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Background: There are few rapidly acting treatments for acute suicidality or treatment-resistant depres- 

sion. Propofol (2,6-diisopropylphenol) is an intravenous anesthetic agent used in outpatient settings. It is 

a gamma-aminobutyric acid type A agonist and has affinity at the N-methyl-D-aspartate receptor. Eleva- 

tion in mood and sociality in humans has been observed following propofol-induced anesthesia. Other 

authors reported an open-label study of repeated dosing of propofol in treatment-resistant depression in 

which several patients experienced sustained improvement. Recently, we reported that in a rodent model 

of despair, a forced swim test, 45 minutes after administration of 50 mg/kg propofol, immobility time 

was significantly reduced. 

Objective: The objective of the experiment was to determine whether the antidepressant-like effects of a 

single dose of propofol in mice are sustained for 24 hours. 

Methods: The time spent immobile during a forced swim test 24 hours after intraperitoneal administra- 

tion of a single dose of propofol 50 mg/kg or 0.9% saline was evaluated in 24 adult male mice (C57/BL6). 

Immobility time was quantified and evaluated with a custom video analysis software program. 

Results: Propofol-treated mice were immobile for a mean (SEM) time of 115 (13) seconds, whereas saline- 

treated mice were immobile for a mean (SEM) time of 94 (14) seconds. A 2-tailed unpaired t test found 

no significant difference between the treatment groups ( t = 1.07, df = 22; P = 0.30). 

Conclusions: Twenty-four hours after intraperitoneal administration, the effect of propofol on immobility 

time was not statistically significantly different from vehicle. However, given our previous report of at 

least a short-term benefit of propofol on struggling time in the forced swim time and an encouraging 

pilot study in humans with treatment-resistant depression, further evaluation of propofol’s antidepressant 

potential may be warranted. 

© 2020 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

Several recent preclinical and clinical investigations of poten-

ial new treatments for depressive illness have addressed cen-

ral neural systems modulated by N-methyl-D-aspartate (NMDA) 

nd gamma-aminobutyric acid (GABA). 1 Ketamine, esketamine, 

apastinel, and other investigational agents with varying prop-

rties of NMDA receptor activity have produced rapid-onset

ntidepressant-like effects in rodent models of depression and in
∗ Address correspondence to: David Daniel, Bioniche Global Development, PO Box 

137, McLean, VA 22106. 

E-mail address: dgdanielmd@gmail.com (D.G. Daniel). 

v

T  

b

ttps://doi.org/10.1016/j.curtheres.2020.100590 

011-393X/© 2020 The Author(s). Published by Elsevier Inc. This is an open access article

 http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
uman patients with depressive illness. 2–7 A nasally inhaled ver-

ion of ketamine, esketamine (Spravato; Janssen Pharmaceuticals, 

nc, Titusville, New Jersey), was recently approved by the Food

nd Drug Administration in combination with an orally admin-

stered antidepressant for treatment-resistant depression. Intra- 

enously administered brexanolone, which modulates GABA type 

 (GABA-A) and has a rapid onset of action, was recently approved

y the Food and Drug Administration for treatment of postpartum

epression. 

Propofol (2,6-diisopropylphenol) is a GABA-A agonist intra- 

enous anesthetic agent that also inhibits NMDA receptors. 8–11 

hese pharmacologic actions overlap with those of esketamine and

rexanolone. Propofol is commonly administered in ambulatory 
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Table 1 

Compounds 

Group Substance Dose (mg/kg) Concentration 

(mg/mL) 

Volume 

(mL/kg) 

Route 

1 Saline 0.9% saline 5 IP 

2 Propofol 50 10 

IP = intraperitoneal. 
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ettings because of its rapid onset, dose-related hypnotic effect,

apid recovery, and favorable safety profile. 10 , 12 If there was suf-

cient preclinical evidence of antidepressant potential to further

nvestigate propofol clinically, substantial human pharmacokinetic

nd safety information would be available as a background for clin-

cal testing. 

