
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: Section 2.2. Six groups (n = 12 per group, total 72 rats): Control (Con), Propofol (Pfo), Esketamine + Propofol (Esk+Pfo), LY294002 + Esketamine + Propofol (LY294002+Esk+Pfo), Rapamycin + Propofol (Rapa+Pfo), and Rapamycin + Esketamine + Propofol (Rapa+Esk+Pfo).
	Study design - 1b: The experimental unit is a single animal (Section 2.2).
	Sample size - 2a: Section 2.2. 12 rats per group, 72 rats in total.
	Sample size - 2b: Section 2.2. The sample size was chosen in accordance with previous studies from our group and similar published studies on propofol-induced neurotoxicity in juvenile rats. No formal a priori sample size calculation was performed.
	Inclusion and exclusion criteria - 3a: Sections 2.1–2.2. Inclusion criteria: healthy P7 Sprague-Dawley rats weighing 10–15 g. No a priori exclusion criteria were set — stated explicitly here.
	Inclusion and exclusion criteria - 3b: Sections 2.2–2.3. No animals, experimental units or data points were excluded from any analysis (stated explicitly; no exclusions)
	Inclusion and exclusion criteria - 3c: Sections 2.2–2.6; Figs. 1–7. Behavioural analyses (Y-maze, Morris water maze): n = 12 per group (Fig. 1). H&E scoring, TEM, ELISA, Western blotting, immunofluorescence: n = 6 per group (Figs. 2–7). Exact n is given in each figure legend.
	Randomisation - 4a: Yes. Rats were randomly allocated using a computer-generated random number sequence (Section 2.2).
	Randomisation - 4b: Sections 2.1–2.4. Confounders were minimised by computer-generated random allocation, standardised housing conditions for all animals, blinded outcome assessment, and identical testing conditions (fixed 9:00–12:00 window, 50 lux, <35 dB).
	Blinding - 5: Sections 2.3–2.6. Investigators performing the Y-maze test, the Morris water maze test, histopathological (H&E) scoring and TEM analysis were blinded to group allocation during outcome assessment. Information on the other stages is not reported in the manuscript.
	Outcome measures - 6a: Outcome measures: (i) cognitive function (Y-maze: training trials to criterion, correct response rate; MWM: escape latency, platform crossings); (ii) hippocampal neuronal injury (H&E staining, brain injury scores); (iii) autophagy (TEM: APs, ALs, AVs; Western blot: LC3-II/I, Beclin-1, p62; immunofluorescence: LC3B, LAMP1); (iv) neuroinflammation (ELISA: IL-1β, IL-6, IL-18, TNF-α); (v) PI3K/Akt/mTOR pathway (Western blot: p-PI3K, p-Akt, p-mTOR) (Sections 2.3–2.9).
	Outcome measures - 6b: Section 2.10. No single primary outcome measure was used to determine the sample size; multiple outcome measures were assessed.
	Statistical methods - 7a: Two-way repeated-measures ANOVA for MWM acquisition phase; one-way ANOVA with Tukey's post-hoc test for single-time-point comparisons; Kruskal-Wallis test when normality or homoscedasticity assumptions were violated. SPSS 26.0 software (IBM Corp, Armonk, NY, USA) was used (Section 2.10).
	Statistical methods - 7b: Normality assessed by Shapiro-Wilk test; homogeneity of variance assessed by Levene's test. If assumptions were violated, non-parametric Kruskal-Wallis H test was used (Section 2.10).
	Experimental animals - 8a: Species: Rat (Rattus norvegicus). Strain: Sprague-Dawley. Sex: Irrespective (both sexes). Age: Postnatal day 7 (P7). Weight: 10–15 g (Section 2.1).
	Experimental animals - 8b: Section 2.1. Clean (specific pathogen-free), healthy rats obtained from the Animal Center of Xinjiang Medical University. Genetic modification status, genotype and previous procedures are not reported in the manuscript.
	Experimental procedures - 9a: Drug administration (i.p.), behavioral tests (Y-maze, MWM), tissue fixation, sectioning, staining, and molecular assays (ELISA, Western blot, immunofluorescence, TEM) with specific reagents and equipment (Sections 2.2–2.9).
	Experimental procedures - 9b: Daily injections for 5 consecutive days; Y-maze at P30; MWM at P60; tissue collection after behavioral tests (Sections 2.2–2.4).
	Experimental procedures - 9c: Section 2.1. Animals were obtained from, and all experimental procedures were performed at, the Animal Center of Xinjiang Medical University (Xinjiang, China). Animals were housed under specific pathogen-free conditions at 21–26 °C, 30–60% humidity, 12/12-h light/dark cycle, and were kept with their dams until weaning at P21.
