
Supplemental Data: 

Supplemental Figure S1.  The four compounds initially identified as robust potentiators of 

the M1 receptor mediated calcium response were further characterized in vitro at the rM1 

mAChR.   a.) Potency of each test compound was determined based on its ability to potentiate an 

EC20 concentration of ACh, yielding the following EC50 values:  Ib (▲), 187 ± 39 nM; If (■), 404 

± 59 nM; BQCA (▼), 316 ± 102 nM; and IIIb (♦), 284 ± 32 nM.  b.) Test compounds were then 

evaluated at a fixed concentration of 3μM for their ability to shift the potency of an ACh 

concentration response curve.  ACh alone stimulated calcium mobilization with an EC50 value of 

2.09 ± 0.427 nM (●). In the presence of each of the four test compounds, a robust leftward shift in 

the ACh CRC was induced, resulting in the following EC50 values and fold shift in the ACh curve 

(indicated in parentheses): Ib (▲), 0.039 ± 0.017 nM (23.2X); If (■), 0.280 ± 0.164 nM (9.5X); 

BQCA (▼), 0.142 ± 0.007 nM (16.4X); and IIIb (♦), 0.107 ± 0.003 nM (18.6X).  Data were 

normalized as a percent of the maximal response to 10 μM ACh and represent the mean ± S.E.M. 

of 3 independent experiments. 

 

Supplemental Figure S2.  Millipore GPCR Profiler™ Functional Screen. To confirm that 

BQCA retains selectivity at M1 when assayed at non-mAChR GPCRs, it was evaluated in 

Millipore’s GPCR Profiler™ screen for activity at 15 additional Class A GPCR targets.  A 

Fluorimetric Imaging Plate Reader (FLIPRTetra), (Molecular Device Corp), was used to measure 

calcium mobilization in response to agonist stimulation in a proprietary cell line that relies on 

endogenous expression of the promiscuous G protein, Gα15/16, to couple recombinant receptors to 

the PLCβ/Ca2+ pathway.  This assay takes advantage of a two addition protocol such that it was 

possible to detect any agonist, antagonist, or allosteric potentiator activity.  BQCA exhibited no 

agonist or antagonist activity at any of the targets tested.  Allosteric potentiator activity was 

assessed by performing agonist concentration response curves in the absence (vehicle, ▲) or 



presence of 10 μM test compound (BQCA, ■). a.)  At the human M1 mAChR, 10 μM BQCA 

elicits a robust leftward shift in the carbachol concentration-response curve.  b-p.) Similar CRC 

curves were generated for additional GPCRs: Muscarinic M4 (b.), Adenosine A2B (c.), α1A-, 2A-, 

2B-Adrenergic (d-f.), Dopamine D1 ,D2L, D5 (g-i.), Histamine H1, H2, H3 (j-l.), and Serotonin 

5HT1A, 2A, 2B, 2C receptors (m-p.), with no detectable leftward shift in the agonist concentration-

response-curve observed at any other target tested.  All data represent the mean of duplicate 

determinations. 

 

Supplemental Figure S3.  CCh and BQCA have no effect on miniature EPSC amplitude and 

frequency in rat mPFC layer V pyramidal cells.  a.) Sample traces from one cell showing the lack 

of 100 µM CCh on mEPSCs in the presence of 1 µM TTX.  b.) Cumulative probability plots for 

amplitude and frequency of miniature excitatory events from the representative cell shown in a.).  

c.) Averaged amplitude and frequency (10 µM CCh, n = 5; 100 µM CCh, n = 4; 10 µM BQCA 

alone and with 10 µM CCh, n = 4) of mEPSCs recorded in rat slices.  No increase in either 

amplitude or frequency of events occurred in the presence of low or high CCh, BQCA, or BQCA 

co-applied with CCh (amplitudes: 10 µM CCh, 88.6 ± 3.8%, p = 0.0475; 100 µM CCh, 90.8 ± 

9.4%, p = 0.2592; 10 µM BQCA, 99.1 ± 2.8%, p = 0.9562; 10 µM BQCA/10 µM CCh, 97.6 ± 

5.8%, p = 0.7334.  Frequencies: 10 µM CCh, 104.6 ± 14.9%, p = 0.8883; 100 µM CCh, 120.4 ± 

27.1%, p = 0.8174; 10 µM BQCA, 95.3 ± 4.3%, p = 0.2105; 10 µM BQCA/10 µM CCh, 111.5 ± 

21.6%, p = 0.6445).  All changes in amplitude and frequency were compared to baseline control 

and are represented as mean ± S.E.M.  Asterisks indicate significant differences from control or 

between drug conditions (*, p < 0.05; **, p < 0.01; ***, p < 0.0001; paired t-test). 

 

Supplemental Figure S4.  Pharmacokinetic profiling of BQCA in rats.  Concentration-time 

profile of BQCA in brain and plasma of male Sprague Dawley rats following 10 mg/kg ip 



administration.  Blood and brain tissue were collected at 0.5, 1, 2, 4 and 8 h after dosing.  

Samples were extracted as described in Methods and analyzed by LC-MS-MS.  Each time point 

represents the mean determination ± S.D. of three rats. 

 

 

Supplemental Tables: 

Supplemental Table 1.  Pharmacokinetic Analysis of BQCA.  The Pharmacokinetic 

parameters of BQCA in exposure studies in male rats after 10.0 mg/kg intraperitoneal 

administration.  AUC (0-8) Brain/AUC (0-8) Plasma = 0.091.  Values represent mean ± S.E.M.  

(n = 3 rats).  (n.d., not determined). 

 
PK Parameter Plasma Brain 

        

Cmax (ng/mL) 10017.31 ± 1562.77 1181.65 ± 224.43 

Tmax (h)  2   1  

Elimination T1/2 (h)  3.33   2.04  

AUC (0-8) (ng.h/mL) 52344.03± 2382.63  4797.28 ± 388.81  

V/F (L/kg)  0.72   n.d.  

Vss/F (L/Kg)   0.83   n.d.  

Cl/F (L/h/kg)  0.149   n.d.  
 
 
 

Pharmacokinetics of BQCA.   

 BQCA is characterized by significant absorption into and slow elimination from systemic 

circulation after intraperitoneal administration.  Although the compound is rapidly and 

significantly taken up into the brain, the brain concentrations are rapidly eliminated when 

compared to plasma concentrations. 



Supplemental Table 2.  Media and Odor Pairings for reversal learning. 

 
Media Pairs Odor Pairs

M1A = CUT FOAM 
M1B = CUT 
MOSS O1A = ANISEED

O1B = 
BENZOIN 

  02A = VANILLA 
O2B = 
ORANGE 

M3A= SOFT 
SORBENT 

M3B = SOFT 
SNOW 

O3A = JAMAROOSA 
ROOT

O3B = 
MYRRH 

 
 
 
Supplemental Table 3.  Example of Experimental Design for reversal learning.  Exemplars 
are in bold. 
 
Discriminations Dimensions Exemplar Combinations 
 

Relevant Irrelevant + -
Day 1 Shaping   
SD1 Odor  O1A O1B

SD2 Media  M1A M1B

Day 2 Testing   

SD3 Odor Medium O2A O2B
SDR   Odor Medium O2B O2A

CD Odor Medium O3A/M3A O3B/M3B

CDR Odor Medium O3B/M3B O3A/M3A

 


