 cm incision, 20-30° cephalad puncture, PE catheter (0.32×0.2 mm) advanced into subarachnoid space.



- Drug administration (Lines 154-163): Intrathecal administration; fumaric acid dissolved in corn oil; doses calculated individually based on body weight; control groups received equivalent PBS or corn oil volumes.



- Pain behavior tests (Lines 164-200): Detailed protocols for spontaneous pain, cold stimulation, mechanical threshold (von Frey 0.02-2.0g), and thermal withdrawal (55°C hot plate).



- Western blot (Lines 222-229): RIPA buffer with PMSF, BCA quantification, SDS-PAGE, PVDF membranes, anti-MrgC antibody (1:1000, Biorbyt ORB101320).



- Immunohistochemistry (Lines 230-234): 4% paraformaldehyde fixation, 10% normal goat serum blocking, primary antibody (1:250, 48hrs, 4°C), secondary antibody (1:500, 30min, 37°C).



- HE staining (Lines 212-220): 4% paraformaldehyde fixation, 3-week decalcification, paraffin embedding, xylene clearing, ethanol dehydration, neutral resin sealing.
	Experimental procedures - 9b: Lines 144-152 (Randomization and blinding - timeline) and Figure 1 caption (Lines 257-260).



- BCP model: Day 0.



- Drug administration: Starting day 14 post-modeling; 7-day intrathecal regimen for morphine tolerance induction.



- Behavioral assessments: Baseline (day 0) and post-inoculation days 3, 7, 10, 14, 15, 16, 18, and 21.



- Behavioral testing schedule: Uniformly scheduled within 3 hours after the first administration of the day (Line 184-185).



- Tissue collection: Day 21 (Figure 1 caption).
	Experimental procedures - 9c: Lines 110-113 (Housing conditions) and Lines 164-200 (Pain behavior test).



- Housing: Specific pathogen-free (SPF) conditions with humidity (50-60%) and 12-hour light/dark cycle.



- Behavioral testing environment: Plastic compartment with transparent glass platform at the bottom (Lines 166, 173).



- Acclimatisation periods:

  - Spontaneous pain test: 30-minute adaptation period before recording (Line 166-167).

  - Cold stimulation test: 30-minute environmental acclimation (Line 173-174).

  - Mechanical threshold test: 30-minute habituation on wire mesh platforms (Line 178).

  - Thermal test: Controlled ambient temperature 20-25°C (Line 186).
	Experimental procedures - 9d: Partially provided. Rationale is implied or stated in some but not all procedures:



- BCP model: Stated as method to establish bone cancer pain (Lines 122-128).



- Intrathecal catheterization: Stated as route for drug administration (Lines 129-135).



- MrgC measurement: Rationale provided in Introduction (Lines 70-74) - MrgC forms heterodimers with MOR, negatively regulating morphine analgesia.



- Fumaric acid dose selection (100 mg/kg): Rationale provided (Lines 148-152) - based on preliminary EC50 values (60-100 mg/kg).



- Missing rationale: Why male-only animals used (see Item 8a comment); why specific time points (days 3,7,10,14,15,16,18,21) were chosen; why 7-day morphine tolerance induction regimen was selected.
	Results - 10a: This requirement is partially met.



Yes: The "Statistical analysis" section (Line 236) states that data are presented as "mean ± standard deviation (SD)."

Yes: The figures (Fig. 2, 3, 4, 5) present group data as bar graphs with error bars (presumably SD).

Yes: Key statistical results with exact P values are reported in the text (e.g., Lines 248: P = 0.000; 254: P = 0.007).



