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Propofol has become one of the most commonly used anesthetic agents because of its good sedative effects, rapid onset, and fast metabolism. However, its associated respiratory and circulatory depression and injection pain make it difficult for patients to tolerate. Ciprofol, which is structurally similar to propofol but has an additional cyclopropyl group, is less likely to impact respiratory and circulatory function and cause injection pain, highlighting its potential for clinical application. Currently, as research on Ciprofol is still in the exploratory stage, its clinical application is limited because its underlying mechanisms are not yet fully understood. The aim of this article is to review the pharmacological mechanisms of propofol, hypothesize the primary pharmacological effects and potential adverse reactions of Ciprofol, and summarize its current clinical application status, with the goal of providing a reference for future clinical use.
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1 PHARMACOLOGICAL CHARACTERISTICS OF CIPROFOL
Ciprofol is a novel GABA-A receptor agonist that is structurally similar to propofol but with the addition of a cyclopropyl group and exists as both R- and S-enantiomers (Qin et al., 2017) (Figure 1). Studies suggest that the incorporation of the R-chiral center and cyclopropyl group causes a structural change that provides a better spatial volume, moderately increasing its lipophilicity and pharmacological properties. As a result, ciprofol may bind to the GABA-A receptor more tightly than propofol does, causing an anesthetic potency approximately four to five times greater than that of propofol (Qin et al., 2017; Hu et al., 2021; Lu et al., 2023; Luo et al., 2022). Moreover, owing to its increased lipophilicity, ciprofol crosses the blood-brain barrier, demonstrating wide and rapid distribution in tissue. This may account for its rapid onset of central nervous system effects (Hung et al., 2023). It has been reported that a single intravenous dose of 0.4 mg kg−1 ciprofol can induce hypnosis within 2 min, with an average time to awakening of 10.6 min and a minimum of 5.5 min (Bian et al., 2021).
[image: Figure 1]FIGURE 1 | Schematic diagram of the chemical structure of propofol and ciprofol, with a schematic diagram of their binding to GABAA. The above is a schematic diagram of the chemical structure of propofol, and the following is a schematic diagram of the chemical structure of ciprofol, which binds more closely to the GABAA receptor and has a higher affinity.
The primary metabolic pathways of ciprofol include oxidation, glucuronidation, and sulfation, with the major metabolite in plasma being the glucuronide conjugate M4 (79.3%), which is pharmacologically inactive and primarily excreted via the kidneys (Bian et al., 2021). Compared with propofol, ciprofol exerts minimal effects on the respiratory and circulatory systems and is less likely to cause injection pain (Li J. et al., 2022; Wu et al., 2022; Zhu et al., 2023). Therefore, ciprofol appears to have promising clinical applications, and understanding its main pharmacological effects and mechanisms of adverse reactions is crucial for its safe clinical use.
2 POTENTIAL SEDATIVE MECHANISM
γ-Aminobutyric acid (GABA) is the major inhibitory neurotransmitter that controls synaptic transmission and neuronal excitability in the central nervous system (CNS), is widely distributed in the brain, and maintains a balance between excitation and inhibition in the cerebral cortex (Kim and Hibbs, 2021). GABA has three receptor subtypes, namely, GABAA, GABAB, and GABAC (Shimizu-Okabe et al., 2022). Among these, GABAA is a ligand-gated ion channel composed of α1-6, β1-3, γ1-3, δ, ε, Φ, and π subunits that can form different subtypes. The most common subtype found in the brain is α1β2γ2, which is also the primary receptor targeted by propofol (Kim and Hibbs, 2021; Solomon et al., 2019; Kim et al., 2020).
Ciprofol, a novel γ-aminobutyric acid (GABA) receptor inhibitor, shares a similar chemical structure with propofol and exerts its anesthetic and sedative effects primarily through the activation of GABAA receptors (Solomon et al., 2019; Duan et al., 2023). Upon activation of GABAA receptors by ciprofol, chloride ions influx, and ciprofol also competes with tert-butylbicyclophosphorothionate (TBOB) and tert-butylbicyclophosphorothionate (TBPS) for competitive binding to the chloride ion channel, enhancing the chloride influx induced by GABA, leading to membrane hyperpolarization and inhibiting the transmission of excitatory neurotransmitters (such as glutamate) between neurons, thereby suppressing the central nervous system and producing sedative effects (Kim et al., 2020; Liao et al., 2022) (Figure 1).
