
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 – Grouping and anesthesia (Page 2): Seven groups were compared: Normal group (no tumor, no anesthesia), Model group (tumor, no anesthesia), Vehicle control group (tumor + lipid emulsion, no anesthesia), Light anesthesia group (propofol 5.5 mg/kg induction + 55 mg/kg/h maintenance), Deep anesthesia group (propofol 7.0 mg/kg induction + 70 mg/kg/h maintenance), Morroniside group (morroniside 50 mg/kg/day for 7 days + propofol at light anesthesia dose), and Propofol group (propofol only at light anesthesia dose). Control groups included normal, model, vehicle, and propofol-only groups.
	Study design - 1b: Materials and Methods (Page 2): The experimental unit was a single mouse.
	Sample size - 2a: Materials and Methods – Grouping and anesthesia (Page 2): Each group contained 10 mice (n=10 per group), with 7 groups totaling 70 male C57BL/6J mice. For chemogenetic inhibition experiments: hM4Di group (n=8) and mCherry control group (n=8). For Vglut2-Cre mice fiber photometry: n=3. For brain slice preparation: n=5. Total animals used across all experiments: approximately 86 mice.
	Sample size - 2b: Materials and Methods – Statistical analysis (Page 4): "The sample size was estimated based on the effect size from preliminary experiments (α = 0.05, β = 0.2)." No further details of the a priori calculation were provided.
	Inclusion and exclusion criteria - 3a: Materials and Methods – Virus expression and optic fiber implantation site verification (Page 4): "Data from mice with incorrect placement were excluded." This criterion was established a priori. No other inclusion/exclusion criteria were explicitly described.
	Inclusion and exclusion criteria - 3b: Materials and Methods (Page 4): Data from mice with incorrect viral expression or fiber-optic implantation sites were excluded, though the exact number excluded per group was not specified.
	Inclusion and exclusion criteria - 3c: Results (Page 4-7): n=10 per group for righting reflex, EEG, GABA concentration, and EPSC experiments; n=8 for chemogenetic inhibition experiments; n=3 for Vglut2-Cre fiber photometry; n=5 for brain slice preparation. Sample sizes were reported in figure legends and text.
	Randomisation - 4a: Materials and Methods – Grouping and anesthesia (Page 2): "A total of 70 male C57BL/6J mice were randomly divided into 7 groups." However, the specific method used to generate the randomisation sequence (e.g., random number table, computer-generated) was not described.
	Randomisation - 4b: Materials and Methods (Page 2): "The same team performed all anesthesia procedures." This minimises operator-related variability. However, no specific strategies for controlling order of treatments, measurements, or cage location were described.
	Blinding - 5: Not reported: The manuscript does not explicitly state whether blinding was used during group allocation, experiment conduct, outcome assessment, or data analysis.
	Outcome measures - 6a: Materials and Methods – Study design (Page 2) and Results: Primary outcomes: (1) Loss of righting reflex (LORR) time; (2) Recovery of righting reflex (RORR) time. Secondary outcomes: (3) EEG power spectrum (δ-band and α-band power percentage); (4) GABA concentration in multiple brain regions (hypothalamus, hippocampus, striatum, amygdala, brainstem, etc.); (5) c-Fos expression and co-localisation with GABAergic neurons; (6) Ca²⁺ signals (ΔF/F) in hypothalamic GABAergic neurons via fiber photometry; (7) Excitatory postsynaptic current (EPSC) amplitude in hippocampal slices; (8) %SSR and %ISR with z-scores.
	Outcome measures - 6b: Not explicitly stated: The primary outcome measure used for sample size determination was not explicitly specified in the manuscript. Based on the results presented, RORR time and/or EPSC amplitude were likely used as primary outcomes for sample size estimation, as stated: "The sample size was estimated based on the effect size from preliminary experiments (α = 0.05, β = 0.2)."
	Statistical methods - 7a: Materials and Methods – Statistical analysis (Page 4): "Data analysis was performed using GraphPad Prism 6." Normality was tested using the Shapiro–Wilk test; homogeneity of variance was tested using Levene's test. Comparisons among multiple groups were conducted using one-way analysis of variance (ANOVA), followed by Tukey's post hoc test for multiple comparisons. EEG spectral analysis was performed using MATLAB. A P-value < 0.05 was considered statistically significant.
	Statistical methods - 7b: Materials and Methods – Statistical analysis (Page 4): "All data were first tested for normality using the Shapiro–Wilk test and for homogeneity of variance using Levene's test. Data conforming to a normal distribution were presented as mean ± standard deviation." The manuscript does not specify what was done if the assumptions were not met (i.e., if data were not normally distributed).
	Experimental animals - 8a: Materials and Methods – Experimental materials (Page 2): Species: Mouse; Strain: C57BL/6J; Sex: Male; Age: 8-10 weeks old; Weight: 20-30 g.
