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Abstract: Background: General anesthesia is essential for gastric cancer surgery, but delayed awakening increases 

postoperative risks and costs. Although morroniside is known for its neuroprotective properties, its role in anesthesia 

recovery has remained unclear. Objectives: To investigate whether morroniside accelerates awakening from propofol 

anesthesia and whether hypothalamic GABAergic neurons mediate this effect. Methods: A gastric cancer mouse model 

was established. Mice were divided into seven groups: normal, model, vehicle control, light anesthesia, deep anesthesia, 

morroniside-treated and propofol-only. The loss and recovery of righting reflex (LORR/RORR) were measured. EEG 

recording, immunofluorescence staining for GABA and c-Fos and fiber photometry for Ca2+ signals in hypothalamic 

GABAergic neurons were performed. Results: Morroniside significantly shortened RORR without affecting LORR. 

During anesthesia induction, Ca2+ signals in hypothalamic GABAergic neurons increased sharply, then decreased during 

maintenance and remained low during early recovery. Morroniside increased GABA concentrations in multiple brain 

regions, especially the hypothalamus and reduced the EEG δ-band power while increasing α-band power. It also 

decreased propofol-induced c-Fos expression. Conclusion: Morroniside accelerates awakening from propofol anesthesia 

in a gastric cancer mouse model, potentially by modulating hypothalamic GABAergic neuron activity and EEG 

oscillatory patterns. These findings support its potential as an adjuvant in anesthesia. 
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INTRODUCTION 

 

General anesthesia is an indispensable part of modern 

surgical procedures (Viderman et al., 2023), providing 

patients with a pain-free surgical experience while 

ensuring intraoperative safety and comfort. Gastric cancer 

surgery is lengthy and complex and rapid post-anesthesia 

recovery is crucial for early assessment of the patient's 

neurological status. Although inhalation anesthetics (such 

as isoflurane) and intravenous anesthetics (such as 

propofol) can effectively maintain anesthesia 

(Aghababaie et al., 2023), their relatively slow recovery 

time prolongs the duration and increases the cost of 

postoperative monitoring (Cheng et al., 2025). With 

advances in medical technology and increasing demands 

for improved post-anesthesia recovery, optimizing the 

anesthesia awakening process has become a key research 

focus. 

 

For patients undergoing major gastric cancer resection 

surgery, a smooth transition from anesthesia to full 

consciousness is not only associated with early 

postoperative recovery quality but also directly affects 

prognosis and quality of life. Propofol, a representative 

intravenous anesthetic, is known for its rapid onset and 

recovery, good cardiovascular stability (Yang et al., 2026) 

and a lower incidence of postoperative nausea and 

vomiting (PONV) (Keck et al., 2026). To some extent, it 

has become the optimal anesthesia choice for gastric 

cancer surgeries. However, in elderly patients or those 

with metabolic disorders, variations in individual drug 

metabolism rates may delay awakening or lead to deeper 

sedation (Liu et al., 2024; Lv et al., 2022). Despite its 

rapid awakening properties, some patients experience 

delayed or incomplete recovery of consciousness after 

propofol anesthesia, which increases medical risks, 

prolongs hospitalization and imposes additional burdens 

on both patients and society. Therefore, identifying 

strategies to accelerate propofol-induced awakening is 

critical. 

 

The hypothalamus, a key part of the brain, is involved in 

regulating various physiological functions, such as the 

sleep-wake cycle (Li et al., 2022), temperature regulation 

(Tamayo-Molina et al., 2024), and appetite control. γ-

Aminobutyric acid (GABA)-ergic neurons in the 

hypothalamus play a crucial role in maintaining normal 

neural activity balance (Boychuk and Wang, 2026). 

GABA not only reduces the excitability of target neurons 

but also exerts sedative and hypnotic effects (Ye et al., 

2025). Therefore, GABAergic neurons in the 

hypothalamus are considered closely linked to the loss of 

consciousness induced by anesthetics and the subsequent 
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awakening process. Previous studies have shown that 

anesthetics can directly or indirectly affect GABA 

receptors (Philip et al., 2025), altering neuronal electrical 

activity and, consequently, influencing the depth of 

anesthesia and the rate of recovery. Morroniside, a natural 

compound, has attracted significant attention in recent 

years for its unique role in regulating the nervous system. 

