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Calcium/Calmodulin-Stimulatable Adenylyl cyclases are required for the potentiating 

effect of acute glucocorticoid exposure in the hippocampal synapse 

Supplemental Information 

Supplemental Data and Figures 

 

Figure S1: Temporal dynamics of serum and glucocorticoid inducible kinase (sgk-1) 

transcripts post stress exposure. Graph depicts stress effects on expression levels of 

nascent (hnRNA) and mature (mRNA) SGK-1 transcripts in hippocampus from intact and ADX 

rats. Stress-induced rise in SGK-1 hnRNA and mRNA expression seen in intact rats was lost 

in the absence of adrenal hormones. Error bars represent mean  SEM; n4 animals were 

utilized for each time point. Gene expression levels are represented as fold induction values 

calibrated against the baseline (unstressed control) group, depicted here as time ‘0’; and 
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normalized to endogenous -actin levels for each sample. Symbols: *represents a significant 

difference (Dunnet’s post-test) in the comparison to time 0 and #represents a significant 

difference (Bonferroni post-tests) in comparison to ADX group at the matched timepoint.  

 

 

                      

Figure S2: Subcellular localization of activated glucocorticoid receptors in the rat 

hippocampus 

Western blot showing the cellular expression and localization of GR in selective rat 

hippocampal fractions prepared from ADX rats. Immunoblot depicts pGR, total GR and B-

tubulin protein expression, 60 minutes post corticosterone treatment in subcellular fractions 

prepared from ADX rat hippocampus. Upon glucocorticoid exposure, pGR was detected in the 

pre-synaptic terminal, synaptic plasma membrane, and postsynaptic density. Activation in the 

cytosol was not as prominent at this time point. Total GR levels didn’t change with 

corticosterone treatment i.e. remained constant across all the fractions.  
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Figure S3: Temporal kinetics of AMPAR surface expression in dendritic regions of 

hippocampal neurons post glucocorticoid treatment 

Immunocytochemistry time course analysis depicting surface expression of AMPAR proteins 

in DIV15 cultured hippocampal neurons. Neuronal cultures were treated with stress level cort 

(100nM) or ethanol as control. The dissociated neurons were fixed at times 1 hour and 3 hours 

for analysis of GluA1. (A) Representative image of GluA1 (stained red), MAP2 (neuronal 

marker stained green) and merged images (depicted in yellow) including nuclear marker-DAPI 

(stained blue), as obtained via confocal microscopy [Scale = 10m]. (B) Graphical 

representation showing quantification of surface GluA1 immunofluorescence from dendritic 

projections over time is shown. Corticosterone significantly increased GluA1 proteins (stained 

red) 3 hours post-treatment. Error bars represent mean  SEM from two experiments; n≥30 

dendrites per group. Graphs presented here are quantified mean intensity values from 
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immunofluorescent images obtained with velocity program. Dendrites were highlighted with 

the MAP2 neuronal marker and AMPAR expression was measured with Image J. Values are 

fold induction from mean of the control (ethanol) group values (assigned 100%). Symbols: 

*represents a significant difference (Dunnet’s post-test) in the comparison to time 0 (untreated 

control cells).  

 

 

 

Figure S4: Adrenal hormones are important for the upregulation of synaptic adenylyl 

cyclase 8  

(A) Adrenal-mediated regulation of AC8 mature transcripts over time. Graph depicts stress 

effects on expression levels of AC8 mature RNA in hippocampus from intact and ADX rats. 
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Stress-induced depletion of AC8 (120 mins timepoint) mRNA observed in intact rats was 

absent in ADX mice. n4 animals were used for each time point. Gene expression levels were 

represented as fold induction values calibrated against the baseline (unstressed control) 

group, depicted here as time ‘0’; and normalized to endogenous -actin levels for each 

sample. Symbols: *represents a significant difference (Dunnet’s post-test) in the comparison 

to time 0.   