Furthermore, studies have shown that glutamate can reduce the expression and activation of GABAB through the NMDA receptor (Guetg et al., 2010; Xu et al., 2014; Maier et al., 2010). Therefore, low concentrations of glutamate may promote the activation of GABAB receptors. The GABAB receptor is a seven-transmembrane G protein-coupled receptor that, once activated, inhibits adenylyl cyclase, reducing cyclic adenosine monophosphate (cAMP) synthesis and leading to a decrease in the cAMP concentration (Li et al., 2020). As cAMP is an important neurotransmitter for activating protein kinase A, a decrease in the cAMP concentration reduces the activity of the cAMP‒PKA signaling pathway, further inhibiting neuronal excitability and synaptic transmission and enhancing the sedative effect (Connelly et al., 2013) (Figure 2). The activation of GABAB may also enhance the sustained GABAA current through downstream regulation by PKA, further strengthening central inhibition and achieving rapid sedation. Currently, some studies suggest that the anesthetic effects of propofol may be attributed to the activation of GABAB receptors (Schwieler et al., 2003); however, direct evidence regarding the relationship between ciprofol and GABAB receptors is still lacking. Nevertheless, this may provide a new avenue for research into the mechanism underlying the stronger anesthetic potency of ciprofol: in addition to differing affinities for GABA receptors, it may also be related to selective differences in binding to the GABAA and GABAB subtypes.
[image: Figure 2]FIGURE 2 | Schematic diagram of the mechanism of the central sedative action of ciprofol production. The binding of ciprofol to the GABAA receptor results in a change in membrane potential, inhibiting glutamate release and ultimately producing a sedative effect. AMP: cyclic adenosine monophosphate, PKA: cyclic AMP-dependent protein kinase.
3 MECHANISMS OF POTENTIAL ADVERSE REACTIONS
3.1 Cardiovascular depression
One of the common adverse reactions of ciprofol is hypotension, which, similar to propofol, may involve multiple mechanisms. Studies have revealed that GABA can regulate renal sympathetic and visceral sympathetic nerve activity through GABAA receptors, leading to changes in cardiovascular activity (Milanez et al., 2020). Therefore, it is likely that ciprofol, like propofol, induces hyperpolarization of neuronal membranes upon activation of GABAA receptors, which in turn inhibits renal and visceral sympathetic nerve activity, resulting in a decrease in blood pressure (Ebert et al., 1992). Additionally, ciprofol may cause blood pressure reduction by indirectly dilating blood vessels through other mechanisms, possibly involving a protein kinase C (PKC)-dependent pathway (Noguchi et al., 2023).
Researchers have reported that propofol can stimulate the translocation of PKC isoforms, leading to the activation of endothelial nitric oxide synthase (eNOS) (Wang et al., 2010), which increases nitric oxide (NO) levels. The generated NO activates guanylate cyclase (GC), increasing cyclic guanosine monophosphate (cGMP) production. This, in turn, reduces calcium influx into smooth muscle cells, resulting in smooth muscle relaxation and vasodilation (Nagakawa et al., 2003; Kamitani et al., 1995; Yamanoue et al., 1994). Moreover, the activation of NO and cGMP can lead to the activation of calcium-activated potassium channels (K+ (Ca2+)) and ATP-sensitive potassium channels (K+ (ATP)), inducing hyperpolarization and relaxation of vascular smooth muscle and further promoting vasodilation (Nagakawa et al., 2003) (Figure 3). eNOS activation also decreases intracellular calcium concentrations and reduces myocardial sensitivity to calcium, thereby inhibiting myocardial contractility and contributing to blood pressure reduction (Kanaya et al., 2005; Wickley et al., 2006). Additionally, propofol may lower the calcium threshold for the activation of arterial smooth muscle cell channels by increasing the calcium sensitivity of large conductance calcium-activated potassium channels (BKCa), resulting in greater vasodilation (Liu et al., 2012). Notably, propofol may also reduce the production of cAMP through PKC activation, thereby diminishing β-adrenergic signaling in cardiomyocytes and reducing the heart’s excitatory response to β-adrenergic receptor activation (Kurokawa et al., 2002). Recent studies have revealed that ciprofol can attenuate myocardial injury caused by β-agonists, suggesting that it may exert similar effects on β-receptors (Yang et al., 2022).
[image: Figure 3]FIGURE 3 | Schematic diagram of the mechanism by which ciprofol causes hypotension. Ciprofol promotes the release of nitric oxide (NO) by promoting protein kinase C (PKC) translocation, activating endothelial nitric oxide synthase (eNOS), thereby causing cyclic guanosine monophosphate (cGMP), which ultimately leads to vascular smooth muscle relaxation. O2: oxygen, GC: guanylate cyclase, GTP: guanosine triphosphate, K+(Ca2+): calcium-activated potassium channels, K+ (ATP): ATP-sensitive potassium channels.
Unfortunately, research on the mechanisms underlying ciprofol-induced hypotension is limited. Given the structural and pharmacological similarities between ciprofol and propofol, we speculate that their mechanisms of action may be similar. However, in clinical practice, ciprofol appears to have a milder effect on the cardiovascular system. We hypothesize that this may be due to the following reasons: 1. Ciprofol is a more potent anesthetic, thus the doses administered in clinical settings are typically lower than those of propofol, resulting in lower plasma concentrations and reduced effects on receptors or channels involved in cardiovascular depression. 2. Ciprofol is metabolized more rapidly at lower doses, and its metabolites are pharmacologically inactive, leading to a shorter duration of cardiovascular suppression than that of propofol (Bian et al., 2021).
3.2 Respiratory depression
