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SUMMARY

Derivatives of y-butyrolactone (GBL) substituted on both the a- and the B-position were
synthesized and tested for their effects on behavior in mice, on the electroencephalograph
(EEG) and blood pressure of paralyzed-ventilated guinea pigs, and on the electrical
activity of incubated hippocampal slices. Several compounds, including a,a,8,8-tetra-
methyl GBL (TMGBL), a-hydroxy-B,8-dimethyl GBL, endo-bicyclo[2.2.1Thept- and
endo-bicyclo[2.2.2]oct-5-ene-2-hydroxymethyl-3-carboxylic acid lactone, produced con-
vulsive seizures in mice and epileptiform EEG discharges in guinea pigs identical with
those produced by B-ethyl-8-methyl GBL. Neuronal activity in hippocampal slices was
also markedly activated by TMGBL. Seizures and epileptiform discharges produced by
these a,8-substituted GBLs were prevented by a-ethyl-a-methyl GBL and ethosuximide
but not by phenytoin. A succinimide with the same alkyl substitutions as TMGBL,
a,a,a’,o’-tetramethylsuccinimide (TMSM), had convulsant properties and a response to
anticonvulsant drugs identical with those of TMGBL. A model for the hypothetical site
of action of alkyl-substituted GBLs and succinimides explaining the structure-activity
relationships is presented. We propose that the absolute requirements for activity of the
compounds are (a) a carbonyl oxygen atom on a heterocyclic ring adjacent to an oxygen
or a nitrogen atom with an ionizable hydrogen atom and (b) suitable alkyl substituents
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F16. 1. Chemical structures of some a-, B-, and a,B-substituted GBLs and a- and a,a’-substituted succinimides

imides, it was important to conpare the activity of
TMSM with that of the corresponding GBL, TMGBL.

Finally, with the data presently available from all of
the alkyl-substituted GBLs and succinimides, we suggest
a relationship of structure to activity in these compounds.
The resulting model may also apply to picrotoxinin,
another convulsant drug with a B-alkyl-substituted GBL
moiety which is essential for its activity.

MATERIALS AND METHODS
Drugs and Chemicals

ESM (Zarontin) and PHT (Dilantin) were obtained
from Parke-Davis (Morris Plains, N. J.). pL-Pantolactone
(a-hydroxy-B,8-dimethyl-y-butyrolactone) was obtained
from Chemical Procurement Laboratories (College Point,
N. Y.). Phthalide was obtained from Aldrich Chemical
Company (Milwaukee, Wisc.). TMSM was obtained from
ICN (Cleveland, Ohio). 8-DMGBL, a-EMGBL, and
NHCL were prepared as previously described (1, 2).

Chemical Syntheses

General chemical methods. All chemical methods were
identical with those previously reported (1).

Synthesis of TMGBL and OHCL. Tetramethylsucci-
nonitrile (Parish) was converted to tetramethylsuccinic
anhydride by the method of Thiele and Heuser (3). The
anhydride was then converted to TMGBL by the method
of Bailey and Johnson (4), using NaBH,. OHCL was
synthesized from the corresponding anhydride (Aldrich)
by the same method. Both had IR and proton magnetic
resonance spectra consistent with the assigned struc-
tures.

Synthesis of PMSM. TMSM was N-methylated by
treatment with methyl iodide in sodium methoxide for

24 hr at room temperature. The Nal was filtered off and
the filtrate was concentrated and distilled. The product
was a clear, colorless liquid, b.p. 100-104° (1.2 mm Hg).
The IR spectra showed two strong carbonyl absorptions
at 1780 and 1710 cm™' and no N—H absorption. The
proton NMR in CDCl; showed the following: § 1.17 (s,
12, a- and «’-CHj3; x 4); 2.93 (s, 3, —N—CHs).

Testing of Behavioral and Electrophysiological Effects

Effects on behavior in mice. Drug administration and
recording of behavioral markers was carried out as pre-
viously described (2).

