
Table S1: Reagents and Equipment Used in This Study 

Reagent / Equipment Model / Catalog No. Manufacturer Country 

BEAS-2B SCSP-5067 ATCC China 

Lipofectamine 3000 L3000015 Invitrogen USA 

transfection vector - GenePharma China 

Cell Counting Kit-8(CCCK-8) C0037 Beyotime China 

TUNEL kit C1086 Beyotime China 

Triton X-100 ST1723 Beyotime China 

Huaman TNF-α ELISA kit HM10001 Bioswamp China 

Huaman IL-1β ELISA kit HM10206 Bioswamp China 

Human IL-6 ELISA kit HM10205 Bioswamp China 

Reactive Oxygen Species (ROS) 

Fluorometric Assay Kit (Green) 

E-BC-K138-F Elabscience China 

Cell Ferrous Iron (Fe2+) 

Fluorometric Assay Kit 

E-BC-F101 Elabscience China 

Malondialdehyde (MDA) 

Colorimetric Assay Kit (Cell 

Samples) 

E-BC-K028-M Elabscience China 

Total Superoxide Dismutase (T-

SOD) Activity Assay Kit (WST-1 

Method) 

E-BC-K020-M Elabscience China 

Lipid Peroxide (LPO) 

Fluorometric Assay Kit 

E-BC-F003 Elabscience China 

Triizol abs60154 Absin China 

PKM2 Antibodies PA5-28700 Thermo Fisher 

Scientific 

China 

ACSL4 Antibodies PA5-87082 Thermo Fisher 

Scientific 

China 

Rabbit anti-Goat IgG Fc 

Secondary Antibody, HRP 

 

31433 Thermo Fisher 

Scientific 

China 

DSS 21655 Thermo Fisher 

Scientific 

China 

Lactic Acid (L-LA) Content 

Assay Kit, Micromethod 

D799099 Sangon Biotech China 

Immunoprecipitation Kit P2193S Beyotime China 

OVA 102433937 Sigma-Aldrich China 

Al (OH)₃  C12625445 Macklin China 

Electronic balance FA1004B Shanghai Yueping 

Scientific Instrument 

Co 

China 

-80℃freezer DW-86L419 Haier Biomedical China 

Paraffin embedding machine 14039354103 Leica EG China 



H-E Stain C220201 Baso China 

Rat TNF-α ELISA kit RA20035 Bioswamp China 

Rat IL-1β ELISA kit RA20020 Bioswamp China 

Rat IL-6 ELISA kit RA20607 Bioswamp China 

Ferrous Iron Colorimetric Assay 

Kit 

E-BC-K773-M Elabscience China 

Malondialdehyde (MDA) 

Colorimetric Assay Kit (TBA 

Method) 

E-BC-K025-M Elabscience China 

Total Superoxide Dismutase (T-

SOD) Activity Assay Kit (WST-1 

Method) 

E-BC-K020-M Elabscience China 

Lipid Peroxide (LPO) 

Colorimetric Assay Kit 

E-BC-K176-M Elabscience China 

 



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 1 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).

Sample size 2 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.

Inclusion and 
exclusion 
criteria

3 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 n in each experimental group.

Randomisation 4 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.

Blinding 5 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).

Outcome 
measures

6 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.

Statistical 
methods

7 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.

Experimental 
animals

8 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.

Experimental 
procedures 

9 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).

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.
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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.

Item Recommendation
Section/line 

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.

Background 12 a.	 Include sufficient scientific background to understand the rationale and 
context for the study, and explain the experimental approach.

b.	 Explain how the animal species and model used address the scientific 
objectives and, where appropriate, the relevance to human biology.

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

Ethical 
statement

14 Provide the name of the ethical review committee or equivalent that has approved 
the use of animals in this study, and any relevant licence or protocol numbers (if 
applicable). If ethical approval was not sought or granted, provide a justification.

Housing and 
husbandry

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

Animal care and 
monitoring

16 a.	 Describe any interventions or steps taken in the experimental protocols to 
reduce pain, suffering and distress.

b.	 Report any expected or unexpected adverse events.

c.	 Describe the humane endpoints established for the study, the signs that were 
monitored and the frequency of monitoring. If the study did not have humane 
endpoints, state this.

Interpretation/
scientific 
implications

17 a.	 Interpret the results, taking into account the study objectives and hypotheses, 
current theory and other relevant studies in the literature.

b.	 Comment on the study limitations including potential sources of bias, 
limitations of the animal model, and imprecision associated with the results.