Missing: The manuscript does not provide a table or text summary of the exact numerical values (mean ± SD) for each outcome measure (MWT, TWL, etc.) for all experimental groups. The primary data is embedded within the figures. Arrive guidelines recommend also providing this data in a table in the text or supplement.
	Results - 10b: The manuscript does not report effect sizes (e.g., Cohen's d, η²) or confidence intervals (CIs) for any of the primary or secondary outcome measures. This is a common omission but is a key requirement of the ARRIVE guidelines for hypothesis-testing studies.
	Abstract - 11: Lines 12-22 (Abstract). The abstract includes the following elements:- Research objectives: “To investigate the effect of fumaric acid on morphine tolerance in bone cancer pain (BCP) via spinal MrgC receptors.” (Lines 13-15)- Animal species, strain and sex: Not explicitly stated in the abstract. The abstract mentions “BCP mouse model” but does not specify strain (C57BL/6J) or sex (male).- Key methods: “BCP mouse model was established and divided into Vehicle group, fumaric acid monotherapy groups, fumaric acid + morphine combination group, normal saline + morphine control group and fumaric acid + normal saline control group. Intervention is carried out through intrathecal administration.” (Lines 15-18)- Principal findings: “Fumaric acid dose-dependently attenuated BCP and delayed morphine tolerance, with EC₅₀ values of 69.18 mg/kg (mechanical) and 99.78 mg/kg (cold). Its effects correlated with downregulation of spinal MrgC expression.” (Lines 19-21)- Study conclusions: “Fumaric acid alleviates bone cancer pain and delays morphine tolerance by down-regulating the expression of spinal MrgC receptors. MrgC receptors are potential new therapeutic targets.” (Lines 21-22)Missing elements: Animal strain (C57BL/6J) and sex (male) are not reported in the abstract.
	Background - 12a: Lines 54-88 (Introduction). The introduction provides comprehensive scientific background including:



- Clinical context: Bone cancer pain (BCP) as a debilitating complication impacting quality of life and psychological comorbidities (Lines 54-56).



- Opioid tolerance problem: Morphine-induced spinal neuroplasticity, MOR desensitization, GPCR dysregulation, and neuroimmune dysfunction (Lines 57-60).



- Fumaric acid background: Clinical applications in multiple sclerosis, atopic dermatitis; mechanisms including Nrf2 activation, NF-κB/MAPK suppression, anti-inflammatory effects, and bone metabolism modulation (Lines 65-74).



- MrgC receptor background: Expression in dorsal root ganglia and spinal cord; heterodimerization with MOR; role in pain sensitization and microglial BDNF release (Lines 78-88).



- Knowledge gap: “little is known about the direct mechanistic link between MrgC-mediated fumarate analgesia and the regulation of opioid tolerance” (Lines 86-88).



- Experimental approach rationale: Hypothesis that fumarate modulates pain and morphine tolerance by regulating spinal MrgC receptors, tested using BCP mouse model with behavioral, molecular, and morphological methods (Lines 90-94).
	Background - 12b: Lines 61-64 and 86-88 (Introduction). The manuscript provides partial justification:



- Mouse model justification: The BCP mouse model (Lewis lung carcinoma cells injected into femur) is a well-established model for studying bone cancer pain mechanisms (implied by citation Ni et al., 2024).



- Relevance to human biology: The introduction notes that opioids like morphine are “first-line analgesics for moderate-to-severe cancer pain” in humans (Lines 57-58), establishing clinical relevance. MrgC receptor research is cited as providing “new molecular targets” for human treatment (Lines 62-64).



Missing elements: The manuscript does not explicitly explain why mice (C57BL/6J) specifically were chosen over other species, nor does it discuss the translational relevance of the MrgC receptor pathway from mice to humans (e.g., human homolog MRGPRX1). The use of male-only animals is noted but not justified in the background (see Item 8a comments).
	Objectives - 13: Lines 13-15 (Abstract - Objectives) and Lines 90-94 (Introduction - last paragraph). The manuscript clearly describes:- Research question (implicitly stated): Whether fumaric acid modulates pain conduction and morphine tolerance progression in bone cancer pain by regulating spinal MrgC receptors (Lines 90-91).- Research objective: “To investigate the effect of fumaric acid on morphine tolerance in bone cancer pain (BCP) via spinal MrgC receptors” (Lines 13-15, and similarly in Lines 90-91).- Specific hypothesis: “This study hypothesizes that fumarate may modulate pain conduction and morphine tolerance progression in bone cancer pain states by regulating spinal MrgC receptors” (Lines 90-91).- How the hypothesis was tested: “To test this hypothesis, a bone cancer pain mouse model was established and a combination of behavioral, molecular biological and morphological methods was employed to systematically investigate the analgesic and anti-tolerance effects of fumarate, with a focus on elucidating the mediating role of MrgC in these processes” (Lines 91-94).
	Ethical statement - 14: Lines 715-720 (Ethical approval). The manuscript explicitly states:



