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Higtorical Review

The existance of the nervous system was kvnown in the
early 1800s and by the beginning of thé twentieth century
the main components of the neuvon, as we khow it today,
had been observed and xeported. It had been shown thay
the neuron consisted of a cell body which emlitied processes
along which, apparentiy, signals to or from other cells
were carried. The characteristic boutons, which eccur at
the ends of the processes, were first observed at about
this time and were called 'synapses' by Sheyrrington in
1897 (see review by McLennan 1965). Although some workers
at this time still.believed that there was & cyloplasmic
continunity along the whole length of a nervous fibre, ithe
theory of Waldeyer and Cajal, who proposed that the nervous
system was made up of morpholeogically separate cells, was
gaining acceptance. The synapses ware points of ¢lese
proximity between neurons and other cells and it was
propesed that, at these points, interzctiong between cells
could occur., Recent work on the morphology of the nervous
system, especially tbat using thec electron microscopg, has
proven, beyond doubt, the Waldeyer-Cejal theory. 7The early
work on the study of the nervous system has been reviewed

by Shantha, Manocha, Bourne and Keppers (1969), De Robertis




(1964) and Mclennan (1965).

Elliot (1904) inm believed to be the first person to
éuggest that impulses might be transmitted from one cell
to the next by means of a chemical tramnsmither, but it was
the early work of Loewi and of Dale whe first demongirated
the role of a compound, acetylcholine, in the transmission
of impulses (Dale 1935, see also De Reobertis 1964 and

McL.ennan 1965) .

It had been proposed that the neuronal membranes wers
polarised in 1902 (Rernstein 1902), but it was nobt until
19%9 that Hodgkin and Huxley were able to show, experimeatally;
the presence of a resting membrane potential, uvsing ithe sguid
axon preparation. In 1952 papers by Huxley, Hedgikin and
Katz and by Huxley and Hodgkin reported results which
demonstrated the order of events as an inpulsce travelled
down a sguid axen and also during the subsequent re-
polarisation processg. They showed that_the obsexrved
depolarisation was due to a large change in ths permeabilily
of the membrane to sodium, followed by & chauge in the

potassium gradient.

The development of microelectrodes capable of measuring
synaptic potentials, by Ling and Gerard (1949), and the

subsequent develcpment of microiontophoretic techniques,

¥




permitted experiments to be performed which gave a clearer
understanding of the mode of transaission at the chemical
synapse. Using these techniques, workers, notably Curtis
and Ncoles, were able to show that certailn compounds could
hyper~ or depolarise synapbtic membranes. Acctylcholine

was the first compound %o be studied in detail. vprincipaliy
uging the motor endplate system, While studying this
system, Fatt and Katz observed spontancous small depolarisatior
of the post-synaptiic membrane, even though no inpulises were
arriving at the junction. They attributed these miniature
endplate potentials (mepps) to the spontanecous release of
acetylcholine from the pre-synaptic membrane {(1952). 1In
further reports, Del Castillo and Katz (1955, 1956)
proposed that mepps were caused by the releszss of packetls,
or guanta, of acetylcholine and that these quanta wsre
stored in the pre-synaptic repgion of the neuromuscular
junction., Upon the arrival of an impulse it was assumed
that a greal anumber ¢f quanta were released, the sum of

which caused depolarisation of the motor endplate.

During the 19508, the improvement in slesctron
microscope technicues enabled workers to use this

instrument to study the ultrastructure of the synapse in

a large number of preparations. The same basic structure




was found to be a common fecature cof most types of synapse.
The pre-synaptic regilon contained esmall mitochcndria and
vesicles, first observed by De Robertis and Bennett (1955).
which are thought to contain the transmitter compounds.

De Robertis and Bennett (1955) further suggested that each
vesicle contained one quantum of transmitter. The pree
synaptic membrane is separated from the posi-synaptic
menmbrene by a2 small cleft, about 200 - 500A in width. It
is thought that, upon the arrival of an impulse at the
synspae, the vesicles fuse with the prewsynaptic membrane
in some way such that their contents are releassd into Lhe
synaptic cleit. The transmitters then modify the
ned.ghbouwring cell membrane by crossing this cleft and
binding to receptor sites on the peost-gynaptic memnbrane.
(Katz (1962) has summarised the evenis occurring at the
synapse updn the arrival of an impulse, using the motor
endplate system as a model.) De Robertis (1958) has
claimed to have observed vesicles fused with the pre~
synaptic membrane such that the interiler of the vesicle
opened intc the cleft, but thie cbservation has not been

made by other workers using similar preparations.

Because it ie easier to study synapses from the
periphoral nervous system, or from invertebrates, under

the eleciron microscope, it was not until 1959 that Gray

first published photographs which showed that synapses

X




from the veritehrate CNS were, essentially, similaxr to
Phose from other sources. In addition to the general
features of the synaptic region, described above, Cray
also observed elecltron dense material within the cyneptic

cleft which is believed to be intersynaptic filamenits which

join the pre= and postesynaptic membranes.




The History of the Nerve-lnding Particle

in the CRS has

.

Yhe study of chemical synapses
advanced rapidly over the last ten years due to the
discovery that nerve~endings may be isolated, as artificicl

subcelluvlar particles, from homogsnates of nervous tissue.

During the 1950s,; it had been shown that aceiylzsholine.
acetylcholinesterase and choline sceiyliransferase were
concentrated in the mitochondrial fraction from brain
homogenates (Hebb and Smallman 1956, Aldridee and Johnscn
1959). In 1958, Hebb and Whittaker isolated an acetyl.
choline containing particle by density gradient fraciionaiion
of homogenates of cerebral cortex., It was thought, at
first, that these particles correspouded to the vesicles;

st observed by De Robertis and Bennett {1955), but
subsequent work by Whittaker (195%)and by Gray ¢
Whittaker (1962) showed that, under the electron microscope,
these particles closely resembled photograpvihs ¢f intaci
cerebral cortex synapses (Gray 1959). The particlss
centainéd vesicles and small mitochondria and often had
small portions of post-synaptic membrane still at&achad

to them. These particles were apparently formed during the

mild honogenisation procedure, when the pre-synaptic bonton

broke away from'the axon and rapidly resealed. Similay




particles have since begen isolated from a variety of

sources (see Whittaker 1969)., Their size vaeries, depending
on tne source,; but most are about C.5pm in diameter, although
synaptosomes, as these particles have been termed (Whittaker,
Michaelson and Kirkland 196L4), as large as LOpm in diemeter
have been isolated from the wossy fibre region of the

r\

cerebellar cortex in guinea-pig (Israel wnd whitliaker 19565).

Further work showed that, when the crude miftochondrial
fraction was prepared from homogenates oi nervous tissue

and subfractionated as described above, & number of the

s
'

compounds; which some workers consider are itransmitlers, -
were concentrated in the synapltosome fraciticn; acetyleheline,
serotonin and nor-~adrenalin are pariicular examples {
Whittaker 1959b, 1965 and De Rohberiis 1964). Whittaker

and his colleagues have studied the nerve-ending particle

in relation to cholinerxrgic transmission. Acebyicholine

<

and choline acetyltransferase achivity is bigh in the

vesicle fraction, which may be isolated from the synaptosomss
by rupturing the synaptosome membrane osmotically in water
and fractionating the resulting suspension on a sucrose

gradient (De Robertis et al 1963, 1967 and Whittaker et &l

1964)., This work has been reviewed extensively (De Robertis

1964, Whittaker 1969). Whittaker and Sheridan (1965)
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attemplted to measure the amount of acetylcholine in a
single vesicle but, although they found that the quantity
was within the limits found by physiological measureﬁents,
(reviewed by Katz, 1962) they had to moke ocertain
assunptions which qualified the usefulness of their

resulis.

The distribution of other putative transmitter compounds
and enzymes assoclated with their metabolism have also been
studied. De Robertis and his coworkers have made attempts
t0 isolate synaptosomes containing different transmitters,
using a discontinuous density gradient consisting of more
steps than the simple one of Gray and Whittaker (1962). They
found that the distribution of nor-adrenalin and serotonin
was similar t; that of acetylcholine and that they could
iscolate a fragtion, somewha? more dense than that containing
_nerve-endings rich in acetylcholine, which contained
‘gynaptosomes which had high GABA aminotransferase and
élutamic acid decarboxylase activity (Saiganicoff and De
Robertis 1963). They préposed that these synaptosomes
had'been formed from nerve~cndings which had contained GABA,
but Whittaker (1965) cast doubt on this conclusion on the

grounds that all the differences could be explained by the

increased number of mitochondria present in the synaptosomes

of this fraction. De Roberiis summarised the results which




his group have obtalned, concerning the helerogsncity of
nerve-endings, in 1964, Subsequently Iversen and Snyden
(1968) and Kuhar, Shaskan and Snyder (1971) bhave shown
that i1f synaptosomnes are prepared from cerebral coriex
slices which have heen preincubated in the prescace of
catecholamines and GABA, the distribution of the conpounds
along the density gradient is not unifcirm. Thoey proposea
§h15 25 a better way of demonstrating the heterogereity

of the synaptosome preparation.

Synaptosomes contain lactic dehydropenase, the
glycolytic enzymes (Johnson and Whittaler 10U63), notassiun
and free amino acids (Ryall 1964, Mangan and Whitbaker 1906).
These compounds, which are normally fourd dn the awopal
cytoplasm, are released if the synapltosomal membrane iws
ruptured osmotically, which indicates that synaplioscomes
have axonal cytoplasm trapped within their nembranes and
that the membrancs are complete and relatively idnpermeabie.
Worlk by Marchbanks (:epo:fed by Whittaker 1962) and by
Bradford (1969) has shown that synaptosomes are capable of
quite high rates of oxygen consumption. The rates are,
in fact, comparable to those of cerebral cortex slices whan

they are suspended in oxygenated Krebs Ringer solution.

Further work by Bradford aad Thomas (1969) has shown that




the fate of labelled carbon atoms, derived from (Ual

ey

glucose, in synaptosomes is similser, but not identical,
DT _ h .y . A . ;
to the fate of (U~" 'C)-glucose in cerebral cortex slices.
The ability of synaptosomes to respire and metabolise
added substrate has led Whittaker to liken the pariicle
to a emall anucleate cell (L969). The egynaptosomal
membrane has an active ATPase (Hosie 1965, Kurchawa,
‘Sakemoto and Kato 1965, Bradford, Brownlow and Qammack
; 2o : & o + PIL]
1966) and is capable of forming Na end K gradients
across the membrane (Bradford 1969, 1970a). Bradford
(1970a,b) has further reported that the synaptosomal
membrane may be excitable -~ that is to say the nembrane
may be depolarised by an external stimulus such as
electrical pulses ~ and thus the particle could be used

as a model systen for studying excitable membranes.

(W]
o0

The permeability of the synaptosomal membrance h
also been widely studied, with special reference (o jions
and compounds of pharmacological interest, for example:

+ + £ . !
and K (Marchbanks 1967, Blaustein and Weisman

vat, cat
1970, Weinstein and Kuriyama 1970); choline (Marchbanks

1968b, Potter 1968); acetylcholine (Marchbanks 1.968a) aud

the catecholamines’(Coyle and Snyder 1969, Colburn el al

1968).
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Thus the preparation offers us a meawvs of studying

the effects of drugs on synaptic metabolism and on some of

the factors which might affect the release of the putative

transmitter compounds, such as the fragility or the

permeability of the pre-synapltic membrane.




An Out-line of the Propesed Proiect

The object of the work, to he reported in this thesis,
st to use the synaptosome preparation asm & means of
studying the effects of anticonvulsant drugs on ths nerve-

ending.

Althouvgh drugs with axticonvulsant properities have a
wide range of structure and possible modes of action, all
must, in some way, prevent the initiation or spread of the
neuronal discharges which reoult in convulsions. Most
anticonvulsants seem Vo alter the perameability of neuvonal
membranes to ions or maintain the ionic gradients in some
other way such that the threshold for depclarisation of
the membranes is raised. The variety of metatolic effccte,
which result from treatment with these drupgs, may directly
affect the jonic gradients, or may be the resuit of direct
physico-chemical effects of the druge on the properties,
especially the permeability and carrier properties; of tp&

membranes (Tower 1960, Millichap 1965).

Two anticonvulsant druges, used to treat Grand Mal
epilepsy, are tested in this study. The first is acetazolamide,

a sulphonamide, which Koch and Woodbury (1958) have shown

to inhibit the enzyme carbonic anhydrase in the CNS. The




effect of this is to increase the CO? content of the

nerveus tiscue and this ie believed to reduce the intra-
cellular Na® concentration waidch resuits in hyperpolarisation
of the neuronal membrane. Increased intracellular CU?
has also been reported to promote the infiwx of K* (
Shanes 1958), thus increasing the hyperpolarisstion of
the membranes, and this incrcased intraceliuvlar K
concentration is also a feature of the action of

acetazolamide (Millichap 1.965).