Studies indicate that morroniside not only acts as an 

antioxidant and anti-inflammatory (Li et al., 2023a) but 

also has neuroprotective effects (Li et al., 2023). 

Morroniside has been shown to improve cognitive 

function in patients with Alzheimer's disease (Basurto-

Islas et al., 2025) and in models of cognitive impairment, 

counteracting hippocampal damage and 

neuroinflammation (Chen et al., 2025). This suggests that 

morroniside may also play a significant role in anesthesia 

awakening. 

  

However, current research on the role of morroniside in 

anesthesia for gastric cancer surgery remains very limited. 

Therefore, this study aims to investigate the effect of 

morroniside on recovery following propofol-based 

general anesthesia, clarifying its specific role in regulating 

GABAergic neuron activity in the hypothalamus and 

promoting recovery of consciousness after anesthesia. 

These effects were validated in a mouse model of gastric 

cancer surgery, providing theoretical support for the 

development of novel adjuvant anesthetic agents or 

strategies and offering patients a safer, more effective 

anesthesia management plan. This study holds significant 

clinical importance and application value. 
 

MATERIALS AND METHODS 
 

Study design 

This study is a randomized, controlled animal experiment 

designed to assess the effect of morroniside on recovery 

following propofol-based general anesthesia. The 

experiment included the following groups: normal group, 

model group, vehicle control group, light anesthesia 

group, deep anesthesia group, morroniside group, and 

propofol group, with 10 mice per group. The main 

outcome measures included: loss and recovery time of the 

righting reflex, changes in electroencephalogram (EEG) 

power spectrum, GABA concentration in brain regions, c-

Fos expression and changes in calcium signals in 

GABAergic neurons. 
 

Experimental materials 

MFC mouse gastric cancer cells (batch No. PNS-MC-20) 

were obtained from Wuhan Punosai Life Technology Ltd. 

Male C57BL/6J mice (8-10 weeks old, weighing 20- 30 

g) were purchased from the Experimental Animal Center 

of Fudan University. Mice were housed in the anesthesia 

department's animal facility at 22 ± 2°C, with a standard 

diet and lighting cycle. Reagents and Instruments: The 

following reagents and instruments were used in the 

experiments (Table 1 and Table 2). 

Cell culture and mouse GC tumor model establishment 

MFC mouse gastric cancer cells were cultured in RPMI 

1640 medium containing 10% fetal bovine serum, under 

conditions of 37°C and 5% CO2. Once the cells reached 

confluence, they were resuspended to a concentration of 1 

× 10^10 cells per liter, and 0.2 mL of the single-cell 

suspension was injected subcutaneously into the right 

flank of each experimental mouse. Nodules larger than 5 

mm in diameter, confirmed by palpation, were observed 

5-7 days post-injection, indicating successful model 

establishment. 
 

Grouping and anesthesia 

A total of 70 male C57BL/6J mice were randomly divided 

into 7 groups (n=10 per group): Normal group: No tumor 

inoculation, intraperitoneal injection of an equal volume 

of normal saline and no anesthesia intervention. Model 

group: Inoculated with MFC cells, intraperitoneal 

injection of an equal volume of normal saline, no 

anesthesia intervention. Vehicle control group: Inoculated 

with MFC cells, intraperitoneal injection of an equal 

volume of lipid emulsion solution (equivalent to propofol 

vehicle), no anesthesia intervention. Light anesthesia 

group: Propofol induction dose of 5.5 mg/kg 

(intraperitoneal injection), followed by continuous 

infusion at 55 mg/kg/h. Deep anesthesia group: Propofol 

induction dose of 7.0 mg/kg (intraperitoneal injection), 

followed by continuous infusion at 70 mg/kg/h. 

Morroniside group: Received daily intraperitoneal 

injections of morroniside at 50 mg/kg starting 7 days 

before surgery and underwent propofol anesthesia (at the 

same dose as the light anesthesia group) 30 minutes after 

the last administration. Propofol group: Received 

propofol anesthesia only (at the same dose as the light 

anesthesia group), without morroniside. Propofol doses 

were based on previous literature (Lu et al., 2022; Lai et 

al., 2023). The same team performed all anesthesia 

procedures. 