- Ethics committee name: “This study was approved by the ethics committee of Jiashan First People's Hospital.”



- Adherence to guidelines: “Experimental protocols adhered to International Association for the Study of Pain guidelines”



- Institutional animal care committee: “approved by the Institutional Animal Care and Use Committee of Peking University Health Science Center”



- Protocol/license number: “Ethics Approval: BCJB0019”



- Efforts to minimize harm: “Efforts were made to minimize animal discomfort and reduce sample sizes.”
	Housing and husbandry - 15: Lines 110-113 (Experimental materials). The manuscript provides the following housing details:- Housing conditions: “Animals were housed under specific pathogen-free (SPF) conditions”- Humidity: “humidity (50–60%)”- Light/dark cycle: “a 12-hour light/dark cycle”- Food and water: “All mice had ad libitum access to food and water”Missing elements:- Cage type and size: Not specified (e.g., standard polycarbonate cage dimensions, floor area).- Bedding material: Not specified (e.g., type of bedding, whether it was autoclaved, frequency of change).- Number of animals per cage: Not specified (e.g., 3-5 mice per cage).- Environmental enrichment: Not mentioned (e.g., nesting material, shelters, gnawing sticks, running wheels).- Temperature: Not specified (only humidity is provided; ambient temperature is a critical parameter).- Acclimation period after arrival: Not specified (how long mice were allowed to acclimatize before experiments began).
	Animal care and monitoring - 16a: Lines 719-720 (Ethical approval). The manuscript states: “Efforts were made to minimize animal discomfort and reduce sample sizes.”



Additional implicit measures:

- Anesthesia: 3% isoflurane used during BCP model establishment (Line 122) and intrathecal catheterization (Line 129).

- Post-operative care: Implied but not explicitly described (e.g., analgesia, monitoring after surgery).



Missing elements:

- Post-surgical analgesia: Not described (e.g., whether any analgesic was administered post-operatively).

- Monitoring frequency and duration: Not specified.

- Euthanasia method: Not described.

- Specific steps to reduce distress during procedures: Not detailed.
	Animal care and monitoring - 16b: Not reported. The manuscript does not describe any adverse events. If none occurred, this should be explicitly stated. Additionally, the manuscript mentions that the 800 mg/kg fumaric acid dose “exhibited reduced analgesic efficacy accompanied by signs of drug toxicity” (Lines 281-282, 301-302), but the specific nature of these toxic signs (e.g., weight loss, lethargy, gastrointestinal distress) is not described.
	Animal care and monitoring - 16c: Lines 122-124 (BCP model establishment - exclusion criteria). The manuscript provides partial information: “Mice exhibiting motor dysfunction, absence of hyperalgesia by day 14, or mortality were excluded.”



Missing elements:

- Explicit humane endpoints: Not clearly stated (e.g., tumor size limit, weight loss percentage, signs of severe pain or distress).

- Monitoring frequency for humane endpoints: Not specified (e.g., daily, twice daily).

- Clinical sign checklist: Not provided.

- Criteria for early euthanasia: Not explicitly defined.
	Interpretation scientific implicationsm - 17a: Lines 581-649 (Discussion). The discussion thoroughly interprets the results in the context of existing literature:



- Interpretation of BCP model findings: Relates bone destruction to tumor-induced IL-8, VEGF, and MMPs (Lines 592-599), with citation to Zhang et al. 2024.