	Experimental animals - 8b: Materials and Methods – Experimental materials (Page 2): Provenance: Purchased from the Experimental Animal Center of Fudan University. Health/immune status: Not reported. Genetic modification status: Vglut2-Cre transgenic mice were used for chemogenetic inhibition experiments; otherwise, wild-type C57BL/6J mice were used. Genotype: Not fully detailed for transgenic mice. Previous procedures: None reported.
	Experimental procedures - 9a: Materials and Methods (Page 2-4): Detailed procedures provided for: cell culture and tumor model establishment (MFC cells in RPMI 1640 with 10% FBS, 1×10¹⁰ cells/L, 0.2 mL subcutaneous injection); anesthesia protocols (propofol 1.5%, doses specified); righting reflex test (180° rotation every 15 s); EEG recording (1000 Hz digitisation, 0.3-125.0 Hz band-pass filter, MATLAB analysis); immunofluorescence staining (GABA 1:500, c-Fos 1:1000); fiber photometry (GCaMp6s virus, 473 nm laser); chemogenetic inhibition (CNO 3 mg/kg); brain slice preparation (vibratome, 400 μm sections); virus expression verification (confocal microscopy). Reagents and instruments listed in Tables 1 and 2.
	Experimental procedures - 9b: Materials and Methods (Page 2-3): Morroniside was administered daily for 7 days before surgery, with propofol anesthesia given 30 minutes after the last administration. Righting reflex was assessed every 15 seconds. EEG was recorded continuously throughout anesthesia. c-Fos and GABA staining were performed 2 hours after recovery from anesthesia. Chemogenetic inhibition: CNO was injected 30 minutes before propofol anesthesia.
	Experimental procedures - 9c: Materials and Methods (Page 2-4): Mice were housed in the anesthesia department's animal facility at 22 ± 2°C with standard diet and lighting cycle. Righting reflex experiments: "After 15 minutes of free movement in the righting reflex apparatus" (acclimatisation). Brain slice preparation: Mice were decapitated for brain removal. All in vivo procedures were performed in the animal facility.
	Experimental procedures - 9d: Introduction and Materials and Methods (Page 1-4): Rationale provided: Propofol used as the standard intravenous anesthetic for gastric cancer surgery; LORR/RORR used as standard behavioural indicators of anaesthesia induction and recovery; EEG used to assess cortical oscillatory patterns; GABA/c-Fos staining to evaluate neuronal inhibition and activation; fiber photometry to monitor real-time neuronal activity; EPSC to assess synaptic transmission and anaesthesia depth; chemogenetic inhibition to establish causality between GABAergic neurons and anaesthesia recovery.
	Results - 10a: Results (Page 4-7): All data are presented as mean ± standard deviation (SD) for each group, including: LORR (light anesthesia: 48.2 ± 4.1 s; morroniside: 50.1 ± 3.8 s); RORR (light anesthesia: 582.3 ± 25.4 s; morroniside: 435.8 ± 20.1 s); Ca²⁺ signals (ΔF/F induction: 0.15 ± 0.03; maintenance: -0.10 ± 0.02; recovery: -0.08 ± 0.02); EEG δ-band (ChR2+vehicle: 25.3 ± 2.5%; ChR2+morroniside: 18.5 ± 2.1%); EEG α-band (ChR2+vehicle: 10.5 ± 1.5%; ChR2+morroniside: 15.2 ± 1.8%); GABA concentrations (various brain regions presented in Figure 7); EPSC amplitudes (Figure 5); %SSR (morroniside: 22.0 ± 2.5%); %ISR (morroniside: 10.0 ± 1.8%); c-Fos co-localisation (Normal: 30.0 ± 3.1%; Propofol: 25.0 ± 2.8%; Morroniside+Propofol: 10.0 ± 1.9%, Table 3).
	Results - 10b: Not reported: Effect sizes with confidence intervals were not reported in the manuscript. Only mean ± SD and p-values were presented.
	Abstract - 11: Abstract (Page 1): Reported: Objectives—to investigate whether morroniside accelerates awakening from propofol anesthesia and whether hypothalamic GABAergic neurons mediate this effect. Animal species/strain/sex—gastric cancer mouse model (C57BL/6J male mice implied). Key methods—LORR/RORR, EEG, immunofluorescence, fiber photometry. Principal findings—morroniside shortened RORR, increased GABA concentrations, reduced δ-band power, increased α-band power, decreased c-Fos expression. Conclusions—morroniside accelerates awakening by modulating hypothalamic GABAergic neurons and EEG patterns.
