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comparison of ciprofol and
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side effects

Xuehan Li, Xinging Yang®, Chen Chen?, Ziging Yu?,
Houping Wang?, Ruixue Liu?, Jianrong He?, Bin Shu?,
Guangyou Duan?, Erquan Zhang?, Dapeng Ju'* and He Huang*
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Propofol is a commonly used intravenous anesthetic in clinical practice, while
ciprofol, a propofol derivative, also targets GABAA receptors with enhanced anesthetic
potency. Regarding chronopharmacology, it remains unclear whether the new
drug ciprofol has improved anesthetic effect and less side effects compared
with propofol. First, we assessed the critical anesthetic dosage (D.,) of ciprofol
and propofol exhibited diurnal rhythmicity. At the highest D, the loss of righting
reflex duration was significantly longer for ciprofol than that for propofol at both
Zeitgeber Time (ZT) 4 and ZT16. The 5 subunits of the GABAA receptor, which are
involved in mediating anesthetic effects, and the metabolizing enzyme UGT1A9
for propofol demonstrated rhythmic expression. Moreover, molecular dynamics
simulation indicated a higher binding affinity of R-ciprofol to GABRB3 compared with
propofol. Animal behavior experiments indicated that ciprofol was associated with
no incidence of side effects at any time of day, while propofol exhibited circadian-
related adverse effects. Notably, ciprofol infrequently disrupted the rhythmicity
of clock gene expression compared to propofol. From a chronopharmacological
perspective, ciprofol offers improved sedation and fewer side effects compared
to propofol, suggesting its higher potential for clinical application.

KEYWORDS

chronopharmacology, ciprofol, critical anesthesia dosage, drug distribution, GABAAR,
propofol

Highlights

« Both ciprofol and propofol exhibit diurnal variations in anesthetic effective concentration.

« The diurnal rhythm of propofol may be driven by its metabolism, whereas that of ciprofol
appears to be mediated by central receptors expression pattern.

« The side effects of propofol vary between day and night, whereas ciprofol appears to have
no significant side effects.

1 Introduction

The circadian rhythm regulates the 24-h diurnal variations in numerous aspects of human
physiology and drug responses (Panda et al., 2002). Chronopharmacology is a discipline that
examines the influence of circadian rhythms on the pharmacokinetics and pharmacodynamics
of medications (Fujimura and Ushijima, 2023), aiming to optimize the timing of drug

01 frontiersin.org


https://www.frontiersin.org/journals/molecular-neuroscience
https://www.frontiersin.org/journals/molecular-neuroscience
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnmol.2025.1567453&domain=pdf&date_stamp=2025-04-02
https://www.frontiersin.org/articles/10.3389/fnmol.2025.1567453/full
https://www.frontiersin.org/articles/10.3389/fnmol.2025.1567453/full
https://www.frontiersin.org/articles/10.3389/fnmol.2025.1567453/full
https://www.frontiersin.org/articles/10.3389/fnmol.2025.1567453/full
mailto:huanghe@cqmu.edu.cn
mailto:judapeng@cqmu.edu.cn
https://doi.org/10.3389/fnmol.2025.1567453
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/molecular-neuroscience#editorial-board
https://www.frontiersin.org/journals/molecular-neuroscience#editorial-board
https://doi.org/10.3389/fnmol.2025.1567453

Lietal.

10.3389/fnmol.2025.1567453

- ciprofol -4 propofol
Critical anesthesia dosage LORR duration
12+ 600
111 @ 5004 4.
o © / .
< 10- 8 400 ¥ 5, 3
£ 5 -3
< ot 2 3004
(9] o
8 67 § 1807
£ . 3
8 5 ',. ‘ S ) @ 100
s .1~ g
O 44 S 507
@ L ]
3 T T T T 1 O T T T T 1
QO X% 4D AU 2O O Q> Q& KV o D
AR AN P P ALK
Drug distrabution
GABAARSs expression level ) . .
ciprofol propofol Ugt1a9in Liver
e Gabrb3
»
zﬁg:L- J* 0.015 *
00 05 10 15 20 2I.5(/GAPDH) ‘%
§ 0.010
,Cupro'olc-;}A’ggeBR é- 0.0054
. & g
‘ A [\,\'/‘ ( _— E 0.000—eeessssesoscsseiibones
b, ;@}t 0 | E
i '\.*,::‘ 3 i 00054
M 7 T4 ZT16
Ciprofol [ .
GRAPHICAL ABSTRACT

administration for maximum therapeutic efficacy while minimizing
dosages and side effects (Chowdhury et al,, 2019). Anesthetics,
typically used for short-term interventions, show variability in their
effects throughout the day and night (Sugano et al., 2021; Kilicarslan
et al., 2021). Moreover, these anesthetic agents are associated with
significant side effects, including delirium, cognitive dysfunction, and
memory impairment (Tang et al., 2023; Ni et al., 2024). Furthermore,
the non-anesthetic effects of these agents may persist for several days
or even weeks, potentially prolonging hospital stay and diminishing
patients’ quality of life (Song et al., 2021). Therefore, it is crucial to
investigate the chronopharmacology of anesthetic drugs to enhance
patient outcomes and reduce adverse effects.

Propofol is a widely used intravenous anesthetic known for its
rapid onset and quick elimination. Ciprofol, a derivative of propofol,
also targets GABAA receptors to induce anesthetic effects (Qin et al.,
2017). The incorporation of cyclopropyl group(s) in ciprofol enhances
its lipophilicity, resulting in a low effective dosage and fast distribution
in the brain. Although it has been reported that circadian rhythms can
influence the depth of anesthesia achieved with propofol (Shen et al.,
2021), it remains unclear whether the effective concentrations of
propofol and ciprofol vary throughout the day and whether their
circadian rhythmicity is affected. Therefore, a comprehensive
investigation into the diurnal profile of the sedative effects of ciprofol
compared to those of propofol could facilitate adjustments to dosage
regimens based on diurnal patterns, allowing for a more precise
anesthesia administration.
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While propofol is effective in inducing anesthesia, it is also
associated with serious side effects, including delirium, cognitive
dysfunction, and memory impairment, as well as circadian rhythm
disruptions (Challet et al., 2007). These adverse effects can
be particularly severe and prolonged in high-risk or hypersensitive
patients (Li et al., 2024). It remains uncertain whether ciprofol, due to
its structural modifications, has inherited similar side effects to those
observed with propofol. A comprehensive evaluation from a
chronopharmacological perspective is necessary to determine whether
these side effects exhibit diurnal characteristics and how they may
differ from those associated with propofol.

To fully understand the circadian features of propofol and ciprofol
regarding their sedation and side effects, we conducted a study to
explore the critical anesthesia dosage (D.,) and sedation effect of both
agents throughout the day and further evaluated the side effects of
propofol and ciprofol during the light and dark phases.