The second enticonvuleant tested is the barbiturate
phenobarbitone. Fossible mechanisms for its anticoanvulsant
activity are much less well defined, It ip dilfficuit to
separate the effectis which give the drug its enliconvalsant
properties from those which result in sedation. Cerisoinly
it does not exert its effect by inhibiting carbonic
anhydrase (Millichap 1965), but it is believed to
tstabilise! neuronal membranes in some other way. Tower
(1960) suggests that the stabilisation could result from
direct physico-chemical interaction between phenobarhitore
and the neuronal cell membrancs, hut the nature of this
stabllisation is still not clear. Hillman, Cawpbell and
MeIlwain (1963) have shown ‘in vitro! that the rate of

- J + .
reformation of the Na gradient, across the cell membranes s
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is enhanced by phenobarbitone, which is an interesting
observation in view of the fact that phenokerbitens is of
particular use in treating epilepsy which results fronm
defective repolarisation mechanisms (Millichap 1965).

The clinical uses and biochemical effects of these drogs
have been the subject of reviews by Millichap (L963) eand

Woodhury and Xemp (1970).

In this study, the effects of the anticonvulsants are
also compared with the effects of two drugs, pentamethylene
fetrazol and strychnine, which may be used to initiate
convulsions in experimental animals (Millichap 1965). '“The
mode of action of these compounds is not fully wnderstood,
although it scems that strychnine has its effec¢t by biocking
‘the release or the receptors for inhibitory transmittere
(Reper, Diamond and'Yasargil 1969) in the CNS, whereas
pentamethylene‘tetrazol acts on cholinergic aynapses.

In addition pentamethylene tetrazol inhibits acetyl.
cholinesterase activity (Mahon and Brink 197C). Holz and
Westerman (1965) summarise evidence which shows that
monoamine oxidase inhibitors protect anima%g from
pentamethylene tetrazol induced seizures but not from

those induced by strychrnine, This is further evidence %o

suggest that the two drugs do not exert their effect by




the same mechanisne.

Much of the work reported for the e¢ffects of anti-
convulsants 'in vitro?! has besn done using cerebral coritex
slices whose properties closely resemble those of nervous
tissue %in vive'! (MeIlwain 1966). The work of Hillmen j
et al (1963) which demonsirated that phenobarbitone’
éﬁhanced the rate of reformation of the Na™ gradient in
slices, after depolarisation, has already been menitioned.
Some anticonvulsants, however, can also affect the
permeability of cerebral cortex slices to-non»ionic
componnds. The rate of uplake of sugars into brain slices
is enhanced by some anticonvulsantes, apparently due Lo
modification of the carrier process by which fthe sugars ars
transported into the cells (Gilbert, Ortiz and Millichap

1966, Gray and Gilbert 1970).

The cerebral cortex slice system is a good one for
studying the effects of drugs on neuronal excitability as
a whole, but slices are multicellular systems and some of
the effects of the drugs on neurons may be masked by the
presence of other cells. Also the components of the

neurocn - the cell body, axons and dendrites -~ have

different functions and there is no reason to suppose




that the drugs have the same effect on the different parts
of the cell. It is useful, therefore, 10 use the
synagtosome preparation as a neaus of étudying the effects
of the drugs on the nerve-ending. One amust bear in mind,
howevex, that the synaptosome preparation is, itself,
heterogeneous and countaind nerve~andings from the whole

of the cerebral cortesx.

With the points which have heon out-lined sbove in
mind, it was proposed to study the effects of antiw-
convulsant drugs on synaptousomes in two ways. In the
fixst dwstance, the mctabolic responses of the particics
have been assessed by messuring the effects of the drugs
onn the oxygen consumption and on khe guuniily of rodice
activity dncorporated into the synaptosomes when they
zerelallowed to respire in oxygenated Krebs kKingex
solution containing (U«l#c)wglucos&, There is evidence
to suggest that there is more than cne TCA cycle opervebing
in the CN8 (Clarke, Nicklas and Berle 1970). One ol these
cycles, which accbunts for most of the oxygen uplaks, s
believed 1o be an ‘energy cycle' geared mainly to
providing ATP, while the other cycle, wvhich ic smaller,

is geared nainlyrito synthesis of free amino acids. By

estimating the effects of the drugs on both: the oxygen

Aoy




uptake and the incorporation of the label, it was hoped %o

detect a response in either of the ayclen.

In the second part of the study, the effects of the
drugs on the properties cof the synaplbesomal mepnbrane were
studied,; aund the problem was approached from three aspecis.
;n the first ins?ance, the effects of the drugs on the
mechanical properties of the membranes were assessed hy

'”;‘ . allowing the synaptosomes to swell in hypotonic solulion,
after pre-~treatment with the drugs. Secondly the eifects
cnn the permeability of the synaptesome membrane to K+?

I*Iavj. and xylose have been estimated, The exwecilnble nature
of neuronal membranes is dependent upon the ability of the
celle Yo form and maintain gradlonts of thess ions oeross
the cell membranes and, since Tower (1960) has sugpested
that the cells of epileptogenic tissue avre often unable to
maintain the ionic gradients, any alteration in the
permeability of the synaptosomal membrane {to these dlons

is of importance. The pentose, xylose, appears to be bakan
up by the cells of the CNé by the sane process as glucose
(Gilbert 1965) and this uptake is modified by some anti-
convulsants (Gilbert, Ortiz and Millichap 1966, Gray aud

Gilbert 1970). In view of this, the effect of anticonvulsanis

on the permeability'of the synaptosome membrane to this
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compound was also examined. Finally the effects of the
. + 4 b B . !
drugs on the K , Na 4, Mg activated ATlPase activity of
the synaptosomes were studied, The ATlPases are thought
% - - 5 u"n
to be responsible for providing the encrgy for the Na
% ; ;
and K pumps which are present in the neuroual nsmbranes.

If the drugs were to modify the activity of fhise enzymes,

it could be a means by which they altered the membrans

permeability to the dons.

25
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SECTION I

ISOLATION AND CHARACTERISATION

OF THE SYNAPTOSOME FRACTION
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introduction

The method of preparation of synaptosomes chosen for
this work was, essentially. that of Gray and Whittaker (1962)
since it is a relatively simple procedure. In addition,
if the method is modified a little, it can be completed
within six hours (Bradford 1969). Although other methods
of preparation yield synantosome fractions which may be
less badly contaminated with mitochordria and myelin and
whi.ch contain synaptosomes which have a better appearance
under the electron microscope (Whittaker 1965), these
procedures are long and tedious or yield teo few synapltosones
for the type of experimenis planned for this woxk. Because
the preparation of Gray and Whittaker does provide the
easiest method of isolating synaptosomes, many other workers
have adopted il and, since we wished tc characterise our
preparation by comparing its preperties with those
atiributed to synaptosomes by others, it was better that

we should use the same preparation as far as was possible.

In this section, not only has the preparaticn been
described, but also the experiments which were performed
to characterise the fraction. In the first instance, the

fractions, isolated from the gucrose gradient, were studied
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under the electron microscope since this provides direct
evidence of the content of ecach froaction. DBut synaptosomes
do not withstand the procedures required to prepare

specimens for the electron microscope as well ag mitochéndri&,
and therefore photographs of the fractions taken under the
eleciron microscope tend to underestimate the number of

whole mynaptosomes present in the fractions (Whittaker 1965).
Further ch&facterisation of the synapltosome fraction was
carried out by comparing its enzymic and respiratory

properties with results published by other workers.

The enzyme acetylcholinesterase has quite a wide
distribution in the CNS, but of that found in the crude
mitochondrial fraction, most is bound to the synaptosomal
membrane and not to membranes of free mitochondria (Whittaker
1969). The distribution of acetylcholinesterase activity
was therefore studied. The distribution of succinic
dehydrogenase activity has also been studied because this
enéyme is localised on the mitochondrial merbrare (Aldridge
aud Johnson 1559) and the distribution of the activity of
this enzyme provides an estimate of the distribution of

the mitochondria.

Finally the oxygen consumption of the fraction was
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estimated since this seemed to cffer the best method of

assessing the number of funclionally viable synaptoscmes

present in the fraction. The oxygen uptake was measured

in oxygenated Xrebs Ringer solution, fortified witih

glucose as substrate. Under these conditions synaptosomes

with intact membranes which have trapped the cyteplosmic

cnzyme systems and cofactors necessary to oxidise glucose, :
.+ Yespire actively and iﬁ a stable and linear manner

(Bradford 1969). Damaged synaptosomes and free mitochondria,

however, are not able to respire te any great extent, or T

with any stabiliily, uvnder these conditions.




Materials and Methods

Matenrials

Rabbit Brains:

Guinea~Pigs:

Acetylcholine Perchlorates:

Bovine Serum Albumin:

dethods

e

Male rabbii brains were supplied,

in the frozen state, by Honee-lun

Farm Products Ltd., Bideford,
Devon. (The braines were rapidly

frozen to minimise deterioration.)

Six~week old male albine guineaw~
pigs (Dunkin~Hartley strain) werc
supplied by A. Tuck and Son,

Rayleighe. Essexo.

Supplied by British Drug Houeecs,

Poonle. Dorset.

Supplied by British Drug Houses,

Poole. Dorset.

Jsolation of the Synaptosomes

Synaptosomes were isolated from the cerebral cortex

of frozen rabbit brain oxr fresh guinea-pig brain. The
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cortex of the frozen rabbii brain was isolated from the
rest of the brain by allowing the brain to thaw slowly at
room temperature until the surface of the brain became
pliable. In this condition the grey matter could easily
be distinguished from the white and the grey matter was
scraped away from the brain with a micro~spatula. When
guinca=pigs were used they were éacrificed by decapitation
and the brains were rapidly removed and put on ice. The
cortex was cut away from the rest of the brain, and any
sdhering white matter was scraped away. The grey matter
obtained from rabbits or from guinea-pigs was then treated
as described belowy all operations being performbd at

o -~ 5°%.

Thé grey matter was homogenised in icew-cold 0.3%2M
sucrose (lg of grey matter in 10ml of sucrose solution) in
a teflon homogeniser running at 800rpm, for 35 seconds.
During the homogenisation, seven up and down strokes of the
pestle were made, The h@mogenate was then subjected to
the subcellular fractionation procedure, which is summarised
Fipgure ). which is essentially the method of Gray and Whittaker
(1962), but modified as recommended by Br;dford (1969) so

that the preparation might be completed within 6 hours.




Iigure I

Preparative Procedure




4 detailed descriplion of the preparative procedure,

out«~lined in this Figure; is given on pa7.



Figl
Preparative Procedure
Homogenate

Centrifuge (900g x 5min)

-

Nuciei and Cell Debris Supernatant

Dilute with an equal
volume of O-32M sucrose
and centrifuge 150009 X

20 min)
Mitochondrial Supernatant
Fraction (Microsomaual Fraction

IS
Resuspend in 0-32M and Cell Sap)

sucrose. Layer on

discontinuous gradient and
centrifuge (53000g % 2hr)

Sucrose
conc Fraction
0-32M
A
0-80M
8
1.20M C




The homogenate was centrifuged at 900g for 15 minutes to 3
remove the nuclei and other large cell debris. It is
necessary to remove the nuclei bhefore fractionating the
mitochendrial fraction because many synaptosomes are

S

%rappcd with the nuclei, on the gradient, if the ruclei
are not reomoved. The resulting supernatant was then
centrifuged at 15.,000g for 20 minutes to scdiment the crude

mitochondrial fraction. The crude mitochondrial fraciion

was resuspended in 0.32M sucrose and layered on top of

\)

& discontinuous gradient consisting of 5ml bands of L.2M

i

and 0.8 sucrose. The gredient was centrifuged for 2 hours

at 53,000g (23,000rpm in a %%20ml head on an MSE super 50
o super 65 preparative uliracentrifuge) and the fractions

lying between the sucrose bands were collected with a

Pasteur pipetie and the molarity of the sucrose was

returned to 0.32M by the slow addition of 0.16M sucrose.

The fractiocs were cenltrifuged down at 20,000g for 30

minutes and resuspended in a medium suitable for the

proposed experimente.

The preparation was always used, for various sxperiments:

or. the day of its isolation.
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Charactevisation of the Synaplosome Fraction

Llectron Micromscopy

Fractions were prepared for electroa microscopy

in two wWayse.
(i) DNegative Staining

Fractions isolated f{rom both frozen rabbit brain and
fresh guinea~pig brain were negatively stained using the
method of Whittaker, Michaelson and Xirkland (1964). The
fractions were resuspended :in 0.3%2M sverose and were ifixed
by the addition of an egqual volume of ice-cold 1O per cent
formaldehyde solution, dissolved in 0,3%2M sucrose. The
pH of the formaldehydc sclution had been brought to 7.4,
by the slow addition of 0.33N NaOH, before it was added
to the suspensions. A drop of the fixed suspension was
placed on a collodion—~coated grid and the excess moistuce
removed with filter paper. A drop of 1 per cent phospho-
tungstic .acid, also dissolved in 0.32M sucrose at pH 7.k,

. was added to the grid and the excess moisture was again

removed with filter paper. The grids were dried in a

desiccator and then studied under the electron microscope.
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(ii) ©Positive Staining

Only fractions prepared from fresh guinea=-pig brain

were gubjected to this procedure.

The fractions were resuspinded in 0.32M sucrose and .
centrifuged at 70,000z for 1 hour. The plugs were fixed ;
in 2 per cent glutarasldehyde, which wae dissolved in 0.1M
phosphate buffer (pH 7.4) containing 7.5g of sucrose per _ ;
J0Oml of solution, and in osmium telroxide. They were then
dehydrafed in alcohol,, embedded in araldite, secticned and

stained with lead citrate and uranyl acetate.

