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SU}U4ARY

Lactams and several other compound.s were injecÈed intraperi.tonealJ-y

in mice and changes in activity were observed.

The EDUO of compounds active in mice, i.e. causing convulsions or

Ioss of righting reflex was estimated.

The effect of various substitutions on the lactam ring and resu.ltant

changes in the log P value is discussed in relatj-on to changes in

behaviour of mice after administration of the lactams.

Two lactams, 7-nCnHr-caprolactam and 4,6,6-(CH3) r-caProlactam were

títrated against each other and were fou¡d to antagonize one

another.

Various experiments were carried out on isolated preparations to

determine if the lactams had any effecÈ on putative amino acid

transmitters.
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INTRODUCTION

The aims of this thesis are:

I. To observe the activity of the whole animal (mouse) upon administ-

ration of caprolactam and its derivatives. (A number of other

unrelated compounds were also screened).

2. To quantitatively analyse this activity and determine if there is

any correlation between the biological activity of the compound and

its log P value

3. To determine what effect the various substitutents on the lactam

ring have in relation to the activity in the mouse upon administration

of the compound.

4. To look at a few systems whereby it may be possible to establish

whether the lactams are GABA antagonists.

5. To determine whether two lactams displaying opposite effects in the

mouse antagonize each other.

Several studies have already been made on a few lactams in the past

years (Lien, Lien and Tong, L97L¡ Elison, Lien, Zinger, Hussain, Tong

and Golden, L97I¡ Goldblatt, Farquharson, Bennett and Askew, L954). fn

this thesis, part of the work deals with a particular lactam, caprolactam,

which is screened for any activity in the CNS and also examines how this

activity changes with certain substitutions.

Caprolactam, when administered intravenously has an excitatory

action on the CNS which results in convulsions at a rather high dose

(= 600 mglKg) (Elison et aL., l-97]-). This activity stems from the
>N-C- + >N+-C-

resonating structure ll I where A=O or S (Lien and Kumler,
AA-

1967), a factor found to be coInmon in central nervous system depressants

and stimulants. E1ison et aL. (1971) also showed that the longer the

chain of the oJ-amino acid from which the lactam= .r" obtained, the greater
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the lipid sol-ubility and the more effective the compound is as a

stimulant. As well as this, a lactam J-acking N-substitution is a fair:J-y

potent CNS stimulant, as are the thio-d.erivativesof the compounds.

These cyclic compounds have an advantage over their parent o-amino

acids in that their ability to cross the blood-brain barrier is gr:eatly

enhanced by the red.uction of polarity during the cyclization process.

e-aminocaproic acid, the amino acid from which caprolactam is derived by

ring closure, augments the local responses evoked from the cerebral

cortex but shows no significant effect on cerebellar activity (Purpura,

Girado, Smith, CaLlan and Grundfest, 1959). !ùhen this anino acid is

cyclized, it's synaptic action is enhanced.. The cyclization of these

acid.s increases the lipid solubility of the molecule (by reducing the

polarity) thus enabling the molecule to penetrate the blood-brain barrier

and enter the CNS.

Although caprolacÈam had a stimulant effect on the CNS, it is

thought that this is not due to a direct excitatory effect on the CNS.

When applied directly to the spinal cord neurones, caprolactam did not

produce any activity (Curtis and VtaÈkins, 1960). e-aminocaproic acid,

however, did show some depression of the spinal cord neurones. On the

other hand, Ionger chain to-amino acids showed no activity; it was only

o-amino acids with a chain length of less than six carbons that showed

any depression. But when applied topically to the cerebral cortex, the

longer-chain o-amino acids augrmented responses evoked from the cortex

while the short-chain o-amino acids had a depressant effect on +-he

cerebral cortex (Purpura et aL.r).

Supported by this evid.ence Kerrr'Dennis, Breuker, Pragier, Ward and

Duong (L976) thought it most likely that the activity displayed by e-

aminocaproic acid and caprolactam was mediated by a blockade of some



FIGURE 1

Structures of y-aminobutyric acid (GABA) 
'

y-butyrolactam, e-aminocaproic acid, and

e-caprolactam.
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form of CNS inhibition, rather than by clirect excitatiorr of CNS neurones.

And since GABA-mediated inhibition predominates over glycinergic-

mediated inhibition in higher CNS centres (Curtis ancl Johnston, L974), it

appeared most likely that the inhibition by caprolactam would be GABA-

mediated. Kerr et aL, (1976) further showed that this was in fact the

case with caprolactam and two of its derivatives when they used. the

strionigral pathway. GABA is the recognised transmitter in this pathway

and picrotoxin, a known GABA antagonist depresses the strionigral

responses. The same resul-t occurred with caprolactam and the two

derivatives.

Apart from screening caprolactam and its derivatives, a further

part of this thesis endeavours to determine whether these lactams

antagonised GABA in other systems (Appendices 4-8). This was compiled

from work carried out in different research units I visited and. worked

in in Canberra, Cambridge, London and Bristol as well as some research

carried out in Cal-ifornia using one of the lactams.

Returning to the screening of tactam. activity in the CNS, whole

animal studies only were carried out. This meant that many factors had

to be considered; physical characteristics of the chemicai molecule,

elimination and/or inactivation of the compound in the body as well as

concentration changes in different parts of the animal.

The screening of the compounds resulted in an investigation of the

relationship between chemical structure and biological activity which

provides information about which moieties in the molecule are essential

to obtain potent and specific drugs as well as providing more ideas for

the mechanisms of action of drugs (van Rossum, 1963; Srnythies, L974).

Most drugs activate biological tissue by interacting with receptive

sites whose molecul-ar structure and physical and chemlcal properties are
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suitable for the attachment of the drug there. To isolate a system as

such may be difficult, but even so, the interaction of an isolated

receptor with a drug would not be truly representative of that found, in

the tissue. Consideration has not been given to any steady state processes

which control- the chemical'environment of the receptors. Events such as

route of administration, absorption, distribution, metabol-ism and

excretion are all involved. in the activity elicited by a drug in the

whole animal.

The basic step in drug action is to determine how the molecules

reach the receptive site and attain a sufficient concent::ation after

administering the drug in order that the drug causes an effect. The

route of administration and. the rate of absorption are the main factors

in determining the time course of onset of actíon and the drug dosage

needed to prod.uce the desired effect. But other factors e.g. distribution

and metabolism are also of significant importance. The rate, extent

and pattern of initial distribution of a drug are determined by the

physico-chemical characteristics of the drug. Lipid-soluble drugs that

readily cross membranes are distributed throughout all fluid compartments,

whereas lipid-insoluble drugs have more difficulty in doing so (Brodie

and Hogben, 1957). These drugs normally pass through pores in the

membranes if they are to cross the membranes. Another factor to

consider is the binding of drugs to plasma proteins, inhibiting their

passage across cellular membranes.

The termination of the drug effect and thus its duration of action

is usually brought about by metabolism or excretion or both, but it may

also result from redistríbution of the drug from its site of action into

other tissues or sites. Many drugs are lipid-soluble weak organic acids

or bases that are not readily eliminated from the body due to tubular
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reabsorption of the undissociated moLecules. To be excreted more rapic1ly,

they are netabolized or transformed intomore polar compounds. These

netabolites are usually 3-ess lipíd soluble, more ionized at physiological

pH, less bound to plasma and tissue proteins, less stored in fat and less

ablê to penetrate cell membranes. Thus metabolism not only fosters drug

inactivation but also often results in elimination of the drug.

The most important route of excretion for most drugs is the kidney.

Many drugs are also excreted into the bile but are usually recycled

through the intestine, making this route quantitativellz unimportant.

Although all tissues of the body may be exposed to virtually the

same concentration of a drug, it is common knowledge that some tissues

are affected. much more than others. The selective effect of many drugs

'is best explained by postulatinq the existence of specific receptive

molecules within cel-ls or on their surfaces. These molecules or sites

are referred to as t'receptors". The most compelling reasons for

postulating the receptor hypothesis oríginates from quantitative studj-es

on drug effects and their inhibition by antagonists (van Rossum, 1963;

Schild, 1947; Albert, 1975).

Because the biological activity of a compound is determined by its

chemical structure, if the chemical structure of a compound. seÈs values

for various physico-chemical parameters, then these parameters may also

correlate with the biological activity of the compound. Elison et a7,.

(1971) observed thaÈ, in mice, the acute lethal toxicity of some CNS

sti:nulånts with a l-actam structure was found to be correlated with the

log P value of the compound where P is the I-octanol-water partition

coefficient. Hansch and Anderson (1967 ) have also noticed this in a

series of barbiturates. From a study of the structure-activity

relationships of barbiturates in four biochemical systems, inhibition
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of Arbacia egg ce1l division, inhik¡ition of rat brain oxygen cousumption,

hypnotic activity, and inhibition of NADH oxidation, they found that very

good sÈructure-activity correlations could be obtained cor'sidering only

the log p val-ues of the various barbiturate derivatives. Hansch et aL.

(1967) also observed that steric and electronic effects played a role

but that this was only a minor role. These factors are more specifically

concerned with the behaviour of the compound molecule at the responsive

site. The steric factor is determined by the shape of the ring of the

Iactam (Elison et aL., 197I) or barbiturate. (Hansch et aL., L967) ¡

whether it is flat or has a "chair" or "boat" formation, and also by

the different substituents on the ring and how these may effect the

binding of the compound molecule to the responsive sites and thus

produce an effect. The electronic factor describes the electron

distribution of the compound and this varies with different substituents

on the ring. I'j€n et aL. (l-97l-) used the dipole moment (u) to bring

these factors into their discussion of lactams. It appears to play a

significant role in determining the convulsant activity and the acute

Iethal toxicity of the lactams they studied. They found that a higher

dipole moment causes Èhe >NH hydrogen to be more electron deficient, and

the >CS grouping to have a higher electron density; these two effects

provide stronger hydrogen bonding which is associated with increased

convulsant activity and acute lethal toxicity-

But Hansch, steward, Anderson and Bently (L967 ) point. out that

although the relative activity of drugs in a series of congeners is

highfy dependent on their lipophilic character, this correlation does

not hold indefinitely as the lipophilic character continues to increase.

This is thought to be due to a decrease in mobility of drug movement

through biological material when one departed in either direction from
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ideal lipophilic character. By measuring other parameters such as the

dipole moment, we can make more conc-lusions about structure-activi{:y

relationshiPs.

