


[bookmark: _Toc213674037]Competition binding assay

[bookmark: _Hlk211864697]Radioligand binding experiments were performed in Eurofins Cerep, Celle l'Evescault, France based on previously published protocols. Briefly, rat cerebral cortex tissue was used to prepare membrane fraction (120 µg protein/sample). Samples were further incubated (120 min, 22°C) with [35S]-t-butylbicyclophosphorothionate ([35S]TBPS) at a concentration of 3 nM (Kd 14.6 nM). Incubation was conducted in a buffer (50 mM, Na2HPO4/KH2PO4, (pH 7.4) and 500 mM NaCl) without (control) and with test compounds at their increasing concentrations (0.3 nM–10 µM). Nonspecific binding was determined using 20 µM picrotoxinin (in the absence of GABA, Kd 3.2 µM) [1]. Further, using the 96-well harvester (UNIFILTER) the samples were rapidly filtered under vacuum through glass fiber filters (Whatman GF/B) presoaked with 0.3% PEI and rinsed with cold 50 mM Tris-HCl. Dried filters were soaked in the scintillation cocktail (Microscint) and radioactivity was counted using the scintillation counter (Topcount). Picrotoxinin as the standard reference compound was tested in each experiment at several concentrations to obtain a competition curve and calculate its IC50 (210-280 nM). Samples were measured in duplicates and quadruplicates in three independent experiments. The results were expressed as a percentage of the control radioligand-specific binding. 
Data were analyzed using Prism data analysis software (GraphPad Software Inc., San Diego, CA, USA).  The IC50 values (the concentration of tested compound inhibiting radioligand binding by 50%) were calculated using nonlinear regression with data fitted to a standard inbuilt Equation 1, 
Equation 1 				
where X – Log IC50 is concentration of unlabeled ligand, Y is percentage inhibition of the control radioligand-specific binding, A is “Top”, i.e. maximum response values constrained to 100 %, and D is “Bottom”, i.e. minimum response constrained to 0%.
Similarly, the equilibrium dissociation constant of an unlabeled ligand was determined using GraphPad SW. The inhibition constants (Ki) were calculated using inbuilt Cheng Prusoff Equation 2, 
Equation 2					
where L is concentration of radioligand in the assay and Kd is affinity of the radioligand for the receptor. A Scatchard plot was used to determine the Kd. The results of the analysis serve as an estimation of IC50 and Ki.
In the case of compounds which does not fully displace [35S] TBPS (compounds 1 and 2), the equilibrium dissociation constant (molar) of an allosteric modulator binding (Kb) was obtained by fitting Equation 3 describing allosteric modulation titration to the data:
Equation 3				
where y  is radioligand specific binding dependent on the concentration of the allosteric compound x, [D] is concentration of the radioligand in the assay, Kb is equilibrium dissociation constant of modulator binding, α is factor of cooperativity between the allosteric modulator and radioligand, and Kd is radioligand dissociation constant (affinity).


Figure S1. Effect of compounds 1–4 on [35S]TBPS binding to the GABAARs in membranes from the rat cerebral cortex. Competition curves were used to calculate rough estimations of IC50 and Ki of tested compounds. Values are shown in the legends. Data are presented as means ± SD of [35S]TBPS binding in percentage of control binding (absence of the tested compound).
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We have evaluated the ability of compounds 1–4, ganaxolone, and zuranolone to inhibit [35S]TBPS binding (Kd = 14.6 nM) to GABAARs using membranes prepared from the rat cerebral cortex (Eurofins Cerep, France). Competitive binding assays were performed to generate inhibition curves, from which the approximate IC50 and Ki values were derived (Figure 4). Compounds 1–4 demonstrated the inhibition of [35S]TBPS binding with IC50 values of 80 nM (1), 100 nM (2), 90 nM (3), 150 nM (4), 54 nM (ganaxolone), and 11 nM (zuranolone) respectively. For compounds 1 and 2, further analysis was conducted using Equation 3 to estimate functional affinity (Kb) and cooperativity (α). For compounds 1 and 2, additional analysis was performed using Equation 3 estimating Kb ≈ 53 nM (log α ≈ -1.22) for 1 and Kb ≈ 73 nM (log α ≈ -1.19) for compound 2 that are comparable to calculated values of Ki. For compounds 1,  2, ganaxolone, and zuranolone, additional analysis was performed using Equation 3, estimating Kb ≈ 53 nM (log α ≈ -1.22) for 1, Kb ≈ 73 nM (log α ≈ -1.19) for compound 2, Kb ≈ 8.7 nM (log α ≈ -2.069) for zuranolone, and Kb ≈ 33 nM (log α ≈ -1.138) for ganaxolone. These results are closely aligned with the respective Ki values obtained from competition binding. 

