
Pharmacolog~ Btochemtstr~ & Behmzor Vol 38 pp 235-242 ~ Pergamon Press plc. 1991 Prmted m the U S A 0091-3057/91 $3 00 + 00 

Toxicokinetics of Ro 5-4864, 
Lindane and Picrotoxin Compared 1 

H. LYNN D R U M M E R  A N D  D O R O T H Y  E. W O O L L E Y  2 

Department of Ammal Phystology, University of Califorma, Davis. CA 95616 

Rece ived  27 Augus t  1990 

DRUMMER, H L AND D E WOOLLEY Toawokmetws of Ro 5-4864. hndane andpicrotoam compared PHARMACOL BIO- 
CHEM BEHAV 38(21 235-242, 1991 --The effects produced by IP admimstrauon of these three agents m the rat were compared 
because of m vitro evidence that each modulates the picrotoxinln site of the GABA A receptor For each. hypothernua had the low- 
est threshold and convulsions the next, with hypophagia produced only by the highest dose of enher Ro 5-4864 or hndane Convul- 
sant effects had a shorter latency and a shorter duration than did hypothermia. Hypophagla, when present, lasted the longest. 
Myoclonus was the seizure type with the lowest threshold for all three agents At the highest dose, hndane produced a high inci- 
dence of maximal clomc (hopping) seizures, whereas Ro 5-4864 and plcrotoxm produced a high incidence of maximal tomc sei- 
zures mstead On a mole/kg basis, picrotoxm was 40 times more effecnve than the other t~,o agents and produced seizures which 
started later, peaked later, and persisted longest Ro 5-4864 and hndane were effective at eqmmolar concentrations and, in combi- 
nation, produced effects which suggested either dose-addnion or synergism The data are consistent w~th the hypothesis that the toxic 
effects of both Ro 5-4864 and hndane may be atmbutable, at least in part, to an action at a subpopulation of GABAA receptors 

Food intake GABA A receptor Hypothemua Insecuode Llndane Myoclonus 
Picrotoxm Ro 5-4864 Temperature regulation Toxlcokmetics Seizures 

Penpheral benzodlazeplne 

THE GABA A receptor is a hetero-ohgomer, hgand-gated chloride 
channel with bindmg sttes for GABA, benzodtazepmes (BDs), 
barbiturates, and ptcrotoxlmn (PTX) (30). These sites allow com- 
plex allostenc interactions by a wide variety of therapeutic and 
toxic agents. In vitro evtdence suggests that the PTX site, which 
IS a channel gating site of the GABA A receptor, may play a key 
role in the modulatton of GABAergic mechanisms by a wide va- 
riety of agents, including the atypical benzodiazepme Ro 5-4864 
and some convulsant insecticides. Insectlctdes that bind to the 
PTX receptor (1, 22, 24) and inhibit GABA-stimulated chloride 
flux (2, 5. 14, 18, 29) include lindane (the gamma isomer of 
hexachlorocyclohexane), pyrethrolds, and convulsant cyclodienes. 
Ro 5-4864, at mlcromolar levels, modulates binding at the PTX 
site (16, 43, 46) and inhibits GABA-stimulated chloride flux (28) 
The BD site of the GABA A receptor binds clonazepam with htgh 
affinity and ts termed the central BD (cBD) receptor 

This laboratory has examined evidence m vtvo that suggests 
that several of the toxic effects of hndane may be attributed to 
anti-GABAergtc effects Lmdane produces hypophagta and hypo- 
thermta tn addition to convulsions (20, 48-50). Agents that en- 
hance GABAergtc activity, such as clonazepam and dlazepam, 
benzodiazepmes which act at the cBD site, and phenobarbttal, 
which may act at the barbiturate site, effectively antagonized all 
of these effects of hndane (20, 49, 50). By contrast, Ro 5-4864 
exacerbated hndane-mduced hypophagia, hypothermla, seizures 
and death, even though, by itself, the dose of Ro 5-4864 had no 
effect on the endpolnts measured (20) 