Nevertheless, with the factams provided, and being given the log P

values for some of them, it was decided that a correlation study of

biological activity and 1og P would still be carried out.

l\s weII as the above variations in biofogical activity due to

changes in chemical structure, another field of study in structure-

activity relationships is that of studying the biological activity of a

nuÍiber of closefy related compounds, i.e. where there is a basic structure

and what in fact is being studied, is the effect of dífferent sub-

sÈituents situated on various parts of the basic structure. This aspect

of structure-activity relationships was tackled in this thesis' The

basic structure was the caprolactam molecule'

Another part of the thesis deals with the titration of two lactams

against each other. These two lactams were observed to have opposite

effects on the whole animals, in this case the mouse. where, wiÈh one

lactam, the compound caused mice to convulse, the other lactam had a

depressant effect. Thus iÈ was thought that the two compounds night

antagonize each other. This idea was prompted by the work of Shulman

and Laycock (Pt 2 , 1967). They suggested that analeptics and irypnotics

produced their opposed, effects at the same site by modifying the

Iiberation or action of a transmitter substance. Although their work

was not entirely conclusive since they onty used whole animals, it was

nevertheless thought to be an interesting exercise to undertake'
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},iETHODS

Cornpounds

Fresh stock solutions of all- the compounds (Appendix l) were made

up each day. Saline at room temperature v¡as used \^Iherever possible to

dissolve and dilute the d'rugs. Those drugs not soluble in saline were

dissol-ved in propylene glycol or varying mixtures of saline and propylene

glycol so that needles as small as possible could be used when administer-

ing the drug. Propylene glycol injected on its own did not have any

effect on mice.

AnimaLs

tJhite mice, vreighing, between t5-40 gm were used in aII experiments.

Although not ideal, in some cases the mice had to be reused up to four

times. However they were only reused after at least a seven day interval

following the previous ad.ministration. Because the activity observed

¡nfas short-acting, there is not much chance that enzlzme induction would

occur. This has been observed. with short-acting barbiturates. No enzyme

induction takes place for these barbiturates whereas for longer-acting

barbiturates, enzlzme induction does occur (Brian Priestly, private

communication).

Adnínístz'atíon of dtugs

AII drugs were administered intraperitoneally in volumes ranging

from 0.25 mr to 0.5 mI, using needles as small as possible. The mice

$rere identified by coloured marki¡gs on their tail'

fueLiminarA screeníng of eompounds

AlI compounds were initially screened by injecting mice intra-

peritorreallyatdosesrangingupto2oong/Kgbodyweight.Generally

the doses rvere IO , 20, 60, loo and 2OO mg/Rg or until a definite

response was observed. Occasionally fewer doses were injected to cover
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the same range, depending on the quantity of drug available at the time.

If, for any of the compounds given, definite convulsant or depressant

behaviour was seen in the animal, no higher doses were given atrd the

compound was further Èested in more mice to determine a median effective

dose. The mice were observed for at least thirty minutes. Signs of

any other CNS or autcnomic effects Ì^/ere afso looked for.

Median effectiue dose (EbS,) estimation

To determine the median effective dose, groups of five mice were

injected wj-th varying doses such that there were at least two doses

r.r¡here the number of mice showing CNS activity, i.e. convulsions or

loss of righting reflex, lay between one and five. Observation time was

at least thirty minutes. The ED'O was then calculated by the method of

Litchfield and lrlilcoxon (1948) using 95% confidence l-imits.

Log P

As well as calculating the ED'O of a compound, the log P value was

also determined. This was measured by the Departrnent of Organic

Chemistry at the University of Adelaide.

Following this, a graph of log (1,/ED5O) against tog P (James, 1974)

was plotted. Appendix 2 describes the algorithm used to estimate the

curve as well as another algorithm which was used to deÈermine if there

was any significant variation between groups of lactams used.

Titratíon eæpev'Lment

Fotlowing the method set out by shulman and Laycock (Pt 1, L967) ,

groups of ten mice were used for each dose of the depressant lactam

7-nCn[r-caprolactam (7-S). A concentration of this lactam (ED50A) was

determined such that when titrated against a fixed dose of the convulsant

lactam 4,6,6- (CHr)r-caprolactam (4-t'l), the quantity of both drugs

present simultaneously at their sites of action during a specified
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titration interval, resulted in a depressant titration effect equivalent

to that produced by the EDUO of 7-B alone. Groups of mice were tested

at each dose of 4-M until there were at least two groups of mice whose

effects quantitatively lay between 0* and 100?. The 
"O5OO 

for that

particular dose of 4-M was then cletermined by the method of Litchfield

and l.lilcoxon (1968) using 95* confidence limits.

This procedure was continued so that the lactam 4-M had been

titrated at increasing concentrations up to approximately twice the :

UO5O of 4-M which had been caLculated previously-

The time interval between administering the depressant- and convulsant

lactam was determined. by the time taken for the compounds to react

individually on the mice. On the basis of this information, the

administration of the two lactams was spaced such that both compounds

produced maximal effects at approximately the same time.

The mice were observed closely for at least fifteen minutes and

then at intervals of five to ten minutes until the mice had recovered,

this latter period of observation lasting up to three hours.

A titration curve was constructed by plotting mean uoroo values

against related doses of the l-actam 4-M. A curve of best fit was

estimated using feast squares r"nr.r=ron analysis (Appendix 3).

The mice used in this titrat.ion were not reused.
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RESULTS

Pz,eLiminary s creeni.ng

Of the eighty-five compounds screened, twenty-four lactams produced

some distinctive behaviour in the ¡nice. All the remainj.ng compounds did

not have any significant effect on the animals at the doses used. îhis

Iatter group also included some pyrrolidinone compounds but none of

these showed any effect on the mice at doses up to 2OO mg/Kg body weight.

One of the active compounds, 7-nCnHr-caprolactam had a partially

depressant effect on the mice tested. AbouÈ two to three minutes after

administration of this lactam, the mice first became hyperactive, walking

with an unsteady gait and occasionally displaying a Straub tail or even

had mild clonic convulsions. But this lasted no more than one minute.

After this initialbehavior:r, the mice developed ataxia or muscle inco-

ordination and then lost their righting reflex, the duration being

approximately four minutes where-upon recovery was complete. The actual-

Èime for the loss of righting reflex was about three minutes.

With all the other lactams that produced any change in behaviour

in the mice, the change was of an excitatory nature. Vüithin one to ten

mínutes after administration of the compound, the mice became hyperactive

running aror:¡rd in their container and displaying a Straub tail. This

would last about one to two minutes and was followed by clonic convulsions-

The Straub tail waspersistentthroughout the convulsions in all mice-

Accelerated respiration and in some cases defaecation were also observed.

In several cases the clonic convulsions were followed by tonic seizures

which were also accompanied by urination. Í{hen tonic seizures occurred,

death generally resulted. If death did not occur (wíth or without

tonic seizures), the convulsions persisted for one to three minutes,

whereupon the mice became very quiet and often slept. It is not thought
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that this phase following the convulsions is due tc a neuro-¡nuscul-ar

blocking effect caused by the lactams since the lactams had no effect on

the toad sciatic-sartorius preparaÈion (Max Xing, private communication).

There was no evidence of pilo-erection, salivation, braclycardia or

antinociceptive action.

Median effectiue dose (EDS0)

Table I shows the structure and molecular weight of all the compounds

screened as well as the ED5O, in mg/Kg and mM/Kg, and log P values for

those compounds which produced significant activity in the n¡-ice. Compounds

18, t9 and 25 although active do not have an assigned log P value. This

was due to the difficulty in evaluaÈing the log P values for these

compounds.

The graph of log P against log (1,/ED5O) of the active caprolactams

is seen in Fig. 2. 7-nCnEr-caprolactam was not included because its

activity was of a depressant nature whereas the activity of the other

Iactams is of an excitatory nature. The numbers in the graph refer to

the compound numbers in Table 1. A Hansch analysis was carried out on

the twenty compounds in the graph and this showed that there \.Ias no

significant correlation between biological activity and log P values

(Appendix 2). Furthermore F-ratios \¡¡ere carried out between three groups

of lactams: the thiocaprolactams (compound.s No. 53, 54r 55, 561 57r 6I,

see Table 1), the monosubstituted caprolactams (compounds No. 1, 4, 5,

13, see Table l), and the disubstituted caprolactams (compounds No. 7, 8,

9,10, 14, 15, I7,38, 39,4L, see Table 1). In all cases Èhe F-ratio

tests showed that there hras no significant difference between these

groups to suggest that this might be one reason why there $tas no

correlation between biological activity and log P value in the Hansch

analysis (Àppendix 2).



TABLE 1

A list of the structures of compounds which

hrere screened on mice with their molecular

weights and. log P values and EDUO values

calculated in mgrlKg and rnM/Kg with 95t con-

fidence limits in brackets.
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FIGURE 2

-I
The estimated curve of log P-Iog (1/ED5O) (U¡I,/KS)

of active caprolactams. The nu¡nbers on the curve

refer to the nun[ber of the compound in Table 1' A

tal¡le of values, observed and calculated, of log

-'l(1/ED5o) in (uMlKs)-^ ís listed in Appendíx 3'
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Titration erperíment

There were only a few cases where the mice showed preliminary

convul-sive activity or hyperactivity in tire presence of both 7-nCnHn-

caprolactam (7-B) and 4,6,6- (CH3)r-caProlactam .(4-M). When these and

other mice fost their righting reflex, they did not appear very relaxed

as'they did when onty 7-B r^¡as given. In aII cases where the mice lost

their righting reflex. the onset time for this to occur was five minutes.

The duration of loss of righting reflex ranged from three to nineteen

minutes.

In all cases, 7-B was administered first because its onset of

actions is longer than that for 4-1u1. The second lactam was given three

minutes later. Table 2 and Fig. 3 show the titration values and the

regress.ion line estimated according to the Polyanna curve-fitting

programme (Appendix 3).



FIGURE 3

Regression line representing the titration

of 7-B by 4-M. Each titration point is the

mean of at least 3 extimations.
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TABLE 2

titrâtion values* (ED'OA) in UM/Kg) and regression line t

representing the titration of 4-methyl-6-dimethylcaprolactam (4M)

against 7-butyl-caprolactam (78) -

4M (UM,/Kg) (x titrant)

0

78 (uM/Ks) (y titrant)

. 893.

I053

tI72

L237

1195

Equation of regression line:

Y=4-497x+901'33

* the titration end-point is hypnosis in 50t of a group of mice'

f regression line estimated using the Polyanna curve-fitting

prograrûne - APPendix 3.

