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Supplemental Figure 1. Localization of 5α-reduced neurosteroids (AlloP) and TSPO in the CA1 

region of hippocampal slices.  A, AlloP staining was facilitated by a TSPO ligand but not by a 

CBR agonist.  Moderate staining is observed in cell bodies of pyramidal neurons in a naïve slice 

2 h after dissection.  The staining was not altered by 30 min incubation with 5 µM clonazepam 

but was augmented by 30 min administration of 1 µM FGIN to an extent similar to 0.1 µM 

MDZ.  All slices are from the same hippocampus.  B, Staining against AlloP (green) and TSPO 

(red) in a naïve slice shows co-localization in pyramidal neurons as shown in Figure 1.  TSPO 

staining was not altered by 30 min administration of 1 µM MDZ.  C, The moderate staining 

against AlloP in a naïve slice is blocked by exogenously administered AlloP (500 µM). These 

two slices are from the same hippocampus.  D, Similarly, moderate staining against AlloP in a 

naïve slice is completely blocked by pretreatment with finasteride (50 mg/kg i.p. one day before 

dissection).  E, TSPO staining in a naive slice is completely blocked when the primary antibody 

was applied with TSPO blocking peptide.  Scale; 50 µm.  



Supplemental Figure 2 



Supplemental Figure 2. Effects of neurosteroid modulators on proximal PS 

inhibition.  Population spikes (PS) were evoked by Schaffer-collateral stimulation at the 

minimum intensity that produced a maximal response (initial gray symbols in each graph and 

thin black traces in right panels).  PS height was depressed by preceding stimulation with a 

second electrode positioned adjacent to the pyramidal cell layer (green symbols in each graph 

and green traces) at an intensity that produced ~50% inhibition.  A, This proximal inhibition was 

slowly overcome by 10 µM 17PA (17-phenyl-(3α, 5α)-androst-16-en-3-ol) (white bar), an agent 

that blocks the enhancement of GABAARs by 5α-reduced neurosteroids but does not alter 

GABAARs in the absence of neurosteroids.  Green and red circles correlate with traces shown to 

the right.  B, In the presence of 1 µM flumazenil (white bar), 0.1 µM midazolam (MDZ) (black 

bar) failed to augment the proximal inhibition.  Traces to the right show PS elicited by Schaffer 

collateral stimulation following conditioning proximal stimulation at the times denoted in the 

graphs. 
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Supplemental Figure 3. Effects of neurosteroid modulators on MDZ-mediated LTP 

inhibition.  LTP induction is inhibited by 30 min administration of 0.1 µM MDZ (white 

circles).  A, Administration of 10 µM 17PA (red bar) overcame the inhibitory effect of MDZ (red 

circles).  B, Co-administration of 300 µM β-cyclodextrin (ADVASEP-7) (hatched bar) overcame 

the inhibitory effect of MDZ (white squares).  Similarly, co-administration of 500 µM γ-

cyclodextrin overcame the inhibitory effect of MDZ (white triangles).  C, Clonazepam depresses 

but does not eliminate LTP at 20 µM.  The graph shows the lack of effect of 5 µM clonazepam 

on LTP (white circles); these data are the same as those shown in the manuscript.  When 

administered at 20 µM, clonazepam depressed baseline EPSPs to 76.7 ± 1.1% of control (n = 5 

slices, white squares).  Even in the presence of the depressed baseline, LTP was induced (130.9 ± 

3.0% change compared to the original (100%) baseline).  Compared to the depressed baseline, 

this represents more than 50% increase in EPSP slope.  D, A 10 min administration of 

clonazepam (black bar) inhibited LTP induction when administered in the presence of 0.1 µM 

AlloP (red bar, red circles).  Traces to the right depict EPSPs before (thin black lines) and 60 min 

after high frequency stimulation (HFS) (thicker traces in black or red).  In all graphs, the 100 Hz 

x 1 s HFS was administered at time 0 (arrows). 
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Supplemental Figure 4. Complex effects of PK11195 on hippocampal slices.  PK11195 has 

been described as an antagonist of TSPO, although this agent also appears to behave as an 

agonist in some studies (Gavish et al., 1999; Bitran et al., 2000).  We examined the effects of 

PK11195 on steroid staining, proximal inhibition and LTP and found that it has complex effects.  

At 5 µM, PK11195 had variable effects on steroid immunostaining, sometimes behaving as a 

TSPO agonist (i.e., increasing steroid staining); similarly, 5 µM PK11195 sometimes enhanced 

proximal inhibition of PS firing.  In slices in which 5 µM PK11195 had no agonist-like effect 

(about 50% of slices), it completely inhibited the effects of MDZ on proximal inhibition and LTP.  

At 1 µM, PK11195 did not exhibit TSPO agonist effects.  At this concentration, it partially 

inhibited the effects of MDZ on proximal inhibition (A) and LTP (B).   
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Supplemental Figure 5. Benzodiazepine receptors in hippocampal CA1 and neurosteroids.  

There are two distinct Benzodiazepine receptors (BDZRs); the central BDZRs (CBRs) and 

peripheral BDZRs (PBRs or TSPO).  Activation of CBRs potentiates GABA-gated channels and 

enhances influx of chloride (green dots) and depresses CNS activity.  Activation of somatic 

CBRs mediates proximal inhibition of spike firing whereas activation of dendritic CBRs 

modulates excitatory synaptic inputs.  Activation of TSPO results in synthesis of endogenous 

neurosteroids including allopregnanolone (AlloP).  Actions of CBRs independent from 

neurosteroids (CBR-AlloP) can be induced by selective CBR agonists such as clonazepam (A).  

However, actions of CBRs dependent on neurosteroids (CBR+ AlloP) require the presence of 

AlloP (B) either via exogenous AlloP or activation of TSPO (C).  Midazolam binds both TSPO 

and CBRs and activates both CBR+ AlloP and CBR- AlloP (C), but fails to induce CBR+ AlloP 

when neurosteroidogenesis is blocked by finasteride (D).  In the presence of exogenous 

neurosteroids, clonazepam mimics midazolam (B). 
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