	Background - 12a: Introduction (Page 1): Provided background on: gastric cancer surgery and general anaesthesia requirements; propofol pharmacology and limitations (delayed awakening in elderly/metabolic disorder patients); hypothalamus and GABAergic neurons in sleep-wake regulation; GABA receptors as anaesthetic targets; morroniside's neuroprotective, antioxidant, anti-inflammatory properties and cognitive benefits. The experimental approach (mouse model, behavioural, electrophysiological, histological, and chemogenetic methods) was explained.
	Background - 12b: Introduction (Page 1-2): Gastric cancer mouse model (MFC cells in C57BL/6J mice) was used to simulate the pathophysiological state of gastric cancer surgery. This model addresses the scientific objective by providing a clinically relevant platform to study anaesthesia recovery in the context of cancer surgery. The relevance to human biology is implied through the use of propofol, which is the standard clinical anaesthetic for gastric cancer surgery, and the study of conserved GABAergic mechanisms across species.
	Objectives - 13: Introduction (Page 1-2) and Abstract (Page 1): Research question—Does morroniside promote awakening from propofol anaesthesia via regulation of hypothalamic GABAergic neurons? Objectives—(1) to investigate the effect of morroniside on recovery following propofol-based general anaesthesia; (2) to clarify its specific role in regulating GABAergic neuron activity in the hypothalamus; (3) to promote recovery of consciousness after anaesthesia. Hypotheses—morroniside accelerates awakening from propofol anaesthesia; hypothalamic GABAergic neurons mediate this effect.
	Ethical statement - 14: Ethical approval (Page 11): Approved by the Animal Ethics Committee of Shanghai Pudong Hospital (Approval No. 2022-QWJW-12). Conducted in strict accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals. All surgeries were performed under propofol anaesthesia. Efforts were made to minimise animal suffering and reduce the number of animals used. The study followed the ARRIVE guidelines. No human subjects were involved.
	Housing and husbandry - 15: Experimental materials (Page 11): Mice were housed in the anesthesia department's animal facility at 22 ± 2°C, with a standard diet and lighting cycle. No details on environmental enrichment, cage size, bedding material, or number of animals per cage were provided.
	Animal care and monitoring - 16a: Ethical approval (Page 11): All surgeries were performed under propofol anaesthesia. Every effort was made to minimise animal suffering and reduce the number of animals used.
	Animal care and monitoring - 16b: Not reported: No adverse events were reported in the manuscript, suggesting that no unexpected adverse events occurred during the study.
	Animal care and monitoring - 16c: Not clearly reported: The manuscript states that the study followed the NIH Guide for the Care and Use of Laboratory Animals and the ARRIVE guidelines, implying that humane endpoints were in place. However, specific humane endpoints, monitoring signs, and monitoring frequency were not explicitly described. Tumour size >5 mm was used as confirmation of successful model establishment, but no maximum tumour size or other humane endpoint criteria were specified.
	Interpretation scientific implicationsm - 17a: Discussion (Page 7-10): Results interpreted in relation to study objectives and hypotheses: morroniside shortened RORR without affecting LORR—consistent with a selective effect on recovery; Ca²⁺ signal dynamics revealed stage-dependent effects of propofol on GABAergic neurons; morroniside increased GABA concentrations in a region-specific manner; EEG changes supported cortical desynchronisation and consciousness recovery. Findings were discussed in the context of GABA_A receptor function, neuroinflammation, postoperative cognitive dysfunction, and neuroprotection, referencing relevant literature (Chen et al., 2024; Li et al., 2022; Shi et al., 2024; Zheng et al., 2024).
	Interpretation scientific implications - 17b: Discussion (Page 7-10): Limitations explicitly stated: (1) specific molecular mechanism of morroniside-induced accelerated recovery not fully elucidated; (2) study only used propofol—unknown whether similar effects occur with other anaesthetics; (3) animal model results may not translate to human patients. Additional limitations: lack of blinding, no effect size reporting, no explicit humane endpoint description.
	Generalisability/translation - 18: Discussion (Page 7-10) and Conclusion (Page 10): The study is at the preclinical stage using a mouse model of gastric cancer surgery. The findings suggest morroniside may have anaesthetic adjuvant value. Generalisability to other species (including humans) and other anaesthetic agents requires validation in larger-scale animal models and different anaesthetic agents. Future clinical trials are needed to assess translational potential in human patients.
	Protocol registration - 19: Not reported: The manuscript does not mention whether a study protocol was prepared before the study or registered in any public registry.
	Data access - 20: Conflict of interest (Page 11): "The authors declare no conflict of interest."
	Declaration of interests - 21a: Acknowledgments (Page 14): "This work was supported by the Pudong New Area Health Commission - Health Research Project (No.PW2022B-09)." Funding (Page 14): States "There was no funding"—contradicts the acknowledgment. 
	Declaration of interests - 21b: Funding (Page 11): States "There was no funding".