39

52

64

77
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DISCUSS ION

There are two major groups of factors which influence the actj-ons of

a compound in an animal. TheY are:

(i) factors related to the compound itself such as lipid and aqueous

solubility, molecular size, charge, rate of dissolution. structure

etc., and

(ii) factors related to Èhe barriers in the body. These include such

elernents as absorbing surface areas, enzymatic activity, bowel

actions, stomach emptying, pH of body fluids, and vascularity

and blood flow in various parts of the animal.

To investigate the effect of aIÌ these factors in reLation to the

convulsant activity of the lactams in whole rnice would be an enorlnous task-

However, much can be inferred from these whole animal studies by considering

how various sr¡bstítutions on the lactam ring alter its convulsant activíty.

Related with this is the solubitity of the compound, particularly lipid

solubility, and for this, the log P values of the lactams will be

considered. along with the discussion on the effect of substitutions on the

Iactam ring.

For those compounds which v/ere screened on mice and did not produce

any CNS activity in the animal, the foltowing reasons might explain their

Iack of behaviour in the whole animal.

(í) the compound never reached the cNS, i.e. it did not cross the

blood-brain barrier. SÍnce log f values were only deter¡Hined

for the actíve compounds, there is at Present no information to

determine if this is the reason. BuÈ another method which coul-d

be used to deternr-ine if the drugs did. cross the blood-brain

barrier but yet were without any effect on the mice is by

administering the compound via theintra-cisternal route
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(Lockett and Davis, 1958). This method could also give some

information about the transport of the compound, i,e. whether

any of the compound might be metabolized on inactivated en route.

(ii) the compound reached the cNS, buÈ did not react with any responsive

' site and thus no CNS activity was seen. By studying in Uítz'o

experiments which are sensitive to drugs in the CNS, it might be

_, ¡rossible to deternuine whether the CNS has a responsive site(s)

for these lactams. However this encompasses such an enormous

range of experiments that it was not attempted at this stage.

(iii) the compognd was metabolized and,/or eliminated too quickly for

a sufficient concentration of the compound to cause any

significant effect. Adnittedly the route of adrnlnistration used

gives no information about this at all. The intraeisternal route

described by Lockett and Davis (f958) would give some information

about what occurs to the animal in the CNS alone, and from this

we nr-ight be able to deduce whether the drug is being deactivàted

in anY sense.

1iv) the amount of compound ad.ministered v/as not sufficient to cause

any CNS activity. In this thesis it was decided to study com-

pounds which were active at relatively low doses and thus those

compounds not active at doses below 2OO mg/Kg were set aside.

Substitutions

In this section the lactams were considered with respect to the

substitutions on the rinq and how this alters the potency of the lactam'

Log p values, where available, have been used in the discussion.

substitution at c-2: In alt cases the tog P values were increased

with sutphur substitution for oxygen at c-2. In general the EDro was

decreased by replacing oxygen with sulphur al c-2, i.e. the compound has



FIGURE 4

Basic structure of a 7-sided lactam ring.
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become more potent, e.g. compounds with no substitution at all except

for ttrat at C-2, or a metlyl group at C-4 or C-6 (the conpound screened

being a I:L mixture of the two lactams). However, the EDUO increased

where there was a methyl group at C-4 and two methyl grouPs at C-6

(Table 3), presuma-bly the log P value may have become too high for optimal

activity.

The last pair of compounds in Ta-ble 3, 7-CHr-caProlactam and 7-CHr-

thiocaprolactam, did not have any effect on the mouse where there was an

oxygen substituent at C-2 but did cause convulsions when the substituent

was a sulPhur atom.

Substitution at C-3: In general, the substÍtutions at C-3 did not

result in very potent lactams (Tabte 4). The only interesting lactams

with a C-3 substitution also had an oxygen atom substituÈed at C-4, and

two methyl groups at c-6. with a methyl group at c-3 plus the other

substitutions at C-4 and C-6, the lactam had a greater potency than if

there was no substitution at C-3. Hor{¡ever, if the size of the substituent

at C-3 increased beyond CH, no activity v¡as seen in the nþuse when these

compounds were given at low doses. This may be due to ínterference of the

C-3 substitutuion with the amide group, thus preventing any bonding from

taking place at the responsive site. However, it cannot be assumed in

this study that we are only looking at the response of one site to the

compounds. Therefore the above can only be taken as pure speculation.

Substitution at C-4: There was only one lactam which had a substitution

at C-4'alone and this did not produce any convulsant activity in the mouse

in doses up to 2OO mg/Kg. Hor^rever, in conjunction with a substitution at

C-6, when this lactam is adminístered to mice, convulsånt activity resulted.

From Table .5, it is interesting to note that the potency of. the lactam is

Iess when the substitution on C-4 consists of two methyl groups, and the



TABLE 3

Substitutíon at C-2

A tist of lactams comparing values of ED'O

fi\L/KS and. log P when the substituent at C-2

is either an o)qfgen or a sulphur atom.



LOG P

A=0 A=S

ED (mM/Kg)
50

A=0 A=S

1.0 1.94 0.04(0.037-0.047) 0.042(0.38-0.046)

1.0 1.55 0.044(0.04-0.048) 0.068(0.044-0.106)

t.32 2.06 0.244(0.203-0.2e3) 0.4s(0.441-0.46)

-0. 1 0 .72 5.133 0.27e (0. 254-0. 306 )

0.2 t.o2 0.488(0.47-0.507) 0.111(0.0e1-0.135)

0.2 0.98 0.234(o .207-0.265)

H
N

H
N

CH
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TABLE 4

Substitution at C-3

A list of lactams with substituents at C-3

(except the first lactam) including values

for EDUO (U¡1./xS) .



EDso (mM/Ks)

0 .,542(0. 485-0. 605 )

0 .245( 0 . 192-0. 3 14 )

o

-Er

-Er

¿H
N

H
N

7

-7

H
N

H
N

7

7

c
I
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N

Bu



TABLE 5

Substitution at C-4

A list of lactams with substituents at C-4

(except 6-dimeÈhylcaprolactam) including values

for ED'O (U¡1,/KS) and log P where these have been

measured.



LOG P ED
50

1.0 0.044(0.04-0.04S)

1.0 o.04(0.037-0.047)

L.?6 0.024(0.020-0.028)

r.32 0.244(0.203-0 .293)

o .7 0 .04s ( 0 .036-0 .056 )

LOG P rDuo (niM/Ks )

1.06 0.112(0.108-0.116)

1.0 0.058(0.052-0.064)

r.7s 0.16e(0.143-0.19e)

0.7

(mM/Ks)

{5

Äf
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H
N
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substitutj-on on C-6 is either a methyl cr chloro group than if these substit-

utions h/ere reversed. for C-4 and C-6. The log P values either remained the

same for each pair or varied such that the lactam with the two methyl groups

at C-4 had a larger log P t'alue than when the substitutions were reversed

at C:4 and C-6. The signíficance of this reversal is not clear; it may be

related to the fact that there is a conformational change in the ring

due to conjugation of the p orbital of the substituent with a p orbital nearby.

Substitution at C-5: only two Lactams vrere screened with substitutions at

C-5 - S-CHr-caprolactam and 5-tCnHn-caproì-actam. Neither caused any

activity when administered to the intact mouse (fig. 5). The log P values

were not too extreme, being 0.20 and I.58, respectively. It may be possible

that substituiions at C-5 interfer with bonding of the lactams with

responsive sites and thus ^orevent any activity.

Substitution at C-6: Substitution of this carbon has a strong influence

on the potency of the lactam. When two methyl groups are placed on the C-6

atom, the caprolactam becomes a very potent convulsant (Table 6). If, as

well as this, a methyl group is substituted at C-4, the potency of the lactam
t-eCvrCrrirä (\lf,i)(-c K¡rY\."{eLtl lI/tA'i('i-'rrC''

isienhance+-sÈîtt- furthef . ue+re+e*- Ì,/hen the ring is unsaturated, the
i-e.n^r(\r¡'ìt t['-L tsC',rvr{L

potency of the compound êee+eeseq while it increases when the unsaturated

ring has a chloro rather than methyl substituent aL C-4. The activity of

these lactams appears to be related to their respective log P values. As the

potency of the'lactam increases, the log P value increases from -0.1 to å.rU.

This may be a parabolic relationship as proposed by Hansch et aL. (1:967 ) but

there arè insufficient numbers of compounds to be certain of this.

Substitution at C-7: Alkyl substitution at this position showed

solne interesting results (Table 7). A methyl group at C-7 on the lactam

ring had nc¡ effect on the mice Ì:elow a concentration of 200 mg/Kg. Ethyt

and propyL substitutions at this carbon caused mice to convulse, the



FIGURE 5

Substitutíon at C-5

The two lactams with substituents at C-5

which were screened in the whole mouse

(including log P values).
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TABLE 6

Substitution at C-6

A list of lactams with substituents at C-6

(except caprolactam) including values for EDUO

(U¡,I/KS) and log P.



LOG P

-0.1

1.0

1.0

ED (mM/Ks )

5. 133

50

7

â o

¿ o

¿ o

CI

H
N

H
N

H
N

0.70 0 .045 ( 0 .036-0 .056 )

0.04(0.037-0.047)

H
N

L.26 0.024(o.o2o-0.028)

0.044(0.04-0.04s)
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CrHr-caprolactam being more potent than 7-C=,Hr-caprolactam. But wíth a

butyl group on C-7, the activity observed in the mice after administration

of this compound hTas a mixtr:re of excitation followed by depression. At

first the mice displayed hyperactivity and- ataxia and than a loss of

righting reflex v/as observed. Hov¡ever, when the first three compounds

had their oxygen atom at C-2 replaced with a sulphur aton, onlY 7-CHa-

thiocaprolactam showed a;ly convulsive activity in the mice below 200 mS/kg.

The only other compound with a sulcstitution at C-7 is an isopropyl

group (Table 7) but it has a lower potency than the other excitatory

Iactams in this category. The log P values for these compounds, where

available, were found to inc:rease with an increase in molecular weight

of the compound. Otherwise, there appeared to be no cfear relation

between the ED'O and the log P value of each compound-

Substitutíon at N: When a methyl group was placed on the nitrogen

atom, as with 4,6,6- (CH3)' a-3-caProlactam and 4,6,6- (CH3)3 a-6-caprolactam

(Fig. 6), the potency of the compound was reduced considerably with the

former compound, while no response v¡as seen in the mouse below 2OO mg/Kg

with the laÈter compound log P also increased. wíth N substitution. All

other compounds with nitrogen substitution did not have any effect on the

mice for the doses tested. It is obviously important that there is no

substitution on the nitrogen atom if the potency of the lactam is to be

maintained or increased.