 (B) Immunoblot illustrating investigated protein i.e. AC8 plus region-specific marker, 

synaptophysin for synaptic plasma membrane (SPM) fraction, and PSD-95 for postsynaptic 

density (PSD) compartment proteins, to determine integrity of these subcellular fractions.  β-

tubulin was used as sample loading control, as this protein is present in all the fractions, and 

has not been shown to be modulated by stress. (C) Graphical representation of stress-

regulation of AC8 expression in synaptic extracts from intact and ADX animals. The stress-

responsiveness in intact animals, seen in the SPM, was lost in ADX rats. No significant effect 

of stress on AC8 expression were observed in the PSD. Symbols:  *represents a significant 

difference (Bonferroni post-test) in the comparison between baseline control and stress, and 

#represents a significant difference (Bonferroni post-tests) in comparison between adrenal-

intact stressed rats and ADX stressed rats.  
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Figure S5: Stress-induced upregulation of GluA2 may occur independent of 

glucocorticoid hormone 

(A) Immunoblot showing stress-inducible adrenal-dependent GluA2 plus region-specific 

marker, synaptophysin for synaptic plasma membrane (SPM) fraction, and PSD-95 for post-

synaptic density (PSD) compartment. (B) Graphical representation of stress-regulation of 
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GluA2 expression in synaptic extracts from intact and ADX animals. The Type 2 non-CP-

AMPARs GluA2, which constitutively traffic across synaptic sites, are also responsive to 

stress, with increased expression detected in both synaptic plasma membrane (control vs 

stress: p=0.0142) and post-synaptic density (control vs stress: p=0.00391) of intact rats but 

not ADX rats. Symbols:  *represents a significant difference (Uncorrected Fisher’s LSD) in the 

comparison between baseline control and stress, and #represents a significant difference 

(Uncorrected Fisher’s LSD) in comparison between adrenal-intact stressed rats and ADX 

stressed rats. (C) Immunoblot showing a lack of corticosterone-inducible GluA2 protein, plus 

region-specific markers to determine integrity of the subcellular extracts i.e. synaptophysin for 

synaptic plasma membrane (SPM) fractions and PSD-95 for postsynaptic density (PSD) 

compartment proteins, in ADX animals administered saline (control) or 3mg/kg corticosterone. 

(D) No effects of exogenous glucocorticoids on GluA2 expression were detected in either of 

the synaptic fractions assessed (SPM and PSD). 
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EXPERIMENTAL SCHEDULE 

Objective Treatment plan 

Restraint stress experiments Adrenal-intact and adrenalectomized (ADX) rats were 

restrained for 30 mins. Blood and hippocampi were 

collected at 30,60,120,240 and 360 mins post stress 

protocol. Control animals did not undergo restraint 

stress protocol prior to sample collection. 

Effect of GR antagonist on cellular parameters ADX rats were treated with vehicle (ethanol) or GR 

antagonist (RU-486: 20mg/kg) followed by saline or 

corticosterone (3mg/kg) 30 mins later via 

subcutaneous injections. Hippocampi were collected 

60 minutes after the Corticosterone or saline 

injections. Animals in the control group received 

vehicle and saline injections only. 

Evaluation of genomic versus non-genomic 

response 

Acute hippocampal slices from ADX rats were treated 

with inhibitors, 50μM cycloheximide (CX) or 40μM 

Actinomysin-D (ActD), for 30 minutes followed by 

100nM corticosterone (cort). Slices were collected 60 

minutes following addition of corticosterone. 

To explore whether adenylyl cyclases are critical 

for GR-dependent actions on synaptic potentiation 

processes. 

Acute hippocampal slices were treated with AC 

inhibitor - 10μM SQ22536 (SQ) for 30 minutes, 

followed by 100nM corticosterone (cort), and slices 

collected 60 minutes after and processed by Western 

blot. 

To explore whether adenylyl cyclases mediate the 

receptor-dependent facilitatory effect of GC on 

post-synaptic externalization of CP-AMPAR. 

Immunocytochemistry experiment depicting surface 

expression of GluA-1 proteins in DIV15 cultured 

hippocampal neurons. Hippocampal neuronal cultures 
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were treated primarily with 10μM of AC antagonist -

SQ22536 (SQ) for 30 minutes, followed by 100nM 

corticosterone. Alternate subset of hippocampal 

neurons were co-incubated with GR antagonist RU-

486 (500nM), as well as 100nM corticosterone. 

Control cultures were treated with ethanol. All cultures 

were fixed 3 hours post-corticosterone or ethanol 

application and stained with GluA-1 (red 

fluorescence); followed by PSD-95 (green 

fluorescence) and DAPI (blue fluorescence) post 

membrane-permeabilization process. 