[bookmark: _Toc213674038]Effects of compounds 1–4, allopregnanolone and zuranolone in 6-Hz model
Table S1. Numbers of animals in individual experimental groups for compounds 1–4 in 15- and 25-day-old animals
	Stimulation intensitya
	40 mAa
	60 mAa
	80 mAa

	Drug administeredb
	Total number of animals per group (n)c
	
Number of animals exhibiting score 3-5 seizures d

	Figure 4 (left column, 15-day-old animals)

	CDX
	14
	1 of 14
	13 of 14
	14 of 14

	Cmpd 1 (5 mg/kg)
	12
	1 of 12
	8 of 12
	8 of 12

	Cmpd 1 (10 mg/kg)
	14
	0 of 14
	2 of 14
	11 of 14

	Figure 4 (right column, 25-day-old animals)

	CDX
	10
	0 of 10
	10 of 10
	10 of 10

	Cmpd 1 (5 mg/kg)
	10
	0 of 10
	9 of 10
	6 of 10

	Cmpd 1 (10 mg/kg)
	12
	1 of 12
	9 of 12
	8 of 12

	Figure 5 (left column, 15-day-old animals)

	CDX
	14
	1 of 14
	13 of 14
	14 of 14

	Cmpd 2 (5 mg/kg) 
	10
	1 of 10
	2 of 10
	10 of 10

	Cmpd 2 (10 mg/kg)
	10
	0 of 10
	1 of 10
	10 of 10

	Figure 5 (right column, 25-day-old animals)

	CDX
	10
	0 of 10
	10 of 10
	10 of 10

	Cmpd 2 (5 mg/kg)
	10
	0 of 10
	10 of 10
	10 of 10

	Cmpd 2 (10 mg/kg)
	10
	0 of 10
	9 of 10
	8 of 10

	Figure 6 (left column, 15-day-old animals)

	CDX
	14
	1 of 14
	13 of 14
	14 of 14

	Cmpd 3 (5 mg/kg)
	18
	0 of 18
	6 of 18
	10 of 18

	Cmpd 3 (10 mg/kg)
	10
	1 of 10
	8 of 10
	10 of 10

	Figure 6 (left column, 25-day-old animals)

	CDX
	10
	0 of 10
	10 of 10
	10 of 10

	Cmpd 3 (5 mg/kg)
	10
	0 of 10
	10 of 10
	10 of 10

	Cmpd 3 (10 mg/kg)
	10
	0 of 12
	4 of 12
	6 of 12

	Figure 7 (left column, 15-day-old animals)

	CDX
	14
	1 of 14
	13 of 14
	14 of 14

	Cmpd 4 (1 mg/kg)
	10
	0 of 10
	7 of 10
	10 of 10

	Cmpd 4 (5 mg/kg)
	10
	0 of 10
	6 of 10
	10 of 10

	Cmpd 4 (10 mg/kg)
	10
	1 of 10
	5 of 10
	10 of 10

	Figure 7 (left column, 25-day-old animals)

	CDX
	10
	4 of 10
	10 of 10
	10 of 10

	Cmpd 4 (1 mg/kg)
	10
	0 of 10
	10 of 10
	10 of 10

	Cmpd 4 (5 mg/kg)
	10
	0 of 10
	9 of 10
	9 of 10

	Cmpd 4 (10 mg/kg)
	10
	0 of 10
	10 of 10
	7 of 10


aThreshold currents for eliciting convulsions in milliamperes (mA) for cyclodextrin (CDX) and doses of 5 and 10 milligrams per kilogram (mg/kg); bcompound (cmpd) tested within each experimental group; cthe numbers of animals used in each experimental group; d the number of animal within each experimental group with severity of seizures 3-5 on a 5-point scale.
Table S2. Numbers of animals in individual experimental groups for allopregnanolone and zuranolone in 15- and 25-day-old animals
	Stimulation intensitya
	40 mAa
	60 mAa
	80 mAa

	Drug administeredb
	Total number of animals per group (n) c
	
Number of animals exhibiting score 3-5 seizures d

	Figure 8 (left column, 15-day-old animals)

	CDX
	10
	2 of 10
	10 of 10
	10 of 10

	Allopregnanolone
10 mg/kg
	10
	4 of 10
	10 of 10
	10 of 10

	Allopregnanolone
20 mg/kg
	10
	0 of 10
	4 of 10
	7 of 10

	Figure 8 (left column, 25-day-old animals)

	CDX
	10
	4 of 10
	10 of 10
	10 of 10

	Allopregnanolone
10 mg/kg
	10
	4 of 10
	10 of 10
	10 of 10

	Allopregnanolone
20 mg/kg
	10
	0 of 10
	5 of 10
	10 of 10

	Figure 9 (left column, 15-day-old animals)

	CDX
	10
	1 of 10
	9 of 10
	10 of 10

	Zuranolone
0.5 mg/kg
	10
	2 of 10
	10 of 10
	10 of 10

	Zuranolone
1 mg/kg
	10
	0 of 10
	9 of 10
	9 of 10

	Zuranolone
5 mg/kg
	10
	4 of 10
	9 of 10
	9 of 10

	Zuranolone
10 mg/kg
	10
	0 of 10
	6 of 10
	10 of 10

	Figure 9 (left column, 25-day-old animals)

	CDX
	10
	1 of 10
	9 of 10
	10 of 10

	Zuranolone
0.5 mg/kg
	10
	2 of 10
	10 of 10
	10 of 10

	Zuranolone
1 mg/kg
	9
	0 of 9
	9 of 9
	9 of 9

	Zuranolone
5 mg/kg
	10
	0 of 10
	5 of 10
	9 of 10

	Zuranolone
10 mg/kg
	10
	0 of 10
	6 of 10
	10 of 10


aThreshold currents for eliciting convulsions in milliamperes (mA) for cyclodextrin (CDX) and doses of 5 and 10 milligrams per kilogram (mg/kg); bcompound (cmpd) tested within each experimental group; cthe numbers of animals used in each experimental group; d the number of animal within each experimental group with severity of seizures 3-5 on a 5-point scale.