2 Materials and methods
2.1 Animals

Male C57/BL6] mice (8-10-week-old) were maintained in a
pathogen-free environment at a constant temperature of 23°C

(22-24°C) under a 12-h light/12-h dark cycle. All animals had ad
libitum access to food and water. All procedures were approved by the
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Institutional Animal Care and Use Committee of the National
Institute of Biological Sciences, Beijing, in accordance with Chinese
mice obtained from Vital River

regulations. The were

and GemPharmatech.

2.2 Exploration of D,

Diurnal variations in anesthesia dosage were assessed over a 24-h
period at 4-h intervals, starting at ZT0. The D, (critical anesthetic
dosage) at each time point was determined based on the LORR (Loss
of Righting Reflex) rates of a group of mice (n = 7). At each time point,
three ascending concentration gradients were tested: C1, C2, and C3,
with an interval of 0.5 mg/kg between each concentration. Specifically,
when the LORR rate at a lower dose was less than 100%, and the
LORR rate at the higher dose reached 100%, the higher dose was
defined as the D, for that time point. This method allows us to
identify the minimal dose required to achieve a complete LORR effect.
Initial C2 dosages for ciprofol (Haisco, 2.5 mg/mL) were 4.5 mg/kg at
ZT0, 5 mg/kg at ZT4, 5.5 mg/kg at ZT8, 6 mg/kg at ZT12, 6.5 mg/kg
at ZT16, and 5 mg/kg at ZT20. For propofol (Fresenius Kabi, 10 mg/
mL), the C2 dosages were 10.5 mg/kg, 11 mg/kg, 11.5 mg/kg, 12 mg/
kg, 12.5 mg/kg, and 12 mg/kg, respectively. Only mice that received
successful drug injections on the first attempt were included in the
analysis. Each concentration test was completed within 15 min.

2.3 Exploration of LORR duration

The highest D, for each drug (ciprofol 5.5 mg/kg, propofol
11.5 mg/kg) was adopted to assess diurnal variations in LORR
duration. Measurements were taken at 4-h intervals over a 24-h
period. Mice received a single tail vein injection, and the duration of
the procedure was kept within 15 min. The LORR durations
were recorded.

2.4 HPLC to detect drug concentration

Eighty mice were randomly divided into four groups: ZT+4 ciprofol
(5.5 mg/kg), ZT4 propofol (11.5 mg/kg), ZT16 ciprofol (5.5 mg/kg),
and ZT16 propofol (11.5 mg/kg). Each group was further subdivided
into four groups, namely 0, 2, 5, and 8 min (n = 3 ~ 5) after tail vein
administration. Blood samples were immediately collected after
euthanasia (Tribromoethanol, 240 mg/kg, I.P, 0.25%), along with
tissues, such as the hypothalamus, cortex, and liver, which were
quickly placed in liquid nitrogen. Blood samples were centrifuged at
5000 rpm for 15 min at 4°C, and the supernatant was transferred to a
new 1.5 mL EP tube and also stored in liquid nitrogen before being
frozen at —80°C.

For analysis, 50 pL of plasma was carefully aspirated and
centrifuged to obtain the vortexed and centrifuged supernatant. The
resulting supernatant was then transferred into a clean sample bottle
for LC-MS/MS analysis using blank plasma samples to form a
standard curve. We weighed 0.1 g of each sample and rapidly cooled
them using liquid nitrogen. The tissue samples were homogenized
using a RETSCH MM400 grinder (Germany), then vortexed and
subjected to low-temperature ultrasound extraction, followed by
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centrifugation at 4°C. The supernatant was collected, dried, and
reconstituted with 100 pL of 50% methanol. The mixture was vortexed
for 5min and subjected to ultrasound for 10 min, followed by
centrifugation at 13,000 rpm at 4°C for an additional 10 min to obtain
the supernatant for LC-MS/MS analysis. Concurrently, a standard
curve was created using blank tissue samples.

2.5 Western blot analysis of protein levels

At two time points, ZT4 and ZT16, whole brains from the mice
were collected after euthanasia (Tribromoethanol, 240 mg/kg, I.P,
0.25%) (n = 6). The samples were mechanically homogenized by drill-
driven pestles and sonicated 10 times for 10 s each. The homogenate
was heated at 70°C for 5 min and centrifuged at 21,000 g for 10 min
at 4°C. The supernatant was isolated, and the total protein
concentration was  determined wusing a  microvolume
spectrophotometer (Nanodrop, Thermo Fisher). The supernatant was
subjected to drop electrophoresis, transferred to a membrane, blocked,
and incubated with primary and secondary antibodies. Protein levels
were visualized using an ODYSSEY CLX exposure machine, and gray
values were analyzed with Image J-Fiji software. The antibody source
are listed in Table 1. The uncropped original western blots was in
Supplementary material WB data s, and the original uncropped
original western blots with pvdf membraine and film were in

Supplementary material WB pvdf and film.

2.6 Molecular dynamics simulation

The CryoEM structures of GABRB3 (PDB ID: 7A5V) and
propofol with GABA receptor «,f,y, subtype (PDB ID: 6X3T) were
used for model construction. o,f,y, pentamer in 6X3T was aligned
with GABRB3 pentamer in 7A5V, and the coordinate of propofol in
6X3T was copied to GABRB3 directly. Both poses of R-ciprofol was
derived from propofol with Gaussian (Gaussian 16 Rev, 2016). The
topology of propofol and ciprofol were built with acpype (Sousa da
Silva and Vranken, 2012) using GAFF force field (Wang et al., 2006;
Wang et al, 2004) and AM1-BCC charge. Molecular dynamics
simulation was performed to relax the complex with GROMACS
2023.1 (Berendsen et al, 1995). Briefly, the simulation used
amber14sb_parmbscl forcefield for protein (Yu et al., 2024). The
ciprofol/propofol-GABRB3 complex was placed in a triclinic box with
periodic boundary, which was filled with TIP3P water molecules and
was neutralized with 150 mM NacCl solution. The system was energy
minimized until the maximum force on any atom was less than 100 kJ/
mol-1 nm-1, following equilibrated for 200 ps. A 100 ns molecular
dynamics (MD) simulation was then completed. V-rescale thermostat
was applied with 298.15 K and 0.2 ps tau-t. The complex was set in one
temperature controlling group, and the environment set in another
group. MMPBSA calculations was carried by gmx_MMPBSA program
with 4.0 fillratio and 0.15 istrng.

2.7 Open field test

To assess spontaneous locomotor activity and anxiety-like behavior
in the animals, The open field test was conducted in ZT4 and ZT16. The
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TABLE 1 Antibodies used in Western blot analysis.