To explore effect of AC inhibition on 

corticosterone-mediated enhancement of LTP 

Acute hippocampal slices were pre-treated with AC 

inhibitor - 10μM SQ22536 (SQ) for 30 minutes, 

followed by 100nM corticosterone (cort) or ethanol 

(control group), LTP protocol was then applied and 

hippocampal field EPSPs recorded. 

To explore the role of NMDARs in regulating effect of 

GC exposure on expression of AC8, AC1, pGluA1 and 

tGluA1. 

Acute hippocampal slices incubated in ethanol were 

used as controls and were collected 90 minutes from 

start of experiment. Treated slices were incubated in 

50μM NMDAR antagonist (AP5) for 30 minutes 

followed by addition of 50nM corticosterone. All slices 

were collected 60 minutes post corticosterone 

application. 

 

Supplemental Table 1: Experimental schedule for in vivo, ex vivo and in vitro studies 

Treatment plan for all study experiments are described in Table 2 
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Gene Forward Primer Reverse Primer 

rat gria-1 

hnRNA 

ATCCCTTCCCACCCATACTC CCAGCCTGAGAGGACAAAAG 

rat gria-1 

mRNA 

CCCGGGCAGGGGAATGCCAA TGGGCGCCTGTCTTCCACCT 

rat sgk-1 

hnRNA 

AAGGGACCAGCTCAAATCCA CCCTTCTTCCTATCCTTCTCTTTTTC 

rat sgk-1 

mRNA 

CGTACGACCGGACAGTGGA GATATTTGGTTTCAGCTGGAGAGG 

rat pkaca 

hnRNA 

GTTCTGATGCTGGCTGTTCA AGGAGAAAGGGGGAAGTCAA 

rat pkaca 

mRNA 

GGCTACAACAAAGCTGTGGA AGATCTGGATAGGCTGGTCA 

rat β-actin 

mRNA 

CTTCTTGCAGCTCCTCCGTC ATATCGTCATCCATGGCGAAC 

 

Supplemental Table 2: Oligonucleotides used for RT-qPCR assay Oligonucleotides of 

forward and reverse primer sequences, running from 5” to 3” end. Primer sequences were 

checked for efficiency, and optimal primers selected based on pre-determined criteria i.e. 

efficiency of 90 – 110%, and slope ≥3.32. All primers that met the selection criteria are outlined 

in this table and were utilized for RT-qPCR.  
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Fractionation Experiment: Effect of Stress on PSer845-GluA1 (Figure 1C) 

SYNAPTIC PLASMA MEMBRANE   POST SYNAPTIC DENSITY 

CTRL STRESS ADX ADX+STRESS   CTRL STRESS ADX ADX+STRESS 

1.000 1.444 1.343 1.208   1.000 1.004 1.256 1.054 

1.000 1.330 1.095 1.071   1.000 1.196 1.088 0.946 

1.000 1.107 0.844 0.966   1.000 1.122 0.810 0.882 

         

Fractionation Experiment: Effect of Stress on Total GluA1 (Figure 1C) 

SYNAPTIC PLASMA MEMBRANE   POST SYNAPTIC DENSITY 

CTRL STRESS ADX ADX+STRESS   CTRL STRESS ADX ADX+STRESS 

1.000 1.194 1.163 1.170   1.000 1.059 1.310 1.284 

1.000 1.282 1.123 1.002   1.000 1.154 1.119 0.888 

1.000 1.004 0.897 0.871   1.000 0.819 0.948 1.074 

         

Fractionation Experiment: Effect of Stress on AC8 (Supplemental Figure 4) 

SYNAPTIC PLASMA MEMBRANE   POST SYNAPTIC DENSITY 

CTRL STRESS ADX ADX+STRESS   CTRL STRESS ADX ADX+STRESS 

1.000 1.183 1.009 0.732   1.000 1.114 1.063 0.840 

1.000 1.671 1.410 0.971   1.000 1.378 1.171 0.938 

1.000 1.158 0.892 1.033   1.000 1.170 1.143 1.307 

         

Fractionation Experiment: Effect of Stress on Total GluA2 (Supplemental Figure 5) 

SYNAPTIC PLASMA MEMBRANE   POST SYNAPTIC DENSITY 

CTRL STRESS ADX ADX+STRESS   CTRL STRESS ADX ADX+STRESS 

1.000 1.225 1.161 1.026   1.000 1.666 1.054 1.465 

1.000 1.388 1.204 1.131   1.000 1.367 1.295 1.574 

1.000 1.692 0.520 0.585   1.000 1.043 0.805 0.740 

 