~Presented in part in abstract form Soc Neurosci Abstr 14(2) 1219, 1988 
-'Requests for reprints should be addressed to Dr Dorothy E Woolley 

The convulsant effect of Ro 5-4864 has been attributed to an 
action at the PTX receptor by some authors (37,46), and Ro 5- 
4864-reduced seizures, like those induced by hndane, are antag- 
onized by diazepam, clonazepam, and barbiturates (37). However, 
at low nanomolar levels, Ro 5-4864 bmds to a site on the mito- 
chondnal membrane, i.e., the "'peripheral" BD (pBD) receptor 
(45). Since a dose of Ro 5-4864 which bmds at the PTX site will 
presumably have saturated pBD sites, the proconvulsant effect of 
Ro 5-4864 upon hndane-mduced setzures (20) may have been 
due to an effect at the pBD receptor, rather than through an ac- 
tion at the PTX receptor. In fact, others have attnbuted the con- 
vulsant and proconvulsant effects of Ro 5-4864 to an action at the 
pBD site (4, 9. 10) 

If Ro 5-4864 exacerbated the effects of hndane (20) because 
both bind to the PTX site, then Ro 5-4864 should have effects 
similar to those of hndane and ptcrotoxm However, if Ro 5-4864 
exacerbated the toxic effects of lmdane through an actton at the 
pBD site, then there may be differences in the profiles of the 
toxic effects of hndane and Ro 5-4864 compared with those of 
ptcrotoxln, since picrotoxln does not bind to the pBD site (36,40) 
Pxcrotoxln, in addttton to its well-known property of lmtiatmg 
convulsions, reduces food mtake (21) and produces hypothermta 
(23,38). Ro 5-4864 produces seizures [e.g., (37,46)] and reduces 
food mtake (8). However, prior to our preliminary studies (47), 
Ro 5-4864 had not been reported to exert an effect upon temper- 
ature regulation. 

These comparisons of the in vlvo effects support the in vitro 
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evidence and suggest that Ro 5-4864, hndane and picrotoxln may 
produce some of their toxic effects through a common mode of 
action Further. if the primary action is upon the same receptor 
site within the same target tissue, e.g.,  certain neurons within the 
CNS, then these agents should also produce a similar order of 
thresholds and temporal sequence for the toxic effects. However, 
it is important to note that, unhke the case of hndane (20,48), 
there are no dose-response studies in the literature for either pm- 
crotoxin or Ro 5-4864 which compare thresholds and time courses 
for hypothermla, convulsions and hypophagma. 

The purpose of the present study, therefore, was two-fold 1) 
to compare the tOXlCOklnetlcs of the effects of Ro 5-4864, hndane 
and plcrotoxln in VlVO, using seizures, food intake and core tem- 
perature as endpolnts, and 2) to determine if the effects of Ro 5- 
4864 and hndane are additive, as would be expected if they act 
at the same site 

METHOD 

Adult female Sprague-Dawley rats (Charles River. Portage, 
MI) were housed individually In stainless steel hanging cages in 
a temperature- (22-23°C) and hght- (14.10 h hght:dark cycle) 
controlled room Rats were allowed free access to water and 
ground rodent chow (Purina 5001; St. Louis, MO), except when 
food was removed the evemng prior to administration of drugs. 

Lmdane, picrotoxin (Sigma Chemical Co., St. Louis, MO) 
and Ro 5-4864 (Hoffmann-La Roche Inc., Nutley, NJ) were dis- 
solved in dlmethylsulfoxlde (DMSO; Crown Zellerbach Corp . 
Camas, WA) and administered IP in a volume of 0.5 ml/kg body 
weight When rats received both Ro 5-4864 and hndane, the in- 
jection volume was 0 25 ml/kg to keep the total volume of vehi- 
cle per unit body weight the same. Controls received the vehicle 
only. 