Effects on the EEG of paralyzed-ventilated guinea
pigs. This technique has been described in detail in a
preceding report (1).

Effects on incubated hippocampal slices. This tech-
nique has also been previously described (1).

RESULTS

Effects on behavior in mice. Mice receiving injections
of a,B-substituted GBLs or TMSM had seizures identical
with those produced by B-EMGBL and S8-DMGBL.
These were characterized by an initial myoclonic twitch,
followed rapidly by a generalized clonic seizure. At suf-
ficiently high doses, a tonic seizure then followed and
usually resulted in death. The time course varied among
the different compounds (Table 1), but increasing doses
produced the same qualitative effects as did 8-EMGBL;
i.e., each behavioral marker occurred earlier, and a higher
percentage of animals displayed that marker. The per-
centage of animals which displayed a tonic seizure was
dose-dependent. By this criterion, the CDs, for TMGBL
was 0.43 mmole/kg. This represented a 4-fold higher
potency than that of 8-DMGBL, which had a CDs, of 1.6
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TABLE 1
Time course and dose-response of TMGBL, a-OH-B-DMGBL, 8-DMGBL, NHCL, OHCL, and TMSM
Compound Dose Time® to
mg/kg mmoles/kg First clonic seizure Tonic seizure
sec

TMGBL 25.0 0.18 —_ (0/4) — (0/4)
50.0 0.35 53+6 (3/4) 179 (1/4)
75.0 0.53 67+ 24 (4/4) 147 £ 35 (3/4)
100.0 0.70 30+2 (2/2) 52+ 12 (2/2)
200.0 141 20+1 (2/2) 3b5+12 (2/2)
a-OH-8-DMGBL 250 1.92 —_ 0/2) — 0/2)
750 5.77 340 £ 131  (3/3) - (0/3)
1000 7.69 246 £ 135  (3/3) 1275 (1/3)
1500 11.5 85+ 10 (3/3) 287 + 174 (3/3)
2000 154 101 £ 28 (3/3) 39 + 126 (3/3)
B-DMGBL 100 0.88 105 (1/4) —_ 0/4)
150 1.30 526 (4/4) — (0/4)
225 2.00 321 (4/4) 82+ 17 (4/4)
500 4.40 28+ 3 (4/4) 378 (4/4)
NHCL 50.0 0.33 73+ 8 (4/4) — (0/4)
70.0 0.47 50+ 4 (4/4) 179 £ 45 (4/4)
100.0 0.67 40+ 2 (4/4) 104 £ 11 (4/4)
OHCL 15.0 0.09 43 (2/4) —_ (0/4)
20.0 0.12 43 (4/4) — (0/4)
30.0 0.18 34+3 (4/4) 100+ 9 (4/4)
50.0 0.30 291 (2/2) 72 + 38 (2/2)
75.0 0.46 28+1 (2/2) 71+10 (2/2)
TMSM 7.0 0.04 - (0/4) - (0/4)
12.0 0.08 156 + 29 (4/4) — (0/4)
15.0 0.10 339 £ 113 (4/4) 1372 + 313 (3/4)
20.0 0.13 112+ 25 (4/4) 376 + 52 (4/4)
25.0 0.16 81+6 (4/4) 176 £ 6 (4/4)
50.0 0.32 895 (4/4) 129+ 15 (4/4)
100.0 0.64 40+ 3 (4/4) 6110 (4/4)

® Times indicate the period elapsed between the injection of the compound and occurrence of the particular event. Numbers in parentheses
indicate the number responding versus the number receiving injections. Values are means + standard error of the mean.

mmoles/kg. In contrast, a-OH-8-DMGBL had a CDs, of
8.4 mmoles/kg and thus was 5-fold less potent than -
DMGBL.