Recently, we reported that propofol 50 mg/kg ( P < 0.05) but

ot 35 mg/kg ( P = not significant) administered intraperitoneally

5 minutes before administration of a forced swim test (FST) re-

uced immobility time compared with in the saline–saline control

roup (difference between means of 38.42 and 16.46 seconds,

espectively). 13 The FST is a commonly applied animal model that

ssesses behaviors related to depression and resilience to stress.

ultiple putative antidepressants that modulate GABAer-

ic and glutaminergic neurotransmission have demonstrated

ntidepressant-like effects in variations of the FST paradigm. 14–19 

etamine, R-ketamine, and S-ketamine (esketamine), have been

eported to reduce immobility compared to vehicle in the FST 24

ours after intraperitoneal administration in mice preconditioned

ith stress. 17–19 The GABA-A positive allosteric modulator, MRK-

16, has also been reported to demonstrate an antidepressant-like

ffect on the FST in mice 24 hours postinjection. 20 Moreover,

etamine, R-ketamine, and esketamine, which like propofol mod-

late the NMDA receptor, have exhibited sustained antidepressant

ffects in humans in clinical trials. 7 , 21 , 22 In some clinical trials

ith these agents, antidepressant effects have been observed after

 single intravenous dose. 7 , 23 , 24 

Our report of reduced immobility time in the FST 45 minutes

fter mice were administered propofol is consistent with multiple

necdotal and other reports of improved mood in humans follow-

ng propofol induced anesthesia and with a recent small, open-

abel study in which repeated dosing of propofol reduced Hamilton

epression Rating Scale scores by a mean of 20 points in patients

ith treatment-resistant depression. 25–27 , 28–33 

Our rationale for testing an animal model of the persistence of

ehaviors associated with depression and resilience to stress af-

er administration of propofol was based on recent evidence con-

istent with a role for disordered GABAergic and glutaminergic

eurotransmission in the pathophysiology and treatment of de-

ression 

1 , 14–20 , 33 , 34 ; propofol’s central GABA-A agonist and NMDA

ntagonist activity, 8–11 which overlaps with the mechanisms of

ompounds that have exhibited antidepressant-like activity in an-

mal models for up to 24 hours and in clinical trials; our earlier

nding of propofol’s reduction of immobility in an FST model of

esiliency and depressive-like behavior 45 minutes after adminis-

ration 

13 ; anecdotal reports of mood elevation after propofol anes-

hesia 25–27 , 28–33 ; the pilot study by Mickey et al 27 observations

f sustained antidepressant effects from propofol in patients with

reatment-resistant depression. 

Based on the above observations, we hypothesized that 24

ours after administration, mice that received propofol would

emonstrate statistically significantly decreased immobility time

uring an FST compared with mice that received an inactive con-

rol. The dose and sample size in the current study were informed

y our earlier study of propofol 45 minutes after administration. 13 

he current study was conducted at a subsequent time point on a

eparate sample of mice under a different protocol than our first

tudy and is therefore reported separately. 

ethod 

The present study was designed to test the effects of 50 mg/kg

ropofol on the behavior of mice in an FST performed 24 hours

ostadministration. The time spent immobile during the FST fol-

owing intraperitoneal dosing was compared with a control group
dministered 0.9% saline. Saline was selected as the control for t
onsistency with our earlier investigation of the effects of propo-

ol on an FST in mice 45 minutes after administration. 13 The

iotechnical experiments described in the report were performed

t Charles River Laboratories (South San Francisco, California). All

aw data are located in the archive of Charles River Laboratories

y study number Key 1745. The internal study report was authored

y Popescu and Janssens. 35 Data will be stored for a period of 10

ears after completion of the final report. 

nimals 

Twenty-four adult male mice (C57/BL6) provided by Charles

iver Laboratories and aged 8 to 9 weeks and weighing 20 to 25 g

ere used in the experiment. Before the experiment, the animals

ere group housed in plastic cages (2–4 animals/cage) and had ac-

ess to food and water ad libitum. Animals were kept on a 12/12

our light/dark cycle and acclimated to the housing environment

or at least 5 days. Experiments were approved by the Institutional

nimal Care and Use Committee of Charles River Laboratories. The

ample size of 12 mice per arm of the study and male sex were se-

ected for consistency with our earlier investigation of the effects

f propofol on a FST 45 minutes after administration. 13 

ompounds formulation 

A mixture of 0.9% saline and a commercially available formu-

ation of propofol injectable emulsion (10 mg propofol and 100

g soybean oil/mL) (Zoetis, Parsippany, New Jersey) were used as

s, preformulated by the vendors. The dose, concentration, volume,

nd route of administration of saline and propofol are shown in

able 1 . 