Prior to testing, food intake, body weight, and colonic tem- 
peratures were measured dally for several days to assure that these 
were stable, according to procedures described previously (20, 
48, 50). After overnight fasting, colonic temperatures and body 
weights were measured prior to dosing. Following administration 
of drugs or vehicle, rats were observed for the appearance of ab- 
normal behaviors and convulsions. Food was returned at 2 h and 
collection of food retake data was begun 4 h after dosing, was 
collected at 2-h intervals through the first 2 h following lights out 
at 10 h after dosing, and then for the balance of the overnight 
period 

For the dose-response studies of hndane and Ro 5-4864, 30 
rats weighing 330 ± 5 g (mean ± S E.M ) and 326 ± 5 g, respec- 
tively, were divided into 4 groups of 7-8 rats each After the ini- 
tial measurements of colonic temperature and body weight on the 
morning after the overnight fast, rats were injected with 0, 5. 10, 
or 20 mg/kg of either hndane or Ro 5-4864. For the dose-re- 
sponse study of plcrotoxm, 22 Sprague-Dawley rats weighing 
356 ± 4 g were divided into 4 groups of 5 or 6 rats each, and were 
injected with 0, 0.5, 1, or 2 mg/kg plcrotoxm For the study of 
the interactions between hndane and Ro 5-4864, 31 rats weigh- 
lng 286 ± 3 g were divided into 4 groups of 7 or 8 rats 2 groups 
received 10 mg/kg of either Ro 5-4864 or hndane, one group re- 
ceived 10 mg/kg of each of the 2 drugs for a combined dose of 
20 mg/kg, and one group (controls) received only the vehicle Ro 
5-4864 was administered 20 min before llndane, and all animals 
not receiving one or both drugs received the vehicle at the appro- 
priate times. 

The significance of differences between means of treated and 
control groups was determined after analysis of variance (ANOVA) 
when the overall F ratio was slgmficant at the p < 0 . 0 5  level 
Flsher's Least Significant Difference (LSD) test was used as the 

post hoc test and the level of significance was corrected for the 
numbers of comparisons by the Bonferronl method (27) 

RESULTS 

Behavioral Effects (Table 1, Figs. 1 attd 2) 

All three agents produced a variety of signs of toxicity, such 
as vacuous chewing, periods of rapid respiration, piloerectlon, 
vocalization (both spontaneous and upon handling), and periods 
of prolonged quiet standing and stanng. No attempt was made to 
quantltate these minimal signs of toxicity. In addition, all three 
agents produced excessive sahvatlon in those rats with severe sei- 
zures. Ro 5-4864, hndane and plcrotoxln produced an abnormal 
prone posture characterized by the rat lying immobile with chin 
resting on the cage bottom and limbs frequently protruding through 
the wire cage bottom (Table 1) This posture was easily differen- 
tiated from postseizure depression dunng which a rat lies on its 
side. Upon handling, the rats were found to be hypotonlc or even 
flaccid 

All 3 agents produced a similar spectrum of seizures, includ- 
ing myoclonus and clonlc and tonic seizures (Table 1) Myoclo- 
nus. 1 e., head or whole body jerks, usually single, was the seizure 
type with the lowest threshold Progressively more severe sei- 
zures included, in order minimal clonus with rhythmic move- 
ments of the forehmbs, head or jaw, minimal tonic seizures 
consisting of tonic contractions of head, neck and trunk muscles, 
torsion of the trunk and usually brief loss of righting reflex [also 
see (20) for more complete description], hopping seizures (maxi- 
mal clonus) with bilateral, synchronous fore- and hlndhmb clonus 
which propelled the animal upward: and maximal tonic seizures, 
characterized by the presence of tonic limb flexion or e,~tenslon. 