Sattpation of the Laetøn ring: An unsaturated lactam ring in

comparison to the related saturated lactam is less potent (Table 8). This

difference may be due either to the change in electron density at different

sites and/or to changes in the conformation of the ring.

Saturated caprolactams generally adopt a buckled "chair or boat

Iike', conformation. Introduction of unsaturation has the effect of



FTGURE 6

Substitution at N

Comparing values ot uoUO (U¡4,/KS) and log P

where measured for lactams with or without sub-

stituents at N (other than H).
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TABLE 7

Substitutíon at C-7

A list of lactams with substituents at C-7

including values for ED'O (u¡4,/xs) and Log P

where these have been measured.

I



LOG P

A=0 A=S

0.20 0.98

0.7

t.7

ED (mM/Kg )50
A=0 A=S

o . 234( o .207 -o .265)

Et

Pr

A

A

A

5

5
0.24r(0.222-0.262)

0. 387 ( 0.334-0. 448)

0.657(0 .625-0.753)

0.415(0.377-0.457)
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N



TABLE 8

Satutatíon of r,íng

A list of lactams comparing values of ED'O

(!lt,/KS) and log P when the ring is saturated

or unsaturated.



Eouo (mM/Ks)

0.068(0.044-0.106)

0.042(0.038-0.046)

0.044(0.04-0.048)

o.04(0.037-o .o47)

0.112(0.108-0.116)

0.0s8(0.052-0.064)

LOG P

1.55

1.94

1.0

1.0

1.06

1.0

¿tS

S

H
N

H
N

H
N
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flattening t-her:ing, whictr in turn effects the binding of the compound

at the responsive sites. There does not appear to be any direct

correlation between 1og P val.ues and EDUO values or for 1og P values

for saturation lactams and. those for r¡nsaturated lactams.

Incz'easing ring size: !'lhen the number of carbons in the ring is

increased (Table l, Nos 38, 39, 40), the compound may cause convulsions

in the mice, e.g. when there are seven or eight carbons in the ring.

But when the ring size is increased still further, i.e. twelve carbons,

convulsions do not occur in doses up to 2OO mg/Kg. Lien, Lien and Tong

(197I) also noticed this, and observed that the toxicity of the lactams

(with seven or eight carbon atoms in the ring) increased for the related

thiocaprolactams. The log P values also increased for the thiocaprolactams

with respect to the related caprolactans. fhis is also seen with the

Iactams used in this study.

From the discussion this far, the position and type of substitutions

on the lactam ring play an important role in determining the activity

of the lactam in the intact animal.

The. strategic parts of the lactam molecule as seen in relation to

these substitutions are:

(i) the amide or thioamide grouP

(ii) c-6.

(iii) c-4

The first group, the amide or thioamide group, is also found to be

important in the work done by Lien and Kumler (1967). It is also thought

that substitutions on the ring provide regions for the hydrophobic inter-

action and lipoid solubility. Although not much more can be said on

this aspect while only studying the reaction of the lactams in whole
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animals, this may be a sufficient basis on which to turn to in Uitro

experiments and hence try to determine the mechanism(s) of action of tl¡e

Iactams in the animal which would. result in the activity observed when

the lactams are administered to the intact animal.

Log P and bioLogicaL actíuity: The solubilÍty of a drug in lipid

and aqueous media plays an inportant role in determining the rate at

which it penetrates into the brain and cerebrospinal fluid (CSF).

Drugs that act upon the CNS after intraperitoneal administration

must have a suitable combination of those properties that confer ready

penetration, namely low ionization at pJ-asma pH' low binding to pl-asma

protein, and a suitable lipid,/water partition coefficienÈ (or log P) '

This has already been discussed in the introduction.

The increase in biological activity to a maximum is represented by a

parabolic curve, and occurs as compounds with low water solubilities are

not abfe to cross aqueous barriers and those with high aqueous solubilities

are not abte to cross lipophilic barriers. Somewhere between these

limits there is an optimum balance between hydrophilic and hydrophobic

properties which corlesponds to the maximum point in the curve. The

fal1-off in biotogical activity at this point occurs because the compound

is too slo\.r reaching the biophase for an equilibrium to occur before a

biological response is recorded.

In studies with intact animals, such as those described here, no

blood, cerebrospinal fluid or tissue determinations have been made and thus

any conclusions made are based on inference. An unknown fraction of the

administered drug reaches the site of action if conditions are favourable

enough. There may be drug retention by plasma proteins and' other body

constítuents as well as sorne impedence due to depots or barriers to the

free distribution of the,drug. But as well as this, inactivation of the
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lactam may also occur through metabolism and/or eliminat-i-on. It is not

possible to deter:mine what factors are definitely involved in affecting

the access of an injected substance to the CNS in an intact animal ' fn

uitt,o studies would have to be done to gain anymore understand'ing about

this aspect of accessibilitY.

Although all the active compounds that had log P values assj-gned I'fere

used to estimate the log P - log (I,/EDsO) curve (FiS. 2), it is fairly

obvious to see that the curve did not fit very well'

The F-ratios discarded the idea that this rnight be due to various

groups of lactams being significantly different from each other or the

rest of the active lactams. One of the reasons that the thiocaprolactams

might not be signif.icantl-y different from the caprolactams is that they

may be easily hydrolysed to the respective caprolactams once inside the

brain (David !ùard, private communication). From this and from previous

discussions, this is due to log P not being the sole factor which

determines the activity of the compound in the whote mouse. Log P is

a factor which is mainly concerned with the biotransportation and

metabolism of the compound rather than its behaviour at the responsive

site (s) although it does determine the concentration and availability

of the compound at this site. Thus, in fact, other parameters would have

tó ¡e measured and incorporated into this type of analysis (Purcell, Bass

and C}ayton, 1973¡ Taft, 1956). This il]-fitting curve implies that for

this range of compounds, 1og P is inadequate for use in a Hansch analysis

(purcell et aL,, Ig73). A further suggested correlation of a physico-

chemical parameter with biological activity is that of the chromatographic

parameter R*r to approximate the transport process (David Ward, private

communication). There are also numerous other physico-chemical para-

meters that could be used in this range of compounds in an attempt to
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find a better correl.ation between the physico-chem-ical parameter(s) and

the biological activity. Once a good correlation has been found, we can

then proceed with further experiments to determine how and why that

particular physico-chemical parameter or group of physico-chemical para-

meters causes the variation in biologicaf activity in that range of

compounds. But on the other hand, in Uitt'O experiments should also be

attempted to determine where the :lesponsive site (s) are that cause the

activity observed in the intact animal experiments"

Actiuíty in the uLpLe animaL: Since all the lactams were administered

intraperitoneally, for the compound to cause any effect on the CNS of the

mouse, it must first be absorbed from the peritoneal cavit'Y into the

systemic bloodstream, and so be transported to the cNS. The rate of

absorption of a compound in the peritoneal cavity will depend not only

on its ]og P value but also on the vascularity of the peritoneal cavity'

Once in the bloodstream, the rate of blood flow is important in setting

the time for the onset of action of the drug. BuÈ as well as this,

metabolism and elimination must also be considered as these may play an

important part in determining the concentration of the compound at the

resporrsive site(s). As mentioned before, in UitrO experiments may give

some indication as to their importance in this aspect. But even by

char,ging the route of administration, e.g. intra%sternally, we may also

get some indication of the significance of these factors on the biological

activity of the compound.

But there are still two more factors to consider which determine

whether a compound will have an effect or not. one is whether the

compound is able to cross the blood-brain barrier. This ís determined

by the lipid solubility of the compound. After crossing this barrier'

the compound must then be able to react with a responsive site (s) and
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thus cause a response. But the compound must also attain a threshold

concentration at the responsive site before a response can be observed.

Hence, neutralization of the lactam to stop the response must al-so be

considered. This also determines the"tr-engbh"'of duration of the response.

Once again metal¡olism and elimination may be important here, but we must

also consider such factors as endogenous antagonists, or any revelant

homeostatic mechanisms which may inhibit the activity of the lactam in

the intact animal. Ho\.Iever, it is not possible to infer any such

particular factor as being Èhe mainspring with these studies on the intact

animal. Further studies on isolated preparations would be rtecessary.

Once the compound has crossed the btood-brain barrier, if it is to

have any effect on the CNS it must be abl-e to react with a responsive

site. This is determined by the molecular structure of the compound in

relation to the responsive site or I'receptor" molecule. In the case of

the active lactams discussed here, it is important that there is a

resonating amide or thioamide group and also, to further e¡¡hance the

potency of the lactams, substitutions at C-4 and C-6.

Thus, if a compound is active in the CNS, its onset of action is

determined by the rate of transportation to the responsive site and the

duration of action is determined by the elimination or neutralization of

thê compound. In the lactams, there is a relatively rapid ouset of action

(1-IO minutes) and brief duration of action (I-2 minutes). But the

mechanism of action has still to be considered. The convul-sant lactams

may cause their effect in the CNS in one or more of the following ways

(where the depressant 7-nCn[n-caprolactam may have exactly the opposite

mechanisms of action).

t. Increasing the presynaptic release of the excitatory transmit'ber.

2. Decreasing the presynaptic release of the inhibitory transmitter.
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3. lncreasj-ng the postsynaptic chemosensitivity of the excj-tatory

transmitter.

4. Decreasing the postsynaptic chemosensitivity of the inhibitory

transmitter.

5. Antagonizing one of the precursors to the inhibitory transmitter.

6. Inhibiting the synthesis of the inhibitory transmitter.

7: Inhibitj-ng the breakdown of the exciÈatory transmitter at the

synapse

8. Antagonizing the inhibitory transmitter.

9. Mimicking the excitatory transmitter.

10. Affecting the intra- and extra-ceIIuIar ionic concentrations.

However, due to the simil-arity of the lactams to the putative amino

acid transmitters, it is most fikely that the lactams are reacting with

the responsive sites of these amino acids. The cyclization is probably

only necessary for transportation across the b1ood-brairr barrier and the

various substitutions are essential for directing the amide or thioamide

group in the appropriate position on the responsive site. But to verify

this, isolated tissue experiments would have to be carried out. Appendices

4-B show some isolated tissue experiments which have already been tried

and future work will be directed along this course.

Iitz,ation eæperlhent: In this set of experiments, from the estirnated.

curve, it is clear that the two lactams antagonize each other in some way..