Sneymilce Activity

Cholinesterase Activity

In this work, total cholincesterase activity has been
estimated, but 95 per cent of the cholinesterase activity
in the c¢rude mitochondrial fraction can be attributed to

acetylcholinesterase (Aldridge and Johnson 1959).

Cholinesterase activity was assayed manometrically

using the method of Aldridge and Johnson (1959). The assay

»

is based on the fact that the enzyme releases acetic acid

whiclh displeces CO, from the reaction medium, which is

e

saturated with COé prior to the commencement of the assay.




it
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(CHECO(C‘Ja)?_N(CHB)Z‘)Q.'.LO,*. S CHLCOH (HO(CHE)QN(ChZ,)E)C.L(‘l{‘

CHECOEH + I‘\ea_HCO:5 duu: cnﬂcoawa + dZLOB
H2003 it:: Hao + COa

A 0.5ml sample of synaptosomes or mitochondria, suspended
in O.32M sucrose and containing approximately 2mg protein
pef ml, was pipetted into the side~arm of a manometer flask.
3ml of medivm, which contained the following constituents
in their final concentrationss:~ HaCl 130uM, Mg612 55mM,
NaHCO3 31mM, acetylcholine perchlorate 1limlM, was placed

in the main compartmant of the manometer flask, which was
then connected to a Gilson Differential Respircmeter. (This
instrument determines gas uptake or output, at constant
pressure, and it has several advantages over the conventional
Warburg manometer. It is shown in Plate I. Gas exchanges
occurring in the manometer flasks attached to the Gilson
'Respirometer are relayed to the manometers of the instrument
by flexible tygon tubes. Changes in the levels of liguid

can then be nullified by turning thumb-screws which are

graduated in such a way that the changes in gas volumes




Plate I

Gilson Differential Respirometer
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Plave L Gilson Differential Respirometor

This instrument mersures gas evolution or uptake

at constunt mpressure. Gas volune chanpes occurring
?n the flasks are relayed to the manometers (Manom)
by means of flexible typon tubes (T%). OChanpes in
the levels of the manomcters may ihen be nullified
by alteration of vhe ‘volumometer' uvnits (Vol

which read dircctly in pi. The Lemperature at

which lhe gae volume changes occur may be controlled
by dnmereing the flasks in the {thermostatically

contrciled badth,

%
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can be read off a ‘volumometer® unit on the Resplrometer

directly in ﬂla) The syslem was gassed thoroughly with

i Siat P
5 per cent CO, in N, and allowed to equilibrate, at 37 C,
[l [l
for 15 minutes. The suspension was Lipped into the main
compartment and, after % minutes further equilibration,

the 002 evolution was measured, at % or 5 minuvte intervals,

for 24 or 30 minutes and the rate of CO, evolution :
o

estimated. The units of enzyme activity were pl CO?

evolved per mg protein per hour at 3?00.

Succinic Dehydrogenase Activity

Suceiniec dehydrogenage activily. was asgayed using the
nanometric technigue of Quastel and Wheatley (19338) as
described and modified by Aldridge and Johuson (1959).

The assay procedure is a general one for dehydrogenases
ané involves the estimation of COZ’ liberated from a

medium already saturated with CO,,; by the following series

2
of reacitionss~
CH.CO H B i~C~COH B »
§ & 2Fe(CN6,V e " oo ZFe(CNG) 4+ 2H
CHZCOZH SDE H-c-—coan’

e o B umiin W cicsanith
2H° + 2H003 bz 2H2003 bt 2H20 + 2C0

2
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A 0.5ml sanple of synaptosomes or mitochondria,
suspended in water and containing approximately 2mg protein v
peir ml, was placed in one of the side-arms of a double-
armed manometer flask., 2ml of medium, of the following

composition (in final concentrations):- K HPO, 12.5mH,

2
MgCl2 3e5mM, EDTA O.6mM, potassium succinate 22.5mM,

NaHCO, 25.0mM; was placed in the main compartment of the

2

manometer flaslk. (The pH of the medium was brought to 7.k

3 was added.) O.5mnl of h3be(CN)6

(12.5mM final. conceniration) was placed in the other sidew

with KOH bhefore the NaHCO

arm. The manometer flask was attached to a Gilson Differential:

P in Na. The

flask was allowed to equilibrate for 15 minutes at 3700

Respirometer and gassed with 5 per cent CO

and then the contents of the side-arms were tipped into

the main qhamber and, after a brief re-~equilibration, the
CO2 evolution, at 3700 vas estimated. If the fractions

were isolated from ifresh guinea~pig brain, the CO2 evolution
wais estimated, at 5 minute intervals, for 30 winutes. The
rate of gas evolution duving this time was linear (Fig II).
The units of enzyme activity were pl CO2 evolved per mg

pretein per hour. When the fractions were isolated from

frozen rabbit brain, however, it was found to be impossible

to maintain the gas evolution for 30 minutes and therefore,

in this case, the volume of CO2 evolved by duplicate é




Figure II

Succinic Dehydrogenase Activity of Guinea-Pig

Brain t'ractions




Fractions B and C were isolated from homogenates of
guinea~pig corebral cortex using the method out-lined
in Figure I. The succinic dehydrogenase activity of
pamples, suvspended in water, was estinated in a Gilson
Differential Respirometer using the method described on
1r31l. The resulis vepresen® thc means of % estimations,

The Sii's were swall and have been omitted.
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samples during the time between the 2nd and Yih winute b
was measured. (The flask was re-equilibrated during the
first two minutes.) The unite of enzyme sctivity, ir thic

case, were ul CO2 evolved per mg protein per 5 minubtes.

Regpiration Yxperimeat

. Fraction B, which lies between the 0.8M and 1.2M
sucrose after the gradient has been centrifuped (Fig 1), ,
is the fraction reported to contain most of the synaptosomes
(Gray and Whittaker 1962). This iraction was resuspended y
in saline solution of the following composition: Hat 1lemd,

K* smM, ca’t imM, Mg

1mM, €17 1honM, P04= B, soh” Lol
The mediuvm, which is esgentially Xrebs Rinpger phosphate
solution, is buffered to pH 7.. The medium also contained

10mM D=glucose as substrate.

2nl of suspension, containing about Ymg of protein
was placed in the main compariment of a manometer flask
which had 0.2m) of 20 pexr cent KOH in the centre well and
a filter paper (to increase the surfaée area). The flask
was attached to a Gilson Differential Respirometer and the
system was gassed briefly Qith O2 and allowed to equilibrate £

at 37°C for 15 minutes. The oxygen uptake was then estimated,>ﬁ




c s : " O
at 5 minute intervals, for 45 minutes at 37 C.

Protein Estimation

Protein was estimated using the method of Gornal,
Bardsewill and David (1949). Samples, containing about
2mg of protein, were added to an equal volume of ice=
c¢old 1N perchloric acid and left, on ice, for 10 minutes
to precipitate the soluvblie protein. The protein was then
centrifuged down on a bench centrifuge and washed with
ethanol/ether (1:1) and then chloroform/methanol(2:1) to
extract the lipid (a procedure which prevents opalescence
of the final solution (Aldridge and Johnson 1959)). The
remaining solid material was dissolved in hot 0.1N NaOH
and the volume made up to l.2ml. 2.4m1L of biuret reagent
(0015%<w/v) CuSOQ5H20 and 0.6%(w/v) potassium sodium
tartrate dissolved in 0.33%(w/v) NaOH) was added to the
samples and mixed thoroughly. After 30 minutes, the
extinction at 540nm was measured. Samples of bevine sexrunm
elbunin were used as standards aﬁﬁ‘it yvas found that this
protein estimation was linear over the range O - 4 mg of

bovine serum slbumin (Fig IIX).




Figure III

Protein Standards

Biuret Method

>
¢




Standard solutions, containing known weighte of
bovine serum albusnin, vere assayed by means of

the biuret Reaction according iteo the procecure

of Gormal et al (1949) as described in the methods

section (p3h).
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Results and Discussion

The appearance of the sucrose pgradient, after

centrifugation, is presented in diagraumatic form in

Figure I. Photographs of sections which had been negatively

atained and photographed under the electron microscope
were very unsatisfactory so the technique was abandoned

in favour of positively stained sections. : 5

Pholtographs of the sections after positive staining e
are presented in Plates IT -~ IV. The fractions have been 3

designated A, B and C in the same way that Gray and
whittaker (1962) labelled their three fractions (see also E

Pig I). JFraction A (Plate II), which lies above the 0.8n

sverose, consists mainly of myelin and broken membrane 3
fragments. The striking feature about the fraction is the 4

almost total absence of organised structures. lFraction B

(Plate XII), on the other hand, which lies between the ©,8HM

and 1.2M sucrose, has many organised structures, most of k

vhich are synaptosomes. The appearance of the synaptosomes
in this fraction is very similar to pictures of synaptosonmes é
published by other workers (Gray and Whittaker 1962, De

Robertis et al 1962). The synaptoscmes, which vary between

0.%pm - 1.0pm in diameler, contain vesicles and often have %




5 Plate II

Electron Micrograph of Fraction A

R



Plate T wlectron Micrograph of Fraction A

Fraction 4 was isolated from hamogenates of
guinea-pip cerebral cortex using the procedure
cut«lined in Yigure 1. The fraction was
pvositively stained (p29) before being viewed
undeyr the electron nicroscope. The plate shows
that fraction A consisis predominantly of myelin

and broken membrane fragmentse.










Plate 11X

Electron Micrograph of Fraction B
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Plote 1

P
—

. Xlectron Micrograph of Fraction B

Fraction B was isolated from homogennien of guines=
pig cerebral cortex using the procedure out-lined
in Fipure I. The fractien was positively stainecd
(p29) 2nd viewed under the electron microscope.
The fraction conteins a large number of synaptoscues
(Syn). The synaptosomal cytoplasm contains vesicles
and, in some instances; mitochondria (Lit). The
membrane (PSM) lying adjacent to one of the
synaptosomes is similar in appearance to photographs
0of post-synaptic meuwbranes, published by others

1N

(Gray ond Whiitaker 1962), which remain attached

to come of the synaptosonese.







Plate IV

Electron Micrograph of Fraction C



Plate IV Electron Micrograprh of Iraction C

T gulncae

Fraction C was isclated from horogenntes ©
pig cerebral cortex using the procedsye ¢utelined
in Figure I. The fraction was pesitively stained
(p29) and viewed under the elesiron micrescope.

The plate shows that the frazticn consilstic mainly

of free mitochondria.
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small mitochondria trapped within the syneptosonal
cytoplasm. The postesynaptic membrane is still attached to
some of the synaptoadmes. The fraction is contaminated with
some membrane fregments and a few free mitochondria which
are small or damaged. This type of contamination was
reported by other workers (Gray and Whittaker 1962,
Bradford 1969). Fraction B in fact consists of two subw
fractions. After centrifugation, there appecar to be two
bands lying between the 0.8M and 1.2M sucrose. The top
ohe, which is white, lies directly on top of a yellow

band, and it has been suggested that the white hand
contains synaptosomes lacking mitochondria and the yellow
band contains synaptosomes which do contain mitochondria.
Fraction C (Plate IV), which sediments to the bottom of

the ceﬁtrifuge tube; contains numerous mitochondria and
only a few synaptosomes. The mitochondria of this fraction
are approximately O.%pm in dianmeter and are only a little
larger than those found enclosed within the synaptosomes.
This fraction has a tan colour which is to be expected

from a fraction containing mitochondria which contain
pigmented cytochromes. The appsarance of all the fractions

was similar to photographs of the fractions published by

other workers.




The distribution of enzymic activity between fractions
B and C is consistent with the observations made under
the electron microscope, namely that the free mitochondria
have been separated from the synapltosomes, and are
located in fraction C whereas the synaplosomes are to be
feund in fraction B. The activity of cholincsterase was
conslderably higher in fraction B than in fraction C
(Fig IV) and in terms of units of activity, three times
as much cholineslerase activity was found in fraction B
compared with fraction C (Table L)y a result which is in
agreement with results published by De Robertis et al (1962).
Although much of the acetylcholinesterase activity found

in the CNS is located in the microsomal fracticn (De

Robertis 1964, Whittaker, Michaelson and Kirkland 1965),

the crude mitochondrial fraction retains over half the
total activity. When the crude mitochondrial fraction
is fractionated further, the acetylcholinesterase activity

is located on the synaptosomal membrane (Whittaker 1969).