- Interpretation of morphine tolerance mechanisms: Discusses MOR phosphorylation, β-arrestin coupling, GSNOR downregulation, PKCα S-nitrosylation, HMGB1/TLR4/NF-κB signaling, and microglial activation (Lines 600-614), citing Zhang et al. 2024, Shao et al. 2024.



- Interpretation of fumaric acid + morphine synergy: Explains enhanced analgesia through anti-inflammatory mechanisms and TLR4/NF-κB pathway inhibition (Lines 609-614), citing Xaviera et al. 2024.



- Interpretation of MrgC mechanism: Discusses MrgC activation effects on TLR4/NF-κB, NMDA receptors, calcium influx, PKC, NOS, and Nav1.8 channels (Lines 628-642), citing Dash et al. 2024, Huang et al. 2021, Jiang et al. 2024.



- Alignment with study hypothesis: The discussion consistently links findings back to the hypothesis that fumaric acid acts via MrgC downregulation.
	Interpretation scientific implications - 17b: Lines 650-664 (Discussion - limitations paragraph). The manuscript includes a dedicated limitations section addressing:



- Reliance on animal behavioral data and correlative protein expression analyses (Lines 650-653)



- Lack of upstream signaling pathway elucidation (Lines 653-655)



- Absence of MrgC gene knockout models or selective antagonists for causal evidence (Lines 655-658)



- Short experimental observation period precluding long-term efficacy/safety evaluation (Lines 658-660)



Missing elements:

- Potential sources of bias: Not explicitly discussed (e.g., selection bias, measurement bias, although blinding was described in Methods).

- Limitations of the animal model: Not explicitly discussed (e.g., male-only animals, LLC model vs. other bone cancer models, translational limitations to humans).

- Imprecision associated with results: Not discussed (e.g., wide confidence intervals, variability in behavioral data).

- Use of only male mice: Not acknowledged as a limitation (see Item 8a comments).
	Generalisability/translation - 18: Currently not explicitly addressed in the manuscript. The Discussion section (Lines 581-664) interprets the results and lists limitations but does not include a dedicated subsection or specific statements on generalizability or translational relevance to humans.



Implicit/hinted elements:

- The Introduction notes that opioids like morphine are “first-line analgesics for moderate-to-severe cancer pain” in humans (Lines 57-58), implying clinical relevance.

- MrgC receptor is discussed as “potential new therapeutic targets” (Line 22, 94).

- The Conclusion states that the study provides “a theoretical foundation for the development of novel analgesic drugs” (Lines 683-684).



Missing elements:

- No explicit discussion of how findings might generalize to other species (e.g., rats, other mouse strains, or non-rodent species).

- No explicit discussion of the translational relevance of MrgC (mouse) to MRGPRX1 (human).

- No discussion of whether findings would generalize to other bone cancer pain models (e.g., different tumor cell lines, spontaneous metastasis models) or other pain conditions.

- No discussion of generalizability to female animals (see Item 8a, 17b comments).
	Protocol registration - 19: Not reported. The manuscript does not contain any statement regarding protocol preparation or registration. This information is typically absent in many submitted manuscripts but is increasingly required by journals, especially those following ARRIVE guidelines.
	Data access - 20: Lines 710-712 (Data availability statement). The manuscript includes a data availability statement:“The datasets generated during and/or analysed during the current study are available from the corresponding author on reasonable request.”This statement indicates that data are available upon request but are not deposited in a public repository.
	Declaration of interests - 21a: Lines 722-724 (Conflict of interest). The manuscript includes a conflict of interest statement:



“There are no conflicts to declare.”



This meets the requirement.
	Declaration of interests - 21b: Lines 706-708 (Funding). The manuscript includes a funding statement:



“There was no funding.”



This meets the requirement by explicitly stating that no funding was received. However, the statement does not address the role of funders (not applicable as there were no funders).