Because of the similarity in structure, it is possible that the lactams

may be acting at the same site (s). However, individually both lactams

cause CNS activity in the mouse and this nay imply that, because the

activity varied, the lactams acted at different sites or else acted at

the same site(s) but in opposing manners. It is al-so feasible to consider

the suggestion that the lactams act at more than one responsive site since
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their actions are of a mixed nature. However, further evidence can

only be made available when isolated tissue experiments have been carried

out.
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CONCLUSIONS

From the Iactams studied in this thesis, slight changes in the

substitutions on the lactam ring resulted in variation in the biological

acÈivity in the intact mouse. This variation was both quantitative and

qualitative.

It was shown that the quantitative variaÈion is due to the partition

coefficient or log p to some extent. Furthermore it was suggested that

the substitutions were important in the binding of the compound at the

responsive site(s) and also in their neutralization. However, further

experimentsusingisolatedpreparationswouldbeneededtoconfirmthis

suggestion.

From the titration expe::iments with 7-B and 4-M, it was observed

that the trvo antagonized one another but that more experiments needed to

be done to see what type of antagonism occurred'

Thelastpartofthethesis(Appendices4_8),lookedattheeffect

of some of the lactams on isolated preparations which are sensitive to

various putative amino acid transmitters especially GABA'

ThelactamsusedwereT-nCnHr-caProlactamT-ncaHr-caprolactam'

7-C.H.-caprolactam, 4,6,6-(CH3)3 A-3-caprolactam' 4'6'6- (CHr)r-canrolactam
¿)

and 6,6- (CrI3) 2-4cL-L-3-caprolactam. 
The e:çeriments were designed' to

test several things:

t.Theeffectoflactamsontheuptakeofseveralaminoacidsin

the rat cerebral cortex (Appendix 4) '

2. The effect of lactams on the release of GABA on the rat

cerebral cortex (APPendix 4) '

3.ThedisplacementofGABAbylactamsonthehumancerebellum

(APPendix 5).

4. The effect of lactams on GABA and Ê-alanine on the isolated
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toad spin¿rl- cord (A.opendix 6) .

5. The effect of lactams on the depolarizing action of GABA on the

superior cervical ganglion of the rat (Appendix 7).

6. The effect of 4 ,6,6- (cH3) 
r-caproJ-actam on GABA uptake in brairr

homogenates, on GABA binding to brain membrane fracÈions and on

the GABA stimulated CI- flux in crayfish muscle (Appendix 8).

The resufts from experiments I, 2, 31 5 and 6 were not very significant

in any positive manner. But with experiment 4, there l^¡as some anLagonism

of a lactam against ß-alanine.

Overall, however, further isolated experiments would have to be done

to determine whether the factams had any effect on putative amino acid

transmitters. These coul-d be done in a number of ways. For example, one

transmitter could be tested against the active lactams using a wide range

of experiments which are sensitive to the amino acid transmitter and which

covers the field as much as possible as to where the lactams could possibly

have any effect on the amino acid. Or else a number of putative arnino

acids for which a particular experiment or set of experiments are sensitive

could be used to determine which ami¡ro acid(s) is (are) being antagonized

by the active lactam. All in all, the work presented in this thesis is in

fact only the beginning of our invesÈigation of the lacEams in the CNS.
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APPENDIX I

Drwgs and chemicaLs

AIl the compounds listed in Table I were synbhesized by the

DepartmenÈ of organic chemistry at the univeristy of Adelaide.

paraldehyde was purchased from Ajax chemicals Limited.
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APPENDIX 2

The Hansch analysis to establish whether log P and log (I/ED5O)

and hence biological activity al:e correlated was carried out using the

folowing algorithm-

This algoriÈhm computes the orthogonal polynomials defined by the

distribution of {x.}, thus:

o = (x.)-or I

tk+l = "L*t/tL*t' 
bk+r = tk*r/tk

I Qk

I

(x ) = 0;
l_

k+ I
and if QX* (x) = x

-0I )

then
k+tc.
l

kc,
)

ou*

where 0 < k

and

then

QL*t (x.) = (*i - -k*t) Qk (*i) - bo*t QL-t (*i)

where

-=Xw.ril

Xw,
1r

J

k+

k+

(*. )1 
2

I

*i [er. (*. )] 
2

k+c.l
I

kci-t - tx*t

br = Q-I

*l

,. "T-'

0<j<k+I

Co=I
o

n
c

m =Oifn>morn<0orm<0

Qk aj (x ) =ô tk*l
l_ jkXw.

iI
(x. )

I

and the required, polynomials are eO(x)
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(x)

d. = K..ll+

i+tl /ri+t

k
- (x) = t d. a.kj=0ll

t/r i*t

The iterative formula for the sum of squares of the deviations

E-1

E =þj j-I

The polynomial \^las computed to be:

2
Y = -0.85x + 2.I8x + 2.7

with a standard deviation = O-372

For the F-ratio test, the following algorithm was used:

Let *l
are these different?

f=Êo+Êr*r

t. Pool samples =+ (n, + nr) observations

*j*t i *t "t n, (x')

}S:

-2¿ w. v.
i a -a

(K

i=Êo+6,

tr+
o

aYp x

and get Xe x02 with-p
2

p
-2=¿v-p

*n2(tt - k) degrees of freedom (df)

k = X b. including bo

2. Get regressions seParatelY

i.=ûo*ûr*t
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2
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compare with theoretical UO.O5 tith

ur=kandV, I + n -2k
2

if F*
o5

then the distribuÈions are signicantly different'

F-ratios were calculated for the following six sets of data:

1. the disubstituted and thiocaprolactams

2. the monosubstituted and thiocaprolactams

3. the mono- and dísubstituted caprolactams

4. the monosubstituted and the remainder of the active lactams

5. the disubstituted and the remainder of the active lactams

6. the thiocaprolactams and the caprolactams'

The results obtained are as follows'

+ n - 2k)

n

>F
o.

uzV F*FI 0.05

6. 55
16.69
7.59
3 .59
3.59
3.59

I
2

3
4
5
6

10
4
I

L4
L4
L4

0
I
I
I
o
o

3

3
3
3

3
3

.69

.23

.L0

.32

.79

.13
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In all. cases' l.* 0.05, i.e. the distrj.bution of points between

any two glloups of data are not significantly d,ifferent.

>F
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APPENDIX 3

PoLyanna curu e- fítting Package

A computer progranrne written by Mr C' Martin of the Department of

Applied Mathematics at the university of Adelaide, designed to fit curves

to sets of data. The data may be fitted to a straight line (as in the

case of the titration experiment), an orthogonal polynomial of a fixed

degree, or an orthogonal polynomial whose d'egree' subject to being less

than a certain maximum, is such that the error is minimized, i.e. a

polynomial of oPtimal degree'

Theprogranmemaylistthedatavaluesinatable,thefittedvalues

tothefunctionofthecurve,thecoefficientsofthepolynomial

approximation, as weII as plotting the observed values and the estimated

curve.

All the above choices are governed by the control cards the user

uses with the data deck.

ForthedatausedintheestimationofthecurveinFig.2the

equation for the estimated curve was:

Y=-0.85x2+2.I8x+2'7O
-1 fot the observed and calculated

A table of tog (I/ED'O) in (uM/Ks)

data is given on the next Page'
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COMPOUND NO. LOG P

1Loc (r/EDso) (ur"r/Ks)

OBSERVED CALCULATED

I
4

5

7

I
9

10

13

'L4

15

L7

38

39

4L

53

54

55

56

57

61

-0. I
o.7

I.2
I.O

1.0

r. 06

1.O

o.2

t. 79

r.26
o.7

o.24

o.67

I.32
o.72

L.02

1. 55

L.94

0.98

2.06

2.29

3.62

3.4r
4.24

4.4I
3. 95

3.6r
3.61

3.77

4.6r
4.33

3. 10

3.20

3.61

3. 55

3. 95

4-16

4. 38

¡.83
3.35

2.47

3.80

4. 08

4.02

4.02

4.O5

4.O9

3. r0

3.87

4.O9

3. 80

3. 17

3.77

4.O9

3.82

4. 03

4. 03

3.72

4.01

3.57
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APPENDIX 4

This series of experj-ments were carried out at the Department of

Neurochemistry, Austral-ian National- Univeristy, Canberra under the

guid.ance of Dr G.A.R. Johnston. 4,6,6-(CH3)' A-3-caproLactam and 7-

nC^H--caprol-actam were tested to see if they inhibited the uptake of
3t

GABA, L-glutamate (L-GLU), L-glutamic acid decaroboxyJ-ase (CAO¡ and

L-prolj-ne (PRO).

Rats (I3 weeks o]d) were decapitated and the cerebral grey matter

removed. After weighing, the grey matter v¡as sliced (0.I x 0.1 x 2 mm)

and suspended in a vo]ume of tissue medium (1 m1/100 mg tissue)*. One

hundred lr1 aliquots were distributed into the incubation vessels each

of which contained IO mI of tissue medium and were placed on ice. The

lactam was then added at a concentration of tO-4¡'1. Experiments were

done in quadruplicate and each array of four vessels was placed in the

incubation bath at 37oC to be preincubated for 15 minutes. The required

radioactive amino acid (GaBA, L-GLU, PRO or GAD at 0.5 pCi/vessel) v¡as

then added and the tissue was collected by filtration after a further

IO minutes incubation. The contents of each array of four vessels \^/as

filtered concurrently and washed with I0 mI NaCl at room temperature.

The filters \^¡ere transferred to scintillation vials and extracted

for one hour at room temperature w-ith I mI of water. Scintillators

(IO ml) was then added and radioactivity measured in a scintillation

counter.

* The control Krebs Ringer buffer (or tissue medium) solution used for
uptake and release consisted of NaCI 118.5 mM; KCI 4.75 mI4; CaC12 1.77 mM;

MgSOn 1.18 mM; D-glucose 5.8 mM, and NaH2PO4 I5.4 nM, at pH 7.4' The

soluËion v¡as oxygenated before incub¿ t.ion of slices and during the course
of rel-ease experiments.

5 Scintillator was made up as follows: I2.0 g PPO; 1600 xylene and

8nO ml- teric N-8.
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W¡en L-GLU was used, the incubation period was reduced to 8 minutes

and the incubation temperature was l-owered to 25oC since uptake had been

found to be better at this lower temperature. PRO was only incubated for

4 min at 37oC. In the GAD experiment, preincubation time was 5 minutes

and incubation time 30 minutes, both carried out at 37oC.

In all cases, the lactams did not have any significant effect on

the uptake of the amino acids. Thus if the lactams were to have any

effect on the putative amino acid trar¡smitters it would. not be by

inhibiting the uptake of these putative transmitters to cause a response.