Antibodies ‘ Source ‘ Identifier
Anti-GABA(A)

Alomone Labs #AGA-001
olReceptor
Anti-GABA(A)

Alomone Labs #AGA-002
a2Receptor
Anti-GABA(A)

Alomone Labs #AGA-003
a3Receptor
Anti-GABA(A)

Alomone Labs #AGA-004
o4Receptor
Anti-GABA(A)

Alomone Labs #AGA-005
a5Receptor
Anti-GABA(A)

Alomone Labs #AGA-006
a6Receptor
Anti-GABA(A)

ABclonal A10015
B3Receptor
Anti-GABA(A)

ABclonal A1733
y2Receptor
GAPDH Mouse mAb

ABclonal Cat# AC033
(High Dilution)
Anti-rabbit HRP-linked Cell Signaling Cat# 7074;
secondary Technology RRID:AB_2099233
Anti-mouse HRP-linked | Cell Signaling Cat# 7076;
secondary Technology RRID:AB_330924

apparatus  consisted of a square open field arena

(50 cm x 50 cm x 37 cm). The arena was placed in a quiet, dimly lit
room to minimize external disturbances. Before the test, animals were
acclimated to the experimental room for at least 1 h to reduce the effects
of environmental stress. The open field arena was thoroughly cleaned
with 75% ethanol and dried before each trial to remove any olfactory
cues from previous animals. Each animal was gently placed in the center
of the open field arena and allowed to explore freely for a period of
8 min. The behavior of the animals was recorded using a digital camera
mounted above the arena, and the data were analyzed using automated
video-tracking software (SMART 3.0). The following parameters were
measured and analyzed: The total distance, mean speed, time spent in
the center/peripheral zone (central zone: the central 1 square).

2.8 New and old object recognition
experiment test

To assess short-term (2-h) cognitive learning function in mice 3
and 24 h after administration, a familiarization period was ensured
(object AA) 1h after administration, followed by a testing phase
(object AB) 2 h later in the 3-h group. A second familiarization period
(object AA) was ensured 22 h after administration, leading to a second
testing phase (object AC) 2 h later in the 24-h group.

2.9 Quantitative PCR validation

qPCR was utilized in two distinct sets of experiments. Generally,
all mice were under LD (Light: Dark) conditions 1 week before
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experiment. 1. On the 8th day at ZT4 and ZT16, the whole brain,
kidney, and liver were collected from the mice after euthanasia
(Tribromoethanol, 240 mg/kg, L.P,, 0.25%) (n = 6). 2. The mice were
randomly divided into six groups (n = 18 per group), with each group
evenly allocated across six time points (1 = 3 per time point): ZT4
saline, ZT4 ciprofol, ZT4 propofol, ZT16 saline, ZT16 ciprofol and
ZT16 propofol. On the 8th day, single tail vein injections were
administered at ZT4 and ZT16 in each group (Saline: 2.75 mL/kg;
Ciprofol: 5.5 mg/kg; Propofol: 11.5 mg/kg). The hypothalamus were
collected from the mice after euthanasia (Tribromoethanol, 240 mg/
kg, I.P, 0.25%). Notably, the injection procedure at ZT16 was
performed under dim light conditions in about 5 min.

Samples were stored at —80° C. After mechanical homogenization
by drill-driven pestles in TissueMaster™ (TissueMaster™ High-
Throughput Tissue Homogenizer) (60 Hz for 120 s) in trizol and 10
times sonication for 10 s, the brain samples were heated at 70°C for
5 min and centrifuged at 21000 g for 10 min at 4°C. The supernatant
was isolated, and the total protein concentration was determined
using a microvolume spectrophotometer (Nanodrop, Thermo Fisher).

Quantitative PCR primer sets for Gabral-6, Gabrg2, Gabrb3,
Ugtla9 genes and the circadian genes Nrldl, Perl and Dbp were
designed using the National Center for Biotechnology Information
primer design. Quantitative analysis of the mRNA volume was
performed via real-time PCR using iTaq SYBR Green Supermix from
Bio-Rad Laboratories, Inc. (2000 Alfred Nobel Drive, Herles, CFX96
Real-Time System). Gene expression was calculated by comparing
with GAPDH. The primer sequences are listed in Table 2.

2.10 Wheel running analysis of the rest/
activity cycles

The mice were randomly divided into six groups (n =9): ZT4
saline, ZT4 ciprofol, ZT4 propofol, ZT16 saline, ZT16 ciprofol and
ZT16 propofol. They were acclimated to running wheels under LD
(Light: Dark) conditions (8:00-20:00) 1 week before administration.
On the 8" day, single tail vein injections were administered at ZT4 and
ZT16 (Saline: 2.75 mL/kg; Ciprofol: 5.5 mg/kg; Propofol: 11.5 mg/kg).
And light condition was changed to constant darkness after
administration in the second week with other environmental
conditions (e.g., food and water availability, drug administration...)
unchanged. Data were collected and analyzed using the ClockLab
system after the continuous recording of running wheel activity for
2 weeks.

2.11 Statistical analysis

Data were processed and analyzed using Analyst Software 1.6.3
software, Excel, the JTK cycle package, the ClockLab system (version
6.1.15), and GraphPad Prism 9. Statistical analyses were conducted
using unpaired t-tests, paired ¢-tests, one-way analysis of variance
(ANOVA) (parametric test and Tukey’s multiple comparison test),
one-way ANOVA with Dunn’s multiple comparison test, or the
two-stage linear step-up procedure of the Benjamini, Krieger, and
Yekutieli test. Unless specified otherwise, all data were presented as
means + SEM with the n value indicated for each dataset. Comparison
of mean differences between two groups was conducted using
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TABLE 2 Primers used in real-time fluorescence quantitative-PCR.