Convulsions were not observed in the groups receiving the 
lowest doses of Ro 5-4864 and plcrotoxln, and only 1 rat had a 
single myoclonlc jerk in the group receiving the lowest dose of 
hndane. At the highest doses, multiple episodes of myoclonus 
were a prominent feature of the seizures produced by all three 
drugs. Additionally, at the highest dose, hndane produced a high 
incidence of hopping seizures (75%), whereas Ro 5-4864 pro- 
duced a higher incidence of maximal tonic seizures (57%) than of 
hopping seizures (29%) Maximal tonic seizures were produced 
by both the middle and high doses (40% and 60%, respectively) 
of plcrotoxln, but only the middle dose produced hopping sei- 
zures (20%) (Table 1). Thus, at the highest doses, llndane was 
more effective in producing severe hopping seizures than m pro- 
ducing maximal tonic seizures, whereas the reverse was true for 
plcrotoxln and Ro 5-4864 Only one death occurred in all three 
dose-response studies, and this was at 11 mln in the group receiv- 
ing the highest dose of hndane 

The time course for seizures was remarkably similar for Ro 
5-4864 and hndane compared with that for plcrotoxln (Fig 1) 
Peak convulsant effects of all three doses of hndane and of the 
two highest doses of Ro 5-4864 occurred within the first 15 mln 
and no seizures were recorded for either drug after 30 mln. By 
contrast, the incidence of seizures produced by plcrotoxln peaked 
between 16-45 min and persisted throughout the first h after ad- 
ministration. Thus seizures produced by plcrotoxln had a longer 
latency, peaked later, and persisted longer than those produced 
by the other two drugs 

Seizures and other behavioral signs of toxicity produced by 
the combination of 10 mg/kg each of hndane and Ro 5-4864 were 
similar to those produced by 20 mg/kg of either drug given alone 
(Table 1 and Figs 1 and 2). With the combination of the two 
agents, the Incidence of myoclonus was slightly greater and of 
minimal tonic seizures was approximately equal to that seen with 
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TABLE 1 

PERCENT OF RATS EXHIBITING SELECTED ABNORMAL BEHAVIORS* 

Drug Seizures Mm Mm Hopping Max 
(mg/kg) Prone (Any Typel Myoclonus Clomc Tonic (Max Clon ~ Tonic 

Plcrotoxm 
0 5 17 
1 40 80 60 60 40 20 40 
2 40 100 100 80 100 60 

Ro 5-4864 
5 
10 13 26 26 13 13 
20 43 71 71 57 57 29 57 

Llndane 
5 29 14 14 
10 29 29 29 29 14 14 
20 63 88 63 38 50 75 13 

Combananont 
Ro 5-4864(RJ 50 13 13 
Lmdane (L) 29 29 14 14 29 
R + L 63 100 88 63 50 75 50 

*Each rat was scored once for each category with the result expressed as a % of the group See the text for explanation of prone 
and deflmtlon of seizure types 

tRo 5-4864 and hndane were administered m a dose of 10 mg/kg singly or m combination (R + L) for a total dose of 20 mg/kg 

20 mg/kg of either drug administered alone. On the other hand, 
the incidence of hopping seizures was equal to that produced by 
20 mg/kg of llndane, and the incidence of maximal tonic seizures 
was similar to that induced by 20 mg/kg of Ro 5-4864, whereas 
the combination should have produced approximately 52% hop- 
ping [(75 + 29)/2] and 35% tonic [(57 + 13)/2] seizures if the ef- 
fects were additive, rather than synergistic (Table 1) Thus the 
combination appeared to produce additive effects on myoclonus 
and minimal tonic se,zures and synergistic effects on maximal 
seizures. 

Peak convulsant activity for the drug combination occurred 
dunng the first 15 min, like that produced by the equivalent dose 
of 20 mg/kg of either drug administered alone (Figs. 1 and 2) 
The combination, however, produced seizures which persisted 
longer than dtd those produced by any close of either drug alone, 
,.e . throughout the 1-h period of observation rather than for only 
30 mln as in the dose-response studies (Figs. 1 and 2). The drug 
combination produced two deaths, one at 16 rain and another at 
48 mln (Fig 2), compared with only one death produced by 20 
mg/kg of either drug (hndane) alone (Fig. 1). 

Hypothermw Effects (Figs. 3 and 4) 

All three doses of either lindane or picrotoxln and the two 
highest doses of Ro 5-4864 produced significant hypothermla. 
The lowest dose of plcrotoxln produced hypothermla only after a 
15-mln delay For all three agents, the maximal decrease occurred 
at 60 mm after administration of the h~ghest dose, whereas the 
maximal decrease occurred earlier at lower doses. At the highest 
doses, seizures attenuated the drop in temperature at 15 and 30 
ram. thereby obtunding a dose-response effect at these times and 
delaying the maximal decrease In temperature to 60 min from 
30 mm. 