Both ciprofol and propofol inevitably cause respiratory depression, which is closely related to their action on GABA receptors. The preBötzinger complex (preBötC) in the ventral medulla of mammals regulates normal respiratory rhythm (Song et al., 2016; Kam et al., 2013), and the role of the neurotransmitter GABA in this process is significant (Johnson et al., 2002; Ghali and Beshay, 2019). Studies have revealed that high concentrations of GABA in the ventricular pool can significantly reduce tidal volume in dogs (Kazemi and Hoop, 1991). This regulation is likely mediated through the activation of GABAA receptors, as research has indicated that GABAA receptor antagonists in the brainstem significantly increase the frequency and amplitude of respiratory-modulated hypoglossal (XII) neuron bursts, enhancing the control of respiratory rhythm (Johnson et al., 2002).
As an agonist of GABAA receptors, ciprofol is likely to inhibit preBötC’s regulation of respiratory rhythm, leading to respiratory depression. Additionally, studies have revealed that GABAB receptor agonists can cause significant respiratory depression (Follman and Morris, 2022), although whether GABAB receptors are involved in ciprofol-induced respiratory depression requires further investigation. Interestingly, despite the structural similarity between ciprofol and propofol, ciprofol tends to cause less severe and less frequent respiratory depression (Lan et al., 2023). This difference may be related to their distinct interactions with GABAA receptor subunits. Propofol has a relatively high affinity for the β2 and β3 subunits (Jonsson Fagerlund et al., 2010; Jonsson Fagerlund et al., 2012), and its sedative effects are primarily mediated by these subunits (Zeller et al., 2005). Respiratory depression induced by propofol is mainly mediated by the β3 subunit (Zeller et al., 2005), suggesting that ciprofol may predominantly target different subunits, thereby resulting in milder respiratory depression.
Moreover, since ciprofol is four to five times more potent than propofol is, the doses administered in clinical settings are lower, leading to lower plasma concentrations, faster metabolism, and a shorter duration of action. Compared with that of propofol, its main metabolite, M4, does not have any toxic or hypnotic properties (Qin et al., 2017; Bian et al., 2021), which further contributes to its shorter duration and milder manifestation of respiratory depression.
3.3 Injection pain
Injection pain is a common clinical issue associated with propofol, as evidenced by an incidence as high as 60% (Jalota et al., 2011). This is thought to be caused by direct stimulation of the free afferent nerve endings between the tunica media and intima of the vein or by the activation of the kinin cascade, resulting in the release of mediators such as kininogen when the active ingredients in the propofol emulsion come into contact with the vascular endothelium (Tan and Onsiong, 1998). Additionally, the intensity of injection pain is proportional to the concentration of the drug in the aqueous phase of the emulsion (Jalota et al., 2011). Although ciprofol has a chemical structure similar to that of propofol and a similar mechanism for causing injection pain, the incidence of injection pain is significantly lower (Hu et al., 2021; Luo et al., 2022), possibly because of multiple factors. First, ciprofol is a more potent anesthetic than propofol is, so the doses administered in clinical settings are typically lower (Qin et al., 2017; Klement and Arndt, 1991). Second, ciprofol, which has an additional cyclopropyl group, has significantly increased lipophilicity and hydrophobicity (Qin et al., 2017). As a result, it is typically formulated as a water-in-oil emulsion, which further reduces its water solubility. In emulsions with the same lipid concentration, the aqueous phase concentration of ciprofol is significantly lower than that of propofol (Qin et al., 2017). Additionally, the higher lipophilicity of ciprofol allows it to rapidly cross cell membranes and distribute into other tissues (Hung et al., 2023), further lowering the concentration of free drug in the aqueous phase. The concentration of free drug in the aqueous phase is a key factor in determining whether injection pain occurs, and since the aqueous phase concentration of ciprofol is lower than that of propofol, the likelihood of injection pain is correspondingly reduced (Ding et al., 2022).
4 CLINICAL APPLICATIONS
4.1 General anesthesia induction and maintenance
4.1.1 Anesthesia induction
Ciprofol is being increasingly incorporated into clinical practice, and its safety and efficacy are being more frequently validated. For anesthesia induction, 0.3–0.5 mg kg−1 ciprofol is not inferior to 2.0–2.5 mg kg−1 propofol (Wang et al., 2022). A single infusion of 0.4 mg kg−1 ciprofol is pharmacokinetically stable and safely and successfully induces anesthesia in healthy individuals (Bian et al., 2021; Wang et al., 2022). In clinical studies, researchers reported that a dose of 0.4 mg kg−1 ciprofol successfully induced anesthesia in 100% of patients and was associated with a low incidence of poor responses to intubation and a significantly smaller drop in blood pressure within the first 10 min after induction than 2.0 mg kg−1 propofol was (Chen et al., 2022). Owing to individual differences, 0.3 mg kg−1 is more suitable for elderly patients (aged ≥65), with similar efficacy to 0.4 mg kg−1 in younger patients, maintaining stable hemodynamics and a low incidence of respiratory depression (Duan et al., 2023; Li et al., 2021). Notably, the incidence of hypotension caused by the same dose of ciprofol increases with age (Lu et al., 2024). In contrast to elderly patients, children require a higher induction dose. A study revealed that a dose of 0.6 mg kg−1 in children results in stable circulation and BIS values (Pei et al., 2023).