RNA primer

GABRA1 Forward primer | AAAAGTCGGGGTCTCTCTGAC
Reverse Primer CAGTCGGTCCAAAATTCTTGTGA
GABRA2 Forward Primer | GGACCCAGTCAGGTTGGTG
Reverse Primer TCCTGGTCTAAGCCGATTATCAT
GABRA3 Forward Primer | ATGTGGCACTTTTATGTGACCA
Reverse Primer CCCCAGGTTCTTGTCGTCTTG
GABRA4 Forward Primer | ACAATGAGACTCACCATAAGTGC
Reverse Primer GGCCTTTGGTCCAGGTGTAG
GABRAS5 Forward Primer TGACCCAAACCCTCCTTGTCT
Reverse Primer GTGATGTTGTCATTGGTCTCGT
Forward Primer | GTCGGATTCTTGACAACTTGCT
GABRA6 Reverse Primer AGATGTCTGTTTTGACTTCTGT
Forward Primer = ACCGTCTGGTCTCCAGGAATG
GABRB3 Reverse Primer GATCAGGATTGAGGGCATA
Forward Primer = GCTCTACCCAGGCTTCACAAG
GABRG2 Reverse Primer CCAGCAGGTTGTTTAAGATGACA
Forward Primer | CCCCCATGTTGCAGAGAAAGTC
CYP2B10 Reverse Primer GCCTTGGAGCCCTGGAGATTT
UGT1A9 Forward Primer CAATCCCTCAGAGCATCA
Reverse Primer GCCACTGTCCCTGTCAAA
NRIDI1 Forward Primer | CTGCCAGCAATGTCGCTTCAAG
Reverse Primer TGGCTGCTCAACTGGTTGTTGG
PER1 Forward Primer | GCTTCAGAGATCTTGGCAGG
Reverse Primer GAGGGCACAGGTGAAGGATG
DBP Forward Primer | TGACCCTCGGAGACACCGCT
Reverse Primer CACCACCTCCTGCCGCAACA
GAPDH Forward Primer = AGGGCTGCTTTTAACTCTGGT
Reverse Primer CCCCACTTGATTTTGGAGGGA

independent-sample t-tests or one-way ANOVA with Dunn’s multiple
comparison tests or with a two-stage linear step-up procedure of the
Benjamini, Krieger, and Yekutieli test. The significance threshold was
set at 0.05, two-tailed (not significant, ns; p >0.05; *p <0.05;
**p < 0.01; ¥**p < 0.001; ¥***p < 0.0001). Mice from different litters
were randomly assigned to different treatment groups, with no
additional randomization used for the animal studies.

3 Results

3.1 Diurnal sedation effect of ciprofol and
propofol

To comprehensively investigate whether the anesthetic
requirements follow a diurnal pattern, the D, of ciprofol and propofol
was measured every 4 h throughout the day. The results demonstrated
that the D, for both ciprofol and propofol exhibited a diurnal pattern
(Figure 1A, ADJ.Pgpon =3.45E-04, n =7; Figure 1C, AD]J.
Ppropoot = 0.0012, 11 = 7). The highest D, for ciprofol was observed at
ZT16 (5.5 mg/kg), while the lowest occurred at ZT4 and ZT8 (3.5 mg/

Frontiers in Molecular Neuroscience

10.3389/fnmol.2025.1567453

kg). For propofol, the highest D, was at ZT20 (11.5 mg/kg) and the
lowest at ZT0 (9.5 mg/kg). Overall, the anesthetic requirement was
significantly higher during the dark phase than that during the
light phase.

To assess the diurnal patterns in onset latency and loss of righting
reflex (LORR) duration, the highest required D, (ciprofol: 5.5 mg/kg,
propofol: 11.5 mg/kg) was administered to mice and the anesthetic
effects were recorded. LORR typically begins immediately after the
intravenous administration of ciprofol or propofol. If LORR does not
occur, the mice will not return to this state in future tests (video in
Table 3). Additionally, the LORR duration for both drugs showed
significant diurnal variations (ADJ].Pgpo = 1.16E-05, n =10,
Figure 1B) (ADJ].Ppopoo = 0.003, 11 = 9, Figure 1D). Further analysis
revealed that the longest LORR duration of ciprofol (5.5 mg/kg) was
recorded at ZT4, lasting 506.5 + 33.11 s (Means + SEM), while the
shortest was at ZT16, lasting 338.8 + 19.06 s (p < 0.0001). Conversely,
propofol showed the shortest duration at ZT4, lasting 72.89 + 5.64 s
(Means + SEM), and the longest at ZT16, lasting 120.20 + 11.57 s
(Means + SEM, p = 0.0002) (Figure 1D). The LORR duration of
ciprofol was significantly longer than that of propofol at both ZT4 and
ZT16 (Supplementary Figure SIA).

In summary, both the effective concentration and anesthesia
effects of ciprofol and propofol followed a diurnal pattern, with higher
requirements typically observed during the dark phase. Further
investigations are needed to determine whether these rhythmic effects
are attributable to metabolic processes or specific mechanisms of
action at their target sites.

3.2 Distribution of ciprofol and propofol

To investigate whether the temporal pharmacological effects of
ciprofol and propofol are caused by rhythmic changes in
pharmacokinetics, drug distribution was analyzed based on the
highest D, requirements. As the drugs were injected directly into the
bloodstream, primarily exerting their anesthetic effects in the brain
and being metabolized by the liver, drug concentrations were
measured in these tissues during the LORR duration.

Upon induction of LORR, ciprofol was primarily distributed in
the cortex (55.09% at ZT4 and 50.93% at ZT16) (Figure 2A), whereas
propofol was mainly distributed in the blood (69.30% at ZT4
[Figure 2B, left] and 52.26% at ZT16 [Figure 2B, right]).

Further analyses were conducted to understand diurnal
differences in drug distribution. Generally, drug concentrations in
each tissue gradually decreased over time until the mouse awoke. The
mice in the ciprofol group typically regained consciousness within
8 min in ZT16, leading to a value of null at that time point
(Figures 2C,D and Supplementary Figures S2A,B). The same situation
applies to the values at 5 and 8 min in the propofol group were null
forboth ZT4and ZT16 (Figures 2E,F) (Supplementary Figures S2C,D).

Notably, ciprofol concentration remained higher in the cortex
5min after injection in ZT16 than in ZT4 (ZT4s n, = 4335.00 £
897.70 ng/mL [Means + SEM], ZT165 ., = 6818.00 + 249.30 ng/mL
[Means + SEM], p = 0.0373), although initial concentrations were not
significantly different (Figure 2C). The levels of ciprofol in the
hypothalamus remained consistent throughout (Figure 2D).
Additionally, ciprofol concentrations in the liver and blood were similar
(Supplementary Figure S1).
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FIGURE 1
Critical anesthesia dosage of ciprofol and propofol follows a circadian variation. (A) Critical anesthetic dosage (D.,) of ciprofol follows a circadian
rhythm (n = 7). (B) LORR duration of the highest D, requirement within a day. Ciprofol (5.5 mg/kg) showed a circadian difference (n = 10). (C) D, of
propofol showed a circadian variation (n = 7). (D) LORR duration of the highest D., requirement within a day. Propofol (11.5 mg/kg) showed a circadian
difference (n = 9). Circadian analyses were conducted using JTK_CYCLE (Hughes et al., 2010). Statistical analyses were conducted using unpaired
unpaired t-tests. Data are presented as Means + SEM. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, ns p > 0.05.

TABLE 3 Raw data and video links.