Generalisability/
translation

18 Comment on whether, and how, the findings of this study are likely to generalise 
to other species or experimental conditions, including any relevance to human 
biology (where appropriate).

Protocol 
registration

19 Provide a statement indicating whether a protocol (including the research 
question, key design features, and analysis plan) was prepared before the study, 
and if and where this protocol was registered.

Data access 20 Provide a statement describing if and where study data are available.

Declaration of 
interests

21 a.	 Declare any potential conflicts of interest, including financial and non-financial. 
If none exist, this should be stated.

b.	 List all funding sources (including grant identifier) and the role of the funder(s) 
in the design, analysis and reporting of the study.
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	Study design - 1a: Materials and Methods – Experimental animals

a. Groups: Control (PBS inhalation), OVA asthma model, OVA+EP-L (15 mg/kg ephedrine), OVA+EP-H (25 mg/kg ephedrine), OVA+DEX (0.5 mg/kg dexamethasone positive control; normal blank control was set to eliminate baseline interference.
	Study design - 1b: b. Experimental unit: Single male SPF Wistar rat, each rat is an independent experimental unit.
	Sample size - 2a: Results, all figure legends

a. n=6 rats per group; total 30 male Wistar rats (5 groups × 6 animals).
	Sample size - 2b: b. No formal pre-experiment power analysis; n=6 per group adopted per standard preclinical respiratory animal research conventions to balance statistical stability and animal ethics.
	Inclusion and exclusion criteria - 3a: Materials and Methods – Experimental animals

a. Predefined inclusion: 6–8 week male SPF Wistar rats, 180–200 g, healthy, 7-day acclimation completed, successful OVA modeling (tachypnea, sneezing, face scratching, paroxysmal cough).

Predefined exclusion: Rats with spontaneous respiratory disease, >15% weight loss during acclimation, failed OVA modeling without asthma manifestations.
	Inclusion and exclusion criteria - 3b: b. No animals excluded from final analysis, all 30 rats completed full procedures.
	Inclusion and exclusion criteria - 3c: c. All in vivo detection indicators adopt n=6 per group, clearly marked in all figure legends.
	Randomisation - 4a: Materials and Methods – Experimental animals

a. Random number table method was used to randomly reassign qualified modeled rats into 5 groups after OVA sensitization.
	Randomisation - 4b: b. Confounder control: Rats single-housed; cage positions rotated daily; gavage, atomization, pulmonary function tests were performed in random animal order every day to eliminate time and position bias.
	Blinding - 5: Materials and Methods / Results

Allocation & experimental operation: Researchers unblinded.

Asthma behavioral scoring, lung HE/IHC pathological evaluation: Assessors fully blinded to grouping.

Biochemical testing and statistical analysis: Technicians and statisticians blinded to group information.
	Outcome measures - 6a: Materials and Methods / Results

a. All in vivo endpoints: Body weight, asthma behavioral score (Table 1, 0–6 points), airway resistance (RL), dynamic compliance (Cdyn), lung HE histopathology, BALF TNF-α/IL-1β/IL-6, lung Fe²⁺/MDA/SOD/LPO/ROS/lactate, PKM2 & ACSL4 IHC quantitative optical density.
	Outcome measures - 6b: b. Primary outcome: Asthma behavioral score + pulmonary function (RL/Cdyn), core indicators reflecting asthma severity, used to determine sample size n=6 per group.
	Statistical methods - 7a: Materials and Methods – Statistical analysis

a. Software: SPSS; Two-group comparison: unpaired Student’s t-test; Multi-group comparison: one-way ANOVA + Bonferroni post-hoc correction; significance threshold P < 0.05.
	Statistical methods - 7b: b. Normality and homogeneity of variance tests performed before statistical analysis; non-normal data were log-transformed before comparison.
	Experimental animals - 8b: b. Source: Hubei Provincial Center for Laboratory Animals, SCXK (Hubei) 2020-0018; SPF grade; non-genetically modified; no prior surgery or drug intervention before experiment.
	Experimental animals - 8a: Materials and Methods – Experimental animals

a. Species: Rat; Strain: Wistar; Sex: Male; Age: 6–8 weeks; Body weight: 180–200 g.
	Experimental procedures - 9a: Materials and Methods – Experimental animals & Specimen collection