 

Righting reflex experiment 

After 15 minutes of free movement in the righting reflex 

apparatus, mice received an intraperitoneal injection of 

propofol (1.5%, 100 mg/kg). The apparatus was rotated 

180° every 15 seconds to observe the time to loss of 

righting reflex (LORR) and the time to recovery of 

righting reflex (RORR). The induction period was defined 

as the time from the start of anesthesia to LORR and the 

recovery period was defined as the time from the 

discontinuation of the anesthetic to RORR (Zhao et al., 

2021). 

 

EEG recording and analysis 

The Electroencephalogram (EEG) data were digitized at 

1000 Hz and band-pass filtered (0.3–125.0 Hz). Spectral 

analysis was performed using MATLAB platform scripts, 

calculating the total power spectrum for each time period 

and generating a spectral plot.  
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The percentage power of each frequency band in the total 

power was calculated, with NFFT=2048, a sampling 

frequency of FS=1000 Hz and a Hanning window with a 

window overlap equal to half the window length. The 

spectrum primarily focused on the darker, warm-color 

regions. The schematic diagram of the time axis for 

electroencephalogram monitoring of mice after propofol 

anesthesia is shown in fig. 1. The EEG frequency bands 

were classified as follows: slow oscillation (0.3–1.0 Hz), 

δ band (1.0–4.0 Hz), θ band (4.0–8.0 Hz), α band (8.0–

12.0 Hz), β band (12.0–25.0 Hz), low-frequency γ band 

(25.0–50.0 Hz), middle-frequency γ band (50.0–85.0 Hz) 

and high-frequency γ band (85.0–125.0 Hz). 

 

Immunofluorescence staining 

2 hours after recovery from anesthesia, the mice were 

transcardially perfused with 4% paraformaldehyde for 

fixation and brain tissues were collected for frozen-

section preparation. Immunofluorescence staining was 

performed using GABA antibody (1:500) and c-Fos 

antibody (1:1000). The brain regions sampled included 

the hypothalamus, hippocampus, striatum, amygdala and 

brainstem. 

 

Optogenetic fiber photometry recording of calcium 

signals 

To compare activity changes between glutamatergic and 

GABAergic neurons, Vglut2-Cre mice (n = 3) were used 

as an independent control. GCaMp6s virus was injected 

into the hippocampal region and a ceramic fiber optic 

cannula was implanted. Five phases were recorded: 

awake baseline, saline observation, anesthesia induction, 

anesthesia maintenance and anesthesia recovery. The 

ΔF/F value was calculated to represent changes in 

calcium signals. The optogenetic tools used in this study 

included Channelrhodopsin-2 (ChR2), a light-sensitive 

cation channel that activates neurons, and NpHR, a light-

sensitive chloride pump that inhibits neurons. In the 

optogenetic manipulation of this experiment, mCherry 

was used as a fluorescent control protein to rule out non-

specific effects of virus injection and light stimulation. 

 

Chemogenetic inhibition experiment 

Vglut2-Cre transgenic mice (n=16) were randomly 

divided into two groups: the hM4Di group (injected with 

the inhibitory virus rAAV-EF1a-DIO-hM4D(Gi)-

mCherry-WPREspA) and the mCherry control group 

(injected with the control virus rAAV-EF1a-mCherry-

WPRE-hGH pA), with 8 mice in each group. The 

mCherry control group was used to rule out non-specific 

effects of virus injection and clozapine N-oxide (CNO) 

administration. Three weeks after viral expression, mice 

received an intraperitoneal injection of CNO (3 mg/kg), 

followed 30 minutes later by propofol anesthesia (100 

mg/kg). The LORR and RORR were recorded. 

Table 1: Experimental reagents. 
 

Virus/Drug Production batch Origin 

rAAV-EF1a-DIO-GCaMp6s-WPRE-hGH pA PT-0071 Wuhan Shumi Brain Science LTD 

rAAV-EF1a-DIO-hChR2(H134R)-mCherry-WPRE-hGH 

pA 
PT-0002 Wuhan Shumi Brain Science LTD 

rAAV-EF1a-DIO-hM4D(Gi)-mCherry-WPREspA PT-0043 Wuhan Shumi Brain Science LTD 

rAAV-EF1a-mCherry-WPRE-hGH pA PT-1940 Wuhan Shumi Brain Science LTD 

Clozapine N-oxide (CNO) 810611P Sigma, USA 

Eszopiclone injection (2ml:50mg) 200411BL Jiangsu Hengrui Medicine LTD 
 

Table 2: Experimental instruments. 
 