	Experimental procedures - 9d: To investigate whether esketamine ameliorates propofol-induced cognitive impairment via PI3K/Akt/mTOR-autophagy pathway (Section 1, Introduction).
	Results - 10a: Sections 3.1–3.5; Figs. 1–7. Data are presented as mean ± SD with individual data points shown in all graphs. P values are reported as threshold values (p < 0.05, p < 0.01) rather than exact values.
	Results - 10b: Figs. 1–7. Effect sizes and confidence intervals were not computed; individual data points are displayed in all graphs to convey the magnitude of the effects.
	Abstract - 11: Abstract—Methods; Section 2.1. The abstract reports the research objectives, species (rat), strain (Sprague-Dawley), developmental stage (P7), key methods, principal findings and study conclusions. The use of both sexes is stated in Section 2.1 (“irrespective of sex”).
	Background - 12a: Section 1 (Introduction). Background on propofol-induced developmental neurotoxicity, role of autophagy, and esketamine neuroprotection.
	Background - 12b: Juvenile rat model (P7) addresses developmental neurotoxicity; relevance to pediatric anesthesia discussed (Section 1, Introduction).
	Objectives - 13: Section 1 (Introduction, final paragraph). Research question: Whether esketamine suppresses propofol-induced excessive neuronal autophagy by activating PI3K/Akt/mTOR, thereby improving long-term learning and memory deficits in juvenile rats. Hypothesis: Esketamine activates PI3K/Akt/mTOR → suppresses autophagy → ameliorates cognitive impairment.
	Ethical statement - 14: Ethics Approval and Consent to Participate” section. Approved by the Animal Ethics Committee of the People’s Hospital of Xinjiang Uygur Autonomous Region (Approval No. SYDW2023090702); conducted in accordance with the ARRIVE 2.0 guidelines and NIH standards.
	Housing and husbandry - 15: Section 2.1. Specific pathogen-free, well-ventilated housing at 21–26 °C and 30–60% humidity, 12/12-h light/dark cycle; kept with dams until weaning at P21, then group-housed 3 per cage; ad libitum food and water. Environmental enrichment is not reported in the manuscript.
	Animal care and monitoring - 16a: Section 2.2. After each injection, pups were placed in a 37 °C incubator with 100% oxygen supplied at 2 L/min; respiration rate and skin/mucous membrane colour were monitored, and oxygen saturation was continuously monitored (MouseOx Plus pulse oximeter), remaining above 95% in all groups; animals were observed until complete restoration of the righting reflex.
	Animal care and monitoring - 16b: No adverse events observed: no deaths, cyanosis, or abnormal recovery patterns (Section 2.2).
	Animal care and monitoring - 16c: Sections 2.2–2.5. The 5-day treatment period was not a terminal procedure: animals remained alive for Y-maze testing at P30 and Morris water maze testing at P60 before euthanasia for tissue collection. No specific humane endpoints were established beyond the welfare monitoring described in 16a; this is stated explicitly.
	Interpretation scientific implicationsm - 17a: Section 4 (Discussion). Results interpreted in context of PI3K/Akt/mTOR-autophagy pathway and propofol neurotoxicity literature.
	Interpretation scientific implications - 17b: Limitations discussed: no esketamine-alone group; no LY294002-alone or rapamycin-alone groups; no NMDA receptor isolation; semi-quantitative TEM; species differences; short-term evaluation only; no autophagy-inhibitor controls (3-MA or chloroquine) (Section 4).
	Generalisability/translation - 18: Section 4 (Discussion). Findings suggest potential for esketamine in pediatric anesthesia neuroprotection. However, species differences in brain development, pharmacokinetics, and anesthetic responses limit direct extrapolation to humans. Validation in additional preclinical models and clinical studies is needed.
	Protocol registration - 19: No study protocol was prepared or registered before the study.
	Data access - 20: Section: Availability of Data and Materials. All data relevant to the findings of this study are available from the corresponding author upon reasonable request.
	Declaration of interests - 21a: Section: Conflicts of Interest. The authors declare no conflicts of interest.
	Declaration of interests - 21b: “Funding Information” section. Natural Science Foundation of Xinjiang Uygur Autonomous Region (2024D01C287); In-hospital Project of People’s Hospital of Xinjiang Uygur Autonomous Region (20230105); “Tianshan Talent” Training Program for Medical and Health High-level Talents in Xinjiang (TSYC202401A003). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.