In the next experiment 4t6,6- (CH3)3 A-3-caprolactam and 7-nCrHr-

caprolactam \^/ere tested to see whether it achieved its action by prevent-

ing the release of GABA from the presynaptic terminal.

As before with the uptake experiments, rats (13 weeks old) were

decapitated and the cerebral grey rnatter chopped into slices (O.l- x 0.1 x

I.O rnm) and suspended in col-d tissue medium (I m1,/100 mg tissue).

ÀIiquots of 5OO U1 v¡ere distributed into incubation bottles containing

5 m1 of cold oxygenated buffer plus one of the lactams at I x lO-4m.

Slices were preincubated with shaking at 37oC for 10 minutes before the

addition of aminooxyacetic acid (z x to-5¡¡) ar,¿ [u-t4c] 6ABA (0.5 uci).

The slices were incubated for a further 20 min, then collected by vacuum

filtration on glass fibre filter discs and washed with l0 ml of warm

buffer (37oC). The filter discs were transferred rapidly to filter

holders and perfusion conmenced. The apparatus consisted of up to 7

Swinnex filter holders held by spring tool clips on a 37oC water bath.

A multichannel peristaltic pump was used to pump oxygenated Krebs Ringer

buffer medium through a heating coil contained. in the bath and into the

filter holders at a rate of 0.5 ml/min. Fractions (I.4 mI) were collected

using an autornatic fraction collector modified to collect up to 7 fractions
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at once directly into scintillation vials. SÌices were perfused with

normal buffer: for different times before switching to "high K-buffer"* for:

IO min. perfusion was continued with normal buffer, then the system was

pumped dry and. the filter discs with tissue \¡tere removed and transferred

to scintillation vials containing 1 ml of water. scintillator (the same

as in the previous experiment) was added and the vials were counted.

.After calculations had been carried out, it was obvious that 41616-

(cH3) 3 À-3-caprolactam did not have any effect on GABA release from ;

presynaptic ter¡ninals. Hov/ever, 7-nCrHr-caprolactam was found to potentiate

the release of GABA in a similar manner to that of bicuculline, though

to a lesser degree. unfortunately, Iack of time prevented us from

continuing further along this line.

* For "high K-buffer", KCl was increased from 4.75 nM Lo 44-75 mM.
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APPENDIX 5

This experiment was carried out in the MRC Neuropharmacology unit

in cambridge. The lactants used were 7-crHr-caProlactam, 6,6-(CH3) 2-4CI-

A-3-caprolactam, 4,6,6-(CH3)r-caProlactam and 7-nCnHr-caprolactam- The

aim of the experiment s¡as to determine whether the lactams antagonized

the GABA transmitter at the postsynaptic membrane l:y clisplacing radio-

active GABA.

The human cerebellum was pïepared as described by Zukin, Young and

snyder (:-g74) and kept at -2Ooc for at least a week. The assay u/as

carried out according to Enna and snyder (f975) '

The frozen crude synaptic membranes (20 ml atiquots) were resus-

pended in 20 rnl of buffer (Tris-citrate buffer at pH 7.1) and centrifuged

for 20 min at 48,OOO x 9. The supernatant was discarded and the pellet

$Ias resuspended in 20 ml- of buffer. I m1 aliquots of the "suspension"

were incubated in duplicate at OoC for 15 min with fO uf [3u] GABA

(33 ucrzml) atong with lo ul of t mM GABA or varying concentrations of

the four lactams. After incubation, the reaction was terminated by

transferring two 0.35 mI samples from each tube into plastic microfuge

tubes and spinning for 2L min. The supernatant was discarded and the

petletresuspendedinlOOylH,oandvortexed.Thesuspensionswere

transferred to scintillation vials, 4 mI ethoxyethanol and l0 ml butyl

p.B.D. (O.4?i added and radioactivity lfas assayed by liquid scintillation

spectrometrY.
-2

Specific [rH] GABA binding was obtained by subtracting from the

total bound rad.ioactivity the amount not dísplaced by a high concent-

ration of GABA (1 mM). The difference betv¡een the total bound and the

non-specifically ¡oun¿ [3g] GABA represents the amount of [3U] Ceea

displaced by the unlabelled lactams and is termed the specifically bound
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GABA"

Of the four lactams studied Ín this assay, only one of them hacl

any significant effect on GABA bincling. This lactam 4,6'6-(CH3)3-

caprolactam at a concentration of tO-3¡¿ disptaced the [3H]Ceea by 30%'

lrlhen one compares this with bicuculline hthere at a concentration of

I x IO-6¡1, ttre [3H] GABA was displaced by 5O%, it appears that the

lactams do not have any great effect on GABA binding at postsynaptic

membranes.

I

l,
I

i

I

I
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APPENDIX 6

The toad spinai cord experiment was carried out in the Deparl-meut

of Pharmacology at the university of Bristol. This preparation represents

a useful system for the quantitative examination of the pharmacology of

neuronal amino acid receptors. 416,6-(CH3)r-caProlactam hlas used in the

experiment described here to cletermine if it has any effect on responses

recorded after application of GABA or ß-a1aníne'

The spinal cord of the frog Rana temporia was removed and placed in

a Ringer solution*. The cord was then divided into tvro equal parts down

the midline and the dorsal and ventral roots were also separated- The

preparation was set up and superfused at a rate of 3 ml,/min with Ringer

and left until the responses being recorded had stabilized' The lactam

and the amino acids were dissolved in the perfusion medium and added to

the preparation by injecting a known quantity into t-he perfusion medium

at a distance from the preparation to avoid any disturbance on the

preparation. The ventral root was passed through a mixture of liquid

paraffin and petroleum jelly and placed in contact with a si]ver chloride

electrode. Potentials were recorded between this electrode and a similar

one placed in contact with the Ringer solution containing the cord' To

stjmulate the preparation, the dorsal root was passed through liquid

páraffin and petroleum jelly and placed in contact with bipolar silver

electrodes through which were passecl supramaximal square wave pulses'

The preparation was superfused for I hr with the lactam at a concent-

ration of 5 mM. GABA 1 mM was injected into the medium and showed little

reduction in response due to the presence of the lactam. The response

* Ringer solution (or perfusion medium). The solution consisted of
NaCI llL mM; KCI 2 mM; NaH2Po4 I mM; CaCi,' Ttt I1"9o¡ 1-9-*t slucose
12 mM, and tris base IO *u7 pH 7.9 adjustõd with ]L.3 M HCl.
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t-o ß-alanine (2 mM) however, was recluced by approximately 70e" whíle the

preparat.ion was perfused with the lactam'

These results indicate that the l-actam does not cause its convufsant

activity by antagonizing the action of GABA, but may do so by antagonizing

ß-alanine which is also a putative transmitter (Curtis anC Johnston, I974).



42

APPENDIX 7

The effect of the lactams 4,6,6-(CH3)r-caProlactam and 6'6-(CH3)3-

4C1-a-3-caprolactam was observed on the depoJ-arizing action of the

superior cervical ganglion of the rat in the Department of Pharmacofogy

at st. Thomas's Hospital, London. The method used was the vertical

superfusiontechniquedevelopedbyBoweryand.Brown(I974).,Bríefly,

rats were anaesthetizecl with urethane and the superior cervical ganglia

were removed together with suitabre lengths of pre- and post- ganglionic

trunks. The connective tissue sheath was stripped off and the ganglj-on

immersedinKrebsso]-ution*andfeftovernightatOoC.Theganglion

was then set up. Two Ag/Agcl etectrodes were placed in connection with

the tissue, one via the thread attached to the post ganglionic trunk and

the other directly on the ganglion body close to the preganglionic

trunk. The potential difference between the two electrodes was monitored

continuously on a Bryans 28OOO potentiometric recorder. The tissue was

superfused with Krebs sofution at a rate of t ml,/min and the lactams

tcgether with GABA (3O uM) were added by addition to this solution' the

Iactams were screened at concentrations up to lOO pgrlml. Neither showed

any antagonism reponses of GABA (30 UM) in the ganglion' This is

contrasted with the greater than 508 depression obtained with bicuculline

IO y.3/ml in the same Preparation'

In conclusion, these experiments suggest that neit}rer of the two

compoundsowesitsconvulsantactivitytoaninhibitoryactionat

GABA receptors.

* Krebs solution NaCI 118 mM; KCI 4.8 mM; CaCl2 2.52 rcM¡ NaHCO3 25 rnl{;

KH2PO4 I.18 rnM; MgSO4 I-19 mM, and glucose fI mtr4'
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APPENDIX 8

The following three exper:iments \¡/ere carried out in the Department

of Biochemistry at the university of california in Riversicle, california'

The Iactam 4r6r6-(CII3)r-caprolactam was used in all three experiments.

L. GABA uptake by bz'ain homogenates

The uptaJ<e of GABA by mouse brain particulate fractions was assayed

according to the method described by olsen, Bayless and Ban (1975) '

Fraction pr, protein concentration 0.25 t 0.05 mg/ml, was incubated for

30 min at OoC in O.I M NaCI, O.f mlrf aminooxyacetic acid, and 0'0I M

Tris-HCl, PH 7.7, containing 0.1 uci,/ml of radioactive [3H] GABA.

Triplicate samples contained either (a) no addition; (b) IO-3M non-

radioactive 6A8A (the blank); or (c) to-4¡¡ 4'6,6-(cgr) r-ca*olactam'

samples were then fil-tered under vacuum' washed twice with 2 ml of the

buffer, dried, and radioactivity was determined'

No activity was observed due to the lactam, i.e. it did not differ

from the control.