The bicyclic compounds, NHCL and OHCL, had CDs,
values of 0.39 and 0.15 mmoles/kg, respectively. TMSM
was the most potent, with a CDs, of 0.09 mmoles/kg.
However, the time course of seizures was much slower at
threshold doses of TMSM than at threshold doses of
TMGBL or the other convulsant lactones (Table 1).

Table 2 shows the effects of a a-EMGBL, ESM, and
PHT on seizures induced by a,8-substituted GBLs and
TMSM. As with the B-substituted derivatives (1, 2), a-
EMGBL and ESM were about equally effective in pre-
venting the tonic phase of the seizure. However, again as
with the B-substituted compounds, PHT exacerbated the
clonic phase of the seizure and protected none of the
animals from death.

Effects on the EEG of paralyzed-ventilated guinea
pigs. The epileptiform discharges produced by TMGBL
(Fig. 2) were essentially identical with those produced by
B-substituted GBLs (1). These discharges progressed
through all of the same stages with a time course simi

to that previously described in detail for 8-EMGBL and
B-DMGBL. In addition, TMGBL-induced discharges
were prevented by pretreatment with a-EMGBL (Fig. 2).

Two other bicyclic a,8-substituted GBLs, NHCL and

TABLE 2
Effect of anticonvulsants on seizures induced by o,B-substituted
GBLs and TMSM
Convulsant Fraction protected®
a-EMGBL PHT, 50
(mg/kg) ESM (mg/kg) mg/kg
250 350 250 375 500
TMGBL 4/4 —_ 4/4 —_ 4/4 0/4
(75 mg/kg)
NHCL (70 mg/ — 4/4 —  4/4 — 0/4
kg)
OHCL (30 mg/ _ 3/4 — 4/4 - 0/4
kg)
TMSM (25 mg/ 6/6 — 3/3 — 2/2 0/3
kg)

¢ Fraction surviving 30 min after convulsant challenge.
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F1G. 2. Effects of a,B-substituted GBLs and a,a-tetrasubstituted succinimides on the guinea pig EEG
Left. Top, 20 sec after TMGBL (10 mg/kg i.v.); middle, 25 sec after TMGBL (10 mg/kg i.v.) given 10 min after pretreatment with a-EMGBL

(250 mg/kg i.v.); bottom, 20 sec after NHCL (30 mg/kg i.v.).

Center. Top, 30 sec after OHCL (3 mg/kg i.v.); middle, control recording; bottom, 25 sec after TMSM (10 mg/kg i.v.).
Right. Top, 19 min after PMSM (100 mg/kg i.v.); middle, 5 min after phthalide (2000 mg/kg i.v.); bottom, 60 sec after 8-EMGh3 \« mg/kg)

given 6 min after phthalide (2000 mg/kg i.v.).

OHCL (Fig. 1), also produced the same types of epilep-
tiform discharges (Fig. 2). These discharges were also
prevented by pretreatment with a-EMGBL (data not
shown). In contrast, phthalide, an aromatic a,8-substi-
tuted GBL, proved to be inactive even at a dose of up to
2000 mg/kg (Fig. 2). This compound was then tested for
anticonvulsant activity but was not able to prevent g-
EMGBL-induced discharges (Fig. 2).

In a preceding study (2), the succinimide corresponding
to a-DMGBL, i.e., DMSM (Fig. 1), was shown to possess
very similar anticonvulsant activity. In the present study,
the succinimide corresponding to TMGBL, TMSM (Fig.
1), proved to have very similar convulsant activity (Fig.
2) which was also prevented by a-EMGBL. The N-
methyl derivative of this compound, PMSM (Fig. 1), also
had convulsant activity. However, these two compounds
had important differences in potency and onset of action.
Whereas a 10 mg/kg dose of TMSM produced epilepti-
form activity within 25 sec (Fig. 2), a 25 mg/kg dose of
PMSM did not cause any epileptiform activity. At a dose
of 100 mg/kg, PMSM induced a brief period of epilepti-
form activity within 30 sec and then, over the next 15-20
min, 2-sec bursts of activity occurred more and more
frequently until the first extended, generalized, high-fre-
quency seizure occurred (Fig. 2). This pattern then re-
curred over the next 60-90 min, with a generalized high-
frequency discharge occurring approximately once every
4 min.