At one h, the maximal mean decreases from pretreatment val- 
ues were 3 2, 2.3 and 1 8 degrees and the percent recovery from 
peak effect between 1 and 2 h was 47%, 13%, and 33% for the 
highest dose of plcrotoxin, Ro 5-4864, and lindane, respectively 

Thus, of the 3 agents, the highest dose of plcrotoxln produced the 
greatest decrease in colonic temperature, followed by the most 
rapid rate of recovery, whereas the rate of recovery was slowest 
for Ro 5-4864 Colonic temperatures were back to normal by 4 h 
for all three drugs. At convulsant doses of all three agents, hypo- 
thermla peaked later and had a longer duration than did the con- 
vulsant effects. The time course and degree of hypothermia were 
markedly similar for Ilndane and Ro 5-4864, although, at the 
lowest dose, lindane was the more effectwe and, at the highest 
dose, Ro 5-4864 was the more effective in producing hypother- 
mla The combination of Ro 5-4864 and llndane (Fig. 4) pro- 
duced hypothermla  with a maximal  mean decrease  from 
pretreatment values of 1 6 degrees at 1 h, i e., similar to the hy- 
pothermla produced by 20 mg/kg of either agent when given alone, 
and a 19% recovery from peak effect by 2 h, i e , a slope of re- 
covery between those produced by the highest dose of either hn- 
dane or Ro 5-4864 alone (Fig. 3). 

Effects on Food bztake (Figs. 5-8) 

In the dose-response studies (Figs 5-7),  only the highest dose 
of either hndane or Ro 5-4864 decreased food intake, whereas 
plcrotoxln did not produce a significant effect on food intake at 
any dose. Food intake was stgmficantly reduced at two time pe- 
riods after drug administration, i.e., the 2-4-h interval and one of 
the nocturnal periods, i e., either the 10-12- or the 12-24-h in- 
terval after drug administration With this food intake protocol, 
control rats eat maximally during the 2-4-h interval when food is 
first returned and during the first 2-h interval after lights are turned 
off which is 10-12 h after drug adminlstrauon, and eat minimally 
dunng the Intervening intervals. Thus, unless it is particularly 
severe, a drug-induced hypophagia will not necessarily be differ- 
ent from control values during the 4-10-h  period, but may be re- 
flected in a depression of cumulative food intake. Indeed, the 
highest dose of both Ro 5-4864 and hndane produced significant 
depression of food intake at all cumulative intervals examined 
Thus hypophagla had a higher threshold but, when present, per- 
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FIG I A comparison of the dose-response effects produced by picro- 
toxin, Ro 5-4864 or hndane on the incidence of seizures or death with 
time after admmBtrauon m the female rat Each rat was scored once per 
15-mm interval for worst  behavior and the results expressed as a percent 
of the group Seventy of behavmral effect ranged from myoclonus (least 
severe) to death 

sisted for a longer time than did hypothermta and seizures 
The combinauon of 10 mg/kg each of hndane and Ro 5-4864 

resulted in significant depresston of food mtake in the 2-4- ,  10- 
12-, and 12-24-h intervals followmg administration of lindane, 
and m a depression of cumulative food mtake at the 2 J ,  -. 2-12-,  
and 2-24-h periods, with a trend toward reduced food intake at 
all other cumulative intervals (Fig 8). A comparison of these re- 
sults with the hypophagtc effect of 20 mg/kg of either lmdane or 
Ro 5-4864 reveals the dose-addmon effects on this endpoint. In 
this expertment, the subconvulsant dose of Ro 5-4864 (10 mg/kg) 
depressed food retake, but only dunng the 2-h interval after hghts 
went out. This may be related to the high concentration of Ro 5- 
4864 binding sites in the pineal gland (3,6), an organ involved in 
c~rcadian  regulation 