Ciprofol has been successfully used in various noncardiac surgeries, including abdominal, orthopedic, urological, thoracic, and neurosurgical procedures, and has demonstrated favorable outcomes (Ding et al., 2022).
4.1.2 Anesthesia maintenance
For anesthesia maintenance, ciprofol at a rate of 0.9 mg kg−1 h−1 provides similar anesthetic potency to isoflurane at 5.7 mg kg−1 h−1 (Liang et al., 2023). A population pharmacokinetic-pharmacodynamic (PK-PD) model suggests that the optimal maintenance dose of ciprofol is 0.8 mg kg−1 h−1 during surgery (Liu L. et al., 2024). A phase III clinical trial revealed that after induction with 0.4 mg kg−1 ciprofol, anesthesia was maintained at an initial rate of 0.8 mg kg−1 h−1, with adjustments between 0.4 and 1.7 mg kg−1 h−1, the BIS value was maintained between 40 and 60, and blood pressure remained stable, highlighting the safety of ciprofol (Liang et al., 2023). In elderly patients, ciprofol also maintains stable hemodynamics, resulting in good postoperative recovery and lower CAM scores (Liu Z. et al., 2024). Notably, ciprofol is less toxic to the hepatic and renal systems, and patients with mild to moderate hepatic or renal impairment tolerate it well without the need for dosage adjustments (Hu et al., 2022; Liu S. B. et al., 2023). Its ability to maintain stable hemodynamics also ensure smooth kidney transplantation and therefore good post-transplantation renal function recovery (Qin et al., 2022).
4.2 Pain-free procedures
Ciprofol ensures a pain-free procedure. Studies have revealed that when used for gastrointestinal endoscopy, 0.2–0.5 mg kg−1 ciprofol has a 100% success rate (Teng et al., 2021). When used for colonoscopy, a dose of 0.4–0.5 mg kg−1 ciprofol provides a sedation effect similar to that of 2.0 mg kg−1 propofol, with a lower incidence of injection pain and no severe adverse events (Teng et al., 2021; Gao et al., 2024). Some studies revealed that the incidence of respiratory depression and hypotension is lower at doses of 0.2 mg kg−1 and 0.3 mg kg−1 than at 0.4 mg kg−1 ciprofol (Chen et al., 2023), although further research is needed to determine whether this dose provides the same efficacy and depth of anesthesia. For fiberoptic bronchoscopy, ciprofol at doses of 0.3 mg kg−1 and 0.4 mg kg−1 has successful anesthesia induction rates of 91.3% and 100%, respectively, with the option of administering one-third to one-quarter of the initial dose at 2-min intervals as needed and providing sedative effects comparable to those of propofol at doses of 1.2 mg kg−1 and 2.0 mg kg−1. Ciprofol also maintains more stable blood oxygen saturation and hemodynamics and is less likely to cause injection pain (Luo et al., 2022; Wu et al., 2022). After induction with 0.4 mg kg−1 ciprofol, maintaining anesthesia with a dose of 0.6–1.2 mg kg−1 h−1 during hysteroscopic examination provides success rates similar to those of 2.0 mg kg−1 propofol, with a significantly lower incidence of respiratory adverse events (4.0% vs 31.1%) (Lan et al., 2023). It is noteworthy that a Phase IIa trial found that a dose of 0.4 mg kg−1 of ciprofol had a higher incidence of adverse reactions related to muscle fasciculation compared to 2.0 mg kg−1 of propofol (4.5% vs 0%) (Gao et al., 2024). Subsequently, a Phase IIa study compared doses ranging from 0.2 to 0.5 mg kg−1 of ciprofol and found that muscle fasciculation occurred only in the 0.2 mg kg−1 group (6.8%), with muscle fasciculations not being dose-dependent (Gao et al., 2024). This may be attributed to the low doses of ciprofol used, leading to anesthesia-related seizures (Lu et al., 2023).
In summary, ciprofol is associated with more stable hemodynamics, a lower incidence of respiratory adverse events, safe anesthesia induction, a lower likelihood of injection pain, and greater patient acceptance than propofol is and ensures a pain-free procedure. However, since various pain-free diagnostic and therapeutic procedures involve different intensities of stimulation and varying demands on the respiratory system, the optimal doses of ciprofol required in different settings should be explored further to ensure that the desired depth of anesthesia can be achieved under the safest conditions.
4.3 Sedation in the ICU
ICU patients often experience severe pain, anxiety, and discomfort, and many require mechanical ventilation to maintain respiration, which increases the likelihood of agitation (Dallı Ö et al., 2023; Bauerschmidt et al., 2023). Therefore, prolonged sedation is often required in the ICU setting (Bauerschmidt et al., 2023). A phase I study involving healthy volunteers revealed that ciprofol effectively maintains sedation via continuous intravenous infusion without drug accumulation, and patients can tolerate it for at least 12 h. Furthermore, ciprofol is associated with milder respiratory depression and less circulatory impact than propofol is (Hu et al., 2021).