Instrument Model Origin 

Optogenetic stimulator (473nm) BL-473T3-100FC Nanjing Qiaoxing Biotech LTD 

Dual fiber optic recording system QAXK-FPS-DC-LED Nanjing Qiaoxing Biotech LTD 

Stereotactic apparatus 51600 Stoelting, USA 

Virus injection pump MO-10 NSK, Japan 

Small animal cranial drill VOLVER V-MAX NSK, Japan 

Confocal microscope DP72 Olympus, Japan 
 

 
Fig. 1: Schematic diagram of EEG monitoring method. 

(Note: Schematic diagram of the EEG monitoring timeline of mice anesthetized with 1.5% propofol for optogenetic 

activation of GABAergic neurons). 
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Brain slice preparation 

Another five male C57BL/6J mice (13–19 days old) were 

deeply anesthetized with isoflurane and then directly 

decapitated for brain removal. Hippocampal brain slices 

(400 μm) were prepared using a vibratome for excitatory 

postsynaptic current (EPSC) recording. 

 

Virus expression and optic fiber implantation site 

verification 

After the behavioral experiments were completed, the 

mice were transcardially perfused for fixation. Brain 

tissues were collected and prepared as frozen sections. 

Viral expression and fiber-optic implantation sites were 

verified using a confocal microscope, and data from mice 

with incorrect placement were excluded. 

 

Statistical analysis 

Data analysis was performed using GraphPad Prism 6. 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. Comparisons 

among multiple groups were conducted using one-way 

analysis of variance (ANOVA), followed by Tukey's post 

hoc test for multiple comparisons. The sample size was 

estimated based on the effect size from preliminary 

experiments (α = 0.05, β = 0.2). A P-value < 0.05 was 

considered statistically significant. 

 

RESULTS 

 

Morroniside accelerates the recovery of righting reflex 

in mice after propofol anesthesia 

To clarify the effect of morroniside on recovery from 

anesthesia, we recorded the time to loss of righting reflex 

(LORR) and the time to recovery of righting reflex 

(RORR) in each group of mice. Compared with the light 

anesthesia group, the morroniside group exhibited a 

significantly shorter RORR time (light anesthesia group: 

582.3 ± 25.4 s, morroniside group: 435.8 ± 20.1 s; p < 

0.001), indicating that morroniside accelerates recovery 

from anesthesia. There was no significant difference in 

LORR time between the two groups (light anesthesia 

group: 48.2 ± 4.1 s, morroniside group: 50.1 ± 3.8 s, p = 

0.297). In the chemogenetic inhibition experiment, the 

ChR2 group showed the longest induction time and the 

shortest recovery time, with significant differences 

compared to the mCherry control group and the NpHR 

group (all p < 0.05) (Fig. 2). 

 

Morroniside regulates neuronal activity at different 

stages of anesthesia 

Effect of morroniside on dynamic changes in calcium 

signals of hypothalamic GABAergic neurons 

Using fiber photometry, Ca2+ signals were recorded as 

indicators of neuronal activity. During the anesthesia 

induction phase, Ca2+ signals in GABAergic neurons 

sharply rose to a peak (ΔF/F = 0.15 ± 0.03). During the 

maintenance phase, the signals decreased significantly to 

ΔF/F = -0.10 ± 0.02, indicating strong inhibition of 

neuronal activity. In the early recovery phase, signals 

remained at a relatively low level (ΔF/F = -0.08 ± 0.02) 

and had not yet returned to baseline. The difference in 

Ca2+ signal changes between the induction and 

maintenance phases was statistically significant (p = 

0.038; Fig. 3A). The heatmap showed stable signals (blue) 

from 0-2000 seconds, a significant decrease in signals 

(red) after 2000 seconds and gradual recovery after 4000 

seconds without reaching initial levels (Fig. 3B). 