D I S C U S S I O N  

The  s e v e r a l  r ad i ces  o f  t o x i c i t y  p r o d u c e d  by  IP  a d m I m s t r a U o n  
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FIG 2 Incidence of seizures or death after administration of Ro 5-4864 
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and hndane Rats were scored once per 15-mm interval as m F~g I Each 
drug was administered in a dose of 10 mg/kg 
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of Ro 5-4864, hndane, plcrotoxln or the combination of hndane 
and Ro 5-4864 all had the same relative thresholds and t~me 
courses Hypothermia and the prone posture had the lowest thresh- 
old and convulsions the next, with hypophagia produced only by 
the highest doses of Ro 5-4864 and hndane m the dose-response 
study and by the combinatmn of llndane and Ro 5-4864. A lower 
threshold for hypothermla than for seizures has also been reported 
for picrotoxm m mice (23) and m rabbits and dogs (38). Seizures 
began and ended sooner than did either hypothermla or hypopha- 
gia, while hypophagla was the most persistent effect seen The 
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FIG 6 Changes m food retake with ttme after administration of 3 differ- 
ent doses of Ro 5-4864 Data were collected and are presented as m 
Fig 5 

relative thresholds and temporal sequences reported here for the 
effects of hndane agree with our prevtous reports on the effects 
of IP admmistratton (48) and contrast wtth our previous findmgs 
that hypophagia had a lower threshold than did hypothermia and 
seizures following PO administration (20, 48-50) This relattvely 
greater effect on food retake when hndane was admmlstered PO 
rather than IP was tentatively explained by a d~rect effect of hn- 
dane on the gastrointestinal tract, perhaps on GABAergic mech- 
amsms, when xt was g~ven PO (481. These findings are consistent 
with the hypothesis that all three agents produce these effects by 
antagomsm of GABAerglc neurotransmlsston which IS the only 
known pharmacological mechamsm whxch they share m common. 
However, the fact that seizures, hypothermla, and hypophag~a 
each have a different threshold and t~me course suggests that dif- 
ferent target t~ssues and/or neuronal c~rcu~ts are revolved 

The combination of hndane and Ro 5-4864 (10 mg/kg each/ 
produced additive effects on hypothermia, hypophagta, myoclo- 
nus, and minimal tomc sexzures In addition, evidence for a syn- 
ergistic interaction was provided by the much longer duration of 
seizures and the greater incidence of severe seizures and death 
produced by the drug combination compared with the h~ghest dose 
of either m the dose-response studies. In fact, the duration of 
seizures after admmxstratlon of the combination of hndane and 
Ro 5-4864 was remarkably s~mxlar to that produced by the high- 
est dose of p~crotoxm alone. S~mllarly, m a previous study from 
this laboratory we observed that Ro 5-4864 appeared to produce 
synergistic effects when combined w~th hndane (20). A basts for 
such synergistic effects is not yet clear, but may be due to actt- 
vat,on of a secondary mechamsm. 

The abnormal prone posture produced by all three drugs may 
be related to the periods of quiet standing or motor lnact~vtty that 
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have been reported previously for p,crotoxln (31), hndane (20), 
and Ro 5-4864 (31). A relation is suggested because plcrotoxln 
potentmted both the motor inactivity (31) and, at hxgber doses, 
the convulsions produced by Ro 5-4864 (31,37). For all three 
drugs, myoclonus, the hallmark of organochlorme insecticide 
poisoning (15,42), bad a lower threshold than did clonic or tonic 
seizures. Myoclonus has been associated primarily with brain- 
stem areas (41), although myoclonus has also been produced by 
hmblc klndhng (35) and by administration of the GABA antago- 
nist blcuculhne Into the dorsal layers of the prepyrlform cortex 
(32,44). The behavioral sequence of hmbic automatisms and my- 
oclonus followed by clonlc-tomc seizures (32, 35, 44l observed 
with increasing doses of all three drugs suggests a primary site of 
action within the llmb,c forebraln with subsequent activation of 
the bramstem (13). 