There was three times as much succinic dehydrogenase

activity in fraction C compared with fraction B (Table II) E
a result which is in agreement with the results of

Whittaker (1959a) and Johnson and Whittaker (1964).
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Figure IV

The Acetylchoelinesterase Activity of Brain Fractions <
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Fractions B and C were isolated from homogenates

of cerebral cortex using the method out-lined in
¥igure Y. The acetylchclinesterase activily was
assayed in a CGilson bifferential Respirometer
using acetylcholire perchlorate as substrate (p29).
The results are the means of 3 estimations. The

SIMs were small and have been omitted for clarity.
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o
Table 1 g

Cholincsteruse Activity in Fractions B ard C from the

Crude Mitochoudrial Fracticn of Cerebral Cortex

Source of Enzyme ChE Activity(Units/mg Pr) Ratio
Traction B Fraction ¢ B¢ i
Frozen Rabbit , i E
‘ 183 - 6 = 3,31
Brain .83 2 2 R
Fresh Guinea-Pig " - -
148 - 2 48 - 3 3153 :

Brain

Fractions B and C were isolated from homogenates of cerebral i
cortex using the procedure cut-lined in Figure 1 and b
cholinesterase activities were determined in a CGilson p:

Differential Respirometer using acetylcholine perchlorate é

as substrate (p29). 1 wnit of activity is equal to 1pl &
CO2 evolved per hour. The results reoprcsent the means of 4
3 expts. ;




Succinic Dehydrogenase Activity in Fractions B and C from the 3

Crude Mitochondrial Iraction of Cerebral Cortex

SDII Activity

Prozen Rabbit Brain Fresh Guinea-Pig Brain
(pl COa/mg Pr/Smin) (p1 COa/mg Pr/hr)
Fraction B 5.9 2 6.4 22 = &
i (%) e )
Fraction C 9.6 = 0°6(4> 13% = 4(3)
Ratio B:C L:%,.6 ' Lt

Fractions B and C weré iscolated from homogenates of cerebral
cortex using the proceduré out~lined in Iigure 1 and the
succinic dehydrogenase activities were determined in a
Gilson Differential Respirometer (p3l). The results

represent the means o¢f the number of expis given in the

parentheses,




Succinic dehydrogenase is an enzyme which is localised on

the mitochondrial membrane (Aldridge and Johnson 1959) ang

thuas the activity of the enzyme is a measure of the number
of mitochondria present in a fraction. A large part of the
succinic dehydrogenase activity in Fraction B can be
attributed te intragynaptosomal mitochondria, since 30

per cent of the synaptosomal protein is mitochondrial in
character (Moore and Lindall 1970). When the synaptosomes
are suspended in water, the synaptosomal membrane is
-ruptured and the mitochondria are released. Ih hindsight,
it becomes clear why mitochondrial preparations from braia
have to be assayed for succinic dehydrogenase activity under
conditions of hypowosmolarity whesreas this is not necessary
if the same fraction is isolated from other tissue.

Clearly the synapitosomal membrane must be impermeable to

one or more of the reagents necessary for the assay.

The oxygen uptake of samples of fraction B which had

- ’ ' . ’ - 3
been isolated from fresh guinea-pig brain was 65 ~ 2 pmoles i
of O, per 100mg protein per hour (mean of 6 estimations) %

which is very similar to the rates observed by Bradford (1.969)

and Marchbanks (personal. communication) for synaptosomes

allowed to respire under conditions similar to those used

here., -'he rate of oxygen uptake was linear over a 45




minute period (Pig V). If mitochondria or damaged
synaptosomes are allowed to respire under the same
conditions the oxypgen uptake is small and it is not
Linear (Bradford 1969). When fraction B was isolated

from homogenates of frozen rabbit brain, the oxypgen uptake
was very small and unstable. This rcsultl was not
unexpected since the freezing, storage and subsequent
thawing of the brain could be expected to damage the cell
membranes and thus the membranes would, no longer, retain
the cytoplasmic factors necessary for glycolysis to occur.
This type of storage did not preveont the formation of a
fair number of synaptosomes since the distribution of
enzymnic activity between fractions B and C was siniliar

for preparations from either source (Tables I and II).

78 & 0.3 mg protein per g of guinea«pig cerebral
cortex (mean of 10 estimations) were isolated in fraction B,
which is approximately half the maﬁimum yieids obtained by
other workers. Bradford (1969) demonstrated that about
40 per cent of the synaptosomes formed were centrifuged
down with the nuclear fraction and could only be recofereﬂ
by thoroughly washing this fraction. This washing
procedure, however,-was not used here since it was

desirable to.complete the preparation within 6 hours in

3
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Figure V

Oxygen Uptake by Synaptosomes
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The cxygen consumption of synaptosome sadnles
2 & £ 5 ¥

suzponded in oxygenated saline containing 10md

glucose was estimated in a Gilsorn Differentizal

Resgirozeier (p33). The results represent the

P e - ; 2
means « Sy of O estimations.
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view of the experiments to be subsequently performed. E!

: ; . A 4
The yield of protein in fraction € was 3.5 ~ 0.2 mg psr g

of guinea~-pig cerebral cortex (mean of 3 estimations)
> g

which is a little less than half the amount fovnd in

e

fraction B. Other workers (Gray and Whittaker 1962,

Johnson and Whittaker 1964, Bradford 1969) have also
found that fraction B contained twice as much protein as
Fraction C. If the fractions were isolated from frozen
rabbit brain, then the yields were 1.9 < 0.4 mg protein
per g of brain in fraction B (mean of 4 estimations) and

” + ; " g 3 ; ;
2.0 = 0.3 mg protein per g of brain in fraction C (mean

of 4 estimations). The yield in both fractions is reduced,

but the yield in fraction B is so much reduced that it is

row egual to that of fraction C. It would seem therefore f
- . . : . 2
that the freezing procedure, applied te rabbit but not to 3

guinea~pig brains, impairs the ability of the brain to %
form synaptosomes. This is not surprising in view of

the observations of Whittaker (1965} who reported that
mitochondria withstand rough treatment, such as the
treatments necessary for electron microscopy or suspension

in hypo~osmotic solution; far better than synaptosomes.

The results of experiments, which were performed on




fraction B isolated irom fresh guinea-pig brain and which

are to be described in detail in suvbsequent sections of

e

the 'ﬁ:hez,-*l:r‘,s.i have shown that the elecctrolyte ccnﬁent

and metabolic aﬁd permeability properties of the fraction
are similar, in all essential respects. tw those veported
Tor synaptosomes by other workers. In view of this
¢vidence, therefore, fraction B has been uvsed in subssquent

experiments as a synayltoseme preparation and will, in

future sections of the thesis; be referred to as the

synaptosome fractione




SECTION IX

THE EFFECTS CF DRUGS OR

SYNAPTOSOMAL METABOLISM
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Intyraoduction

The objective of the experiments, which are to be
described in this section, was to study the effccts of

drugs on the stability of synaptosomal metabolisms

Synaptosomes have been compared with anuclsalte ceolls
because they will actively respire and metabolice added
substrate under conditions which normally only supyp

metabolic activity in preparations containing whole ils

e
(o]

(Whittaker 1969, Bradford 1969). Bradford (L970Da,bh) has
further claimed that the synaptosomal membrane is

polarised and excitable under these conditions -~ that is

»

to say the membrane is capable of being depolarised by
electrical stimuli. If cerebral cortex slices are
depolarised by electrical pulses or by altering the ionjic
content of the medium, the change in the polarised state

of the neuronal membrane is reflected by a large increase

in the oxygen uptake of the tissue {(McIlwain 1366).

Bradford (1970a,b) has reported results which suggest that
there is a similar respiratory response when the synapbosomal

membrane is depolarised. These observations suggest that

the synaptosome.might be used as a simple model with which




to test the effects of compounds which increase o
decrease neuronal excitability, and with which to iunvestipgele

mechaenisns of action of anticonvuisant drugs.

In the present work, therefore, compounds which ars
known to affect excitable neurcnal membranes 'in vived,
have been tested for their effecls on the oxygen uvplake
of synaptosomes., The type of compound tested included [ id
and some of the putative transmititer compounds. Although
the putative transmitter compounds are thought te act
primarily on the posi-synaptic membrane, the interactions
of some of these compounds with the pre~sypaptic membrane,
from which synaptosomes aré formed,; may be dimportant. In
particvlar, Koelle (1962) has suggested that, at sowne
synapses, acetylcholine, released by the nerve-ending,
acts on the pree-synaptic membrane to cause the reclease of
more transmitter which may be acetylcholine ilsgelf ox
another transmitter (Burn and Rand 1962). This pre-
synaptic role of acetylcholine has been put forward as
one of the explainations of the wide distribuiion of the
compound in the cerebral cortex where only 15 per cent of
the synapses are thought to be cholinergis (McLennan 1965).

It was then proposed to test the effects of the anti-




convulsant drugs-on any cesponse that was observed, and
alsce te test the effects of the drugs, themselves,; on

synaptosomal respiration.

~ Brief mention has already been made of the possibility
that more than one TCA cycle is present in the CPS (Van
Den Berg et al 1969, Clarke, Nicklas and Berle 1970) and
that drugs may affect the fate of added substrate without
having any significant affect on the oxygen consumpiion.
It is not known whether these different cycles ars spacially
separated within the cells, or are located in different
cells, or if they occur in different mitochondrial fractions
which are knoun to be present in the CNS (Blokhuis and
Veldstra 1970). Much of the glucose which is incorporaied
into free amino acids is retained within the synaptosomes

(Bradford and Thomas 1969) and, as a means of assessing

the effects o0f the convulsant ard anticonvulsant drugs

on the incorporation of glucose into these metakbolites, 3
X

1h

the effects of the drugs on the accuaulation of C,

!
derived from (le+C)nglucose substrate, were examined .
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Materiels end Metheds

Baterials

Amino Butyric Acid Supplied by British Drug Houses
Folin - Cioccalteun Poolee. Dorset.
Reagent
L«Glycine
L=Glutamic Acid Supplied by Koch ~ Light
Sevotonin Laboratories, Colubroosk. Bucks.
Lcetylcholine ' " Supplied by Sigma Iid. London, .
Chloxide
Pentamethylene
Tetrazol
Acetazolanide : Supplied by American Cyanamid Co.
Sodiun Pearle River. New York .
1k ; i S Tk b 2
(U-""C)=Glucose Supplied by the Radiochemical 5

Centre; Amersham. Bucks,.




Phenobarbitone Supplied by Pfizer Lid.

Sodium Sandwich., Kent
nor-Adrenalin Genervcus gift of Drs Cottrell
Histanmine Gatty Marine Iaboratory,

Ste Andrews.

Methods

TS 2 DA TR S DN

Oxyesen Uptake

The synaptosomes, isolated from h'guineampig hraius,
were pooled and resuspended in saline medium (p33) which
contained 10mM glucose as substrate. Falred 2ml saaplen
were placed in the main compartiments of menometer Flasks
and O.25ml. samples of saline, with or without drug, wers
placed in the side~arms., The flasks, which coutained 0.2ml
of 20 per cent KOH in contact with filter paper wicks in
the centre wells, were attached to a Gilson Differential
Respirometer, gassed briefly with oxygen, equilihra;gd
and allowed to respire for 20 minules as described in the
previous section. After 20 minutes; the contents of the
side~arms were tipped into the main compartments and,

after a brief ;e-equilibration period which lasted 2
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minutes, the oxypgen uptake for the next 2 minutes wos
measured. The oxygen uptake was then measured at 5

minute intervals, for a further 20 minutes.

In pome cxperiments, in which the effects of the
convalsant and anticonvulsant drugs were gxamined for
their effect on the resting respiratory rate, the drupgs
were added at the begioning of the experiment and the
oxygen uptake was measurcd over a 45 minute period.

-

!
The Incorporation of 1+C intoe Synaptosomes

Synaptosomes, isolated from the brains of 2 gulness

EN

pigs, were pooled and resuspended in saline mediuvm {(p33).

Paired 2ml samples, taken Ffrom the saue stock su

O]

pansion,
were placed in the main compartments of manometer flasks
and, where necessary, the drugs, dissolved in 0.25m1 of
saline,; were added to the suspensions. 0.5ml of saline
containing (U~l40)~D~glucose {(75mM to give a final
concentration, when added to tne contents of the main
chamber, of 10mM) with 0.5pCi of radiocactivity, were placed
in the spide-arms. The flasks were gassed with Oé, allowed

to equilibrate and then stoppered and incubated for 15

minutes. The contents of the side-arms were then tipped




\n

into the main ¢compariments and the incubation continued
at 3700 for the desired time. The incubation wes stopprd
by transferring the contents cf the narometer flagks to
10ml conical centrifuge tubes and centrifuging theu for

90 seconds on a bench centrifuge. The pellets were
resuspended in ice~cold 0.3%21 sucrose and the synuptosomen
separated from extrasynaptosomal compounds, using the gel

filtration method of Marchbanks (1969).

Gel Filtration of the Synaptosome Suspensions

Columns (llem x 0.8cm) were prepered, contodning
0.5g of G50 sephadex (bead form). The 0.32M sucrose, in
which the gel had been pre-incubated, was allowed to draisn
down and 0.5m1 samples of synaptosome suspension were
carefully layered on the tops of the columns and alse
allowed to drain down. The columns were then eluted with
ice~cold 0.32M sucrose. The first clear efflucent, to
come off the column (about 1.5 -~ 2,0ml) was digcarded,
but the first ml of effluent which was milky in appearance
was collected, since it conteined approximately 8C per
cent of the synaptosomal protein which had been applied

to the coclumn, This fraction, which was found %to coniain
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only L per cent of the extrasynapiosomal glucose,; was

L
lfc -

diluted to 5ml with water and assayed for its and

protein content in the manner described below.