Fractionation Experiment: Effect of CORT+/- RU-486 on PSer845-GluA1 (Figure 2A) 

SYNAPTIC PLASMA MEMBRANE   POST SYNAPTIC DENSITY 

CTRL CORT CORT+RU-486   CTRL CORT CORT+RU-486 

1.000 1.572 1.905   1.000 1.348 1.024 

1.000 1.020 1.450   1.000 1.246 0.927 

1.000 1.199 1.856   1.000 1.294 0.856 

       

Fractionation Experiment: Effect of CORT+/- RU-486 on Total GluA1 (Figure 2A) 

SYNAPTIC PLASMA MEMBRANE   POST SYNAPTIC DENSITY 

CTRL CORT CORT+RU-486   CTRL CORT CORT+RU-486 

1.000 1.515 1.583   1.000 1.143 0.786 

1.000 1.016 1.705   1.000 1.264 0.792 

1.000 1.313 1.648   1.000 1.258 0.798 
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Effect of CORT+/- CX/ActD (Fig. 2C)/SQ (Fig. 3A) on P-GluA1  

Whole Cell Extract  

CTRL CORT CORT+CX CORT+ACT-D CORT+SQ CORT+RU 

0.575 1.797 0.462 1.027 0.456 0.568 

0.605 1.098 0.292 0.961 0.410 1.391 

0.739 1.538 0.491 1.294 0.679 0.613 

0.805 1.803   0.004 1.353 0.729 

0.560 0.982     1.113 0.732 

0.735 1.181     0.941 0.004 

0.790 1.056     0.917 0.006 

0.003 0.003     0.006 0.006 

0.007 0.008         

      

Effect of CORT+/- CX/ActD (Fig. 2C)/SQ (Fig. 3A) on T-GluA1  

Whole Cell Extract  

CTRL CORT CORT+CX CORT+ACT-D CORT+SQ CORT+RU 

0.649 0.684 0.583 1.222 0.437 0.474 

1.660 0.961 0.957 1.224 1.292 1.188 

0.503 1.017 0.174 1.623 1.357 1.173 

1.081 1.277   0.187 1.186 0.122 

1.010 1.171       0.140 

1.161 1.278       0.236 

0.118 0.039         

0.152 0.198         

0.251 0.272         

 

Effect of CORT+/- AP5 (Fig. 
4A)  

Effect of CORT+/- AP5 (Fig. 
4A) 

Whole Cell Extract_AC1  Whole Cell Extract_AC8 

CTRL CORT CORT+CX  CTRL CORT CORT+CX 

1.000 4.479 5.269  1.000 2.487 1.509 

1.000 4.380 5.571  1.000 1.936 1.081 

1.000 2.118 2.179  1.000 1.934 0.537 

1.000 10.871 14.690  1.000 2.305 0.425 

       
Effect of CORT+/- AP5 (Fig. 

4D)  

Effect of CORT+/- AP5 (Fig. 
4D) 

Whole Cell Extract_P-GluA1  Whole Cell Extract_T-GluA1 

CTRL CORT CORT+CX  CTRL CORT CORT+CX 

1.000 7.212 3.548  1.000 4.393 5.452 

1.000 0.575 0.175  1.000 1.918 0.508 

1.000 1.329 0.198  1.000 0.836 0.609 

1.000 4.772 0.660  1.000 4.159 2.991 
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Supplemental Table 3: Raw data of densitometric quantification from all Western blot 

analysis presented. All Western blot experiments and analysis were conducted in an 

investigator-blinded manner; therefore, samples were run in the assays without reference to 

expected results. Densitometric quantification was performed via normalisation to β-actin 

(39KDa), except otherwise stated in text (e.g. for fractionation studies, blots were normalized 

to corresponding fraction marker). Raw data of the densitometric analysis showing fold 

induction from averaged control are provided here. 