Although the most striking and important finding m this study 
was the marked slmdarlty in the effects of hndane, Ro 5-4864 
and plcrotoxm, important differences were also observed, both in 
the absolute thresholds and in the kinetics of the dose-response 
effects produced by the three agents 

At low doses plcrotoxln was the most effective of the three 
agents in decreasing core temperature relative to effectiveness m 
producing seizures. For example, a 1 5°C decrease xn temperature 
at 30 mm was produced by 0 5 mg/kg of picrotoxln and by 10 
mg/kg of either lindane or Ro 5-4864, yet, at these doses, plcro- 
toxin was subconvulsant, whereas Ro 5-4864 and llndane pro- 
duced an incidence of 26% and 29% convulsions, respectively. 
At one hour, a 2.2---0.5°C decrease m temperature and a seizure 
Incidence of 80-+ 9% was produced by 1 mg/kg of plcrotoxm and 
by 20 mg/kg of either hndane or Ro 5-4864 Lindane and Ro 5- 
4864 also produced hypophagla at a dose of 20 mg/kg, whereas 
plcrotoxm did not produce hypophagia even at the 2 mg/kg dose 

that produced a 3 5°C depression in core temperature and 100% 
seizures. Thus, on a welght/kg basis, plcrotoxin was roughly 20 
times more effective than hndane or Ro 5-4864 in producing hy- 
pothermla and seizures, but was relatively ineffective in produc- 
ing hypophagla 

The molecular weights of Ro 5-4864 and hndane are 320 and 
291, respectively. Picrotoxxn has a dot structure and is a 1 1 mix- 
ture of two dilactones, i.e., plcrotoxlnin.plcrotm. Plcrotoxlnln, 
which is the active agent, and plcrotln, which Is '/moth as toxic 
(33l, have molecular weights of 292 and 310, respectively Be- 
cause plcrotoxlnln has about the same molecular weight as do 
hndane and Ro 5-4864, and because It represents approximately 
one-half of the molecular weight of plcrotoxtn, picrotoxlnln was 
approximately 40 times more potent on both a mg/kg and a mole/ 
kg basis than were hndane and Ro 5-4864 in producing hypother- 
mla and seizures. Lmdane and Ro 5-4864 were about equally 
effective in producing hypothermxa, seizures and hypophagia when 
administered either as mg/kg or mole/kg body weight Since hn- 
dane is considered a potent convulsant, Ro 5-4864 must also be, 
in agreement with others (46). This contradicts the assumption by 
some that Ro 5-4864 produces seizures only at high doses (45). 

The relative In VlVO effectiveness of the drugs was not pre- 
dicted by in vitro studies. Plcrotoxln was approximately as effec- 
tive as hndane m inhibiting TBPS (t-butylbicyclophosphoro- 
thlonate) binding at the PTX receptor with ICsos of 0.2 ~,M and 
0.15 p.M, respect,rely, m tests reported by the same laboratory 
(1), and another laboratory reported that plcrotoxlnln was approx- 
imately as effective as hndane in inhibiting TBPS binding with 
ICsos of 0.25 p,M and 0.4 ~,M, respectively (7) Further, the 
similarity in molar effecuveness of hndane and Ro 5-4864 was 
unexpected since m v~tro data suggested that llndane would be 
approximately 4-5 times more potent than would Ro 5-4864 The 
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IC5o for inhibit ing T B P S  b lndmg was  0 .15  IxM for hndane  (I )  
and 0 .6  p,M for Ro 5-4864 (46) The  ICso for mh lb i tmg  G A B A -  
s t imula ted  chloride uptake was  1 ~ M  for hndane  (2) and 5 p,M 
for Ro 5-4864 (28). Because  the in vitro data for the effects  o f  
hndane  and Ro 5-4864 were collected m different  laboratories the 
relative ef fec t iveness  o f  the drugs  may  be mt s l eadmg .  