The cardiovascular effects of the a,8-substituted GBLs
were identical with those of the B-substituted GBLs (1,
2). For example, a 20 mg/kg dose of TMGBL increased
the blood pressure from 80/50 to 125/85. Treatment with

a-EMGBL (250 mg/kg) returned the blood pressure to a
normal range, lowering it to 70/45. Pretreatment with
a-EMGBL lowered the basal pressure and attenuated
the TMGBL-induced increase just as previously reported
for B-EMGBL (2).

Effects on electrical activity of incubated hippocam-
pal slices. Activity was evoked and recorded as previ-
ously described (1). Below 10 um, TMGBL had no effect.
At a concentration of 10uM the duration of the evoked
potential was increased to 60-80 msec but there was little
effect on spontaneous activity. From 100 um to 1 mm
TMGBL, evoked potentials were again increased, and
spontaneous paroxysmal discharges of several millivolts
lasting 60-100 msec appeared in two of three experi-
ments. This complex activity, commonly referred to as
epileptiform discharges, occurred at a rate of ~10/min.
This effect of 100 uv TMGBL was antagonized by a-
EMGBL. A concentration of 1 mM a-EMGBL had little
effect, but 10 mM totally suppressed the excitation.

DISCUSSION

Previous studies (1, 2) demonstrated that GBLs sub-
stituted with alkyl groups in the 8-position have convul-
sant activity and GBLs substituted in the a- and/or y-
position have anticonvulsant activity. In order to under-
stand more fully the structure-activity relationships of
alkyl-substituted GBLs, we also examined GBLs substi-
tuted in both the a- and the B-positions. The present
results show that these a,8-substituted GBLs have con-
vulsant activity very similar to that of the B8-substituted
GBLs. TMGBL, NHCL, OHCL, and a-OH-8-DMGBL
produced seizures in mice identical with those observed
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with 8-EMGBL, although there were differences in po-
tency. TMGBL, NHCL, and OHCL were further tested
in guinea pigs and produced epileptiform discharges and
cardiovascular effects identical with those produced by
B-EMGBL. Finally, TMGBL was tested in incubated
hippocampal slices and again excitatory effects identical
with those seen with 8-EMGBL were observed. In addi-
tion, all of the effects of a,B-substituted GBLs were
blocked by a-EMGBL and ESM but not by PHT.

We previously observed (2) that a GBL substituted in
the a-position with an a,8-exocyclic double bond (a-
IPGBL) was inactive. In this study, we found that phthal-
ide, a GBL substituted in both the a- and the S-position
with exocyclic double bonds, was also inactive. However,
because we have not tested a compound with an exocyclic
double bond in only the B-position, we can only conclude
that such a double bond in the a-position seems to render
the compound inactive.

Sites of action of GBLs. Comparison of TMGBL with
a-DMGBL and 8-DMGBL yields some insights into the
sites of action of all of these agents. If the alkyl-substi-
tuted GBLs acted at two separate sites—one for convul-
sants and one for anticonvulsants—then TMGBL would
be expected to act at both of these sites. This could result
in an inactive compound or a convulsant or an anticon-
vulsant of lesser potency than either S-DMGBL or a-
DMGBL. However, if there is only one site which me-
diates both the convulsant and anticonvulsant actions of
alkyl-substituted GBLs, TMGBL could, in addition, be
a more active convulsant or anticonvulsant than either
B-DMGBL or a-DMGBL, respectively. Thus, the finding
that TMGBL is a more active convulsant than pg-
DMGBL strongly supports the idea for one common site
of action.

