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Alkyl substituted gamnabutyrolactones (GBL's) are known (l-3) to be potent 

neuropharmacologic agents, the activities of which are dependent on the substitution 

pattern. Beta-alkyl substituted GBL's, such as B-ethyl-B-methyl GE& (t%XMGBL), cause 

seizures in experimental animals sMLl.ar to those produced by picrotoxlnin (PI'KN), whereas 

a-alkyl substituted GBL's, such as a-ethyl-a-methyl GEE, (a-EMGBL), inhibit seizures 

induced by PTXN, pentylenetetrazole, or f+substituted GBL'S. Structure-activity studies 

combined with computer modelling led Klunk et al. -- (4,5) to suggest that both the 

convulsant and anticonvulsant GBL's, as well as plcrotoxinin and related convulsants, all 

act at a ccmtxon molecular receptor site. In this paper we till present data demonstrating 

that both the convulsant 6-EM3BL and the anticonvulsant a-FM.XL bind to the putative 

picrotoxinln receptor and discuss evidence that they do indeed express their effects via 

this receptor. 

Utilizing [s5S]-t-butylbicyclophosphorothionate ([35S]-TEPS) as a probe in receptor 

binding assays, Squires and co-workers (6,7) have demonstrated that FTXN and TBPS bind at 

either a cormKln receptor or at overlapping receptor sites. This binding site is believed 

to be associated with a y-aminobutyric acid regulated Cl- channel (8,g). A nwlber of 

convulsant drugs have been shown to bind at this receptor (6), and there is a correlation 

between the binding affinities and potencies of these convulsant drugs which suggests that 

they nay mediate their effects via this receptor. Very little data concerning binding of 

anticonvulsant drugs at this receptor has been reported and one can only speculate about 

their sites of actions. 

MATERIALS ANDMEX'RODS 

a-EMXL and B-EMX% were prepared as described previously (1,2). Unlabeled and 

C35Sl-labeled TBPS (BP. act. 6G-65 CMxnole at beginning of study, adjusted for decay 

thereafter) were obtained from New England Nuclear Company (Boston, MA). 

Cerebral hemispheres were dlssected from male Sprague_Dawley rats and the P2 + P3 

membrane fraction prepared as described by Trifiletti et al. (lo). The membrane 

suspensions were stored frozen at -70“ and thawed and ~&&p-ended with a POlytron 
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inmediately prior to use. Protein was detetmined using the Bit-Rad ProteFn Assay Kit I 

(Richmond, CA) in the presence of 0.005% Triton X-100. 

For binding assays, 100 ~1 of tissue homogenate was mixed with 50 ~1 of [35S]-TBPS at 

the appropriate concentration in 1 M NaBr and 50 ~1 of 50 ti Tris-citrate buffer (pI 7.5 

at O") containing either no additive or the appropriate concentration of drug. For the 

inhibition experiments, final [35S]-TBPS ~on~ent~tion was 2 nM. For the saturation 

analysis experiments, the specific activity was diluted lo-fold with unlabeled TBPS; 

concentrations of C3%I-TBPS ranging between 1 and 60 r$l were used. The samples were 

incubated for 90 min at 25O, diluted with 3 ml of 0.9% Nacl, filtered through Whatman GF/B 

microfiber filter discs using slight vacuum, and washed twice with 3 ml of 0.9% NaCl. The 

filters were dried and then counted by conventional liquid scintillation counting. Non- 

specific binding was defined as that; observed in the presence of 10 fl unlabeled TBPS. 

l3ESJLTS AND DISUNION 

In confirn&ion of the work of other investigators (6,7,10), we observed saturable 

binding of [3sS]-TBPS with Kd=25+1 nM and E&,=1.7*0.1 pnole/mg-protein. We found that 

both a-EI%ZL and @-EMGBL inhibit the binding of TBPS in a concentration-dependent fashion 

(fig. 1). From the inhibition curves, the ICso can be estimated to be approximately 2.5 

r&l and 100 PM, respectively. To detetie the nature of this inhibition the concentration 

dependence of TBPS binding was studied in the presence of single concentrations of either 

a-W% or B-Ei%BL. Scatchard analysis of the data (fig. 2) shaws that both a-~5L and 

B-E%DBL are competitive inhibitors of TBPS binding, increasing the apparent Kd without 

altering the Bmax. 

That both the convulsant and the anti-convulsant 03L's bind competitively to the 

PlYNmPS binding site suggests, but does not prove, that they both act at this site. We 

do, however, have additional evidence to support this view. Pharmacological studies by 

Klunk et al. (2) showed that, in mice, Pl'XN and B-EMGBL have similar phanracologlcal -- 
profiles and display parallel dose-response curves. Pre-treabnent of the -1s with 

a--m% resulted in parallel shifts of the same @tude in the dose-response curves for 

both PTXh' and 8-Em;BL. These results suggest the same site of action for all three drugs. 

Correlation of the ICSO'S and the potencies (I&o) of a number of convulsant drugs 

(including B EIv@BL) believed to have rrechanisms sMlar to FINN suggests that the 

FTXN/TE+PS binding site is indeed involved in the action of these drugs. 8-Hvx;BL is less 

potent than picrotti, is approximately the same as bemegride, and is mre potent than 

pentylenetetrazole. Their I&O's are 12, 130, and 560 pM respectively (6). The 

relatively poor affinity of the anticonvulsant a-EEBL (IC50 of 2.5 nful vs 100 pJY for 

HZMGBL) q be a reflection of the low potency of a-EMGBL. A dose of about 500 mg/kg of 

a-EI%BL is required to fully block the seizures caused by 50 m&kg of 6-EMGBL. We are in 

the process of investigating the correlation between antlconvulsant binding and potency by 

attempting to prepare high-affinity anti-convulsant GBL's. 

We anticipate that the binding assay described here will prove complementary to 

a_r&?al studies in defining drug potency. Although the binding assay will not distinguish 

between convulsant and anticonvulsant drugs acting at the OFFS receptor, It will 

enable one to better model the molecular receptor and thereby allow design of molecules 

for best receptor fit unencumbered by the ambiguities involved in whole an&ml studies. 
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Fig. 1. Inhibition of specific 135S1-TBPS blnding to rat cerebral membranes by a-EMGBL 
(0) or&EN%% (0). The points represent mans f S.D. of three experiments, each done 
in duplicate. 

F'Q. 2. Scatchard analysis of [3sS]-TEPS binding to rat cerebral mmbranes. Points are 
fmn a representative experlnmt. Lines are unwelghted least squares lines. The 
experiment was performed three times in duplicate with sMlar results. Key: [35Sl-l!EPS 
saturation In the presence of no tided drug CO), 2.5 t&l a-m% (01, or 100 UM B-EM3RL 
(cll)* With no Kd+8 ti, 

=1.7+0.1 

%% pnole/w-prote 

$u& !$+&gl ,kt%&g gmole/rn-protein; with 2.5 nM a-EM.X+ 

* - . 
; with 100 uM 6-E?%?%.,, ~~=56~ I#, h=1.7M.2 

. 
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