Measvrement of Radioactiviiy

The radiocactivity in the fractions was assayed on
a Packard Tricarb Automatic Scintillation Counter, using
the gcintillation medium of Bray (1960)\1 which was found
yo be 55 per cent efficient under the conditions used in
these experiments. The efficiency was calculated using
14 : ;
an internal C standard of known activity and was checked
for each estimation by the channels ratio method. The
results have been expressed as counts per minuie {(cpm)

per mg protein, since the efficiency of counting remained

constant over the range of activities used.

Protein Estimation

Because the concentration of protein in the diiuted
effluent was too low to be estimated by the method of
Gornal et al (1949), the method of Lowry et 2l (1951)
was used in the gel filtration experiments. 0.6l of

sauple, containing approximately 100pg of protein per nl,

wvere added to %ml of alkaline copper reagent (0.01%

S, RS s

N S
dy i, 2 o




Cu3045H20,‘0002% sodium potassium tartrate and 2% Na_CO,
3

2
in 0.4% NaOll) and mixed. O.3ml of Folin-Ciocalten rcagent
(stock solution diluted with an egual volume of water)

was then added to the solutions and mixed thoroughly and
left to stand foxr 290 minutes. The extinction of the
solutions was then read at 500nm and the resulis compared
with standards of bovine serum albuwmin. The protein
estimaticon was linear over the range O - HOng bovine

serum albumin per ml (Fig VI). Bradford et al (1966)
showed that, if the protein contents of synaplosome

samples were estimated by the method of Gornal et al (1949)
and by the method of Lowry et al (1951l), then the resulte

were the same. This observation was confirmed in this

worke.



Figure VI

Protein Standards

Folin Method




Standard sclutions, containing known weights of
boevine scrum albwain, were assayed by aeans of
the Folin-Ciocalten Reaction according to the

>

procedure ol Lowry ek al (1951) as descriked in

the mebhods seciion (p52).
i



Extinction (500nm)

Fig VI

Protein Standards
Folin Method
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Results and Discussion

Oxypen Uptake Experiments

In the previous section, it was shown that synaptosomes
respired, in a stable and linecar way, over a pericd of
at least 45 minutes (Fig V). The addition of K* (15 mecuiv
~per 1) to give a final concentration of 21.6 meguiv per 1
did not alter the rate or stability of respiration of the
synaplosomes significantly (Table III, Fig VII). The
same result was obtained if the XK' concentration was
raised te 106 mequiv per L. This result is not in
agreement with the findings of Bradford (1970b)‘who nas
reported that the addition of £ produced a small
stimulation in the oxygen cousumption of synaptc&omesf
A similar, but more marked, stimulation of respiration
is observed if K is added to cerebral cortex slicés,
regpiring under similaxr conditvions, and this effect hes
been attributed to depolarisation of the neuronal cell
membranes by the excess K= {McIlwain 1966), It waB 
vossible that, in our experximents; the rate of oxygen

consuwnption might have been limited by the rate of

diffusion of oxygen through the medium, but it was found

s T Qv se £ BRI g LAT e BTN 50
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- . Figure VII

The Effect of XK' on the Oxygen Uptake of Synaptosomes




Paired samples of synaplosonmes were suspended in
oxygerate saline medium containing lOmM glucose
(p23). The oxygen uptakes were mcasured, in a
Gilaon Differential Respirometer, for 20 minutes
ard tlhien saline, with or without extra xt

(27 oOmequiv per L final concentration), was
tipped and the oxygen uplakes neasured for a
further 20 minutes (pk9). The results are the
ricang of 5 estimations. The SkEMs were small

and have been owmitted for clarity.

1
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The BEffect of KCL and Phenobarbitone Sodium on the Respiration

~

of Synaptosomen

Flask Contents Rate Belore nabta Al
Main Soln Tipping Trpeiss
Cheunber Tipped pl Oz/mg Pe/hy pL Opfmg Prlay
: 2 o = v s 52 I’ “ -5 o
Suspension Saline 153 = 0% 156 = Un3
» '!. - + :
Suspension KC1 15.7 =~ 0.9 150 « DB
. + . il VP
Suspension + Phen KC1, 15:.9 = 1,0 151 - C.G
. -l ! + I
Suspension Saline 15.1 = 0.6 1564 = Qb
. L e w o o
Suspension Phen 1B o 0.8 Ihe% - 3.0

1

The rahtes of oxyben nptaie of the synapitosome gamples,
suspended in oxygenated salipe, was estimated over a 20
pinute period in a Gilson Differential Respiromster (see nbG).
The results are expressed as the means of 5 estimalions
The rates before and after tipping were statistically

compared by the 'studenis'! t-lest and no significent

differences were found.

Phen: phenobarbilone sodium (2uM final concentration)

KCl: pypotassium chloride (21.6 mequiv/l)




that if twice the quantiity of synaptosomes were suspended
in the same volume of medium, there was a {twofold
increase in the oxygen nptake. It is, therefore,
unlikely that the rate of diffusion of oxygen was &
limiting factor. It is difficult to reconcile the
results, reported in this work,; with those of Bradford
since, in all other respects, the preparation, used here,

was similar to those used by other workers.

It had been anticipated that, if X' stimulated the
respiration of synaptosomes, the effect might have bheen
reduced by the inclusion of phenobarbitone sodium {2mM)
in the mediune This was not the case, however, and

phenobarbitcne, itself, was without effect (Table III).

In the next series of experiments, compounds which
are found to be present in the CNS 'in vive! and which
have been reported, by others, to affect polarised
membranes and have been implicated as possible traﬁsmitter
compounds at CNS synapses, were examined for their effects
on synaptosomal respiratioh. The conpounds tested were:-
Leglutamic acid, acetyicholine, nor-adrenalin and serotonin

aill of which, for the most part, depolarise neuronal

membranes, and ¥-amino butyric acid; L-glycine and




\J1
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histamine all of which have been proposed as possible
inhibitor& transmitters of the CNS. (The evidence
implicating these compcunds in CNS tronsmission has

been swumarised by Bradley 1969). The trenquilising
drug, reserpine, which causes the releame of serotonin
and the catecholamines from brain (Flelscher, Shore and
Brodie 1956), was also tested. Figﬁre VIEYL shows that
when one source of Leglutamic acid (Koch ~ Light
Laboratories) was ecxamined for its effect on respiratiocn,
it caused a marked reduction in the oxygen uptake of the
synaptosomes. This effect was not cbserved if the sane
Leglutamic acid was added te cercbral cortex slicoes.
prepared by the method of Gilbert (1969). However, if
chromatographically pure Leglutamic acid (Boois Pure
Drug Co.) was added to the synaptosomes, there was no
effect on the résPiration (Table 1Y), a result which ie
in agreement with that of Bradford (1969). It was
concluded, therefore, that the first sample of L~glutamic
acid (Koch - Light) contained an impurity which was able
to cross the synaptosomal membrane and inhibdit oxygen
uptake but to which cerebral cortex slices were not so0
sensitive. Chromatographic analysis failed to reveal any

anino acid or sugar contamination and it seems most likely




. Figure VIII

The Effect of Impure Glutamate on the

Respiration of Synaptosomes




The oxygen consuaption of synaptosome sonmples,
suspended in oxygenated zaline solution containing
10mM glucose was estimated in a Gilson Differential
Respiremeter (p33). The oxygen uptake was messured
for 20 ninvies end then saline, with oxr without
glutamate (10mid final concentration) wes tipped

end the oxyren uptake mcasured for a further 20
pinuvtes. The results represent the means cf 5

estimations. he Sitis were small and have been

omitted for clarity.
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Table IV

At oo ih

The Effect of L-Glutamate, GABA, L-Glycine, Acetylcholine,
nor-fdrenalin, Serotonin, Histamine and Reserpine on the

Fnd

Regpiration of Synaptosomes
I ¥

Rate Before Rate Aftex
Expt 50ln Tipping Tipping

Group Tipped paul Oa/mg Pr/hr nl ngmg Pr/hy

T Saline Wb = D 20.6 L 0.5

Glut 21.6 = 0.2 =1 T A

II Saline T8 g, 17.0 % 1.5

GABA 16.6 « 0.8 178 -2

Gly 18,8 L o 5.8 = 1.8

ACh 15.8 % 0.5 6.2 2 0.2

Res 19,4 = 2.9 17.6 = 2.6

TIX Saline 10,k =0,8 15.6 = 1,2

5HT 162 = 340 T S

Hist 160 & 1.2 15.0 = 0.7

noe=i 15.8 £ 4.4 5.5 & 0.8

The rates of oxygen uptake of the synaptosome samples,
suspended in oxygenated saline,; were cstimated over a 20

minute period in a Gilson Differential Respirometer (see phQ),

/The




(Table IV continued)

of -

The results are expressed as the means ~ SEM of I
estimafions (% for Leplutamate). The resulis before and
after tipping were statistically compared by the fstudents’

t=test and no significant differeunces were Pound

Glut: L=Glutesmic Acid (10mM final conc.)

GABA ¢ 5»A§ino Butyric Acid (SmM final conce.)

Gly: L~Glycine (2mM final conc.) )
ACh: Acetylcholiine (250pM final conc.)

Res: Reserpine (8.3ng/ml fival conce)

Shopieltes

5-HT: Serotonin (20pM final conc.)

S
75

3 :;»}u..@y\

Hist: Histamine (20uM final conce.)

nor-A: nor-Adrenalin (20ulM final conce)
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that there was some dnorganic impurily, possibly a heavy

metal ion, present in the semple.

Table IV shows thal nome of the compounds which were
tested had any eignificant effect on the razte of oxygen
c$nsumption of the synaptosomes. The stability and
linearity of respiration was algo uvnaffected by auy of
these compounds. Readings taken only 2 minuves after
the compcunds were tipped into the suspensions alsgo
showed #o effect (Table V). Marchbanks ( personal.

communication) also found synaptosomel respiration to

be insensitive to putative transmitier compounds.

It would scem, therefore, that, although synaptocomesn
may retain certain of the properties of excitable
(polarised) membranes, as reported by others (Bradford
1970a,b), under the conditions used in the present
experiments, either the polarised state of the meubrane
is wnaffccted by the compounds tested, or the nolarvised
state of the membrane is not sensitively geared 1o the
grogs respiratory rate as we measure it. The systen
does not seem to be a snitable model, thervefore, for
examining the effects of anticonvulsants on the inter-

action of the putative transmitter compounds with the

)




Table V

The Effect of Drugs on *the Oxygen Uptake of Synaptosomes

Immediateiy after the Addition of the Drugs

Expt Soln Tipped Oxygen Uptake Parcent of %
Group PL Oa/mg Pr Control %
I Saline 0.71 * 0.03 ?
Glut 0.70 = 0.0k 97.1 = 14.0 :
11 . Saline 0.65 = 0,42
GARA 0.77 % 0,43 118.5 = 13,9
Gly 0.50 = 0.24 77,0 = 23,0
Res 0.92 = 0.69 141.5 = 27.6
ACh 0.80 = 0.10 $18.5 £ 26,0
111 Saline 0.52 = 0.05
5wHT 0.52 = 0.07 100.0 = 7,0
Hist 0.50 = 0.2k o G S
nor-a 0.57 = 0.23 109.6 = 11.b

The’ oxygen uptakes of paired samples of synaptosomes were
,estimated in a Gilson Differential Respiromster over a
2 minute period immediately after the addition of the

drugs (see p49). The results, which are the means of




(Table V continued)

b estimations ~ SEM (3 for L-glutamate), were statistically
compared, with the corresponding control values, by the

tstudents' t-test, but no significant differences were

found.

Glut:
GABA:
Gly:
ACh:
Res:
S=-HT:
Hist:

nor=A:

62

L-Glutamic Acid (10mM final conc.)
¥-Amino Butyric Acid (5mM final conc.)
L-Glycine (2mM final conc.)
Acetylcholine (250pM final conc.)
Reserpine (8.3pg/ml final conc.)
Serotonin (20pM final conc.)

Histamine (20pM final conc.)

nor-Adrenalin (20pM final CONC,.)




pre=synapiic membrane.

In the final series of experiments, the effect, on
oxypen uptake, of the anticonvuleant ecetazolamide and
the convulsants strychnine and peniamethylene tetrazol
were tested, Again no significant effect was oboerved
(Table VI). This was not unexpected since these conpounds,
at the concentrations used, have been found to be inactive
on the resting repiratory rate ol other brain preparations
(Anguiano and McIlwain 1951, Greengard and Mcilwain 1955,

Forda and McIlwain 1958, Webb aund Elliott L95Lj.

- . 14 14 :
Incorporation of ~°'C from (U~ 'C)-Glucose

Tigure IX is the clution patiern obteainsd when a

Mgy

synaptosome suspension, which had been wixed with (U-
glucose just prior to its application to the top of the
column, was eluted from the column with ice~cold D.32M
sucrose (p5l). The bulk of the synaptosomal material
is separated from the extrasynaptosomal gluccses. The
contamination of the synaptosome fraction was furthex
reduced by collecting only the first ml of synaptosome

suspension, which came off the column, since this

contained 80 per cent of the protein, but only 1 per




. Figure IX

The Separation of Synaptesomes from

Extrasynaptosomal Glucose

wj";;r ég
A @eé 57




A synaptoscme sample in ice-cold 0.3%32M sucresc
” . - . Jits 5

was mixed with a sample of (U~"'Cl~glucose and

immediately eluted through a cclunn containing

0.5z of G50 sephadex (p51l). The cffluent was

= 3 4

zesayed for vrotein and radioactivity (p52).