For sedation in the ICU, the recommended regimen involves an initial bolus dose of 0.1 mg kg−1 intravenously, followed by a maintenance dose of 0.3 mg kg−1 h−1, with the dose adjusted between 0.06 and 0.8 mg kg-1 h−1 to maintain a RASS sedation score of −2 to +1 (Liu et al., 2022; Liu Y. et al., 2023). This dosage regimen provides more stable hemodynamics and milder respiratory depression and is safe and well tolerated for at least 24 h (Liu Y. et al., 2023). Compared with propofol, ciprofol appears to be safer for prolonged infusion. Long-term infusion of propofol has been associated with hypertriglyceridemia (Pancholi et al., 2023), whereas continuous 24-h infusion of ciprofol does not lead to elevated serum triglyceride levels (Liu et al., 2022; Liu Y. et al., 2023). Additionally, prolonged infusion of propofol can result in propofol-related infusion syndrome (PRIS), with an incidence rate of 2.9% and a related mortality rate of up to 36.8% (Li W. K. et al., 2022). High dosage and prolonged use are recognized as major risk factors for the development of propofol infusion syndrome (Hemphill et al., 2019). Given that ciprofol is a more potent anesthetic, the cumulative dose during prolonged infusion is much lower than that of propofol, which theoretically may reduce the risk of PRIS. However, more clinical data are needed to further validate this hypothesis.
While the advantages of ciprofol over propofol are clear, research on its use for sedation in the ICU is still limited. Moreover, as a novel 2,6-disubstituted phenol derivative similar to propofol, the effects of long-term ciprofol infusion on adrenal cortical function remain unclear. Furthermore, there is currently no evidence to suggest that ciprofol improves long-term outcomes in ICU patients. More research is needed to clarify these aspects in the future.
5 CONCLUSION
Ciprofol, a new (GABA)-A receptor agonist, has a pharmacological mechanism similar to that of propofol. However, owing to the addition of a cyclopropyl group, ciprofol is a stronger anesthetic than propofol is, allowing for lower clinical doses. We believe that the lower clinical doses of ciprofol may be one of the key reasons for its association with lower incidences of hypotension, respiratory depression, and injection pain. This finding is consistent with the observation that lower doses of propofol tend to result in fewer adverse reactions. The primary difference in pharmacological effects between ciprofol and propofol may lie in anesthetic potency rather than adverse effects.
Overall, ciprofol has shown promising clinical outcomes and is suitable for use in both elderly and pediatric patients. Its performance in clinical settings thus far suggests excellent potential, although further exploration is needed to determine the optimal dose for various clinical scenarios.
AUTHOR CONTRIBUTIONS
JZ: Writing–original draft, Writing–review and editing, Conceptualization, Software. LW: Conceptualization, Writing–review and editing. ZZ: Investigation, Writing–review and editing. LY: Writing–review and editing. JH: Writing–review and editing. PZ: Writing–review and editing. XC: Writing–review and editing. DP: Writing–review and editing. BL: Writing–review and editing. JZ: Conceptualization, Writing–review and editing, Investigation.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Bauerschmidt, A., Al-Bermani, T., Ali, S., Bass, B., Dorilio, J., Rosenberg, J., et al. (2023). Modern sedation and analgesia Strategies in Neurocritical care. Curr. Neurol. Neurosci. Rep. 23 (4), 149–158. doi:10.1007/s11910-023-01261-7
 Bian, Y., Zhang, H., Ma, S., Jiao, Y., Yan, P., Liu, X., et al. (2021). Mass balance, pharmacokinetics and pharmacodynamics of intravenous HSK3486, a novel anaesthetic, administered to healthy subjects. Br. J. Clin. Pharmacol. 87 (1), 93–105. doi:10.1111/bcp.14363
 Chen, B. Z., Yin, X. Y., Jiang, L. H., Liu, J. H., Shi, Y. Y., and Yuan, B. Y. (2022). The efficacy and safety of ciprofol use for the induction of general anesthesia in patients undergoing gynecological surgery: a prospective randomized controlled study. BMC Anesthesiol. 22 (1), 245. doi:10.1186/s12871-022-01782-7
 Chen, L., Xie, Y., Du, X., Qin, W., Huang, L., Dai, J., et al. (2023). The effect of different doses of ciprofol in patients with Painless gastrointestinal endoscopy. Drug Des. Devel Ther. 17, 1733–1740. doi:10.2147/DDDT.S414166
 Connelly, W. M., Fyson, S. J., Errington, A. C., McCafferty, C. P., Cope, D. W., Di Giovanni, G., et al. (2013). GABAB receptors regulate Extrasynaptic GABAA receptors. J. Neurosci. 33 (9), 3780–3785. doi:10.1523/JNEUROSCI.4989-12.2013
 Dallı Ö, E., Yıldırım, Y., Aykar, F. Ş., and Kahveci, F. (2023). The effect of music on delirium, pain, sedation and anxiety in patients receiving mechanical ventilation in the intensive care unit. Intensive Crit. Care Nurs. 75, 103348. doi:10.1016/j.iccn.2022.103348
 Ding, Y. Y., Long, Y. Q., Yang, H. T., Zhuang, K., Ji, F. H., and Peng, K. (2022). Efficacy and safety of ciprofol for general anaesthesia induction in elderly patients undergoing major noncardiac surgery: a randomised controlled pilot trial. Eur. J. Anaesthesiol. 39 (12), 960–963. doi:10.1097/EJA.0000000000001759
 Duan, G., Lan, H., Shan, W., Wu, Y., Xu, Q., Dong, X., et al. (2023). Clinical effect of different doses of ciprofol for induction of general anesthesia in elderly patients: a randomized, controlled trial. Pharmacol. Res. Perspect. 11 (2), e01066. doi:10.1002/prp2.1066
 Ebert, T. J., Muzi, M., Berens, R., Goff, D., and Kampine, J. P. (1992). Sympathetic responses to induction of anesthesia in humans with propofol or etomidate. Anesthesiology 76 (5), 725–733. doi:10.1097/00000542-199205000-00010