Disposable data

Excel https://data.mendeley.com/preview/
vyyhb2pkw9?a=66af9509-5554-4e66-9a5b-9079fcc005b8

Video https://data.mendeley.com/preview/5txnzysh9s?a=a6ff6e32-
e452-4a7d-9596-d44a65890d44

Western Blot file https://data.mendeley.com/preview/
t924myv8mh?a=76fd19e3-1c56-4af2-ad3c-6e642139322f

For propofol, higher concentrations were consistently observed in
the cortex and hypothalamus at ZT16 than at ZT4 (Figures 2E,F).
Detailed analysis showed a difference in propofol levels in the cortex
at 2 min (ZT4 =49.13 £ 16.36 ng/mL [Means + SEM],
ZT16 = 105.40 + 12.46 ng/mL [Means + SEM], p = 0.034, Figure 2E).
In the hypothalamus, propofol concentrations were significantly
higher at ZT16 from the start than at ZT4 (ZT4y , = 22.23 + 2.77 ng/
mL [Means + SEM], ZT16¢ i, = 131.00 + 8.54 ng/mL [Means + SEM],
P <0.0001) and persisted for 2 min (Figure 2F).

Lipophilicity, an important physicochemical property of drugs,
significantly influences the distribution and metabolism of various
compounds. The lipid water partition coefficient (CLogP) for propofol
was 3.929, while that for ciprofol was 4.373 (Sousa da Silva and Vranken,
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2012). Consequently, ciprofol, which exhibits higher lipophilicity, more
effectively crosses the blood-brain barrier (BBB) and is distributed
extensively within the brain. Furthermore, ciprofol demonstrates
stereoselectivity at the GABAA receptor owing to its R-type chiral
molecular configuration, while the t-butylbicyclophosphorothionate
(TBPS) inhibition index of propofol at GABA receptors is reportedly 10
(Zhou et al., 2024; Qin et al.,, 2017), indicating that propofol has little
propensity to bind to these receptors. Therefore, propofol quickly binds
to receptors in the brain and is metabolized via the bloodstream in the
liver. Our findings align with previous research, showing that ciprofol
mainly accumulates in the brain, whereas propofol is more abundant in
the liver. These findings suggest that the circadian rhythm of ciprofol
may be mainly influenced by brain activity, whereas that of propofol is
more likely to be affected by liver metabolism. To investigate differences
in the effects of these two drugs, we assessed the expression of brain
receptors and metabolic enzymes in the peripheral tissues.

3.3 Metabolic enzyme levels in light and
dark phases

To further confirm that the pharmacokinetics exhibit a diurnal

rhythm, the expression of metabolic enzymes at ZT4 and ZT16
was compared.
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Distribution of ciprofol and propofol in cortex and hypothalamus. (A) Proportion of ciprofol distribution at ZT4 and ZT16 (ciprofol: 5.5 mg/kg).

(B) Proportion of propofol distribution at ZT4 and ZT16 (propofol: 11.5 mg/kg). (C,D) Ciprofol concentration in cortex and hypothalamus O, 2, 5, and
8 min after LORR at ZT4 and ZT16, respectively (n = 4-5). (E,F) Propofol concentration in cortex and hypothalamus 0 and 2 min of after LORR at ZT4
and ZT16, respectively (n = 4-5). Statistical analyses were conducted using unpaired unpaired t-tests. Data are presented as Means + SEM. *p < 0.05,

that CYP450
predominantly involved in the oxidation of propofol by the liver

Numerous studies have reported is
(Oda et al., 2001), which is also a metabolic enzyme for ciprofol
(Lu et al,, 2024). Enzyme levels were measured in the livers of
mice at ZT4 and ZT16. The mRNA level of Cyp2b10 at ZT4 did
not differ significantly from those at ZT16 (Figure 3A). These
results suggest that diurnal variations in propofol efficacy may not
be attributed to Cyp2b10 expression.

Furthermore, propofol is metabolized by the UGTIA9
enzyme, which also contributes to the metabolism of ciprofol
(Zhou et al., 2024; Xu et al., 2020). Our results indicate that
Ugtla9 expression in the liver was higher at ZT4 than that at ZT16
(p =0.019) (Figure 3B).

As ciprofol is predominantly distributed in the brain rather
than the liver (Liao et al., 2022), brain receptors may have a more
significant impact on the circadian rhythm than the UGT1A9
enzyme. We further investigated whether GABAAR levels also

displayed diurnal features.

3.4 GABAAR subunit expression levels in
light and dark phases

It is widely acknowledged that both propofol and ciprofol exert
anesthetic effects by acting on GABAARs in the brain (Qin et al,,
2017; Jayakar et al., 2014). To explore if the expression of these
receptors follows a diurnal pattern, the levels of GABAAR subunits
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FIGURE 3
Diurnal variations in metabolic enzyme level in liver. (A) Cyp2b6
MRNA expression level in the liver at ZT4 and ZT16 (n = 6).
(B) Ugtia9 mRNA expression level in the liver at ZT4 and ZT16
(n = 6). Statistical analyses were conducted using unpaired t-tests.
Data are presented as Means + SEM. *p < 0.05, **p < 0.01,
***p < 0.001, ***p < 0.0001, ns p > 0.05.

were measured at ZT4 and ZT16 (Supplementary Figure S3). Our
results showed that the a, (Gabra4), a; (Gabra5), and p; (Gabrb3)
subunits exhibited significant differences in expression at ZT4 and
ZT16 (Figures 4A,B, p < 0.05). Specifically, o, and B, subunits were
higher at ZT4 (Figure 4B), while a5 levels were lower at ZT4
(Figure 4B).
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GABAAR subunit expression levels vary at ZT4 and ZT16. (A) Expression level of Gabral-6, Gabrg2, Gabrb3, and Gapdh at ZT4 and ZT16 (n = 6).
(B) Expression ratio of Gabral-6, Gabrg2, Gabrb3, and Gapdh at ZT4 and ZT16 (expression ratio = expression levelcasaar suunits / €XPression levelg,pan)
(n = 6). Statistical analyses were conducted using unpaired unpaired t-tests. Data are presented as Means + SEM. *p < 0.05, **p < 0.01, ***p < 0.001,

To verify whether the observed difference in receptor levels was due
to transcriptional changes, real-time PCR was used to detect GABAAR
subunit expression. Results indicate that Gabra4 (translated into
Gabra4) levels in the brain were higher at ZT4 than those at ZT16
(ZT4=1.96+0.18, ZT16 = 1.58 + 0.10, [Means + SEM], p =0.047)
(Supplementary Figure S3D). Similarly, Gabrb3 (translated into Gabrb3)
levels were higher at ZT4 than those at ZT16 (ZT4=4.33 +0.16,
ZT16 =3.38 £0.20, [Means + SEM], p =0.004) (Supplementary
Figure S3H). These expression differences are consistent with the
protein levels observed. Although Gabra5 (translated into Gabra5) did
not show a statistically significant difference, there was a trend
suggesting higher levels at ZT16 (p =0.062), consistent with the
difference in protein expression (Supplementary Figure S3E).