a. OVA sensitization: i.p. injection of OVA + Al(OH)₃; EP/DEX intervention: oral gavage / intraperitoneal injection
	Experimental procedures - 9b: b. Day 0,7: sensitization injection; Day14–42: alternate-day 30 min 1% OVA aerosol inhalation; intervention administered 1 h before each atomization challenge; terminal detection within 24 h after last intervention.
	Experimental procedures - 9c: c. Animal room with 12:12 light-dark cycle; 7-day acclimation period before all operations.
	Experimental procedures - 9d: d. Classic OVA rat asthma model reproduces core human asthma phenotypes to verify ephedrine’s anti-ferroptosis molecular mechanism.
	Results - 10b: b. Effect size and confidence intervals were not calculated in this study; only corrected P-values are reported for intergroup differences.
	Results - 10a: Results & all figure legends

a. All data expressed as mean ± SD; n=6 biological replicates per in vivo group.
	Abstract - 11: AbstractClearly states research objective; in vivo model: male Wistar OVA-sensitized rats; ephedrine intervention; core detection indicators; key conclusion that ephedrine alleviates asthma by inhibiting PKM2-mediated ACSL4 lactylation and ferroptosis.
	Background - 12b: b. OVA rat model reproduces typical human asthma features (airway hyperresponsiveness, inflammation, epithelial injury), which can in vivo validate cell-level mechanistic results from BEAS-2B cells.
	Background - 12a: Introduction

a. Summarizes unmet clinical needs of asthma, known anti-asthma activity of ephedrine, unknown ferroptosis-related molecular mechanism, and blank research gap of PKM2-lactylation-ACSL4-ferroptosis axis in asthma.
	Objectives - 13: Introduction last paragraphObjective: Verify whether ephedrine downregulates PKM2 to reduce lactate production, block ACSL4 lactylation, suppress airway epithelial ferroptosis and relieve OVA-induced asthma in rats.Hypothesis: The PKM2-lactate-ACSL4 lactylation-ferroptosis cascade is the core anti-asthma target of ephedrine.
	Ethical statement - 14: Ethical approval section at the end of manuscript

All animal procedures approved by Animal Ethical Care Committee of The Lanzhou University Second Hospital, approval No. AECC-2023-015; all operations comply with international, national and institutional laboratory animal welfare guidelines.
	Housing and husbandry - 15: Materials and Methods – Experimental animalsRats single-caged; 12:12 h light-dark cycle; standard rodent feed and sterile water ad libitum; standard bedding without additional environmental enrichment facilities.
	Animal care and monitoring - 16a: Materials and Methods & Results

a. Pentobarbital sodium anesthesia for invasive pulmonary function detection; cervical dislocation euthanasia at the end of experiment to reduce animal suffering.
	Animal care and monitoring - 16b: b. Transient tachypnea and nose scratching occurred during OVA atomization; no fatal severe adverse events.
	Animal care and monitoring - 16c: c. Predefined humane endpoints: severe dyspnea with cyanosis, weight loss >20%, persistent lethargy; animals observed twice daily for mental state, respiration and feeding; no rats reached humane endpoints during the experiment.
	Interpretation scientific implications - 17b: b. Limitations explicitly listed: 1) OVA rat model cannot fully simulate heterogeneous human asthma; 2) BEAS-2B immortalized cell line differs from primary airway epithelial cells; 3) Mass spectrometry not used to identify specific ACSL4 lactylation lysine sites; 4) Long-term safety and optimal clinical dosage of ephedrine unconfirmed.
	Interpretation scientific implicationsm - 17a: Discussion

a. Integrates in vitro cell and in vivo rat data for interpretation, compares findings with existing published studies on PKM2, lactylation and ferroptosis in respiratory diseases.
	Generalisability/translation - 18: Discussion & Conclusion

This rat study provides preclinical mechanistic evidence for ephedrine’s anti-asthma effect; the PKM2–ACSL4 lactylation axis is a potential novel therapeutic target for human asthma; further primary human airway epithelial cell experiments and clinical trials are required to verify translational value
	Protocol registration - 19: No public platform pre-registration of animal experiment protocol; complete experimental design documents were formulated and stored in laboratory internal files before animal experiments started.
	Data access - 20: Data availability statementOriginal datasets generated and analyzed during this study are available from the corresponding author upon reasonable written request.
	Declaration of interests - 21a: Conflict of interest & Funding sections

a. All authors declare no financial or non-financial competing interests.
	Declaration of interests - 21b: b. This research received no external funding; all study design, experiments, data analysis and manuscript writing were independently completed by the research team without funder intervention.