 Follman, K. E., and Morris, M. E. (2022). Treatment of γ-Hydroxybutyrate (GHB) Overdose with the GABA(B) antagonist SGS742. J. Pharmacol. Exp. Ther. 382 (1), 21–30. doi:10.1124/jpet.122.001108
 Gao, S. H., Tang, Q. Q., Wang, C. M., Guan, Z. Y., Wang, L. L., Zhang, J., et al. (2024). The efficacy and safety of ciprofol and propofol in patients undergoing colonoscopy: a double-blind, randomized, controlled trial. J. Clin. Anesth. 95, 111474. doi:10.1016/j.jclinane.2024.111474
 Ghali, M. G. Z., and Beshay, S. (2019). Role of fast inhibitory synaptic transmission in neonatal respiratory rhythmogenesis and pattern formation. Mol. Cell Neurosci. 100, 103400. doi:10.1016/j.mcn.2019.103400
 Guetg, N., Abdel Aziz, S., Holbro, N., Turecek, R., Rose, T., Seddik, R., et al. (2010). NMDA receptor-dependent GABAB receptor internalization via CaMKII phosphorylation of serine 867 in GABAB1. Proc. Natl. Acad. Sci. U. S. A. 107 (31), 13924–13929. doi:10.1073/pnas.1000909107
 Hemphill, S., McMenamin, L., Bellamy, M. C., and Hopkins, P. M. (2019). Propofol infusion syndrome: a structured literature review and analysis of published case reports. Br. J. Anaesth. 122 (4), 448–459. doi:10.1016/j.bja.2018.12.025
 Hu, C., Ou, X., Teng, Y., Shu, S., Wang, Y., Zhu, X., et al. (2021). Sedation effects produced by a ciprofol initial infusion or bolus dose followed by continuous maintenance infusion in healthy subjects: a phase 1 trial. Adv. Ther. 38 (11), 5484–5500. doi:10.1007/s12325-021-01914-4
 Hu, Y., Li, X., Liu, J., Chen, H., Zheng, W., Zhang, H., et al. (2022). Safety, pharmacokinetics and pharmacodynamics of a novel γ-aminobutyric acid (GABA) receptor potentiator, HSK3486, in Chinese patients with hepatic impairment. Ann. Med. 54 (1), 2769–2780. doi:10.1080/07853890.2022.2129433
 Hung, K. C., Chen, J. Y., Wu, S. C., Huang, P. Y., Wu, J. Y., Liu, T. H., et al. (2023). A systematic review and meta-analysis comparing the efficacy and safety of ciprofol (HSK3486) versus propofol for anesthetic induction and non-ICU sedation. Front. Pharmacol. 14, 1225288. doi:10.3389/fphar.2023.1225288
 Jalota, L., Kalira, V., George, E., Shi, Y. Y., Hornuss, C., Radke, O., et al. (2011). Prevention of pain on injection of propofol: systematic review and meta-analysis. Bmj 342, d1110. doi:10.1136/bmj.d1110
 Johnson, S. M., Wilkerson, J. E. R., Wenninger, M. R., Henderson, D. R., and Mitchell, G. S. (2002). Role of synaptic inhibition in turtle respiratory rhythm generation. J. Physiol. 544 (Pt 1), 253–265. doi:10.1113/jphysiol.2002.019687
 Jonsson Fagerlund, M., Sjödin, J., Dabrowski, M. A., and Krupp, J. (2012). Reduced efficacy of the intravenous anesthetic agent AZD3043 at GABA(A) receptors with β2 (N289M) and β3 (N290M) point-mutations. Eur. J. Pharmacol. 694 (1-3), 13–19. doi:10.1016/j.ejphar.2012.07.040
 Jonsson Fagerlund, M., Sjödin, J., Krupp, J., and Dabrowski, M. A. (2010). Reduced effect of propofol at human {alpha}1{beta}2(N289M){gamma}2 and {alpha}2{beta}3(N290M){gamma}2 mutant GABA(A) receptors. Br. J. Anaesth. 104 (4), 472–481. doi:10.1093/bja/aeq023
 Kam, K., Worrell, J. W., Janczewski, W. A., Cui, Y., and Feldman, J. L. (2013). Distinct inspiratory rhythm and pattern generating mechanisms in the preBötzinger complex. J. Neurosci. 33 (22), 9235–9245. doi:10.1523/JNEUROSCI.4143-12.2013
 Kamitani, K., Yamazaki, M., Yukitaka, M., Ito, Y., and Momose, Y. (1995). Effects of propofol on isolated rabbit mesenteric arteries and veins. Br. J. Anaesth. 75 (4), 457–461. doi:10.1093/bja/75.4.457
 Kanaya, N., Gable, B., Wickley, P. J., Murray, P. A., and Damron, D. S. (2005). Experimental conditions are important determinants of cardiac inotropic effects of propofol. Anesthesiology 103 (5), 1026–1034. doi:10.1097/00000542-200511000-00017
 Kazemi, H., and Hoop, B. (1991). Glutamic acid and gamma-aminobutyric acid neurotransmitters in central control of breathing. J. Appl. Physiol. 70 (1), 1–7. doi:10.1152/jappl.1991.70.1.1
 Kim, J. J., Gharpure, A., Teng, J., Zhuang, Y., Howard, R. J., Zhu, S., et al. (2020). Shared structural mechanisms of general anaesthetics and benzodiazepines. Nature 585 (7824), 303–308. doi:10.1038/s41586-020-2654-5
 Kim, J. J., and Hibbs, R. E. (2021). Direct structural Insights into GABA(A) receptor Pharmacology. Trends Biochem. Sci. 46 (6), 502–517. doi:10.1016/j.tibs.2021.01.011
 Klement, W., and Arndt, J. O. (1991). Pain on injection of propofol: effects of concentration and diluent. Br. J. Anaesth. 67 (3), 281–284. doi:10.1093/bja/67.3.281
 Kurokawa, H., Murray, P. A., and Damron, D. S. (2002). Propofol attenuates beta-adrenoreceptor-mediated signal transduction via a protein kinase C-dependent pathway in cardiomyocytes. Anesthesiology 96 (3), 688–698. doi:10.1097/00000542-200203000-00027
 Lan, H., Shan, W., Wu, Y., Xu, Q., Dong, X., Mei, P., et al. (2023). Efficacy and safety of ciprofol for sedation/anesthesia in patients undergoing hysteroscopy: a randomized, parallel-group, controlled trial. Drug Des. Devel Ther. 17, 1707–1717. doi:10.2147/DDDT.S414243
 Li, F., Sami, A., Noristani, H. N., Slattery, K., Qiu, J., Groves, T., et al. (2020). Glial metabolic Rewiring promotes Axon Regeneration and functional recovery in the central nervous system. Cell Metab. 32 (5), 767–785.e7. doi:10.1016/j.cmet.2020.08.015