Plasma stability

Chromatographic and Mass Spectrometric Conditions. The mobile phase consisted of methanol - 20 mM ammonium acetate – 0.1% formic acid  (80:10:10 v/v/v). The flow-rate was 0.4 ml/min at 35 °C. Ionization of analytes was carried out using electrospray ionization technique with positive polarity and selected reaction monitoring was used to monitor individual compounds according to Table 1.
Table S3. Transitions and collistion energy values
	Compound
	Transition (m/z)
	Collision energy (V)

	pregnanolone
	336.2 → 283.1
	16

	pregnanolone-D5
	341.2 → 288.1
	16

	Compound 1
	430.2 → 283.1
	18

	Compound 2
	444.3 → 283.1
	18



The temperature of ion transfer capillary was set to 350 °C. The ionization potential was set to 4500 V and the time of scan was 0.3 s. Peak widths were 0.7 both for Q1 and Q3 quadrupole, the scan width was 0.002 m/z, the pressure of argon in the collision cell was 1.5 mTorr. The gas flows were set to 60, 0 and 15 arb. units for sheath, sweep and auxilliary gas, respectively. The ion source position D was selected. The wash solution in the autosampler was methanol and the injection technique was push-loop using a 20 µl loop. The signal was monitored for 2.5 min. For the first 0.7 min of the run the column eluate was diverted to waste.
The peak of compound 1 is well separated from endogenous interferences, the response of this compound is high and its recovery from plasma is about 80-100%. The peak areas in Table S4 suggest that the limit of quantitation for this compound would be about 1 ng/ml.
Table S4. Peak area values
	Plasma
	Spiked with compound 1 (ng/ml)
	Peak area

	
	
	Compound 1
	Compound 2
	Pregnanolone
	Pregnanolone-D5

	Mouse
	9.714
	5166
	3878085
	19057
	79745

	Mouse
	97.14
	100201
	3523468
	21632
	95736

	Mouse
	971.4
	634928
	3792941
	61907
	90947

	Mouse
	9714
	13407869
	3521632
	441567
	87976







Table S5. Measured concentrations of compound 1 and pregnanolone in mouse plasma 
	Plasma
	Spiked with compound 1 (ng/ml)
	Measured concentration (ng/ml)

	
	
	Compound 1
	Pregnanolone

	Mouse
	9.714
	0.46
	222.30

	Mouse
	97.14
	9.82
	205.28

	Mouse
	971.4
	57.88
	799.25

	Mouse
	9714
	1361.80
	6466.01
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[1] Dillon, G. H.; Im, W. B.; Carter, D. B.; McKinley, D. D. Enhancement by GABA of the association rate of picrotoxin and tert-butylbicyclophosphorothionate to the rat cloned alpha 1 beta 2 gamma 2 GABAA receptor subtype. Br J Pharmacol 1995, 115 (3), 539-545. DOI: 10.1111/j.1476-5381.1995.tb16368.x  From NLM Medline.

















First, the mouse plasma (haemolysed) was spiked with different concentrations of compound 1 and the sample was immediately processed (Table S4, Supporting Information file). The range 10-1000 ng/ml the peak area of compound 1 increased linearly with concentration. The peak areas of pregnanolone were also increasing, indicating degradation of compound 1 to pregnanolone. The measured concentrations of compound 1 and pregnanolone with respect to spiked concentrations of compound 1 are shown in Table S5 (Supporting Information file). These results indicate that majority of compound 1 is very rapidly degraded to pregnanolone. Next, the time course of coumpound 1 degradation in mouse and rat plasma was evaluated. Plasma samples were spiked with compound 1 at concentration 97.14 ng/mL, an aliquot was processed immediately and the remaining plasma was stored at 36 °C. The samples were not shaken to simulate handling of the samples in the laboratory and the aliquots were taken at 20 and 60 min. The results are shown in Table X1.   
	[bookmark: _Hlk219888021]Plasma
	Time (min)
	Measured concentration (ng/ml)

	
	
	PPYR
	PRG

	
	
	Sample 1
	Sample 2
	Sample 1
	Sample 2

	mouse
	0
	6.88
	6.75
	214.94
	288.91

	mouse
	20
	0.00
	0.00
	372.22
	570.42

	mouse
	60
	0.15
	0.00
	410.20
	454.39

	
	
	
	
	
	

	rat
	0
	111.95
	122.33
	0.00
	0.00

	rat
	20
	59.12
	72.34
	105.07
	142.25

	rat
	60
	15.59
	32.67
	153.67
	146.46
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