We previously observed (2) a close similarity between
the activities of a-substituted GBLs and succinimides. In
this study, we compared TMGBL with the corresponding
succinimide, TMSM. The succinimide again had activity
very similar to, and even more potent than, that of the
identically substituted GBL. Seizures in mice and epilep-
tiform discharges in paralyzed-ventilated guinea pigs and
incubated hippocampal slices (data not shown) were
indistinguishable from those induced by TMGBL. The
response to anticonvulsant agents was also the same; i.e.,
the effects of TMSM were blocked by a-EMGBL and
ESM but not by PHT. TMSM also had the same cardio-
vascular effects as did TMGBL and 8-EMGBL.

Structure-activity relationships. In this and previous
studies (1, 2) we demonstrated that GBLs and succini-
mides have convulsant or anticonvulsant properties de-
pending upon their substituents at the a-, 8-, and y-
positions of GBLs or the a- and a’-positions of succini-
mides. These data led to the following conclusions con-
cerning the structure-activity relationships and a hypo-
thetical model describing the topography of the site of
action for these compounds (Fig. 3).

The interior of the site is occupied by any structure
which will present the peripheral sites, labeled C, H, a,
B, and y, with the proper substituents. So far, we have
only studied five-membered heterocyclic rings, but six-
membered rings may also fit. The position labeled C is
occupied by a carbonyl oxygen atom in all of the com-

(

C H

F1G. 3. Proposed model of the alkyl-substituted GBL and succini-
mide binding site

The shaded area in the a-position indicates that the a-pocket lies
out of the plane of the figure. See text for explanation.

pounds studied; thus we are unable to state whether or
not it is essential.

Position H is occupied by a heteroatom such as oxygen
or nitrogen. It appears to be necessary for this hetero-
atom to have two free electron pairs. Thus, if nitrogen is
to occupy this site it seems to be necessary to have an
ionizable hydrogen, i.e., an unsubstituted imide nitrogen.
This is supported by three observations. First, N-meth-
ylation (as in PMSM) greatly decreases activity. Al-
though this could be due to an increased steric bulk, it
may also involve the removal of the ionizable hydrogen
which exists in TMSM. Second, although DMSM is an
active anticonvulsant, preliminary results show that
a,a-dimethyl-y-butyrolactam is inactive. Also, while
ESM, a-EMGBL, and 8-EMGBL are all very active, 8-
ethyl-8-methyl-y-butyrolactam is much less active by our
convulsant and anticonvulsant criteria.®> These lactams
are intermediate in structure between GBLs and succin-
imides. However, the hydrogen on these cyclic amides
has a pK, of approximatley 17 relative to water (5), while
ESM has a pK, of 9.1 (6). Thus, although succinimides
are only 2-5% ionized at physiological pH, they are
nevertheless 10° times more ionizable than lactams.
Third, preliminary results show that 8-8-dimethylglutar-
imide is convulsant, whereas the corresponding com-
pound with the —NH— replaced by —CH,—, 5,5-di-
methyl-1,3-cyclo-hexanedione, is inactive.? Therefore, we
conclude that an atom with electronic characteristics
similar to those of an oxygen or unsubstituted imide
nitrogen is necessary at position H.

Position a may or may not be occupied by groups other
than hydrogen. If it is, a hydrophobic substituent will
increase activity and a hydrophilic group will decrease
activity, respectively, (e.g., compare TMGBL and «-OH-

3W. E. Klunk, D. F. Covey, and J. A. Ferrendelli, unpublished
observations.
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B-DMGBL with 8-DMGBL). In addition, the orientation
and degree of saturation of the a-substituent is impor-
tant; i.e., the presence of an exocyclic a,8-unsaturated
bond in the plane of the ring seems to destroy activity
(thus the shaded area in Fig. 3).