- Fractionation experiments: Effect of stress on phosphorylated and total GluA1 (Figure 

1C), AC8 (Supplemental Figure 4) and Total GluA2 (Supplemental Figure 5). SPM 

fractions were normalized to synaptophysin, while PSD fractions were normalized to 

PSD-95 protein levels 

- Fractionation experiments: Effect of CORT +/- GR-inhibitor (RU486) on 

phosphorylated and total GluA1 (Figure 2A) 

- Whole cell extract experiments: Effect of CORT +/- Cyclohexamide (CX) or 

Actinomycin-D (Act-D) (Figure 2C) or AC inhibitor (SQ) (Figure 3A) on phosphorylated 

and total GluA1  

- Whole cell extract experiments: Effect of CORT +/- NMDAR inhibitor (AP5) on AC8 

and AC1 (Figure 4A); and on phosphorylated and total GluA1 (Figure 4D) 
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Supplemental Information on Methods  

Evaluation of protein localization and expression in rodent brain tissue 

Enriched SPM fractions were prepared from homogenized hippocampal tissue samples in 

accordance with the method previously described by Blackstone et al. 1,2. Cells were 

homogenised in a hypotonic homogenization buffer [0.32M Sucrose, 4mM HEPES (pH 7.4)], 

supplemented with 1mm sodium orthovanadate, 0.2 mm sodium fluoride, and Complete 

Protease Inhibitor (Roche Diagnostics Ltd., Burgess Hill, UK)]. The resulting homogenate was 

then spun down at 4 oC,1000 g for 5 minutes. The pellet containing chromatin and cellular 

debris was disposed of, and the remaining supernatant spun at 10000 g for 15 minutes to yield 

the crude synaptosomal pellet. The resultant supernatant from this spin contained the light 

membrane and cytosolic fractions, and these were obtained by further spinning in an 

ultracentrifuge with a fixed angle rotor at 100000 g for 15 minutes to extract the pure cytosol 

(supernatant) and light membrane pellet (containing endoplasmic reticulum and Golgi 

membranes) which was re-suspended in the hypotonic extraction buffer. Concomitantly 

centrifuging at 10000g for 15 minutes yielded a synaptosomal fraction. The resulting pellet 

was lysed by hypo-osmotic shock using ice-cold distilled water containing protease and 

phosphatase inhibitors, and then rapidly adjusted back to original pH. The solution was 

adequately mixed to ensure complete lysis, and then centrifuged at 25000 g for 20 minutes to 

yield supernatant containing synaptic vesicle proteins (pre-synaptic fraction). The pellet from 

this spin is the lysed synaptosomal membrane fraction, and this was re-suspended in the 

extraction buffer, and with the aid of a Pasteur pipette, layered on top of a discontinuous 

gradient containing 0.8 to 1.0 to 1.2 M sucrose, which equates to 27%/ 34%/ 41. The gradient 

was spun at 150000g for 2 hours in an ultracentrifuge with a swing bucket rotor. The resultant 

pellet was recovered in the layer between the 1.0 M and 1.2 M sucrose by puncturing the 

ultracentrifuge tubes with a 25G needle and then carefully withdrawing the band of pellet with 

a 1 ml syringe. The recovered pellet, which had high sucrose content, was diluted back to 0.32 

M sucrose, and pelleted out further by spinning at 150000 g for 30 minutes. The pellet 
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containing synaptic plasma membrane fraction was re-suspended in a hypertonic extraction 

buffer containing 50 mM HEPES pH 7.4 and 2 mM EDTA with protease and phosphatase 

inhibitors added. The pellet was further cleaned via passage through a 25G needle (Terumo, 

UK), and a portion aliquoted for use as enriched SPM. In accordance with experimental 

guidelines described by Cho and others 1,2, proteins localized in the postsynaptic density were 

further extracted from the remaining re-suspended pellet (synaptic plasma membrane 

fraction). Addition of 0.5% Triton X-100 (Sigma) breaks down the intact synaptic plasma 

membrane, and after the protein sample had been subjected to centrifugation at 32000 g for 

20 minutes, another pellet (PSD 1T) containing proteins localized in the postsynaptic density 

was obtained. This pellet was resuspended in the hypertonic buffer and an aliquot stored till 

further use. To the remaining resuspended pellet, 3% N-lauroyl sarcosine (Sigma) was added 

to further solubilize the postsynaptic density proteins, and then spun at 200000 g for 1 hour. 

This allowed specific extraction of a pellet (PSD 1T+S) containing highly enriched postsynaptic 

density proteins and their associative molecules. Concentrations of all protein extracts were 

determined using a standard bicinchoninic acid (BCA) protein assay (Pierce, UK). The integrity 

of the processed samples was verified by western blot analysis using relevant markers for 

each protein fraction. 