 

Effect of morroniside on EEG power spectrum 

frequency bands 

Under optogenetic activation of GABAergic neurons 

(ChR2 group), analysis of the EEG power spectrum 

revealed that pretreatment with morroniside significantly 

altered the frequency-band distribution. Specifically, 

compared with the ChR2 + vehicle control group, the 

ChR2 + morroniside group showed a significant reduction 

in the power percentage of the δ band (1.0–4.0 Hz) (18.5 

± 2.1% vs. 25.3 ± 2.5%, p < 0.001) and a significant 

increase in the power percentage of the α band (8.0–12.0 

Hz) (15.2 ± 1.8% vs. 10.5 ± 1.5%, p < 0.001) (Fig. 4). 

 

Inhibitory effect of morroniside on excitatory 

postsynaptic currents 

To evaluate the effect of morroniside on synaptic 

transmission, the amplitude of excitatory postsynaptic 

currents (EPSCs) in hippocampal brain slices was 

recorded in this study. Propofol reduced EPSC amplitude 

in a dose-dependent manner. Compared with the light 

anesthesia group, the morroniside group showed a 

significant reduction in EPSC amplitude (p < 0.001), and 

its effect was comparable to that of the deep anesthesia 

group (p = 0.156). The EPSC amplitude in the vehicle 

control group was close to that in the normal group (Fig. 

5). 

 

Dynamic changes in neuronal activity (SSR/ISR) 

In mice of the morroniside group under drug-free 

intervention conditions, neuronal activity exhibited 

phased changes: increased activity during the induction 

phase (ΔF/F = 0.14 ± 0.03), significantly decreased 

activity during the LORR phase (ΔF/F = -0.09 ± 0.02) and 

gradual recovery of signals during the RORR phase (ΔF/F 

= -0.03 ± 0.01) (Fig. 6A). 

 

Within the 5-7 minute time window, the %SSR 

significantly increased from approximately 8% at -2 to 0 

minutes to 22.0 ± 2.5% (p < 0.001) and the mean z-score 

increased from near 0 to 6.5 ± 0.8 (p < 0.001). Within the 

3–5 minute time window, the %ISR decreased from 30% 

to 10.0 ± 1.8% (p < 0.001) and the mean z-score 

decreased from near 0 to -4.0 ± 0.5 (p < 0.001).  
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Fig. 2: Comparison of the disappearance time (LORR) and recovery time (RORR) of righting reflex in each group of 

mice. Note: (A) Comparison of LORR time; (B) Comparison of RORR time. Data are presented as mean ± standard 

deviation. Compared with the light anesthesia group, *p < 0.05, **p < 0.01; compared with the mCherry group, #p < 

0.05, ##p < 0.01; compared with the NpHR group, &p < 0.05, &&p < 0.01. 
 

 
 

Fig. 3: Dynamic changes in calcium signals of hypothalamic GABAergic neurons. 

Note: (A) Dynamic changes in Ca2+ signals of hypothalamic GABAergic neurons; (B) Heatmap of dynamic changes in 

Ca2+ signals of GABAergic neurons, with red indicating high ΔF/F values (increased neuronal activity) and blue 

indicating low ΔF/F values (inhibited neuronal activity). Data are presented as mean ± standard deviation, n=10. 

Compared with awake baseline, *p < 0.05, **p < 0.01; compared with anesthesia induction, #p < 0.05. 
 

 
 

Fig. 4: Comparison of EEG δ-band and α-band power percentages after optogenetic activation of GABAergic neurons. 

Note: Data are presented as mean ± standard deviation, n=8. Compared with the ChR2+Morroniside group, *p < 0.05. 
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Fig. 5: Comparison of excitatory postsynaptic current (EPSC) amplitude in hippocampal slices. 

Note: Data are presented as mean ± standard deviation, n=10. Compared with the light anesthesia group, **p < 0.01. 
 

 
 

Fig. 6: Dynamic changes in neuronal activity in the morroniside group. 

Note: (A) Time course of neuronal activity signal intensity (ΔF/F); (B) %SSR level at 5–7 minutes; (C) Mean z-score at 

5–7 minutes; (D) %ISR level at 3–5 minutes; (E) Mean z-score at 3–5 minutes. Data are presented as mean ± standard 

deviation, n=10. Compared with the light anesthesia group, *p < 0.05, **p < 0.01. 
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Compared with the light- and deep-anesthesia groups, the 

magnitude of change in %SSR and %ISR in the 

morroniside group fell between the two (Figs. 6B–6E). 