Position 8 seems to be the factor which determines the
activity of the compound. It also appears to be involved
in determining potency. Thus, if the 8-position has the
proper alkyl substituent(s), the drug will be a convulsant.
If there is no substituent here, the drug will be an
anticonvulsant if it meets the other criteria for activity;
otherwise, it will be inactive.

Position vy is relatively indiscriminant. It may be oc-
cupied by hydrogen atoms, alkyl groups, or a carbonyl
oxygen atom. Alkyl groups appear to confer some degree
of activity when no other alkyl groups are present at the
a-position, as evidenced by the low anticonvulsant activ-
ity of y-EMGBL (2). However, comparison of a,y-
DEMGBL with «-EMGBL (2) indicates that y-alkyl
groups do not increase activity over that conferred by
hydrogen atoms when alkyl groups are present on the
a-position. Neither hydrogen atoms nor carbonyl oxygen
atoms eonfer activity, as is evidenced by the inactivity of
unsubstituted GBL or succinimide.

The requirements for activity, then, are (a) a carbonyl
oxygen atom in position C; (b) an oxygen or nitrogen
atom with a ionizable hydrogen atom in position H; and
(c) suitable alkyl substituents occupying at least one of
the a-, 8-, or y-positions. Assuming that conditions a and
b are met, if there are proper alkyl substituents at the
a- and/or y-positions and no substituent at the S-posi-
tion, then the compound will be anticonvulsant. If there

o)
|
C
3
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is a proper alkyl substituent at the B-position, then the
compound will be a convulsant. Thus, it is the presence
or absence of alkyl substituents at the B-position that
dictates whether a GBL or succinimide will be convulsant
or anticonvulsant.

While direct comparison of the a- an «’-positions of
TMSM to the a- and 8-positions of TMGBL is straight-
forward, the symmetry of the succinimide molecule
makes it uncertain whether the alkyl substituents on the
a-position of ESM should correspond to the alkyl sub-
stituents on the a-position or the B-position of GBL. The
fact that ESM is an anticonvulsant similar to a-EMGBL
suggests that it is oriented with its alkyl groups in the
same position as a-EMGBL at the site of action, but this
argument is circular. In order to address this problem
directly, we looked at compounds with heterocyclic rings
similar to those of ESM but with alkyl substituents
frozen in either the a- or the B-position. One such class
of compounds comprises the glutarimides (a six-mem-
bered cyclic imide as opposed to the the five-membered
succinimides). The glutarimides have three carbon atoms
subject to substitution: equivalent a- and o’-positions as
well as a distinct B-position. Substitution with an ethyl
and a methyl group at this B-position produced Beme-
gride, a commonly known convulsant (7) similar to 8-
EMGBL. In contrast, substitution at the a-position (with
an ethyl and a phenyl) produces glutethimide, an anti-
convulsant used clinically in Switzerland and Hungary.

A second class of compounds similar to succinimides
with distinct a- and B-positions includes the y-butyrolac-
tams, or 2-pyrrolidones. These are five-membered cyclic
amides exactly like succinimides except that one carbonyl

O

CH,3 CH; CH;, CHz CH; CHj;
Picrotoxinin Tutin Dendrobine

(0]
/C O

@ OH ou
CH, I CH CH CH CH CH;

Ion B 3 2 3

Picrotin Coriamyrtin Common Element

F16. 4. Chemical structures of some picrotoxinin-like plant neurotoxins and their common structural element
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F16. 5. Three-dimensional configuration of picrotoxinin as deter-
mined from X-ray crystallography of a,-bromopicrotoxinin (10)

Left. View from the carbonyl and a-carbon side of the essential
lactone ring which lies to the right side of the molecule. Right. Face
view of this lactone ring showing the B-position of the isopropenyl
group.