xperimental procedures 

Twenty-four hours before testing, mice were randomly assigned

ie, A , B, A , B, and so on) to the treatment groups, and dosed in-

raperitoneally as described in Table 1 . On the day of the FST, an-

mals were brought to the experimental room and allowed to ac-

limate for at least 60 minutes before the beginning of the exper-

ment. The FST was performed during the lights on phase during

aytime hours. 

Animals were placed in cylindrical containers filled with water

armed to 26 °C ( ±2 °C). Each session lasted 5 minutes, after which

nimals were dried, allowed 5 minutes to recover on a heating pad

nd returned to their home cage. The entire procedure was video

ecorded for off-line analysis. The individuals who conducted the

ehavioral assay and data analyses were blind to treatment group

nd were different individuals than those who administered the

ompound. 

ata analysis 

The duration of animal immobility during FST was evaluated:

 mouse was considered immobile when it ceased struggling and

emained floating in the water making only those movements nec-

ssary to keep its head above water. Immobile behavior was quan-

ified with custom video analysis software. 
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Fig. 1. Time spent immobile during the forced swim test, 24 hours after intraperitoneal dosing, expressed as mean (SEM). 

Table 2 

Summary statistics (time immobile in seconds). 

Saline 0.9% (n = 12) Propofol 50 mg/kg (n = 12) 

Minimum 1 10 

25th percentile 68 89 

Median 88 116 

75th percentile 121 155 

Maximum 176 170 

Mean 94 115 

Standard deviation 49 45 

Standard error of the mean 14 13 

Saline 0.9% vs propofol 50 mg/kg (n = 24) 

Difference between means ∗ 21 (19) 

95% confidence interval –19 to 61 

η2 0.05 

∗ Value is presented as mean (SD). 
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Behavioral data were analyzed, and results plotted by Charles

iver Laboratories using Prism Graphpad software (San Diego, Cal-

fornia). A 2-tailed unpaired t test was used to compare the results

rom the 2 treatment groups. The Grubb test was used to identify

tatistically significant outliers. No statistically significant outliers 

ere identified by Grubb test and no mice were excluded from

nalysis. Significance was set at P < 0.05. 

esults 

Mice received intraperitoneal administration of compounds, and 

4 hours later underwent 5 minutes of FST. Sessions were video

ecorded and scored offline, to identify the percentage of time

pent immobile. The Fig. 1 shows the average results for each

roup of treatment. The average time spent immobile during the

 minute FST test is presented for the groups of mice injected 24

ours prior with either saline or propofol, as described in Table 1 . 

As shown in Table 2 , propofol-treated mice were immobile for

 mean (SEM) 115 (13) seconds, whereas saline treated mice were

mmobile for mean (SEM) 94 (14) seconds. A 2-tailed unpaired t

est found no significant difference between the treatment groups

 t = 1.07, df = 22; P = 0.30). 

iscussion 

Previously, we reported that compared with saline, propofol 50

g/kg IP significantly decreased immobility time during an FST

dministered 45 minutes after the injection. To assess whether this

ffect was enduring, we conducted a second study in which wild-

ype mice were administered either vehicle, or 50 mg/kg propofol,

nd 24 hours later tested via an FST. The time spent immobile

floating behavior) was quantified. Animals treated with 50 mg/kg

ropofol 24 hours prior did not show a statistically significant
ifference time spent immobile during the FST compared with

ehicle. 