 

Morroniside region-specifically increases GABA 

concentration and regulates c-Fos expression 

Region-specific elevation of GABA concentration in 

different brain regions 

Analysis of GABA levels in different brain regions 

showed that, compared with the light anesthesia group, 

the deep propofol anesthesia group exhibited increased 

GABA concentrations in all brain regions. In the 

hippocampus, striatum, amygdala and cerebellum, GABA 

concentrations in the morroniside group were also 

significantly higher than those in the light anesthesia 

group. In the brainstem and substantia nigra, GABA 

concentrations in the morroniside group were slightly 

lower than those in the deep propofol anesthesia group, 

whereas in the hypothalamus, GABA concentrations were 

similar to those in the deep propofol group (Fig. 7). 

 

Morroniside reduces propofol-induced c-Fos expression 

Immunofluorescence staining for c-Fos (a marker of 

neuronal activation) showed that propofol anesthesia 

induced widespread c-Fos expression, particularly in the 

hypothalamic region. The percentage of GABA-positive 

overlap was 30% in the normal group, decreased to 25% 

in the propofol group and further decreased to 10% in the 

morroniside group, indicating that morroniside had a 

more pronounced effect on GABAergic neurons (Table. 

3). GABA labeled with green fluorescence showed higher 

c-Fos expression (more red fluorescent spots) in the 

propofol group, with more overlap between GABA green 

fluorescence and c-Fos (yellow fluorescent spots); the 

morroniside group showed lower c-Fos expression and 

less overlap (Fig. 8A). Compared with the propofol 

group, the number of c-Fos-positive neurons in the 

morroniside group was significantly reduced (p < 0.001) 

(Fig. 8B). 

 

DISCUSSION 

 

This study is the first to investigate the effect of 

morroniside on the recovery process from propofol-based 

general anesthesia in a mouse model of gastric cancer 

surgery. The results showed that morroniside pretreatment 

significantly shortened the RORR but had no significant 

effect on the LORR, suggesting that morroniside 

primarily acts during the anesthesia recovery phase rather 

than the induction phase and holds potential to promote 

the recovery of consciousness after anesthesia. To explore 

its underlying mechanism, fiber photometry recording 

was used to monitor dynamic changes in Ca2+ signals in 

hypothalamic GABAergic neurons. The results revealed 

that during the anesthesia induction phase, Ca2+ signals in 

GABAergic neurons increased sharply to a peak, then 

decreased significantly during the maintenance phase and 

did not fully return to baseline levels in the early recovery 

phase. These dynamic changes reveal stage-dependent 

effects of propofol on GABAergic neuronal activity: 

transient activation during induction, sustained inhibition 

during maintenance and slow recovery during emergence 

from anesthesia. 

 

Morroniside significantly increased GABA concentrations 

across multiple brain regions, exceeding those observed in 

the propofol light anesthesia group. Notably, the increase 

in GABA concentration induced by morroniside exhibited 

brain region selectivity: in the brainstem, substantia nigra 

and midbrain, its effect was slightly lower than that of the 

propofol deep anesthesia group, whereas in the 

hypothalamus, it approached the level of the deep 

anesthesia group, suggesting that the hypothalamus may 

be a key target for morroniside in regulating the 

anesthesia recovery process. However, elevated GABA 

levels are typically associated with sedation and a deeper 

anesthesia state, rather than directly promoting recovery 

of consciousness. Therefore, the mechanism by which 

morroniside accelerates emergence from anesthesia may 

not be simply through increasing GABA levels. One 

possible explanation is that morroniside promotes the 

rapid recovery of GABAergic neuronal function during 

the anesthesia recovery phase (Chen et al., 2024), rather 

than persistently inhibiting neuronal activity. The EEG 

power spectrum analysis in this study supports this 

hypothesis: morroniside significantly reduced the power 

percentage of the δ band (associated with deep anesthesia) 

while increasing the power percentage of the α band 

(associated with the awake state), suggesting that 

morroniside may promote cortical desynchronization, 

which is beneficial for the recovery of consciousness. 