is reduced to a methylene group. Our preliminary results
show that substitution with an ethyl and a methyl group
at the B-position produces a convulsant drug. However,
differences in acidity between the amide and imide hy-
drogen (see above) prevent direct further comparison of
these lactams with the succinimides. Finally, TMSM
itself provides a way to ensure that alkyl substituents are
in the area which corresponds to the B8-position of GBLs
regardless of the orientation of the succinimide ring. As
stated above, this compound is a convulsant. Thus, when-
ever a “succinimide-like” molecule has an alkyl substit-
uent restricted to what corresponds to the S-position of
a GBL, it is convulsant. The one compound in which
alkyl substituents are restricted to the a-position, glu-
tethimide, is an anticonvulsant. Therefore we believe
that the orientation of the alkyl groups of ESM coincide
with those of a-EMGBL at their site of action.

Upon examining other potent convulsants, we found
that picrotoxinin, the active component of picrotoxin,
has a B-alkyl-substituted lactone ring which appears to
be absolutely essential for activity (Fig. 4). Picrotin has
a hydroxyl group on the 8-substituent of this lactone ring
and is a much less potent convulsant than picrotoxinin,
which has a S-isopropenyl group. Hydrolysis of this lac-
tone ring destroys all activity (8). In addition, Jarboe et
al. (8) have suggested that only the cyclohexanecarbox-
ylic acid lactone along with the 8-lactone substituent and
the bridgehead hydroxyl are the essential structural com-
ponents. This conclusion is derived in part from the fact
that other picrotoxinin-like plant neurotoxins (Fig. 4)
have these components but do not possess the second
lactone ring present in picrotoxinin and have the oxirane
ring in different locations (or missing altogether). Ku-
wano et al. (9) have shown that even less of the picrotox-
inin skeleton is needed, as 8-isopropyl-6-oxabicyclo[3.2.1]
octan-7-one was shown to be active. We further suggest
that only the lactone ring with proper S-substituents is
necessary.

If this hypothesis is valid, then all of the alkyl-substi-
tuted lactone and succinimide convulsants and anticon-
vulsants may work at the same site as picrotoxinin. Thus,
picrotoxinin should fit the requirements of our proposed
site of action. A side view of the X-ray structure of
picrotoxinin (10) is shown in Fig. 5 and clearly shows the
highly exposed nature of this essential lactone ring. A
face view of this lactone ring shows that it is substituted

in each of the a-, 8-, and y-positions. Fitting this ring into
our model in Fig. 3 would put the lactone oxygen in
position H, the carbonyl oxygen in position C, a hydrogen
and two methylene groups of the cyclopentane ring (out
of the plane of the lactone ring) in position a, the isopro-
penyl group in position 8, and a hydrogen and a meth-
ylene group of the cyclohexane ring in position y. Picro-
toxinin, therefore, fits our model well as a convulsant. It
should also be noted here that in our studies as well as
those of others (2, 11) picrotoxin had the same response
to ESM, PHT, and «-EMGBL as did B-EMGBL,
TMGBL, and TMSM. The remainder of the picrotoxinin
molecule is also undoubtedly important in determining
how well it binds and contributes to its greater convulsant
potency.

In conclusion, we have found that the alkyl-substituted
GBLs are potent neuropharmacological agents. Struc-
ture-activity studies lead to the suggestion that they may
share a common site of action with the succinimides, and
possibly picrotoxinin. The convulsant lactones and suc-
cinimides would present alkyl groups to the 8-position of
the receptor site (Fig. 3). If this site is the same as the
proposed site of action of picrotoxinin, i.e., the GABA-
regulated chloride channel (11), then these alkyl groups
would lead to blockade of GABA-induced chloride con-
ductance. The anticonvulsants would act at the same site
but present no alkyl groups, and thus would cause no
blockade of chloride conductance or may even potentiate
the action of GABA. The alkyl-substituted GBLs repre-
sent a new class of anticonvulsant and convulsant agents
which have potential not only in the clinical therapy of
epilepsy, but also in understanding how other anticon-
vulsant drugs work. This understanding could lead to the
design of more specific and effective therapeutic agents.
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