2




(W) JuaN| i3 JO 9WN[OA

oL 8 9 o2

2s0on|bH- — a
_ AUSB-

urayjodd _ _ =

9S02N[9) 99U+ WO

sowoso1dnuAg jo uonpundag

IE

Oc¢

)%

09

08

AJoA0D3Y 9,



Table VI

The Effect of Convulsant and Anticonvulsant

Drugs on the Oxygen Uptake of Synaptosomes

Drug Oxygen Uptake Percent of
ol Oa/mg Pr/hr Control
None b4 T 0.6
Strych (50pg/ml) 13.7 > 0.5 98.7 = 1.7
PMT (50pg/ml) 14,5 = 0.5 100.3 = 1.7
PMT (1.00pg/ml) 14,9 2 0.4 104.1 T 2,5
Acet (20pM) 14.2 = 0.8 L 99.3 = 1.6

The oxygen uptakes of paired samples of synaptoscmes were
measured in a Gilson Differential Respirometer over a 45
minute period (p49) and the results are expressed as the
means - SEM of 5 experiments. The results were statistically
compared, with the corresponding controls, by the 'students'

t~test and no significant differences were found.

Strych: Strychnine; PMT: Pentamethylene Tetrazol;

Acet: Acetazclamide.




cent of the extrasynaptosomal pglucose. The rcecovery of
both protein and radioactivity was 100 per cent in the
first 10ml of effluent. These results arce in sgreenecnt
with those of Marchbanks (1967) who firsit demonstrated
the separation of synaptomomes from free low molecular
welght compounds by this gel filtration technigns.

1 2

In Figure X the uptake of lgcg derived from (U=" "C)-

glucose, by synaptosocmes is presented. It can be zeeun
that almost 50 per cent of the total amount of radio-
activity, sccumulated in a 90 minute period, is taken

up in the first 20 minutes. The rest is accvmulaied, in
a linear manner, over the next 70 minutes. The initial
rapid uptake of label can be atiributed vo the uptake

of (Uul“C)“glucose by the synaplosomal cyteplasm.s *In
experiments to be describe& in the next séction of the
thesis, it will be shown that the uptake of the non-
metabolised sugar,; xylose, by synaptosomes is alnmost
complete after 20 minutes incubation under siwiiar
conditions,. Gilbert (1965) has shown that the mechanisms

of uptake of xylose and glucose by cerebeal coriex slices

are similar and, therefore, it is not unreasonable to

suppose that the uptake of glucose by the synaptosomes




- »  Figure X

The Incorporation of ¢ from (U-lyC)-Glucose

by Synaptosomes




Synaptosomes were incubated in saline mediunm
containing 10mM glucose (p33) and also coantaining
. Db " - ;
(UGl eplucose (0.5pCi) as described in the
nethods sgetion (p50). The radiocactivity was
assayed in a rackard Uricarb Automatic Scintillation
+ Lid

Counter (p52). The resulits are the means « Sk

of % estimations.
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The Incorporation of lap from

(U l4c)Glucose by Synaptosomes
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18, for the most part. also complete after 20 miuntes
2 5 P

incubation.

-~

The slow accunuletion of radivectivity during ithe
rtast 70 minutes of incubation is consistent with the
dncorporation cof labelled carbon atoms into the maitabolic
pools of the particle. DBradford and Thomes (1909) hava
shown that; under the same condiiions as those used in

!

; . . % ; L
these experiments, mnost of the label, derived from (U~ C)-

glucose, is incorporated into lactic acid, CO, and free

2
aminoe acids. Bradford and Thomes further reporited thai
the free amino acids are retained within the synaptosomes.
(The higb rate of incorporation into lactic acid is
probably due to the fact that lactic acid seema to cross
neuronal and other cell membranes freely and escape into
the medium (McIlwain 1966)). In our experiments, the

rate of accumulation of label into the synaptosomes,

over the 70 minute period during which the uptake was

N L OQGPCi rer mg protein, which

linear, was 4.7 x 10"
is approximately equivaleni to the rate of incorporation
of labelled carbon atoms into the free amino acids

which was observed by Bradford and Thomas (1969).

In two experiments, paired samples of synaptosomes
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which had been incubated with (Umlgc}wglucose and %
centrifuged as deseribed before (p50), were resuspended,

one in 0.32M sucrose and the other in distilled watex,

.a procedure which rupbtures the synaptosomal membrane and

releases the contents of the cytoplasm (De Robertis et al

1963, Whittaker et al 196h4). The sample, suspended in

o

sucrose, was eluted through a sephadex column with 0.3%24

m

sucrose. The other sample was eluted through an identical

column with water. The radiocactive content of the sample,

2 N5 vy <
e 3 i Bl g il

which had been supended in and eluted with water, was only

10 per cent of the activity of the corresponding fraction

? ;&o %y

which had been suspended in and eluted with sucrose.

This suggests that most of the radicuctivily, iusice

T

the synaptosomes, is in the form of low melescular weight

compounds which are free in the cytoplasm, a result

which is in agreement with the resulis of Bradford and

Thomas (1969). : i
The convulsan® and anticonvulsant drugs were examined j
for their effects on the guantity of radiozctivity %

incorporated into the synaptosomes during a 45 minute
incubation. The drugs were tested at concentrations at

which they have their effect *in vive'. That is to say,




the concentrations of The coavulsanis which cause
‘convulsions or, in the case of the anticonvuvlsants,

reauce ox prevent the onget of convulsions in experimental
animals. Thé anticonvulsants were also tested at 20

times their effective 'in vivo' concentrations. Table

VI1 shows that neithgr strychaine or acetazolaside had

i 1t
any significant effect on tThe dncorporation . of +

‘¢ from

L ; :
(U~"7C)-glucose, but that pentamethylenes tetrazoland
phenobarbitone sodiuva (2uM) had significant effects,
-Pentamethylene teilrazcl inhibits the-incorporation and,
at concentratiocns in excess of lOOpg'per ml, the drug
inhibits the incorporation by approximately 50 pexr cent
(Fig XI). It has already been suggested that a substantial

part of the qc in the synaptosomes, after incubation,
is contained in unchanged glucvse and that the othexr
part is incorporated inte metabolites (p65). BSince
subsequent work, to be réported in the next section,
suggests that this drug does not affect the pﬁrmeébility
of the synaptosomal membranec, it is probable that the
drug inhibits the formatiocn of compounds from glucose.
¥ree amino acids form the major part of these compounds,
which are retained within the synaptosomes,; and it

seems likely that the site of action of pentamethylene
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Figure XI

The Effect of Pentamethylene Tetrazol on

the Incorporation of 140 by Synaptosomes

Dose Response Curve




.

Faived saaples of synaptosomes were preincubated

s

> 9

-

with or without drug. (U~""Cleglucose (0.5pCi

o . ) 14
was then added to the suspensions and the C

in seline solution containing liml glucese (p353

incorporatiocn during a 45 minute incubation

L ( [ al 1 . . « o » ll!‘ pe .
estimated (p5CJ. The inhibition of C incorporation
which resulted from preincubation in the different
concentrations of the drug was couparec witb the
maximuwa inhibition observed (about 50 per cent of
the control values) and the results are cxpressed
as a percentage of this maximum response. Fach

point is the mean of at least 2 estimations,
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The Effect of Pentamethylene Tetrazol on the
Incorporation of M'C by Synaptosomes
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The iffect of Convulsant snd Anticonvulsant Drugs on the

2 o
Incorporation of

Expt Drug
Group
£ = None
Acet (20pM)

Phen (100pH)
Strych (50pg/ml)

% K None
PMT (50png/ml)

11X None
Phen (2mM)

v None
| Acet (4OOM)

Table VII

Radioactivity

cpm/mg Pr

778

: #ed

722
710

833
616
665
780

691
740

Paired samples of synaptosomes

medium containing (-t

drug, and their radiocactive contenis were then estimated {(p50).

. ; + " : 4
The resulis, which are the means -~ SEM of the number of estimations

805,
6%5)

24(5)

A R

80¢6)
47 (6)

it ¥

406y
“lig)

sk 14

¥7(5)
WBieey

14 14

were incubated in oxygenated saline

40 into Synaptosomes

Percent of

Control

92,2
93.4
91.3

67.8

11.3.8

107.4

= 7.0
8.5

T 46,k

+

" B

i 6.5

QC)-glucose for 45 minutes, with or without

e 5:4

69

Significance

from Control

Nelle

Ne

HDefis

P<0.0L

P<0 .CH

NeSe

given in the parentheses, were statistically compared by the

/'students!?




(Table VII continued)
'students! t-teste.

Acet:
Phen:
PMT s

Strych:
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Acetazolamide
Phenobarbitone Sodium
Pentamethylene Tetrazol

Strychnine
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tetrazol is such that it interferes with the formation
of these amino acids. It was not the purpose of this
work ti study the metabolic effects in detail, but the
possible implications of these results sre discussed,

in detail, in the General Discussion at the end of the

thesise.

In the next section, resuvits are reported which
suggest that phenobarbitone does not affect the permeabiliily
of the synaptosomal membrane to sugars, Thus, it seens
likely that the small, but significant, increase in the
; . 14 14,
incorporation of C from (U=""C)=glucose caused by
phenobarbitone (Table VII) is due to an increase in the

1h

amount of C contained witihin the metabholites whiech are
formed from glucose and which are retained within the
synaptosomes. This effect of phenobarbitone could resuvlt
from a change in the metabolic processes of the particles
or from a change in the permeability of the synaptosomal
membrane to the metabolites containing the iabelle

carbon atoms. These explainations for the effect of
phencbarbitene on the incorporation of 140 by synapltoscmes

will be discussed, at greater length, in the General

Discussion, where they may be related to the effects of




gy, S

the drug on the permeability of the synaplosome membrane

which are reported in the next section.
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SECTTON X1IX

THE EFTECTS OF DRUGS ON THE PROPERTTES

OF THE SYNAPTOSOMAL MEMDRANL




‘? l;.

Introducticn

~
s AL
——

In this last experimental section, experiments will
be described in which the c¢ffects of drugs cn the
permeabilitly and fragilily of the synaptosome membrane
were examined, Synaptosomes are formed, essentvially,
f?om the pre-synaptic membrane, and it is through this
membyane that the transmitter compounds are thought to
pass. One of the ways, by which anticonvulsants might
have theiyr effect; is by stabilising the pre=-synaptic
membrane so that less transmittexr leaks out into the
synaptic cleft. The drugs may also stabilise the ionic
gradients and increase the thyreshold for depolarisation
and, in this way, reduce the amount of traosmitier which

leaks out of the nerve-cending.

In previous experiments; the effects of centrally
acting drugs on the stabiiity and permeabilitj of
erytﬁrocyte membranes (Sheppard; Tsein and Burghardt
1969, Mikilits, Mortora and Spector 1970) or mitochondrial
membranes (Spirtes and Guth 1963) have been examined.
Although blological membrenes have many properties in

common, it is probable that each has unique features
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which are specific for its blological role. It im,
therefore, better to Test the effects of centrally
acting drugs 6n neuronal membranes, such as the i
synaptosone membrane. %

Anticonvulsants altexr the tr&nspoft propexties of -i
neuronal cell membranes with respect to Ha* (Hillman, :%
Campbell and Mcllwain 1963) and with respect to sugars f%
(Gilbert, Ortiz and Millichap 1966, Gray and Gilbert :
1970). The synaptosome membrane also contains an active g
ATPase (Hosie 1965) and this cuzyme is reported to be §

53
g
53

s . i i il +
intimately involved in the active transport of Na across

%
Z

cell membranes (Skou 1957). In this work the effects :
i
of tho arugs on aspects of the poitential active transport ‘%

systems of the synaptosomal membrane were, therefore,

e h g
FIAREE

tested. The effects of the drugs on the ATPase activity

of the fraction were examined, since a change in ATPace
activity covld result in a redistribution of ions 2across

the membrane. Secondly, the effects of phenobarbitone (2mM)
and pentamethylene tetrazol (Eng per ml) on the rate

of xylose uptake were tested. At thess concentrations

oz g

the drugs altered the rate of incorporation
!
derived from (Uul+C)wglucose and it was of intercst

to know if they also altered the rate of uptake of a




non-metabolised sugar which is taken up, by other CNS

preparations, by a similar mechanism to glucose. Gilbert,
Gray and Heaton (1971) have propcsed that an increased
intracellular sugar concentration might sfabilise membrances
and they have further suggested Lthal mone anticonvulsants,
iﬁcluding phenobarbitone, may, in part; have their effect
in this way. In order to compare the uptake of xylose
into synaptosomes with that into cerebral cortex slices,
the effect of 2,4-dinitrophenol on the final level of
xylose taken up by the synaptosomes was examined, since
Gilbert (1966) has shown that this sugar seeus to be
accunulated against a concentration gradieant by the cells
of cerebral cortex slices. Eghwdinitrophénol restricts
the availability of ATP by uncoupling the eleciron
transport chain and, thereby, iunhibits active transport
(Lehninger 196%). Gilbert (1966) found that the inclusion
of 2,4~dinitrophenol in the incubation medium prevented

the accumulation of xzylose by the slices.