Visualization of protein localization in cultured rat primary hippocampal neurons using 

confocal microscopy (Immunocytochemistry):  

1-day-old male Wistar rat pups were decapitated, and the brain rapidly removed into petri 

dishes containing Hank’s balanced salt solution (HBSS) media (10mM HEPES, 33.3mM 

glucose, fortified with 5μg/ml penicillin/ streptomycin mix; all from Sigma). The hippocampi 

were dissected from surrounding cortices after meninges had been removed with sterilized 

needles. Both hippocampi from the two hemispheres were mechanically dissociated using fire 

sterilized razor blades, and the tissue transferred to falcon tubes containing 500μg/ml Papain 

(Sigma, UK) solution made up in HBSS, to further break down the tissue. The mixture was 

incubated for 30 minutes at room temperature, and then 1 mg/ml DNAse 1 (Sigma, UK) was 
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added to the falcon tubes, to break down double stranded DNA released during the enzymatic 

digestion. The tissue was then washed with culture media [Neurobasal media (Life 

Technologies, UK; supplemented with B-27 (Gibco), glutamax and pen/strep)]. Cells were 

spun at 1000 g for 5 minutes to remove remaining cell debris, and the resultant pellet re-

suspended in Neurobasal culture media. The cells were plated on coverslips (Fisher Scientific) 

coated with adhesion substrates [100ug/ml Poly-d-lysine (Sigma, UK) and laminin (BD 

Biosciences)] at approximately 50,000 cells per well containing 500μl of culture media. To 

suppress non-neuronal cell proliferation, Arabinofuranosyl cytidine (Ara-C) was added to 

cultures after 24 hours. Media was changed twice weekly to remove dead cells and maintain 

healthy neurons until use in experiments at day in vitro (DIV) 12-15. 

Analysis of gene transcription  in rodent brain tissue: Firstly, total RNA was isolated from 

rat hippocampal tissue by Trizol (Invitrogen, Life technologies Ltd., UK):Chloroform (Sigma-

Aldrich, UK) separation in Heavy Phase-Lock-Gel tubes (5 PRIME, USA) to increase RNA 

recovery, and further purified using Qiagen RNeasy Mini Kit (Qiagen, UK) with an on-column 

DNAse digestion (RNAse free DNAse kit, Qiagen, UK). RNA concentrations were quantified 

by a NanoDrop ND-1000 Spectrophotometer (NanoDrop Technologies, USA). All samples 

possessed a 260:280 ratio of 1.8–2.2 and 260:230 ratio above 1.9.  

Next, 1μg of total RNA was reverse transcribed to make a complementary DNA (cDNA) 

template with the AMV first-strand synthesis kit (Invitrogen, Life Technologies Ltd., UK) on a 

G-Storm GS1 thermal cycler (Gene Technologies Ltd., UK). Control samples omitting the AMV 

RT enzyme were run in parallel.  

Measurement of hormone levels in plasma: Plasma samples were prepared by centrifuging 

whole blood collected from the trunks of decapitated animals. Blood samples were spun at 15 

000 g for 15 minutes at 4 °C, collected into pre-labelled eppendorf tubes and stored at -20 °C 

until use in immunoassay. For the assay, plasma samples were thawed and diluted 1:50 in an 

acidic (pH 3) buffer (B-buffer; consisting of bovine serum albumin, tri sodium citrate and 

sodium hydrogen orthophosphate). 50 μl of rabbit anti-rat corticosterone primary antibody 
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(kindly donated by Prof G Makara – Institute of Experimental medicine, Budapest, Hungary), 

also diluted 1:50 in B buffer, and 50μl of a corticosterone I125 tracer (at counts between 3500-

4000 cpm in B buffer; Izotop, Budapest, Hungary) were added to 100μl of diluted sample. This 

mixture was incubated overnight at 4 oC. The next day, samples were precipitated using a 

charcoal-dextran (Fluka Analytical, Steinham, Germany) solution (10:1), and spun in a 

refrigerated centrifuge cooled down to 4°C at 15000 g for 15 minutes, so that the free fraction 

of corticosterone (i.e. corticosterone unbound to the antibody) would be absorbed onto the 

activated charcoal. The supernatant was then aspirated, and the resultant charcoal pellet 

containing the total corticosterone in each sample was counted on a gamma counter (E5010 

Cobra II Auto-Gamma, Perkin-Elmer, Groningen, Netherlands). 
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