Furthermore, morroniside significantly reduced the co-

localization rate of GABA and c-Fos, indicating a 

stronger effect in inhibiting anesthesia-induced neuronal 

overactivation. This phenomenon may be related to 

morroniside-induced modulation of GABA_A receptor 

subunit composition, calcium signaling pathways, or c-

Fos expression. However, further validation through 

electrophysiological and molecular biology experiments 

is required. 

 

EPSC monitoring showed that values in the morroniside 

group fell between those of the light and deep anesthesia 

groups, indicating that morroniside maintained a 

moderate depth of anesthesia. This moderate depth of 

anesthesia not only avoids the risk of intraoperative 

awareness associated with light anesthesia but also 

reduces the potential negative impact of deep anesthesia 

on postoperative cognitive function. Therefore, 

morroniside helps to optimize the quality of anesthesia 

recovery while ensuring a painless memory of the surgery.  
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Fig. 7: Comparison of GABA concentration and EPSC values in various brain regions. 

Note: (A) GABA concentration in the dorsal thalamic region; (B) GABA concentration in the superior hypothalamic 

region; (C) GABA concentration in the posterior thalamic region; (D) GABA concentration in the hypothalamic region; 

(E) GABA concentration in the basal hypothalamic region; (F) GABA concentration in the frontal lobe region; (G) 

GABA concentration in the parietal lobe region; (H) GABA concentration in the temporal lobe region; (I) GABA 

concentration in the occipital lobe region; (J) GABA concentration in the hippocampal region; (K) GABA concentration 

in the cingulate gyrus region; (L) GABA concentration in the cerebellar region; (M) GABA concentration in the 

midbrain region; (N) GABA concentration in the pontine region; (O) GABA concentration in the cervical spinal cord 

region; (P) GABA concentration in the medullary region. Data are presented as mean ± standard deviation, n=10. 

Compared with the light anesthesia group, *p < 0.05, **p < 0.01; compared with the deep anesthesia group, #p < 0.05. 
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In the central nervous system, the inhibitory 

neurotransmitter GABA primarily regulates voltage-gated 

calcium channel activity via Gi/o protein interactions, 

thereby inhibiting neurotransmitter release and 

maintaining neural activity balance (Joseph et al., 2022). 

Propofol, a widely used intravenous anesthetic in clinical 

practice, exerts its anesthetic effects by enhancing 

GABA_A receptor function (Chen et al., 2024). 

Morroniside mediates inhibitory synaptic transmission by 

increasing the open probability of GABA_A receptors and 

modulating their sensitivity (Shi et al., 2024). Further 

studies have found that morroniside enhances GABAergic 

neurotransmission, but its effect is weaker than that of 

propofol, consistent with its lesser influence on GABA 

concentration. 

 

Morroniside, the main active component of Cornus 

officinalis, possesses multiple biological functions, 

including antioxidant, anti-inflammatory and 

neuroprotective effects. Studies have shown that 

morroniside protects cardiomyocytes and reduces 

intraoperative and postoperative cardiovascular 

complications by downregulating KLF5 and blocking the 

p38/JNK signaling pathway (Zheng et al., 2024). 

Postoperative cognitive dysfunction is closely associated 

with neuroinflammation (Li et al., 2022) and oxidative 

stress and the anti-inflammatory effects of morroniside 

may play an important role in alleviating postoperative 

inflammatory responses and protecting cognitive function. 

In addition, morroniside promotes AMPKα 

phosphorylation, mediates lipophagy and fatty acid 

oxidation (Xiao et al., 2023) and inhibits NLRP3 activity, 

thereby improving disease prognosis. Morroniside also 

increases AKT and ERK phosphorylation and upregulates 

c-Myc, promoting skin wound healing (Yu et al., 2024), 

which is of great significance for accelerating recovery 

Table 3: Co-localization of c-Fos with GABAergic neurons in the hypothalamus across groups. 
 

Group 
GABA⁺ neurons  

(cells/field) 

c-Fos⁺ neurons 

(cells/field) 

GABA⁺/c-Fos⁺  

co-localization (%) 

Normal 120.3 ± 8.2 36.1 ± 4.5 30.0 ± 3.1 

Propofol 118.7 ± 7.9 29.6 ± 3.8* 25.0 ± 2.8* 

Morroniside + Propofol 121.5 ± 8.5 12.1 ± 2.3#& 10.0 ± 1.9#& 

*Data are presented as mean ± SD. p < 0.05 vs. Normal; #p < 0.001 vs. Propofol; &p < 0.001 vs. Normal. One-way 

ANOVA with Tukey’s post-hoc test. 
 