In all the experiments, which have been described
s0 far in this thesis, the effects of the drugs have
been examined on synaptosomes which were actively

metabolising added substrate and absorbing ozypgen. In
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the last part of the study, the effects of the drugs on
the mechanical properties of the synaptosome membran?
were examined. These experiments were performed on
synaptosome samples suspended in sucrose and under these
unphysiological conditions little metabolism is likely
to occur. The purpose of these experiments was to
discover if the drugs altered the rate at which the
constituents of the synaptosomal cytoplasm are lost to

the medium, since this is also of great importance when

trying to establish a mode of action for the drugs.

Work by Tedeschi and Harris (1955) and by Koch (1961)
has shown that the change in the light scattering of #
suspension of small particles is a function of the volume
changes which may therefore be followed by observing the

change in the reciprocal of the extinction of the suspeasion.

. In recent work, Keen and White (1970) have shown that

syanaptosomes perform as osmometers, when they are suspended
in NaCl solution, and that changes in the volume may be
followed by observing the change in the reciprocal of the
extinction, at 520nm, of the suspension. Using this

fact, experiments were performed to test the effects




of preincubation with the drugs on tlhe volume of the
synaptosonmes in NaCl; which was approximately isotenic,
and on the mechanical properties of the synaptosome
membrane. Some forms of epilepsy may result from
imperfect neuronal membranes, caused by eriors in the
laying down of the membranes at birth, or by subsequent
iﬁjury end; therefore, some anticonvulsants, especially
the barbiturates, may have their action by interacting
directly with the cell membranes to alter their mechanical
properties. In subsequent experiments, the effect of
phenobarbitone on the release of specific constituents

of the synaptosomal cytoplasu was examined.

N
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ATPase Assgx

ATPase activity was estimated using, essentialiy, the
method of Samson and Quinp (1967). 25al conical Tlasks

were charged according to the table belowis

Flask Medivm  Water  Drug Susp TCA Phogphate
Solin (5%
Blank 3 .0mlL o - 05l & o S, 1 5ml
Control %.0ml 1.5m1 o 0.5mlL = -
Test 3o 0ml wo LeSml 005ml - -

The mediunm consisted of NaCl 170mM, KCL 3, MgCl,, 20w,
Tris-HCL buffer (pH7.%) 80arl. (The concentrations are thoss
finelly attained, once all the solutions have been added

to the flasks). The blanks were put on ice, while ihe
remaining flasks were shaken in a Dubncff shalker, al BOOC
for 30 minutes. O0.6m1l of 5lail HaZATP was then added to the

flasks to start the reaction, and the incubatlon was

\

ontinuved for a further 20 minutes. (It was Lfound that,

-

i the bLlank wes incubated also, the trichloracetic acid
rescted in some way to release more jnorganic phosphate).

After this time the veactions were stopped by the addition




-~

31

of 2.5m1 of 5 per cent Urichloracetic acid solution.

The wixtures were left on ice for 10 minules and were tThen
gpur dowvn on a bench cenirifure Ffor 5 mimates. The
supernatants were kept and assayed for inoyganic phosphote.
The enzymic activity, for each condition, was assayed in

triplicate,

Phosphate Estimation

lnorganic phosphate was estimated uvsing a modification
of the method of Fiske and Subbarow (1925). The following

solutions were preparvedie-
-

(a) 25g of ammonium molybhdate was dimsolved in 300ml
of 10N H, 304 and made up to L litre with distillied

water.

(b) 0125z of amivonephtholsulphonic acid was dissolvad
in 19%ml of 9 ner cent sodium bisulphite scluvition.
20 per cent sedium sulpnite solution was added

slowly uwntil the precipitate; which ferms, Jjust

2

_ B g
isappears, The reagent was kept at 47°C in the dark

and filtered vefore usc.

The coloux development; with this reaction, is time
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dependent and; therefore, the amsay was modified for
use on a Lecnicon Auboanalyser which enabled us to read
the colour of each sample after tiae same lime elapse.
The automated system is described in Figure XIL. The
system analysed 60 pamples per hour and the flow rates
were:= sample 0.80ml per minute, ammonium molybdate 0.42m)
ﬁer minute, aminonaphtholsulphonic acid 0,16m) per
minute, water 1l.20mlL per minule, air 0.60ml per minuie.
The colorimeter was set to read at 662nm. Fach sample
was run in duplicate and the trace from one of the ruus
is presented (Fig XIIXl). In Figuye XIV the plot of the

standards is shown.

1\
Uptalks of (Usr 0)uXylose

2.0ml of synaptosome suspension, in saline solution
containing 10mM glucose (p33), was placed in the main
compartment cof a mancmeter flask ané O.25ml of saline,
-with or without drug, was eslso added. O.b5ml of saline,
containing (Uml#C}mexylose (0.5pCi of radiocactivity),
were placed in the side-arm. The flask was gassed br;efly

with 02 and stoppered and preincubated for 20 minutes

at 3700. The xylose was then tipped into the main




Figure XII

Autoanalyser System to Assay Phosphate

R B e i S




The phosphate assay procedure of

Fiske and

Subbarow (1925 ~ see p8l) was adapted for use

>

on a Tecnicon Autcanalyser. The
in the system was 20 minutes for
the colorimeter was set at 662nn

analyscd 60 samples per hour. A

residznce tinme

each sample,

and the system

sanple trace

is presented in Figure XIIX. The flow rates

for each of the reagenis werei-
Sample:
Awmoniua Molybdatc:
Aminonapnthclsulphonic Acid:
Viater:

Aix:

0.80ml per
O.42ml per
0.16ml per
1.200l1 per

0.60nl pex

ninute
minute
minute
minute

ninate
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Figure XIII
Trace from Autocanalyser




This trocey waken from the Tecnicon Autoamnalysor,
repressnts the results of a phosphate estination
nsing the wodification of the nethod of Fiske and
Subbeirou (1925) described on p%ln In crder to
avo.ild any biass in the resulis due to & slow drift
of the base-line which might occur durirg the run,
each saunpl e was assayed twice, ouce in the first
part and once in the second part of a symmetrical
run,; and the mean teken. (i.c. The second part of
the yrun was identical to the first, boi run in the
reverse crder). Starting at either end, the Fixab
% peaks (b from the left) are phosphate standards,
the next 2 peaks are tissue blanks and the remaining

peaks, in groups of 3, are the tesi samples in the

fellowing order (see p80 for details):- conirols,
penfamscthylene tetrazol (Sng per ml), strychuine

(Sopg per ml), ouabain {C.dmM), phencbarbitone

4

sodivn {0.lmM) and acetazclamide (?Qpﬂ)
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. Figure XIV

Phosphate Estimation

Standard Curve




Stendard solutions, containing known weights of
inorganic phosphate; were assayed on a Tecnicon
Autoanaslyser (Fig XII) by tac nethed of Fiske

and Subharcw (1925) as described in the methods

section (pbL).




Extinction (662nm)

04

0-2

Fig XIV
Phosphate Estimation

Standard Curve

Phosphorus (Lg)
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chamber (final concentration 30mM) and the incubation
wvas continued for the required time. The dncubation

was stopped by transfecing the suspension to a 10ml
centrifuge tube and centrifuging for 9C scconds on a
bench centrifuge. The syneptosome pellet was rapidly
?esuspended in dce~cold 0.3%2M sucrese and separated from
the extrasynaptosomal xylose using the gel filtration
technique described in an earlier section (p51). The
synaptosore fraction, after elution from the sephadex
coiwnn, was assayed for its protein and radiocactive

d Iy
content., In these experinments, the e

activity was
assayed on a scintillation counter (pS2) but using NE 220
scintillation fluid which had a counting effjciency of

Y5 pef cent, under the conditions of the experimentm‘

As befare the efficiency was always checked using the

c¢hannels ratio method,

Measurements of Volume Changes in Synapltosomes

The changes in the volumes of the synaptosomes were
estimated by following the change in the reciprocal of
the extinction of each suspension at 520nm, as described

by Keen and White (1L970). 0.2ml of synaptosoms suspension,
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in 0.72M sucrose and conftaining abount 50pg of prctein*
wags pipetted imto a cuvette containing 2.8ml of NaCl
solution of known molarity. Air was gently bubbled
through the mixture until an even sugpension had been
formed and then the extinciion was measured at 520nm.
The extinction of duplicate samples was always estimated

and Tthe mean taken.

In the first experiments,; synaptosomes were suspended
in NaCl solution of varying molarities (0.2M to 0.04H)
vn test the conformity te the van't Hoff Llaw. In

subsequent cxperiments, paired saumples of synaplosomes,

taken from the same prepaxration, were preincubated,

L
Gl 1

AAR5S oo A BN

in the presence or absence of drug, for 30 minutes at

: ‘w':ﬂ-; 3
e

i

0 o Ak

”l

2500, 0.2m1 samples were suspended 0.2M NaCl and, when
required, 0,05M NaCl and the extinctions estimated as
described above. The tonicity of O.2M NaCl is similay
to that of the sucrose in which the synaptousomes were
suspended, whereas the 0.05M NaCl is reldtively hypo=
tonic. In some experiments 0.dml of 4.5M NaCl solution
was added to the cuvettes containing synaptosomes in
0.05M NaCl; to return the~molarity of the NaCl to O.2M.

The extinctions were then measured again.
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The Bffect of Phenobarbitone on the Release of K. Na©

and Xylose from the Synaptosomzal Cytoplasm

Paired samples of synaptosones were preincubated,
in the presence or absence of phenobarbitone, for 30
minutes at 2500, The samples viere then eluted through
sephadex columns with ice~cold 0.32M sucrose (pSL) in
order to separate the particles from the extrasynaptosomal
K" and Na®. The synaptosome {ractions from the columns
were then assayed for their protein and ion content.
The K* and Ra+ content was estimated on an EEL flame
photometer. Marchbanks (1967) reported that Nat ang
sucrose did not interiere with the K estimaticn, but
that KV interfered, to an extent of 5 per cent; in the
Na® estimation. We were looking, here, for a change in
the ion contents, so the results were compared with
standard graphs formed from solutions prepafe& in the

absence of the other ion.

In other eiperiments, 2nl of synaptogome suspension,
in oxygenated saline medium containing lOmM.glugose
(p33), was incubated at 37°C for 20 minutes. 0.5ml of
saline, containing (U-lqc)wxylose (30mM final concentration

and containing 0.5pCi of radioactivity), was then added

o AT PSR
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(see p82) and the incubation was continued for a further
20 minutes. The uptake of xylose by the synaplosomen
appears to be complete aftexr this time (Fig XV). The
synapltosomes were then centrifuged on a bhench centrifuge
for 90 seconds and pairved samples were rapidly resuspended
in 0.52M suerose, with or without drug, and incubated at
?506 for ? minutes. The synaptosome suspensions were
then eluted through G50 sephedex columns (pS5l) and 1,:1163
synaptosome fractions from the columns were assayed

for thedr 1%0 and protein content. The radioactiviiy
viag assayed on a scintillation counter, using NE 220

scintillation fluid (p83).




Figure XV
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Synaptosome samples were incubated in sal

o

ne
mediwa containing 10mM glucose (p33) and 30mi

, 1k, | o . : , :
(B~"7C)mxylose (0.51Ci). The radjoactive content
of the synsptesomes was cstimated in a Packard

Tricarb Actouatic Secintillation Counter (p82).

The resulis are the means of 2 estimations
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The Uptake of Xylose by Synaptosomes
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Results and Discussion

ATPase Activity

Total ATPase activity has been assayed in this
work and, under our conditions, the activity of the
enzyme was 9.l i OOBPmoles Pi liberated per mg protein
per hour. This result is a little lower thaa those
reported previously {(Hosie 1965, Kurckawa et al 1965),
but this difference may well be due to the lower
temperature used here (Samson and Quinn 1967) or to

species differencese.

In Table VIII the effects of preincubation in a
number of drugs, on ATPase activity, is shown. Ouabain
(0:1mM) inhibited the activity by approximately 15 per
cent.. This effect of cuabain is well known, and the
degree of inhibition caused is not only concentration
dependent but also dependent upon the species (Rawson
and Pincus 1968). Rawson and Pincus also reported that
most anticonvulsants do not seem affect the activity
of the ATPases. In this work, however, small changes
in ATPase activity were observed after preincubation

in acetazolamide (2QPM) and pentamethylene tetrazol




Ixpt
Group

11

IIX

Paired samples of synaptosomes were preincubated,

Table VIII

The Effect of Drugs on ATPase Activity

Drug

None
Phen
Ouab

None
PMT
Strych

None
Acet

ATPase Activity
Pg Pi/mg Pr/hr

270
279
237

291,
300
294

279
270

A

14+ 1+ 1+

i+ 1+

12

15
15

15
15
18

15
15

Percent of
Control

101.0
88.3

101.8
102.8

96.8

54

1+

1+

14

t+

1.0
1.7

0.6
b4

1.1

Significance

from Conbrol

NS
P<0.01

P<0.05

NeSe
P .C5

in the

presence or absence of drugs, for 30 minutes, and then the

ATPase activity was assayed at BOQC, using NaZATP as

substrate, as described in the methods gection (p80). 'The

results represent the means L SEM of the number of experiments

given in the parentheses.