After  adminlstratxon of  plcrotoxin,  the onset  o f  both hypotber-  
mla  (at the lowest  dose) and setzures occurred only after a latency 
when  compared  with the effects  o f  l indane and Ro 5-4864.  A la- 
tency for p lc ro toxm- induced  seizures relative to other  convulsan t  
agents  ts well  known (12,23)" however ,  the m e c h a n i s m  for this 
p h e n o m e n o n  ts unclear.  Fol lowing admlmst ra t lon  o f  pLcrotoxln, 
the rates o f  both the decrease In temperature  and the recovery 
f rom hypo the rmta  were greater  than for the other  two drugs ,  al- 
though  setzures persmted the longest  A cor respondence  be tween 
hver  concentra t ion and convulsan t  activity (11) sugges t s  that met-  
abohc  activation ma y  be required to separate p l c ro t oxmm and pi- 
crotln. M e t a b o h s m  of  picrotoxln could explain  both the latency 
and greater  rates o f  changes  fol lowing p~crotoxIn admtmst ra t lon .  
However ,  neither m e t a b o h s m  nor addtt ional  tOXlCOlonettc factors 
for any  o f  the three drugs  can easi ly expla in  the difference in rel- 
ative ef fec t iveness  for the vartous endpolnts ,  i .e . ,  the greater  ef- 
fec t iveness  o f  plcrotoxln in producing hypo the rmla  and seizures 
than in producing  h y p o p h a g m  compared  with the other  two drugs .  

Since Ro 5-4864 binds at low nanomola r  concentra t ions  both 
to the pBD site (45) and at m t dnanomol a r  concent ra t ions  to cal- 
m o d u h n  (26), these sites will be saturated before the PTX site is. 
The  affinity o f  p lc ro toxm and hndane  for c a l m o d u h n  should  be 
de termined Indeed,  in plants hndane  Inhibited c a l m o d u h n -  

dependent  C a 2 + - A T P a s e  actlvlty (391. Plcrotoxin has  been re- 
ported to be inactive at the pBD site (36,40);  ff so, the pBD site 
cannot  be the pr imary site o f  act ion o f  these three drugs .  How-  
ever,  the compel l ing  similari ty in the effects  o f  l indane and Ro 
5-4864 warrants  an examina t ion  o f  the af f imty o f  hnda n e  for this 
site. This  is especmlly  true smce  the pBD site may  contr ibute to 
the toxtctty o f  other  t n sec t todes ,  i.e . pyrethroids  (9, 10, 36), 
some  of  which  (Type II) also bind to the TBPS site (22). mhlbt t  
G A B A - s t i m u l a t e d  chloride f lux (2.5) and cause  hypothermla .  
clonic/ tonlc seizures and hypersal ivat lon (19), .lUSt as l lndane and 
Ro 5-4864 do. 

Biochemica l .  e lect rophyslologlcal ,  and molecular  biological  
techniques  have shown  that there are mult tple  subtypes  o f  the 
G A B A A  receptor [reviewed in (30)] Regional  di f ferences  In the 
express ion  o f  the var ious  subunl t s  o f  the G A B A  A receptor (25) 
may  explain  the toxicokinet ic  d i f ferences  be tween p~crotoxm, lin- 
dane.  and Ro 5-4864 Indeed.  the ablhty  o f  Ro 5-4864 to modu-  
late GABA-s t tmu la t ed  C1 currents allosterlcally reqmres  a subunt t  
(34) with relatively restricted d~stnbution in the rat brain (25) 
These  f indings complemen t  earlier s tudies o f  TBPS binding (43.46) 
and o f  autoradlography of  rat brain (17) which  sugges ted  that Ro 
5-4864 acts at a subpopula t ion  of  PTX sites Electrophysiologl-  
cal s tudies o f  the action o f  hndane  also led to the sugges t ion  o f  a 
mul t lphc i ty  o f  G A B A A  receptors (29) Thus  the present  data pro- 
vide m vivo support  for the hypothes i s  that the toxic effects  of  Ro 
5-4864 and hndane  may  be attr tbutable,  at least m part. to an in- 
teraction at only a subpopula t lon  o f  G A B A  A receptors,  whereas  
plcrotoxln may  act at all GABA~,  receptor subtypes  
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