The ineffectiveness of a single injection of propofol in decreas-

ng FST immobility at 24 hours might have been influenced by rel-

tively rapid elimination of propofol from the mouse brain. Guan,

u and Jiang 36 reported that the half-life of propofol in the brain

f mice was 9.6 (0.5) minutes. The current study did not ad-

ress whether propofol would have significantly influenced im-

obility time after a less ambitious interval (eg, 4–12 hours) or

ith a higher dose or with repeated dosing. Rapid clearance and

wakening after a bolus of propofol occurs in humans as well

s mice. 10 , 37 However, the behavioral, cognitive, neurophysiologi-

al and synaptic plasticity effects of propofol, ketamine, and brex-

nolone and other anesthetic agents have been reported to per-

ist in rodents and humans substantially longer than would be an-

icipated by their pharmacokinetic and pharmacodynamic profiles 

lone. 2 , 4 , 11 , 17 , 26 , 27 , 33 , 34 , 38–41 For example, in their review, Browne 

nd Lucki 41 observed that “the majority of studies indicate that the

ST remains sensitive to the protracted effects of ketamine up to 1

eek after a single injection.” Thus, the rapid clearance of propofol

s unlikely to explain the lack of influence on an FST at 24 hours. 

Feng et al 38 reported that a single dose of propofol 75 mg/kg IP

tatistically significantly shortened struggling time in the FST and

ail suspension test, reduced expression of CD11b and increased

xpression of p-STAT-3 in the brain tissues of C57BL/6 mice. They

peculated that the decreased struggling time might have been

ediated by interference in microglial function stemming from

hese brain tissue changes. In contrast, Wu et al 11 found poten-

ially beneficial effects of propofol in reducing microglial inflam-

ation through NMDA receptor inhibition. Nevertheless, taken to-

ether, the study by Feng et al 38 and ours are consistent with the

otion that a single dose of propofol in C57BL/6 mice does not

ave enduring antidepressant-like effects. 

Yang et al 17 reported that in C57BL/6 mice conditioned by the

ocial defeat stress model, using the tail suspension and forced

wimming tests, R-ketamine (10 mg/kg IP) and rapastinel (10

g/kg IP) (both of which, in common with propofol, have an

ffinity for the NMDA receptor) significantly attenuated immobil-

ty time compared with the vehicle-treated group. In contrast, our

ice and Feng’s mice were not subjected to stress or depressive

odel preconditioning. 38 This may have been a factor in the lack

f a salutary effect of propofol on immobility time in our study as

ell as the study by Feng et al. 38 

The results of our experiment could also have been influenced

y testing during the lights-on phase because mice are normally

nactive during daylight. For example, the work by Rantamaki

t al 42 work is consistent with notion that the timing of the ex-

eriment with relation to the dark-light cycle has the potential to

nfluence sleep or the slow-wave activity necessary to consolidate

europlastic effects related to antidepressant-like activity. 
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onclusions 

In contrast to our previous report in which testing was per-

ormed 45 minutes after injection, propofol 50 mg/kg IP did not

mpact FST immobility time, a mouse model used to screen an-

idepressants, statistically significantly differently than vehicle 24h

fter injection in 24 C57/BL6 mice. Our study design had a num-

er of significant limitations that caveat interpretation of our find-

ngs, including, for example, use of a single mouse strain, the fixed

ose design, single administration, one behavioral assay, lack of

tress preconditioning, and the single test point at 24 hours. A lipid

mulsion might be advantageous as a control in future studies be-

ause of its similarity to the propofol emulsion vehicle. Mickey et

l’s encouraging open-label findings in treatment resistant depres-

ion as well as our earlier FST findings 45 minutes after injection

uggest that additional exploratory preclinical and clinical work to

nvestigate the potential antidepressant effects of propofol may be

arranted. 

eclaration of Competing Interset 

D. G. Daniel is president of Bioniche Global Development, LLC,

hich provided funding for this study. All authors are inventors

r co-inventors of a pending patent that includes propofol for

he rapid treatment of depression and suicidality. N. Daniel, D. T.

aniel, L. Copeland-Flynn, and M. Allen are consultants to Bioniche

lobal Development, LLC. 

No author has a financial interest in the video system used to

ecord and analyze the results of the experiment. 

eferences 

1. Duman RS, Sanacora G, Krystal JH. Altered Connectivity in Depression: GABA
and Glutamate Neurotransmitter Deficits and Reversal by Novel Treatments.

Neuron . 2019;102(1):75-90. doi: 10.1016/j.neuron.2019.03.013 . 