 
 

Fig. 8: Effects of morroniside on GABA expression and c-Fos expression. 

Note: (A)  Immunofluorescence detection of c-Fos and GABA co-localization (hypothalamus). Green: GABA, red: c-

Fos, yellow: co-localization; (B)Immunofluorescence detection of GABA and c-Fos expression. Data are presented as 

mean ± standard deviation, n=10.  Compared with the propofol group, *p < 0.05. 
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from anesthesia and reducing anesthesia-related side 

effects. These multi-target effects provide a potential 

theoretical basis for the use of morroniside as an 

anesthetic adjuvant. 

 

Although this study found that morroniside increases 

GABA concentration in the hypothalamus, elevated 

GABA levels are typically associated with sedation and 

increased depth of anesthesia, rather than directly 

promoting recovery of consciousness. Therefore, the 

mechanism by which morroniside accelerates emergence 

from anesthesia may not be simply due to increased 

GABA levels. One possible explanation is that 

morroniside promotes the rapid recovery of GABAergic 

neuronal function during the anesthesia recovery phase, or 

alters neuronal sensitivity to propofol by modulating the 

subunit composition and synaptic localization of 

GABA_A receptors (Chen et al., 2024). In addition, the 

enhancing effect of morroniside on α-band EEG activity 

suggests that it may promote cortical desynchronization, 

which is beneficial for the recovery of consciousness. 

Future studies should further elucidate the causal 

relationship between changes in GABA levels and 

recovery behaviors through time-resolved 

electrophysiological recordings and neuron subtype-

specific manipulation experiments. 

 

Studies have shown that maintaining an appropriate depth 

of anesthesia is crucial for protecting postoperative 

cognitive function (Long et al., 2022). Excitatory 

postsynaptic current (EPSC) provides an objective and 

quantitative indicator for assessing intraoperative depth of 

anesthesia, helping anesthesiologists adjust anesthetic 

dosages (Saito and Sugimura, 2025), thereby avoiding 

unnecessary side effects from excessively deep anesthesia 

or intraoperative awareness from excessively light 

anesthesia. In this study, the EPSC values in the 

morroniside group fell between those of the light 

anesthesia and deep anesthesia groups, indicating that 

morroniside maintained a moderate depth of anesthesia, 

avoiding both the risk of intraoperative awareness and the 

potential impact of excessive sedation on postoperative 

cognitive function. Furthermore, morroniside may also 

help mitigate the potential adverse effects of excessively 

deep anesthesia on postoperative cognitive function. 

 

Based on a mouse model of gastric cancer surgery, this 

study preliminarily reveals the potential role of 

morroniside in modulating the depth of propofol 

anesthesia and promoting recovery. Although the results 

suggest that morroniside may have anesthetic adjuvant 

value, these findings remain at the preclinical stage. The 

main limitations include: the specific molecular 

mechanism by which morroniside accelerates recovery 

from anesthesia has not been fully elucidated; the study 

only used propofol as the anesthetic agent and it remains 

unclear whether morroniside has similar effects with other 

anesthetics; and whether the results from the animal 

model can be translated to human patients still requires 

validation. Future studies should further clarify the 

mechanism using time-resolved electrophysiological 

recordings and neuron subtype-specific manipulation 

experiments, and validate its safety and efficacy in larger-

scale animal models and across different anesthetic agents, 

gradually advancing toward clinical trials to assess its 

translational potential. 

 

CONCLUSION 

 

In summary, based on a mouse model of gastric cancer 

surgery, this study provides preliminary evidence for the 

potential role of morroniside in modulating the depth of 

propofol anesthesia and promoting recovery. Morroniside 

moderately increases hypothalamic GABA levels, helps 

maintain a balanced anesthesia depth and promotes 

recovery by modulating GABAergic neuronal activity and 

EEG frequency band distribution. Although the results 

suggest that morroniside may have anesthetic adjuvant 

value, these findings remain at the preclinical stage. 

Future studies are needed to validate its safety and 

efficacy in larger-scale animal models and with different 

anesthetic agents and to gradually advance toward clinical 

trials to assess its translational potential in human patients. 
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