 Li, J., Wang, X., Liu, J., Wang, X., Li, X., Wang, Y., et al. (2022a). Comparison of ciprofol (HSK3486) versus propofol for the induction of deep sedation during gastroscopy and colonoscopy procedures: a multi-centre, non-inferiority, randomized, controlled phase 3 clinical trial. Basic Clin. Pharmacol. Toxicol. 131 (2), 138–148. doi:10.1111/bcpt.13761
 Li, W. K., Chen, X. J. C., Altshuler, D., Islam, S., Spiegler, P., Emerson, L., et al. (2022b). The incidence of propofol infusion syndrome in critically-ill patients. J. Crit. Care 71, 154098. doi:10.1016/j.jcrc.2022.154098
 Li, X., Yang, D., Li, Q., Wang, H., Wang, M., Yan, P., et al. (2021). Safety, pharmacokinetics, and pharmacodynamics of a single bolus of the γ-aminobutyric acid (GABA) receptor potentiator HSK3486 in healthy Chinese elderly and non-elderly. Front. Pharmacol. 12, 735700. doi:10.3389/fphar.2021.735700
 Liang, P., Dai, M., Wang, X., Wang, D., Yang, M., Lin, X., et al. (2023). Efficacy and safety of ciprofol vs. propofol for the induction and maintenance of general anaesthesia: a multicentre, single-blind, randomised, parallel-group, phase 3 clinical trial. Eur. J. Anaesthesiol. 40 (6), 399–406. doi:10.1097/EJA.0000000000001799
 Liao, J., Li, M., Huang, C., Yu, Y., Chen, Y., Gan, J., et al. (2022). Pharmacodynamics and pharmacokinetics of HSK3486, a novel 2,6-disubstituted phenol derivative as a general anesthetic. Front. Pharmacol. 13, 830791. doi:10.3389/fphar.2022.830791
 Liu, L., Wang, K., Yang, Y., Hu, M., Chen, M., Liu, X., et al. (2024a). Population pharmacokinetic/pharmacodynamic modeling and exposure-response analysis of ciprofol in the induction and maintenance of general anesthesia in patients undergoing elective surgery: a prospective dose optimization study. J. Clin. Anesth. 92, 111317. doi:10.1016/j.jclinane.2023.111317
 Liu, S. B., Yao, X., Tao, J., Yang, J. J., Zhao, Y. Y., Liu, D. W., et al. (2023a). Population total and unbound pharmacokinetics and pharmacodynamics of ciprofol and M4 in subjects with various renal functions. Br. J. Clin. Pharmacol. 89 (3), 1139–1151. doi:10.1111/bcp.15561
 Liu, X. R., Tan, X. q., Yang, Y., Zeng, X. r., and Tang, X. l. (2012). Propofol increases the Ca2+ sensitivity of BKCa in the cerebral arterial smooth muscle cells of mice. Acta Pharmacol. Sin. 33 (1), 19–26. doi:10.1038/aps.2011.134
 Liu, Y., Peng, Z., Liu, S., Yu, X., Zhu, D., Zhang, L., et al. (2023b). Efficacy and safety of ciprofol sedation in ICU patients undergoing mechanical ventilation: a multicenter, single-blind, randomized, Noninferiority trial. Crit. Care Med. 51 (10), 1318–1327. doi:10.1097/CCM.0000000000005920
 Liu, Y., Yu, X., Zhu, D., Zeng, J., Lin, Q., Zang, B., et al. (2022). Safety and efficacy of ciprofol vs. propofol for sedation in intensive care unit patients with mechanical ventilation: a multi-center, open label, randomized, phase 2 trial. Chin. Med. J. Engl. 135 (9), 1043–1051. doi:10.1097/CM9.0000000000001912
 Liu, Z., Jin, Y., Wang, L., and Huang, Z. (2024b). The effect of ciprofol on postoperative delirium in elderly patients undergoing Thoracoscopic surgery for Lung Cancer: a prospective, randomized, controlled trial. Drug Des. Devel Ther. 18, 325–339. doi:10.2147/DDDT.S441950
 Lu, M., Liu, J., Wu, X., and Zhang, Z. (2023). Ciprofol: a novel Alternative to propofol in clinical intravenous anesthesia?Biomed. Res. Int. 2023, 7443226. doi:10.1155/2023/7443226
 Lu, Y. F., Wu, J. M., Lan, H. Y., Xu, Q. M., Shi, S. Q., and Duan, G. C. (2024). Efficacy and safety of general anesthesia induction with ciprofol in Hip Fracture surgery of elderly patients: a randomized controlled trial. Drug Des. Devel Ther. 18, 3951–3958. doi:10.2147/DDDT.S475176
 Luo, Z., Tu, H., Zhang, X., Wang, X., Ouyang, W., Wei, X., et al. (2022). Efficacy and safety of HSK3486 for anesthesia/sedation in patients undergoing fiberoptic bronchoscopy: a multicenter, double-blind, propofol-controlled, randomized, phase 3 study. CNS Drugs 36 (3), 301–313. doi:10.1007/s40263-021-00890-1
 Maier, P. J., Marin, I., Grampp, T., Sommer, A., and Benke, D. (2010). Sustained glutamate receptor activation down-regulates GABAB receptors by shifting the balance from recycling to lysosomal degradation. J. Biol. Chem. 285 (46), 35606–35614. doi:10.1074/jbc.M110.142406
 Milanez, M. I. O., Silva, A. M., Perry, J. C., Faber, J., Nishi, E. E., Bergamaschi, C. T., et al. (2020). Pattern of sympathetic vasomotor activity induced by GABAergic inhibition in the brain and spinal cord. Pharmacol. Rep. 72 (1), 67–79. doi:10.1007/s43440-019-00025-w
 Nagakawa, T., Yamazaki, M., Hatakeyama, N., and Stekiel, T. A. (2003). The mechanisms of propofol-mediated hyperpolarization of in situ rat mesenteric vascular smooth muscle. Anesth. Analg. 97 (6), 1639–1645. doi:10.1213/01.ANE.0000087043.61777.1F
 Noguchi, S., Kajimoto, T., Kumamoto, T., Shingai, M., Narasaki, S., Urabe, T., et al. (2023). Features and mechanisms of propofol-induced protein kinase C (PKC) translocation and activation in living cells. Front. Pharmacol. 14, 1284586. doi:10.3389/fphar.2023.1284586
 Pancholi, P., Wu, J., Lessen, S., Brogan, J., Quinn, N. J., Gong, M. N., et al. (2023). Triglyceride concentrations and their relationship to sedation Choice and outcomes in mechanically ventilated patients receiving propofol. Ann. Am. Thorac. Soc. 20 (1), 94–101. doi:10.1513/AnnalsATS.202205-403OC
 Pei, D., Zeng, L., Xiao, T., Wu, L., Wang, L., Wei, S., et al. (2023). The optimal induction dose of ciprofol combined with low-dose rocuronium in children undergoing daytime adenotonsillectomy. Sci. Rep. 13 (1), 22219. doi:10.1038/s41598-023-49778-8