2. GABA bín&Lng to brain membrane fractíons

The binding of radío labelled GABA to mouse brain homogenates was

determined by the technique of Snyder et aL. (1975) with modifications

by Olsen and Greenlee (1976). Fresh mouse brain was homog:.ynízea at

OoC in 10 mI of 0.32 M sucrose and centrifuged IO min at1,000x I and

the pellet Þ, discarded. The supernatant was centrifuged at 100,000 x g

for t hr and the resulting supernatant discarded. The pellet (P2 + P3)

was rehomogenized in 20 volumes of cold distilled Hro and recentrifuged

at IOO,OOO x g for I hr. This petlet hTas washed once in l0 volumes of

HrO and repelleted, then rehomogenized once more in HrO atld frozen at

-2OoC (for I-60 days).

on the day of assay, the tissue \^Ias thawed and centrifuged (30 min
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at 4Or0O0 r.p.m.). The peller- \¡¡as rehomogenized i¡r f0 volumes of 50 mM

Tris-citrate buffer (sodium-free) , ph 7 .2, and centrifuged again" The

pellet was washed once more in this buffer solution and then resuspended

in roughly 25 volumes of the same buffer containing 2oo mM Nacl for

assay. Final protein concentration was roughly 1'0 mq/ml'

Plastic5ml-vials\¡/erepreparedcontainingO'ImIofHrOrvith

labelled and unlabelLed GABA and 4,6,6-(CHr)a-caprolactam at IO-4¡l'

Each reaction tube contained 0'3 uci [c-3Hl ceee' fina]- concentration

lOmM.Toeachtubewasaddedo.gmlofthetissue,themixturewas

agitated (vortex), then incubated 5 min at OoC' followed by centri-

fugation for 15 min at 2o,ooo r.p.m. at ooc (50'000 x g) ' The super-

natant was discarded and the tubes hrere superficially rinsed twice

with 2 ml. buffer at OoC to remove H2O (and unbound labelled ligand) from

the sides of the vial. The pellets were not disturbed or washed in this

process. The vials were decanted, and set upside-down for I0 min. The

entire pellet was then dissoLved overnight at room temperature in 0'30 ml

soluene-lOO and counted in 5 ml of toluene-PPO- Background trapped

Iigand was taken as that bound in the presence of excess (I mM) norl-

radioactive GABA, and subtracted from each point. Both background and

specific binding were of the order of 1,500 c'p'm'

The4,6,6_(CH,),_caprolactamwasfoundtocauseal0%inhibition

on the GABA binding to the membrane fractions in the presence of NaCl'

Howeverthiswasnotaverysignificantinhibition.

3. C¿.BA-stimuLated. CL- fLw in ez'ayfí'sh muscLe

Thistest_tubeaSSayofGABApost-Synapticresponse\dascarried

out according to the method of Ticku and olsen (1977, iu press) '

Abdominal muscles were removed from crayfish (Procambarus clarkii) and

placed in Tris-buffered van Harreveld's solution (vHS: 205 nM NaCl;
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5.45 nM KCl; 13.6 mM CaC]., î 2.6 mM M9C1r; 5 rnM Tris-llcl-, ph 7.7). Small

segrnents of the muscfe were dissected and thin muscle strips, each about

0.5-1 cm in length and less than O.I cm in thickness (about l-5 mg) ' v¡ere

cut out, tied with thread on one end, and aflo\'\¡ed to equil'ibrate for 60

min in VHS sol-ution. Tissue was continuously flushed with 5% COZ - 95e" {o2'

AII experiments were done at 22 ! 2oC.

Following equilibration, muscl-e sÈrips were transferred to vials

containing 5 nI of VHS conÈaining cI- (0.1 uci/ml) solutj-on' with or
_A

r^rithout GABA 1z x to-4u) and 4 ,6,6- (cH3) a-caprolactam 
(IO-4M) . The

muscle strips (5-8 per experimental condition) were withdrarvn from the

tracer solution at exactly 15 sec, blotted gently on a filter paper,

h¡eighed, and solubilized. Radioactivity was measured as described for

the GABA binding assay. Also counted were tissue blanks and I00 uI of

the CI--VHS incubating medium. Counting efficiency of all samples vras

greater than 98å. Cl- space was determined as follows

cPM/Kg wet -weight ti:sue = mr,/Ks wet weight tissue
CPM/ml incubatj-on medium

Effects of the lactam on background and GABA-stimulated chloride uptake

vrere compared to controls by students's t-test. As with the GABA uptake

experiment, 4,6,6-(cH3)r-caprolactam did not have any effect on the GABA-

stimulated cI- flux in the crayfish muscle'
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SHORT COMMUNICATION

Inhibition of acetylcholinesterase by bicuculline and

rclated alkaloids

(Receìved 14 April 1915. Acceptecl 20 May 1975\

TH¡ prltrt¡rloc isoqttinoline alkaloid bicuculline anta-

gonises the iuhibitory action of Gr\BA at certain synapscs

in the mammalian CNS (CuRrls & Jos¡-srox, 1974). There

is much evidence that the convtrlsatlt action of bicuculline

and a number oi strtrcturally related alkaloids is directly

related to antagouism of GABA-mediated synaptic inhibi-
tion. In addition, bicuculline has been suggested to in-

fluence cholinergic transmission: systemically administered

bicuculline increases the rate of release of acetylcholine

from the surface of the cerebral cortex of anaesthetised

rats (Ge,norrn & Weasren, 1973), and elevates the acetyl-

choline content ol mouse brain (Svl*-xelv & Rouenrs,

1974).The competitive inhibition by bicuculline of mouse

brain acetylcholinesterase activity îtl Ditro, may be the basis

for the above effects ol bicuculline on acetylcholine release

and content (Svtrsnnv & Ror¡sr.rs. 1973). In the p¡esent

study the inhibition of rat brain acetylcholinesterase acti-

vity by bicuculline is compared to that by 3 other phtha-

lide isoquinoline alkaloids: the optical enantiomer ol bicu-

culline, (-)-bicuculline, and the pair of enantiomers (*f
and (-)-adlumine (Fig. l). These alkaloids represent the

4 possible configurations about the C1¡¡-C1e¡ bond in the

phthalide isoquinoline series.

Extracts oi rat brain membranes were prepared as de-

scribed by Vnnel¡ (1973), and acetylcholinesterase activity

was assayed by the method of Enu¡.N er al' (1961) using

S-acetylthiocholine as substrate. Enzymic reactions were

followed for 5 min at 25'C measuring absorption at 412 nm

in an automatic multi-sample recording spectrophotometer

(Varian Techtron model 635 enzyrne kinetics system). The

alkaloids were tested as freshly prepared solutions of their

hydrochlorides. unless stated otherwise, at a final con-

centration of l00pll, except ior physostigmine which was

tested at 0'l prvl Initial velocities oi enzymic hydrolysìs of
acetylthiocholine in the presence and absence of inhibitors

were calculated from the recorded changes in absorbance,

(+l-grcucurUNE l-l-Brcucur, t rN E

l-l-ADruMlNE l+l-ADLuMlNE

Frc. l. Structures of the 4 isoquinoline alkaloids tested

as inhibitors oI acetylcholinesterase activity.

and the inhibition parameters computed using the pro-

cedures of Cr¡l¡.No (1963). Chemicals were obtaincd from

the following sources: (*)-bicuculline (Pierce). (+)-bicu-
culline methochloride (prepared as described by Joursrox
et at., l9T2), (-)-bicuculline (gift from Dr S' Teitel' Nutley,

New Jersey), (+)- and (-)-adlumine (gifts from Dr R H.

F. Manske, Guelph, Ontario), physostigmrne salicylate
(B D H.), GABA, S-acety-lthiocholine iodide anci 5'5'-dithio-
bis-(2-nitrobenzoic acid) (Calbiochem).

All 4 phthalide isoquinoline alkaloids inhibited rat brain

acetylcholinesterase activity under the conditiorls

employed, and all except (-)-acllumine acted in a manner

consistent with con-rpetitive inhibition. The kinetic con-

TESTE I. I¡H¡SITION OF RAT BRÀIN ACETYLCHOL¡NESTERASE BY SOME PHTHALIDE ISOQUINOLINE ALKALOIDS

Alkaloid
Configuration
at C11¡ C1e¡

Type of
inhibition

Inhibition constants
0tt"t)

K,. K,.

(+ fBicuculline methochloride
( + f Bicuculline hydrochloride
( - )-Bicuculline hydrochloride
( - )-Adlumine hydrochloride
(+ )-Adlumine hydrochloride

l7 +2
70+10

36s t 95
57 +24

218 + 52

S,R
S.R
R,S
R,R
S,S

Comp.
Comp.
Comp.

Nou-comp.
Comp.

75+21

The alkaloids were tested at 100 4ril against rat brain acetylcholinesterase activity assayed using S-acetylthiocholine

as substrate (3G240 pr"r). The inhibition cõnstants (K,., ttie slope inhibition constant; K', the intercept inhibition constant)

were calculatcd using the procedures of Cltlt-¡uo (1963). and are means t s'E'M'

903



904

47

Short commuttication

I

Frc.-.2. Double reciprocal plots of the initial velocity of
the hydrolysis ol S-acetylthiocholine (u, pmol .min-r) as

a function of the substrate colìcentration (4, mll). The

points are means t s.e. of 4 experimental valucs. The lines

represent the computed fìt (Culnr'ro, 1963) of the indivi-
dual experimental values to thc equation ¿' : VA/[K(l + I/
Kt,) + A] for competitivc inhibition in the case ol bicuctrl-

line methochloride, and tc, the equation u : VA/[i((l + I/
K¡,) + A(l + I/Kir)l for noncompetitive inhibìtion in the

case of (-)-adlumine hydrochloride. In both cases the in-

hibitor concentration (I) was 100 ¡ru.

stants for these inhibitions, computed f¡om data of the

type illustrated for bicuculline methochloridc and (-f
adlumine hydrochloride in Fig. 2, are given in Table I.

Bicuculline methochloride was the most potent inhibitor.
The values of the inhibition constants for bicuculline hy-

drochloride and methochloricle are close to those reported

(65 and 25 ¡nt respectively) lor these compourrds as inhibi-
tors of mouse b¡ain acetylcholìnesterase (SvlNNrov &
Ronerrs, 1973). Compounds with the R-conlìguration at

C1e¡ \rere more potent inhibitors than the corresponding

compounds with the S-configuration. GABA in con-

centrations up to I mtvl did not inflttence acetylcholinester-

ase activity or the inhibition o[ this enzymic activity by

100 ¡r"r bicuculline methochloride. The ultraviolet spectrum

of bicuculline methochloride was essentially unchanged

during incubation in the presence or absence o[ the brain

enzyme preparation under the standard assay conditions

in which S-acctylthiocholine and 5,5'-dithio-bis-(2-nitro-
benzoic acid) were omitted. Thus bicuculline methochlor-
ide appears to be stable under the conditions of measure-

ment and is not a substrate for the rat brain enzyme.

None of the phthalide isoquinoline alkaloids were as

effective as physostigmine as an inhibitor of acetylch ''lines-
terase activity. The K,. for physostigmine was 0031 l:
0'006 ¡rr,,r, rvhicti is close to the value of 0 06 pu found by

Aucustll.lssow & N.o\cllr{Axsorrr.r (1949) for physostigmine

as an inhibitor ol the enzyme lrom electric eel. Thus

physostigmine is some three orders of magnitude more

potent than the phthalide isoquinoline alkaloids as

an acetylcholinesterase inhibitor. The latter alkaloids

aþpear to be similar in potency to strychnine, a competitive
inhibitor of the rat brain enzyme with a K'. of 70 ¡lvt (Alto
et al.,1974). The relatively weak anticholinesteiase activi-

ties of bicuculline and strychnine are unlikely to be the

basis ol the selective effects of these convulsant alkaloids
on certain synaptic inhibitions in the CNS (Cu'nrts et nl',

1974; Auo et at., 1914). The effective doses o[ bicuculline

* Present address: Department of Human Physiology

and Pharmacology, University oI Adelaide, Adelaide.