The B; subunit is associated with sedation, hypnosis, and immobility
(Weir et al., 2017), features of LORR induced by ciprofol and propofol.
This implies that the higher ; subunit levels at ZT4 may contribute to
a longer duration of ciprofol effects during this time, as previously
suggested. Given the circadian differences observed in certain side-
effect-related subunits, such as o5 (Antkowiak and Rudolph, 2016),
we further investigated whether the side effects of propofol exhibited
diurnal features and whether ciprofol was similarly affected.

3.5 Molecular modeling of the binding of
ciprofol/propofol to GABRB3

To demonstrate the differences in circadian pattern of
anesthetic effects between ciprofol and propofol, we hypothesized
that the rhythmic anesthetic effect of ciprofol depends more on
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the diurnal expression of the target protein GABRB3 due to its
wide distribution in the brain and overall higher affinity to GABA
receptors according to radioligand binding assays (Qin et al.,
2017). However, there are few structural investigations on the
binding pose of ciprofol to a specific GABAA receptor, nor are
there binding affinity comparisons between ciprofol and propofol
to specific receptors.

Consequently, to confirm our hypothesis, we carried out molecular
modeling according to the existed CryoEM structures of GABRB3
(PDB ID: 7A5V) and propofol with GABA receptor o,f,y, subtype
(PDB ID: 6X3T). Since GABA receptors have stereoselectivity to
ciprofol, and R-ciprofol was reported to have a better effect, R-ciprofol
was used for molecular dynamics analysis. To alter propofol to
R-ciprofol in PDB 6X3T, there are two possible pose-downward
cyclopropyl (Figure 5A, Pose A) and upward cyclopropyl
(Supplementary Figure S4A, Pose B). For GABA receptors are highly
conserved at the helical bundle (Supplementary Figure S4A) and o, B3,
and y, subunits are the most common subunits found in different brain
regions (Waldvogel, 2021), we aligned the two reference structures and
moved the small molecules (propofol, ciprofol pose A and ciprofol pose
B) to GABRB3 dimer, 5A,D and
Supplementary Figure S4B). After energy minimization, a 100-ns

respectively, (Figures
molecular dynamics simulation was carried out to investigate the
binding pose of propofol/ciprofol to GABRB3 and for further binding
energy calculation.

According to the trajectory clustering and different stages of root
mean square deviation (RMSD), ciprofol pose B could even rotate to
pose A during the simulation (Supplementary Figures S4C,D),
indicating the unstable binding of this pose. On the contrary, pose A
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FIGURE 5

Ciprofol exhibits a stronger binding affinity to the GABRB3. (A) Structure model of ciprofol (pose A, red) and GABRB3 dimer (gray). (B) Conformations of
ciprofol (pose A) during molecular dynamics simulation, presented by timestep. (Red to blue, 0-100 ns.) (C) RMSD of ciprofol during simulation and
ciprofol conformations at respective stage. (Red to blue, 0-100 ns.) (D) Structure model of propofol (blue) and GABRB3 dimer (gray).The orange circles
indicated the position of cyclopropyl. (E) Conformations of propofol during molecular dynamics simulation, presented by timestep. (Red to blue, 0 ns
to 100 ns.) (F) RMSD of propofol during simulation and propofol conformations at respective stage. (Red to blue, 0 ns to 100 ns).

exhibited a stable binding pattern, so we chose it for binding affinity
calculation via gmx_MMPBSA (Miller et al., 2012; Valdés-Tresanco
et al,, 2021). The RMSD of the small molecules could reflect the
binding mode at GABRB3 pocket. Cipofol pose A is the most stable,
the conformation was convergent in less than 20 ns (Figures 5B,C).
While propofol, also adopted different binding modes (Figures 5E,F)
during the simulation. The last 20 ns of the simulation were separated
to 200 frames for binding energy calculation, and the binding

Frontiers in Molecular Neuroscience

energy of ciprofol is —10.4 +2.48 kcal/mol, while propofol is
—5.89 + 3.73 kcal/mol (Supplementary Table S1), indicating a higher
binding affinity of R-ciprofol to GABRB3 compared with propofol,
further confirming our hypothesis.

The computational results provided possible binding
conformation of ciprofol to GABRB3, and demonstrated a more stable
interaction between ciprofol and GABRB3 compared with propofol,

supporting our experimental data.

frontiersin.org


https://doi.org/10.3389/fnmol.2025.1567453
https://www.frontiersin.org/journals/molecular-neuroscience
https://www.frontiersin.org

Lietal.

10.3389/fnmol.2025.1567453

A
[
‘—f( =
ZT4 durg administration ZT4 group Test
| . . . . |
ZT16 durg administration ZT16 group Test
1]
[
B . . ®  saline ® ciprofol A propofol
saline ciprofol propofol
C %* ns D ns ns
_ 15 ***r‘ ,Ell—l ABOOO Fkkk ns'n_s|
4 M ] € *kkk —
£ 8 S6000{ ™} s
L 10 @
3 £
< o 8 4000
= o R
N 25 °
© © 2000
(1} o
= =
0
ZT4 ZT16 ZT4 ZT16
E ns
ns
1201 —= ns 40 s
T ns— nsT S ns ns
5 —1 2 - ns
xR 90 S 301m o ns1
T s o
(]
% 60 = 20 . 4
5 (&)
8 30 £ 10
£ )
) £
E 0 E 0
= T4 ZT16 ZT4 ZT16
FIGURE 6
Effects of ciprofol and propofol on locomotion and mood in 24 h of ZT4 and ZT16 treatments. (A) Experimental scheme diagram. (B) Movement and
activity trajectories of mice at 24 h after injection of saline (2.75 mL/kg, equal volume of ciprofol), ciprofol (5.5 mg/kg) and propofol (11.5 mg/kg) in ZT4
and ZT16 (n = 12). (C—F) Mean speed, total travel distance, time in the peripheral and central zones after saline administration (2.75 mL/kg, equal
volume of ciprofol), ciprofol (5.5 mg/kg) and propofol (11.5 mg/kg) in ZT4 and ZT16, respectively (n = 12). Statistical analyses were conducted using
one-way ANOVA with two-stage linear step-up procedure of Benjamini, Krieger and Yekutieli test. Data are presented as Means + SEM. *p < 0.05,
**p < 0.01, ***p < 0.001, ****p < 0.0001, ns p > 0.05.

3.6 Locomotor impairment and depression
induced by propofol in the light phase

To elucidate the circadian differences in the side effects on
locomotor activity and depression between propofol and ciprofol,
mice were injected at ZT4 and ZT16, followed by an open-field test
(OPT) (Figure 6A).