2. Gerhard DM , Duman RS . Rapid-Acting Antidepressants: Mechanistic In-
sights and Future Directions. Curr Behav Neurosci Rep . Mar 2018;1(5):

36–47 . 
3. Moskal JR , Burgdorf JS , Stanton PK , Kroes RA , Disterhoft JF , Burch RM , Khan MA .

The development of rapastinel (formerly GLYX-13); a rapid acting and long last-
ing antidepressant. Curr. Neuropharmacol. . 2017;15(1):47–56 . 

4. Zarate CA , Machado-Vieira R . Ketamine: translating mechanistic discoveries into

the next generation of glutamate modulators for mood disorders. Mol Psychia-
try . Oct 15, 2017;22(3):324–327 . 

5. Vidal S , Gex-Fabry M , Bancila V , Michalopoulos G , Warrot D , Jermann F ,
et al. Efficacy and Safety of a Rapid Intravenous Injection of Ketamine 0.5 mg/kg

in Treatment-Resistant Major Depression: An Open 4-Week Longitudinal Study.
J Clin Psychopharm . Dec 1, 2018;38(6):590–597 . 

6. Glue P , Neehoff SM , Medlicott NJ , Gray A , Kibby G , McNaughton N . Safety and

efficacy of maintenance ketamine treatment in patients with treatment-refrac-
tory generalised anxiety and social anxiety disorders. J of Psychopharm . Jun,

2018;32(6):663–667 . 
7. Leal GC , Bandeira ID , Correia-Melo FS , et al. Intravenous arketamine for treat-

ment resistant depression: open-label pilot study. Eur Arch Psychiatry Clin Neu-
rosci . 2020 . 

8. Trapani GM , Altomare C , Sanna E , Biggio G , Liso G . Propofol in anesthesia.

Mechanism of action, structure-activity relationships, and drug delivery. Cur
Medicinal Chem . 20 0 0 Feb 1;7(2):249–271 . 

9. Kotani Y , Shimazawa M , Yoshimura S , Iwama T , Hara H . The experimental and
clinical pharmacology of propofol, an anesthetic agent with neuroprotective

properties. CNS Neurosci & Therap . 2008 Jun;14(2):95–106 . 
10. Mark S , Propofol Rennie C . A review of its pharmacodynamic and phar-

macokinetic properties and use as an intravenous anaesthesia. Drug Eval .

1988;35:334–372 . 
11. Wu Q , Zhao Y , Chen X , Zhu M , Miao C . Propofol attenuates BV2 mi-

croglia inflammation via NMDA receptor inhibition. Can J Physiol Pharmacol .
2018;96:241–248 . 

12. Marik PE . Propofol: therapeutic indications and side-effects. Curr Pharm Des .
2004;10(29):3639–3649 . 

13. Daniel DG , Daniel NG , Daniel DT , Copeland Flynn L , Allen MH . Effect of Acutely
Administered Propofol on Forced Swim Test Outcomes in Mice. Innovations in

Clinical Neuroscience (ICNS) . September–October, 2019;16(9-10):22–26 . 
14. De Kloet ER , Molendijk ML . Coping with the forced swim stressor: towards un-
derstanding an adaptive mechanism. Neural Plast . 2016;2016 . 

15. Yankelevitch-Yahav R , Franko M , Huly A , Doron R . The forced swim test as a
model of depressive-like behavior. J Vis Exp . 2015;2(97) . 

16. Dong C , Zhang JC , Yao W , Ren Q , Ma M , Yang C , et al. Rapid and sustained an-
tidepressant action of the mGlu2/3 receptor antagonist MGS0039 in the social

defeat stress model: comparison with ketamine. Int J of Neuropsychopharm . Oct
8, 2016;20(3):228–236 . 

17. Yang B , Zhang JC , Han M , Yao W , Yang C , Ren Q , et al. Comparison of R-ke-

tamine and rapastinel antidepressant effects in the social defeat stress model
of depression. Psychopharma . Oct 1, 2016;233(19-20):3647–3657 . 

18. Fitzgerald P , Yen JY , Watson BO . Stress-Sensitive Antidepressant-Like Effects of
Ketamine in the Mouse Forced Swim Test. Bio Psych . 2019;85(10) . 