South Australia.

and strychnine administered intravenously to antagonise

central synaptic inhibitions would result in concentt'ations
of 0'025-0 5 /¿Nt if trnilornly distributed in boily flttids
(CuRrrs et al., 1974). Much higher concentrations are

needed ir ¿'illo for inhibition o[ acetylcholinesterase by

bicuculline and stlychnine. A lack of association between

acetylcholinesterase inhibition and antagonism of G¡\BA-
induced depression by bicuculline methochloride has been

demonstratcd itt uivo in the spinal cord (Cunrts er al.,

1974). In thc medial septal nucleus bictrcullirre methochlor-

ide does appear to potentiate excitation induced by acetyl-

ctroline as might be expected of an inhibitor of acetylcho-

linesterase (Mtlr-rn & McL¡;NNIN, 1974) al'.hough thc

effect of this substance on the action of other excitants

was not tested. The increased brain levels and rate of
release ol acetylcholine indLrced by systemically adminis-

tered bicuculline (Svr,rNr.nv & Rosenrs, 1974: GrnoNen
& Wrnsrrn, 1973) are presumably indirect eflects since

they can be rnirnicked by other substances (picrotoxiu and

leptazol respectively) which are not inhibitors of acetylcho-

linesterase. It may be relevant, however, that a number

olpotent anticholinesterases, inchrding physostigmine. in-

crease brain levels of GABA (Dnrr4 1968), and that
(+)-tubocurarine, au acetylcholine antagonist at the

neuromuscular junction, can act as a GI\BA antagonist

in the brain (Hrr et al . 1972). GABA and acetyl-

choline have a common structural element

(N-CH:-CH'-X-C:O; X: CH: in GABA and O
in acetylcholine) which may mean that there arc common

structural leatures in the active sites lor GABA and acetyl-

choline on metabolising enzymes or receptors. This may

explain the overlapping efl'ects ol various drugs on the

GABA and acetylcholine systems.

Departnrcnt of Pharmacology, ELLE¡¡ Bn¡urnn*
Atßtralian Nutional Uniuersíty, G. A. R. Joslsro¡l
C anb e rr a, A.C.T., Au str al ia
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Antagonism of GABA-mediated inhibition in the central neryous system
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Caprolactam enters the CNS relatively rapidly to have a marked convulsant

act¡on when given by the intravenous route, although only at rather high dose levéls

( - 600 mg/kg)6. Lactams obtained from a.¡-amino acids of a longer chain length have

a greater lipid solubility and are even more effective convulsants, as are their corre

sponding thio-derivativeso. However, ne¡ther caprolactam nor the higher CABA
homologues such as r')-amino-caprylic acid have been shown to produce any significant

activity upon direct application io spinal cord neurones, except for the slight depres-

sant action{ of e-amino-caproic acid, from which caprolactam is derived by ring

closure. Yet these amino acids, and caprolactam itself, actively block 'hyperpolarising

dendritic potentials' and elicit local convulsive discharge upon topical application to

the cerebral cortexl0. ln retrospect, it seemed most likely that such actions implicate

these compounds in blockade of some form of CNS inhibition, rather than their con-

vulsant properties re sulting fron direct excitation of CNS neurones. Furthcrmore, it

also seemed most likety that this inhibition would be GABA-mediated, since this

predominates over glycinergic inhibition in higher CNS centress. That GABA-

mediated inhibition is indeed antaSonised by caprolactam and by sonìe of its sinrple

derivatives has now been demonstrated, using the strionigral pathway u'here GABA

is the recognised transmitter readily blocked by the CABA ilnt¿lgonist picrotoxine'

Using convulsant iictivity for preliminary screening, we have syllthesiscd ¡l

nunrbcr ol highly active lactams having more neûrly optimal log P (partition-coclìì-

cient) characteristics6 than the pilrent caprolactam (i). The most elÌcctive convulsunls

so [ar found in this series have alkyl substituents on carbons 4 and ó of thc ring' Thtts

4,6,6-trimethyl-caprolactam (ii) and the related A3 cyclic anride 4,ó,6'trinrethyl-43-

caprolactam (iii) are potent convulsants with a CD¡o of 4-ó nrg/kg. rcprescntings()nìe

100-fold incrcase in convuls0nt .¡ctiv¡ty o!er the pitie nt cilprolactitlll. Thiocitprolilc'

tam, whcre sulphur repltccs oxygcn in (i), is illso on elì'cctive ctrttlulsittttrr.
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(i) caprolactam : hexahydro-2H-azepin-2-one
(ii) 4,6,6-trimethyl-caprolactam: hexahydro-4,6,6-trimcthyl-2H-azepin-2-one
(iii) 4,6,6-trimethyl-Â3-caprolactam: 1,5,ó,7-tetrahydro-4,6,ó-trimethyl-2H-aze-
pin-2-one.
Positive field potentials (SN-positivities) evoked in the subsrantia nigra (SN) by

striopallidal (SP) stimulation were blocked following administration of picrotoxin or
the lactams (Fig. l). Conventional monopolar recording from the substantia nigra has

been used, responses being evoked with bipolar stimulation of the striopallidum at

3/sec in rabbits under urethane anaesthesia (4¡g mg/kg). All electrode positions uere
subsequently checked on Nissl-stained sections cut in the Horsley-Clarke plane. lt
proved best to average the positive field responses with a Mnemotron CAT 400C,

writing out on an X-Y plotter, because convulsant activity generally confused the

interpretation of any oscilloscope record during the period of anti-GABA activity.
Onset of the blockade of the SN-positivity by intravenous picrotoxin at convulsant
doses was often relatively slow (up to l0 min), and the positivity rvas affected over a
period of one or more hours, particularly where cumulative doses had been given.

Episodic seizure activity, manifest as muscular twitching, together with large-ampli-

tude waves superimposed on the SN recording, was invariably present uhenever the

SN-positive response was depressed by picrotoxin. In testing for CABA antagonism,

the SN response was averaged only at the onset ofeach such seizure episode, for each

B
PrcROIOXIN
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e
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l:.'*
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Fig. l. Picrotoxín antl capro block th

slant¡a nigrû by striopallidal ts untlcr
responscs *'crc avcragccl at 3/ l: ll. tluri
C, rccovcry I h latcr, Lorvcr: thc tlclio
i.v.: C, rccovcry 30 nrin latcr. tlicrltrtg t

bc sccn in thc rccortls lakcn rluring lhc ltction o[ lhc tlrttgs.
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episode was followed by a period of postictal depression, during which time no

significant potentials coultl be recorded fronl SN in response to SP stimulation. These

precautions $'ere not mcntioned by Precht and Yoshida, although they may be in-
lerred from their similar use of averaged records to demonstrate their blockade

effectse. It rvas also sometimes convenient to use records rvhich not only showed the

SN-positivity being depressed, but which also shos'ed the development of a later
positive component, traceable to field spread from the adjacent reticular formation
and thus obviously not obtained during postictal depression.

On the basis of this experience with picrotoxin, the tests were extended to the

lactams. Again, demonstration of GABA antagonism was considcred reliable only il
blockade of the SN-positivity \À'as seen u'hen postictal depression was defìnitely ab-

scnt. Under these conditions intravenous doses of the lactams including thiocapro-

lactam and the 4,6 substituted derivatives (ii) and (iii), at a dose level of 6 mg7kg, also

produced signifrcant blockade of the SN-positivity (Fig. l). A similar GABA antago-

nismcanbe inferredforeach ofthe convulsant lactams in the present series and for the

higher honrologuesl of larger ring size . ln general, these compounds, and more partic-

ularly thiocaprolactam (36 mg¡kg), precipitated seizures and blockade of the SN-

positivity sith a surprisingly short delay (little more than one circulation time), and

were acti\ e against the test potent¡al for relatively short periods ( l0-15 min on average).

Effective repeated dosage uas thus possible, and in this regard the compounds are

potentially more con\enient than picrotoxin3 for the repeated challenging of GABA

in the CNS by the intravenous route, shere their relative aqueous solubility at

neutral pH is an added advantage. (One ml of a saturated solution of picrotoxin at

25 "C contains 2.8 mg, as against 2ó mg for |actam (ii) and 4l mg for lactam (iii).)

Apart from bicuculline methochloride, uhich remains the most effective water-

sotuble GABA antagonist for iontophoretic experimentss, all the presently used

CABA antagonists have disadva;rtages in their use, mninly due to poor aqueous

solubility. Tetramine (tctrameth¡lenedisulphotetramine), originally proposed as a

GABA antagonist b¡'this laborator¡'(sce ref. 3, p. ll3), uhile an extrenrely porverful

convulsant and effective CABA antagonistt, is relatively non-specilìcr'õ besides be ing

virtually insoluble in rvater, shich greatly limits its use. Bicuculline, too, is diflìcult to

dissolve except at lorv pH, *hcre it undergoes inactivation more rupidly than is
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hibitions of'the higher CNS. The relationship ol the GABA antagonists picrotoxinin

and tctrarnin3 to an 'ertended' GA BA receptor is also nol immediatel¡' clear, although

Snr¡'thies has su-cglstedll hou'these compounds might attach to a GABA receptor'

While the similarity ol action of picrotoxin and the lactams in depressing strio-

nigral responses has been relied upon for demonstrating CABA antagonism. such

depression could r,,ell result from transmitter store depletion, as has been suggested

for pilocarpinel:, or block of GABA release, for u'hich there is some eridence

(Breuker and Johnston, unpublished). Clearly, the lactarns should be tested for antag-

onism ol other inhibitory transmitters as uell as for antagonist activity on a uider

range of s¡stems;perticularly rrith applied GABA to overcome any problem due to a

block ol GABA release. So far, preliminary results on rhe isolated toad spir^al cord

(McNall¡' and Kerr, unpubtished) have shoun GABA-induced depolarization ol
dorsal root fibres to be reduced by lactam 1ii), further indicating that the caprolactams

are indeed GABA antagonists.

A preliminary account of this u'ork has been presented at the 23rd Meeting of

the Australian Ph¡siological and Pharmacological Society. I\lay 1975.

we thank Gordon Frirh, \\,ho s)'nthe sized a number of the compounds.
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