Results suggest that ciprofol administration at ZT4 significantly
increased locomotor speed compared to both saline group and
propofol group (Speedgne = 7.89 + 0.26 cm/s, Speed o = 10.12 +
0.29 cm/s, Speed,opofol = 7.37 + 0.19 cm/s [Means + SEM], p < 0.0001,
Figures 6B,C). In contrast, at ZT16, neither propofol nor ciprofol
impaired locomotion (p > 0.05). Additionally, the total distance also
increased in the ciprofol group at ZT4, while propofol did not
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(Figure 6D). And at ZT'16, both propofol and ciprofol did not affect
the total distance (Figure 6D), indicating that compared with proporol,
ciprofol has an excitatory effect on locomotion during the
resting phase.

Moreover, in the OPT assay, propofol caused mice to stay more in
the peripheral zone at ZT4 (Time ratiog,. = 83.96 + 2.24%, Time
ratiogprof = 82.74 + 2.01%, Time ratioyope = 90 + 1.32%, [Means +
SEML, Puatine vs ciprot = 0-6518, Peiprofol vs proporol = 0.0108, F (DFn,
DFd) = 0.3863) (Figures 6E,F), indicating a tendency for propofol to
induce depressive effects during the resting phase. These results
indicate that ciprofol does not induce depressive effects when
administered at any time, making it superior to propofol in this regard.

We also conducted the OPT for a duration of 3 h at ZT4 and ZT16
(Supplementary Figure S5A) and found that the propofol group
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Effects of ciprofol and propofol on cognitive and memory ability in 3 h of ZT4 and ZT16 treatments. (A) Experimental scheme diagram. The familiar
period in 1 h, followed by the test period of the new and old object recognition experiment in 3 h (saline [2.75 mL/kg, equal volume of ciprofol],
ciprofol [5.5 mg/kg] and propofol [11.5 mg/kg]). (B) Discrimination index (DI) and Recognition index (RI) measured 3 h after the drug administration at
ZT4 and ZT16, respectively (n = 11-12). DI = (new - old)/(new + old). Rl = new / (new + old). Statistical analyses were conducted using one-way
ANOVA with two-stage linear step-up procedure of Benjamini, Krieger and Yekutieli test. Data are presented as Means + SEM. *p < 0.05, **p < 0.01,
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exhibited decreased mean speed and total distance at ZT4 compared
to the ciprofol group (Speedipof = 8.88 +0.49 cm/s,
Speed,oporol = 6.93 £ 0.48 cm/s [Means + SEM], p = 0.0042) (Total
distancepof = 4,262 * 234.7 cm, Total distance oo = 3,330 +
231.3 cm) (Supplementary Figures S5C,D). Time in the peripheral and
central zones did not show significant differences during this relatively
short period (Supplementary Figures S5E,F).

These results suggest that propofol is more likely to impair
locomotion and induce depressive symptoms during the light phase
than dark phase, while ciprofol slightly increases locomotor activity
and reduces depression in the same term.

3.7 Cognitive and memory impairment
induced by propofol in the dark phase

Propofol has been reported to induce cognitive dysfunction,
particularly during surgical procedures (Liu et al., 2022) or at relatively
higher anesthetic dosages (Sato et al., 2005). We primarily studied
whether propofol and ciprofol would affect short-term cognitive
function in mice using a novel object recognition test under a critical
anesthetic dose. Familiarity periods were conducted 1h after
administration, and testing periods were conducted for 3 h (Figure 7A).
Compared to the control group, the discrimination index (DI) in the
ZT16 group significantly decreased following propofol injection in 3 h
(DLume =048 +0.07%, Dl =0.14%0.09%, [Means+ SEM],
p =0.0254) (Figure 7B). In contrast, no significant difference was
observed at ZT4, indicating that propofol can impair cognitive and
memory abilities when administered during the dark phase.

The recognition index (RI) exhibited a similar diurnal pattern
to the DI at ZT16 (Rye = 0.74 + 0.03%, R0 = 0.57 + 0.04%,
[Means + SEM], p = 0.0254) (Figure 7C). There were no statistically
significant differences in the DI or RI for the ciprofol group
compared to the saline group (Figures 7B,C, p >0.05). Thus,
ciprofol is superior to propofol regarding its impact on
cognitive function.
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To assess the duration of cognitive and memory impairment
induced by propofol, the measurements were repeated at the 24th
hour (Supplementary Figure S6A). Fortunately, the cognitive
impairment caused by propofol at D, doses expired at this point
(Supplementary Figures S6B,C, p > 0.05).

3.8 Disturbance of ciprofol and propofol
on circadian rhythm

The anesthetic effects were clearly influenced by circadian
rhythms (Antkowiak and Rudolph, 2016); however, it remains
uncertain whether D, of anesthesia could also disrupt these
rhythms. To investigate this, the expression levels of three
representative genes were assessed in the hypothalamus, along
with rest/activity patterns following D, drug injection at ZT4 and
ZT16. The results indicated that, regardless of the timing of the
injection, the saline group exhibited circadian rhythms in the
expression of Nrldl, Perl, and Dbp (Figure 8, BH.Q < 0.05).
However, at ZT16, propofol significantly disrupted the circadian
rhythms of Nridl, Perl, and Dbp (BH.Q = 1, Figures 8B,D,F).
Additionally, the circadian feature of Perl at ZT4 was notably
disturbed by propofol (BH.Q=0.071) and ciprofol
(BH.Q = 0.097) (Figure 8C). Propofol administered during the
dark phase was more likely to influence the circadian rhythms of
Nrldl and Dbp in the hypothalamus. In contrast, ciprofol had a
lesser impact on circadian disorders than propofol, suggesting
that it is more supportive of circadian rhythm at the molecular
level. Notably, the injection procedure was performed under dim
light conditions, which may have introduced transient
fluctuations in gene expression (Challet et al., 2003). This could
partly explain the observed up-regulation of NR1d1, Perl, and
Dbp at ZT20 in the ZT16 series. Nonetheless, when compared to
the control group at the corresponding time points, the observed
effects still provide meaningful insights into the drug’s impact on
circadian rhythms.
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Disturbance of ciprofol and propofol on circadian genes and rest/activity rhythm. (A) Nrid1 gene expression levels 24 h after saline (2.75 mL/kg),
ciprofol (5.5 mg/kg), and propofol (11.5 mg/kg) injected at ZT4 in the hypothalamus (n = 3). (B) Nr1d1 gene expression levels 24 h after saline (2.75 mL/
kg), ciprofol (5.5 mg/kg), and propofol (11.5 mg/kg) injected at ZT16 in the hypothalamus (n = 3). (C) Perl gene expression levels 24 h after saline

(2.75 mL/kg), ciprofol (5.5 mg/kg), and propofol (11.5 mg/kg) injected at ZT4 in the hypothalamus (n = 3). (D) Perl gene expression levels 24 h after
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Frontiers in Molecular Neuroscience

frontiersin.org



https://doi.org/10.3389/fnmol.2025.1567453
https://www.frontiersin.org/journals/molecular-neuroscience
https://www.frontiersin.org

Lietal.