19. Fukumoto K , Toki H , Iijima M , et al. Antidepressant potential of (R)-ketamine
in rodent models: comparison with (S)-ketamine. Journal of Pharmacology and

Experimental Therapeutics . 2017;361.1:9–16 . 

0. Zanos P , Nelson ME , Highland JN , et al. A negative allosteric modulator for al-
pha5 subunit-containing GABA receptors exerts a rapid and persistent antide-

pressant-like action without the side effects of the NMDA receptor antagonist
ketamine in mice. eNeuro . 2017 . 

21. Xu Y, Hackett M, Carter G, et al. Effects of Low-Dose and Very Low-Dose Ke-
tamine among Patients with Major Depression: a Systematic Review and Meta-

Analysis. International Journal of Neuropsychopharmacology . April 2016;19(4).

pyv124. https://doi.org/10.1093/ijnp/pyv124 . 
2. Wei Yan , Chang Lijia , Hashimoto Kenji . A historical review of antidepressant ef-

fects of ketamine and its enantiomers. Pharmacology Biochemistry and Behavior .
2020 . 

3. Berman RM , Capiello A , Anand A , et al. Antidepressant effects of ketamine in
depressed patients. Biological psychiatry . 20 0 0;47.4:351–354 . 

24. Zarate CA , Singh JB , Carlson JB , et al. A randomized trial of an N-methyl-D-as-

partate antagonist in treatment-resistant major depression. Archives of general
psychiatry . 2006;63.8:856–864 . 

5. Zacny JP , Lichtor JL , Zaragoza JG , Coalson DW , Uitvlugt AM , Flemming DC , Bin-
stock WB , Cutter T , Apfelbaum JL . Assessing the behavioral effects and abuse

potential of propofol bolus injections in healthy volunteers. Drug Alcohol De-
pend . 1993;32:45–57 . 

6. De Keyzer PJ , D’haese J , D’haenen HA , Camu F . et al. Influence of Propofol on

the Mood-a comparative study. Acta Neuropsychiatrica . 1991;3.4:66–69 . 
27. Mickey BJ , White AT , Arp AM , Leonardi K , Torres MM , Larson AL , et al. Propofol

for treatment-resistant depression: a pilot study. Int J of Neuropsychopharma .
2018 Sep 27;21(12):1079–1089 . 

8. Mcdonald NJ , Manion PL , O’Toole DP , et al. Comparison between Propofol Anes-
thesia with and without Nitrous Oxide and Isoflurane. Acta Anesthesiologica

Scandinavia . 1988;37:730–736 . 

9. Schaer H , Recovery Prochack K . Amnesia and Affective State Following Propofol
in Comparison With Thiopenta. Anesthesist. . 1990 Jun;39(6):306–312 . 

0. Oxorn D, Orser B, Ferris LE, et al. Propofol and Thiopental Anesthe-
sia: A Comparison of the Incidence of Dreams and Perioperative Mood

Alterations. Anesthesia and Analgesia . 1994 Sep;79(3):553–557. doi: 10.1213/
0 0 0 0 0539-1994090 0 0-0 0 026 . 

31. Pratila MG, Fischer ME, Alagesan R, et al. Propofol Versus Midazolam for Moni-
tored Sedation: A Comparison of Intraoperative and Recovery Parameters. J Clin-

ical Anesthesia . Jul-Aug 1993;5(4):268–274. doi: 10.1016/0952-8180(93)90117-w . 

2. De Keyzer P J , D’haese J , D’haenen HA , et al. Influence of Propofol on the
Mood-a comparative study. Acta Neuropsychiatrica . 1991;3.4:66–69 . 

33. Tadler SC . Mickey BJ Emerging evidence for antidepressant actions of anesthetic
agents. Curr Opin Anaesthesiol . 2018;31:439–445 . 

4. Kanes S , Colquhoun H , Gunduz-Bruce H , et al. Brexanolone (SAGE-547 in-
jection) in postpartum depression: a randomized controlled trial. Lancet .

2017;390:4 80–4 89 . 