 Qin, K., Qin, W. Y., Ming, S. P., Ma, X. F., and Du, X. K. (2022). Effect of ciprofol on induction and maintenance of general anesthesia in patients undergoing kidney transplantation. Eur. Rev. Med. Pharmacol. Sci. 26 (14), 5063–5071. doi:10.26355/eurrev_202207_29292
 Qin, L., Ren, L., Wan, S., Liu, G., Luo, X., Liu, Z., et al. (2017). Design, synthesis, and evaluation of novel 2,6-disubstituted phenol derivatives as general anesthetics. J. Med. Chem. 60 (9), 3606–3617. doi:10.1021/acs.jmedchem.7b00254
 Schwieler, L., Delbro, D. S., Engberg, G., and Erhardt, S. (2003). The anaesthetic agent propofol interacts with GABA(B)-receptors: an electrophysiological study in rat. Life Sci. 72 (24), 2793–2801. doi:10.1016/s0024-3205(03)00182-6
 Shimizu-Okabe, C., Kobayashi, S., Kim, J., Kosaka, Y., Sunagawa, M., Okabe, A., et al. (2022). Developmental Formation of the GABAergic and Glycinergic Networks in the Mouse spinal cord. Int. J. Mol. Sci. 23 (2), 834. doi:10.3390/ijms23020834
 Solomon, V. R., Tallapragada, V. J., Chebib, M., Johnston, G. A. R., and Hanrahan, J. R. (2019). GABA allosteric modulators: an overview of recent developments in non-benzodiazepine modulators. Eur. J. Med. Chem. 171, 434–461. doi:10.1016/j.ejmech.2019.03.043
 Song, H., Hayes, J. A., Vann, N. C., Wang, X., LaMar, M. D., and Del Negro, C. A. (2016). Functional interactions between Mammalian respiratory Rhythmogenic and Premotor Circuitry. J. Neurosci. 36 (27), 7223–7233. doi:10.1523/JNEUROSCI.0296-16.2016
 Tan, C. H., and Onsiong, M. K. (1998). Pain on injection of propofol. Anaesthesia 53 (5), 468–476. doi:10.1046/j.1365-2044.1998.00405.x
 Teng, Y., Ou, M., Wang, X., Zhang, W., Liu, X., Liang, Y., et al. (2021). Efficacy and safety of ciprofol for the sedation/anesthesia in patients undergoing colonoscopy: phase IIa and IIb multi-center clinical trials. Eur. J. Pharm. Sci. 164, 105904. doi:10.1016/j.ejps.2021.105904
 Wang, L., Wu, B., Sun, Y., Xu, T., Zhang, X., Zhou, M., et al. (2010). Translocation of protein kinase C isoforms is involved in propofol-induced endothelial nitric oxide synthase activation. Br. J. Anaesth. 104 (5), 606–612. doi:10.1093/bja/aeq064
 Wang, X., Liu, J., Zuo, Y. X., Zhu, Q. M., Wei, X. C., Zou, X. H., et al. (2022). Effects of ciprofol for the induction of general anesthesia in patients scheduled for elective surgery compared to propofol: a phase 3, multicenter, randomized, double-blind, comparative study. Eur. Rev. Med. Pharmacol. Sci. 26 (5), 1607–1617. doi:10.26355/eurrev_202203_28228
 Wickley, P. J., Shiga, T., Murray, P. A., and Damron, D. S. (2006). Propofol decreases myofilament Ca2+ sensitivity via a protein kinase C-nitric oxide synthase-dependent pathway in diabetic cardiomyocytes. Anesthesiology 104 (5), 978–987. doi:10.1097/00000542-200605000-00014
 Wu, B., Zhu, W., Wang, Q., Ren, C., Wang, L., and Xie, G. (2022). Efficacy and safety of ciprofol-remifentanil versus propofol-remifentanil during fiberoptic bronchoscopy: a prospective, randomized, double-blind, non-inferiority trial. Front. Pharmacol. 13, 1091579. doi:10.3389/fphar.2022.1091579
 Xu, C., Zhang, W., Rondard, P., Pin, J. P., and Liu, J. (2014). Complex GABAB receptor complexes: how to generate multiple functionally distinct units from a single receptor. Front. Pharmacol. 5, 12. doi:10.3389/fphar.2014.00012
 Yamanoue, T., Brum, J. M., and Estafanous, F. G. (1994). Vasodilation and mechanism of action of propofol in porcine coronary artery. Anesthesiology 81 (2), 443–451. doi:10.1097/00000542-199408000-00023
 Yang, Y., Xia, Z., Xu, C., Zhai, C., Yu, X., and Li, S. (2022). Ciprofol attenuates the isoproterenol-induced oxidative damage, inflammatory response and cardiomyocyte apoptosis. Front. Pharmacol. 13, 1037151. doi:10.3389/fphar.2022.1037151
 Zeller, A., Arras, M., Lazaris, A., Jurd, R., and Rudolph, U. (2005). Distinct molecular targets for the central respiratory and cardiac actions of the general anesthetics etomidate and propofol. Faseb J. 19 (12), 1677–1679. doi:10.1096/fj.04-3443fje
 Zhu, Q., Luo, Z., Wang, X., Wang, D., Li, J., Wei, X., et al. (2023). Efficacy and safety of ciprofol versus propofol for the induction of anesthesia in adult patients: a multicenter phase 2a clinical trial. Int. J. Clin. Pharm. 45 (2), 473–482. doi:10.1007/s11096-022-01529-x
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Zhou, Wang, Zhong, Yuan, Huang, Zou, Cao, Peng, Liao and Zeng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-16-1572112-g003.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Pharmacological mechanism and clinical application of ciprofol		1 Pharmacological characteristics of ciprofol

		2 Potential sedative mechanism

		3 Mechanisms of potential adverse reactions		3.1 Cardiovascular depression

		3.2 Respiratory depression

		3.3 Injection pain





		4 Clinical applications		4.1 General anesthesia induction and maintenance

		4.2 Pain-free procedures

		4.3 Sedation in the ICU





		5 Conclusion

		Author contributions

		Funding

		Generative AI statement

		Publisher’s note

		References









OPS/images/cover.jpg
’ frontiers | Frontiersin Pharmacology

Pharmacological mechanism
and clinical application of
ciprofol





OPS/images/fphar-16-1572112-g001.gif





OPS/images/fphar-16-1572112-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