10.3389/fnmol.2025.1567453

FIGURE 8 (Continued)

p > 0.05.

saline (2.75 mL/kg), ciprofol (5.5 mg/kg), and propofol (11.5 mg/kg) injected at ZT16 in the hypothalamus (n = 3). (E) Dbp gene expression levels 24 h
after saline (2.75 mL/kg), ciprofol (5.5 mg/kg), and propofol (11.5 mg/kg) injected at ZT4 in the hypothalamus (n = 3). (F) Dbp gene expression levels

24 h after saline (2.75 mL/kg), ciprofol (5.5 mg/kg), and propofol (11.5 mg/kg) injected at ZT16 in the hypothalamus (n = 3). (G) Period changes induced
by saline (2.75 mL/kg), propofol (11.5 mg/kg), and ciprofol (5.5 mg/kg) at ZT4 and ZT16 (n = 4-9). (A period = period,, — periodpp). (H) Phase changes
induced by saline (2.75 mL/kg), propofol (11.5 mg/kg), and ciprofol (5.5 mg/kg) at ZT4 and ZT16 (n = 4-9). (A phase = phase,, — phasepp). Circadian
analyses were conducted using JTK_CYCLE (Hughes et al., 2010). Statistical analyses were conducted using one-way ANOVA with two-stage linear
step-up procedure of Benjamini, Krieger and Yekutieli test. Data are presented as Means + SEM. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, ns

These molecular effects may extend to physiological levels,
prompting us to evaluate rest/activity rhythms after saline, propofol,
and ciprofol injections at ZT4 and ZT16 through wheel running. The
results showed that none of the three groups significantly affected
activity/rest rhythms (Figures 8G,H, p >0.05) (Supplementary
Figure S7). These findings suggest that disruptions in circadian gene
expression in the hypothalamus induced by anesthetics do not
necessarily lead to dose-dependent physiological changes.

4 Discussion

This study primarily examined the anesthetic and side effects
of ciprofol compared to propofol from a chronopharmacological
perspective. Ciprofol demonstrates several clinical advantages over
propofol, in terms of higher anesthesia success rate (Li et al., 2022),
reduced injection pain and better cardiovascular stability (Yu et al.,
2024). These properties make ciprofol a more favorable option for
clinical use, especially in high-risk patient populations such as the
elderly (Hudaib et al., 2024). However, comparative data on the
longer-term and uncommon clinical side effects of these two drugs,
such as anxiety and memory impairment, are still pending. Despite
the scarcity of clinical reports addressing differences in anesthesia
demand between day and night (Shen et al., 2021), such variations
indeed exist—and this may similarly apply to the occurrence of
side effects. Medication should adhere to the principles of
chronopharmacology, avoiding the use of high-risk drugs in
vulnerable populations and minimizing drug dosages at susceptible
time points. Our findings demonstrated day-night differences in
the anesthetic effects of ciprofol and propofol. Additionally, it
further examined the day-night differences in their side effects, as
well as their impacts on the expression of circadian genes and
associated activities. This study contribute to the clinical
optimization of anesthesia timing and broaden the options
available for anesthetic agents in clinical practice. In addition, this
research provides potential mechanisms and valuable insights that
may inform future strategies for addressing diurnal variations in
drug efficacy.

Previous studies have often focused on the depth and duration of
anesthesia of intravenous anesthetic agents (Shen et al., 2021; Challet
etal,, 2007; Sato et al., 2005; Wang et al., 2020). In this study, a venous
visualization injector was employed to facilitate tail vein injections,
and statistical analysis was limited to mice that completed the injection
in a single attempt. This approach yielded significant diurnal
differences in other aspect of anesthesia effect — anesthesia demand,
allowing for adjustments to dosage regimens based on diurnal patterns
for more precise administration of anesthesia.

Frontiers in Molecular Neuroscience

13

While propofol increased in lipophilicity and formed ciprofol,
ciprofol was found to cross the blood brain barrier more effectively
and accumulate to a greater extent than propofol (Qin et al., 2017; Liao
et al,, 2022). Furthermore in our study, the R-configured form of
ciprofol exhibited significantly higher binding potency at the GABRB3
than propofol. Consequently, the diurnal rhythm of propofol was
predominantly influenced by metabolic factors, while that of ciprofol
was significantly affected by receptor expression. Additionally, the
GABAAR ; subunits are key targets for the anesthetic effects of both
ciprofol and propofol (Kreuzer et al., 2020). The increased expression
of these receptors corresponded with a longer duration of ciprofol
during the light phase. Although the Cyp2b10 level showed no diurnal
rhythm in our study as reported in other studies (Viitala et al., 2001).
UGT1A9, another propofol-related metabolic enzyme (Xu et al.,
2020), showed a concordant diurnal pattern with LORR duration of
propofol in our study.

The depression induced by propofol (Song et al., 2019; Chang
et al,, 2020), in our study was more likely to occur during the light
phase than in dark phase, with the depressive effects becoming more
pronounced at 24 h post-injection than at 3 h post-injection. We also
observed rhythmic expression of the antidepressant-related GABAAR
o5 subunit (Fee et al., 2021; Luscher et al., 2023), which decreased
during the light phase. This diurnal variation in a5 subunit expression
may contribute to the rhythmic nature of propofol-induced depression.

In this study, mice exhibited cognitive impairments 3 h after
propofol injection, which aligns with the inherent characteristics of
propofol associated with as subunit (Antkowiak and Rudolph, 2016;
Zurek et al., 2014). These functional impairments were more likely to
occur during the dark phase, coinciding with peak expression levels
of a5 subunits.

The timing of anesthesia administration affects circadian
rhythm (Mihara et al., 2012). In this study, propofol influenced the
rhythm of the Perl gene at ZT4, similar to ciprofol, and also at
ZT16, disrupting the rhythms of Perl, Nridl, and Dbp. Literature
indicates that anesthetizing mice with propofol for 4 h does not alter
their rest/activity rhythm (Mizuno et al., 2022), yet it can still alter
rhythm genes. This suggests that the behavioral effects of propofol
may be evident in other areas, such as sleep rhythms (Yin et al.,
2022). Considering these alterations in circadian rhythm-related
genes, propofol may be unsuitable for use during active phases.
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