35. Popescu AT , Janssens HB . Testing the behavioral effect of propofol in mice using
the forced swim test. South San Francisco (CA). Charles River Laboratories . 2018

Oct Report No.: 1745. . 
6. Guan Lei , Wu XM , Jiang JY . Elimination half-life of propofol in effect-site of

mice. Beijing da xue xue bao. Yi xue ban = Journal of Peking University. Health
sciences . 2005;37.2:187–189 . 

37. Dinis-Oliveira RJ . Metabolic profiles of propofol and fos-propofol: Clinical and

interpretative aspects. Hindawi Biomed Research International . 2018 Article ID
6852857, 16 pages. . 

8. Song Feng , Lv Xiao , Meng Jing . Propofol Induces Postoperative Depression and
Inhibits Microglial Function in Mice. Mediators of Inflammation . 2019 Article ID

7651383, 6 pages, 2019. . 
9. Gass N, Becker R, Reinwald J et al. Differences between ketamine’s short-

term and long- term effects on brain circuitry in depression. Transl Psych

2019/12/019(1) • December 2019 1-11. 
0. Vallejo Ana Galarza , et al. Propofol-Induced Deep Sedation Reduces Emotional

Episodic Memory Reconsolidation in Humans. Sci Adv . 2019;5(3) . 
41. Browne CA, Lucki I. Antidepressant effects of ketamine: mechanisms underly-

ing fast-acting novel antidepressants. Front. Pharmacol. . 2013;4:161. doi: 10.3389/
fphar.2013.00161 . 

2. Rantamäki T, Kohtala S. Sleep and Rapid Antidepressant Effects. Pharmacological

Reviews . April 1, 2020;72(2):439–465. https://doi.org/10.1124/pr.119.018697 . 

https://doi.org/10.1016/j.neuron.2019.03.013
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0011
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0011
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0011
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0012
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0012
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0012
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0012
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0012
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0012
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0012
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0012
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0013
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0013
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0013
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0014
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0014
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0014
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0014
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0014
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0014
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0014
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0014
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0015
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0015
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0015
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0015
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0015
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0015
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0015
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0016
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0016
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0016
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0016
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0016
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0002
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0002
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0002
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0002
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0002
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0002
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0003
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0003
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0003
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0003
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0003
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0003
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0004
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0004
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0004
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0005
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0005
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0005
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0005
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0005
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0005
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0001
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0001
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0009
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0009
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0009
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0009
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0009
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0009
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0017
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0017
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0017
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0018
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0018
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0018
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0018
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0018
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0019
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0019
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0019
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0019
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0019
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0019
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0019
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0019
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0020
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0020
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0020
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0020
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0020
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0020
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0020
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0020
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0021
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0021
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0021
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0021
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0022
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0022
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0022
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0022
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0022
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0023
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0023
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0023
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0023
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0023
https://doi.org/10.1093/ijnp/pyv124
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0025
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0025
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0025
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0025
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0026
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0026
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0026
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0026
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0026
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0027
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0027
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0027
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0027
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0027
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0006
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0006
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0006
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0006
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0006
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0006
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0006
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0006
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0006
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0006
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0007
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0007
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0007
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0007
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0007
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0008
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0008
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0008
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0008
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0008
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0008
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0008
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0008
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0028
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0028
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0028
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0028
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0028
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0029
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0029
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0029
https://doi.org/10.1213/00000539-199409000-00026
https://doi.org/10.1016/0952-8180(93)90117-w
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0032
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0032
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0032
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0032
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0032
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0033
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0033
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0034
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0034
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0034
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0034
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0034
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0035
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0035
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0035
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0036
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0036
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0036
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0036
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0037
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0037
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0038
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0038
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0038
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0038
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0039
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0039
http://refhub.elsevier.com/S0011-393X(20)30016-3/sbref0039
https://doi.org/10.3389/fphar.2013.00161
https://doi.org/10.1124/pr.119.018697

	The Effect of Propofol on a Forced Swim Test in Mice at 24 Hours
	Introduction
	Method
	Animals
	Compounds formulation
	Experimental procedures
	Data analysis

	Results
	Discussion
	Conclusions
	Declaration of Competing Interset
	References