The results were statistically

conpared by the ‘'students' t~test.

/Phen




(Table VIII countinued)

Phen:
Quab:
PMT ;

Strych:

. Acet:

Phenobarbitone Sodiwm (0.1lmM)
Ouabain (0.1lmM)

Pentamethylene Tetrazol (Sng/ml)
Strychnine {(50pg/ml.)

Acetazolanide (EQpM)

89
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(50pg per ml). Neither strychnine or phenobarbitone
podium had any effect on ATPase activilty, at concentrations
at which the dirugs affect membrane properties in other
CNE preparations. Undevr our conditions, acetazolamide
inhibited ATPase activity by 3 per cent,; whercas,
pentamethylene tetrazol stjmulated the activity of the
enzyme to a similar degree. These effects ave small
and probably contribute little to the mode of action

of the drugs. During the time that this work was being
performed, conflicting reports about the mode of acticn
of diphenylhydantoin, another anticonvulsant drug, were
repprted. This drug, whose mode of action is thought
to be a stimulation of the Na™ punp (Woodbury 1955),
can either stimulate or inhibit the activity. of the
enzyme, depending on the conditions used (Festoff and
Appei 1968, Rawson and Pincus 1968, Formby 1970).
Formby further suggested that the preincubation
procedure, used to tést the effects of these drugs 'in
yitrol, ﬁay give misleading results. ;n view of these
findings and the difficulty in the interpretation of

0]

the results, the study of ATPase activity was limited

"to the results presented in Table VIII.
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]
The Uptake of (le?c)melose by Synaptosomes

The elution pattern; shown in Figure XVI, demonstratles
the ability of a sephadex column to separate synaptosomes
from free extrasynaptosomal xylose. As in the case of
glucose, the recovery qf xylose was 100 per cent in the

first 10ml of effluent.

The uptake of xylose was measured under conditions
in which the particles were achively metabolising
substrate. In previous work Gilbert (1965) has shown
that cerebral cortex slices transport xylose into the
cells by a carvier mediated system, and that the slices
seemecd to be able to accumulate xylose against ﬁ
concentration gradient (Gilbert 1966). Since glucose
competed for the zylose carrier, Gilbertit used pyruvate
as the substrate for the slices, since slices are able
to perfora equally well on either pyruvate or plucoge
(X11iott and Wolfe 1962). This does not seem to be ifrue
for synaptosomes since, if pyruvate replaces glucose
a5 substrate, there is a 40 per cent increase in the
oxygen uptake (Bradford 1969). This is in agreement

with an earlier finding, repeorted by Elliott and Wolfe

(1962),; that a similar increase in the oxygen uptake was
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. A synaptosome sample in ice-~cold 0.3%2K sucrose
o o 14, i

was mixed with a seuaple of (U~" "C)exylose and

immediatcly eluted through a colusmn containing

0.5¢ of G50 pephadex (pP51l). The effluent was

assayed for protein and radicactivity (p52).
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observed if pyruvate replaced oxygen as the substrate %
for the respiration of brain homogenatves, prepaved in E
such a way that synaptosomes wouid have been present 'e
in the homogenates. Although Bradford (1969) reported {
that the respiratory rate was stable if synaptosomes g
were incubated with pyruvate as substrate, this was -E

not found to be the case for our synaptosome preparation

and, for these reasons, xylose uptake was measured in §
A
the presence of 1OmM glucose. It was considered that H
the xylose concentration used (30mM) was sufficiently 5
3
great to compete for a possible common carrier, butb ke
;

not so great that any accumnlation within the particle

1y r 7S

R

284 S
WS g

might have & detrimental affect on the synaptosomes.

The uptake of xylose is shown in Figure XV and it é
mey be seen that the uptake seems to be complete aftexr i

20 minutes incubation. To test the possibility that
xylose is accunmulated against a concentration gradient,
as in the case of cerebral cortex slices, the effect of
2,4mdinitropheﬁol on the final concentration of the
sugar attained by the synaptosomes was tested. Table IX
shows that this compound had no significant effect on

the xylosc concentration. In fact there was & small




o
Ui

Zable IX

The Effect of 2,4=-Dinitrophencl on the Equilibriwa

Xylose Concentration of Synaptosomes

o

Condition Radivactivity Percent of Significance
cpm/mg Pr Control from Control
Control © 661 = 45
2, 4-DNP 698 = 36 106.1 % 5.6 n.s.

Synaptosome samples were dincubated in saline wediun
containing 10mM glucose (p33) and (U—lqc)mxylose for

40 minutes, at 3700, with or witheut 2,4-dinitrophencl
(1mM), as described in the methods section (p82). The
results, which represent the means I SEM of 5 paired
experiments, were statisticelly compared by the ‘*students!?

t-test.,




increase in the amount of xylose taken up, and this
probably reflects changes due %o the disturbance of
the ionic gradients which also rely on active transport

processes (Bradford 1970a).

If we assume that there is no accumulation of xylose
aéainst a concentration gradient, and that after 40
minutes incubation the concentration of xylose inside
the synaptosomes equals that of the medium, then we

may calculate the volume of the synaptosome accessible

to xylose.

Let x be the intrasynaptosomal volume (pl per mg protein).
We can assume at equilibrium that

cpm/pl intrasynaptosomal volume = cpm/pl mediwm

epn/mg Pr at equilibriun

but cpm[pl intrasynaptosomal volume

X

]
« o X = cpm/mg Pe st eguilibrium

cpm[pl medium

The volume of the synaptosonmes, calculated in this way,
i 2.2 = 0.1pl/mg protein (mean of 5 estimations) which
is similar to that found by Marchbanks (personal

communication) which was 2.0pl/mg protein. This result

0




is important since it sugpgests that our techniague is

sound and that the sssumption that we have wade (i.e.
that, under our condiitionsg there is no accnmulation

of xylose against a concentration gradient) is reasonable.
The difference between the value obtained here and that
obtained by Marchbauks is probsbly duve to the difference
in the conditions under which the volwies were estimated,
In this work, the synaptosomes were metabolising substrate
énd ion gradients were probably present (Bradford 1569,
1970a), but this was not the case in the experiments

from which Marchbanlks calculated the volume.

In the simplest case, the uptake of xylose by the
synaptosomes will occur by means of a simple diffusion
process. This process may be presented mathematically

in the form of the equation below:

dx = .kx
dt
; X
Integrate: in ( 0y =kt
X e X
o




Xo is the concentration of xylose in the medium and x

is the concentration of xylose in lthe synapltosomes

1 ;{'.'l

after time t. In these experiments, where (U~ ()«
xyloze has been used, the concentration of xylose is
directly proportional. te the radicactive concentration
(cpm per Pl)o If we assume that the concentration of
¥ylose inside the synaptosomes, after 40 minutes
incubation,; eqguals that of the medium (p94) then, if

v is the intrasynaplosomal volume, Ce is the radio=
active concentration (cpm per mg protein) of the
synaptosomes after 40 minutes and c¢ is the radioactive

concentration (cpm per mg protein) of the synaptosomes

at time t, we may rewrite the equation in the form:

¢
iy
log v = kt
C = c 2305
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The logrithnmic plot for the uptake of xylose into
the synaptosomes (Fig AVIL) shows that the points fall
on a strajght line, Lut that the linc does not pans
{hrough the ovigin as one would expect if the uptake
had been a simple diffusion process. This suggésts
that xylose uptake,; by synaptosomes, may be enhanced
by interaction with a membrane component. (This
possibility is discussed in relation to a.theoretical

treatment of the results in the appendix).

¥From the slope of the logrithmic plot, the fux
of xylose across the synaptosomal membrane may bde
calculated (Marchbanks 1968b), Clementi et a2l (1966)
reported that the mean radius of synaptosomes in fraction
B was 0,28 % 0™ n snd Msrohbanlks (1968b) used this value
as a means of calcplating the flux F in terms of uumoles
per cm2 per minute. The flux k' in uumoles per mg prcotein
per minute may be cbtained by dividing k (which may be
obtained from the slope of the logrithmic plot - sce

' : Iy
equation above) 'by the specific activity of the (U—llc)-




Figure XVII

Log Plot of (U~140)—Xylose Uptake by Synaptosomes




The uptake of xylose by synaplosowmes (Fipg XV)
has been 2lotted in & log form. The theoretical

basis for this plot is shown on p%S5. Cv is the

radioactive concentration (cpu per ng protein)
of the cynaptosomes at eguilibriwa (after 40

minutes incubaticn) and C, is the concentration

t

(cpa per mg protein) after t

o

nubes incubation.

Iy

The reculna are the means of 2 estimatious.
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xyloseo. If v is the intrasynaptosomal volume (ml per
mg protein) and r is the mean synaptosome radius (em),

then ¥ is given by:

Fekktxor

e #iess

v G
Under ocur conditions. the flux of xylose dnto synaptosomes

; 4 2 : x :
is Ooﬁﬂymnoles per cm® per minute (mean of 2 estimations).

In Table X the effects of phenobarbitone sodium (Zmd)
and pentamethylene tetrazol (50pg per ml) on the upbake
of xylose by synaplosomes are reported. The resulis
show that neither of these drugs significantly altered
the uptake of xylose. There are two possible conclusions
that may be drawn from these resulté in relation to
the resulis reported {(Table ViI) for the effects of
these drugs on the incorporation of 1#0 derived from
(U~14C)~glucose subetrate. The first is thai,; as in
the case of cerebral cortex slices, xylose is taken up
by a similar mechanism to glucose and that the effects
or the incorporation of label derived from (U«th)_

glucose were not duve to an increase in the rate of

.
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Table X

The Effect of Phenobarbitone and Pehtamethylene Tetrezol

on the Uptake of Xylose by Synaptosomes

Drug Radioactivity Percent of Significance é
cpm/mg Pr Control froum Control g
None 545 - 80
Phen (2uM) 548 < 80 100.3 = 10.6 n.s.
PMT (50pg/ml) 551 = 60 100.5 = 15.0 n.s.

Paired samples of synaptosonmes were incubated in saline
medium containing iOmM glucose (p33) and (Uw140)~xylose
for 5 minutes at 37°Q, with or without drug, as described
in the methods section (p82). The results, which are the
means - SEM of 5 estimations, were statistically compared

by the ‘students' t-test.

,Phen: Phenobarbitone Sodium

PMT: Pentamethylene Tetrazol
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uptake of the glucose,. but rather to a difference in

the utilisation of (Unlqc)wglucose after il has entered
the particles. The alternative conclusion is that the
synaptosomallmembrane contains a carriexr system by

which pglucose, but not xylose, may be trauansported into
the particles. It is very improbable that either of

the drugs could alter the permeability of the synaptosome
ﬁembrane to the passive diffusion of one of these sugars
and not the other, since they have similar solubility
propexrties. ILf one postulates that the synaptosome
membrane contains a carrier system which is specific

for glucese and not for xylose one nust further
postulate that this transport system is differeni fyom
the carrier system which is present in cerebral‘cortex
slices and which has been characterised by Gilbert

(1965)« The former of these two alternatives appears

to be the more atiractive.

The Effects of Drugs on the Volume of Synapiosomes

)

vidence was presented, in the introduction; to
suggest that changes in the volumes of synaptosomes

could be followed by observing:the changes in the

G 3t e
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reciprocals of the extinctions of synaptosome suspensions.
Pigure XVIIXI shows the effect of NaCl‘molarity on the
extinction of synaptosome suspensions. The extinction
rises with the increase in the molarity in which the
particles are suspended. These results are consistent
with the shrinkage of synaptosomes in media of increasing
.

tonicity. The van't Hoff Law predicts that the volume

of a particle which performs as an osmomelter will vary
linearly with the change in the reciprocal of the molarity
of the medium.in which the particle is suspended. LT

the results,; presented in Figurg XVIII, are plotted in

the form E"l, which is a meaéure of the volume {p?7),
against NaCl (Mwl), then the points fall on a straighi
line (Fig XIX). These results are in agreement with those
of Keen and White (1970) and suggest that synaptosomes
perform as osmometers iy NaCl solution over the range

0.2M to 0.04M,
Synaptosomes wexre then preincubated in 0.32M sucrose,

with or without drugs, and the extinctions estimated

in 0.2M and 0.05M, as Qescribed in the methods section

et AP
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Figure XVIII

The Effect of NaCl Concentration on the

Extinctions of Synaptosome Suspensions

o et ey o el




C.2nl samnles of synaptosomes, suspended in 0.32M

succose, were suspended in 2.0ml o

of diffevent molarities and the cxtiackicns measured

2%

of

520na (p83). The resulbs are the wesns « SLk

-~
*

4

£

kel solution

b

estinntions.
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Figure XIX

The Effect of NaCl Concentration (M-l) on 5

(Extinction)™  of Synaptosome Suspensions
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The results for the effect of FNaCl concentration
on tlhe exlinciicn of synaptosome suespensions (Fig XVIII)
have been nlotted in a reciprocal form to test for

contornd.ty to ilhe van't Hoff Law {(plOl). The rcsults

1

are lhe means Sk of 5 estinmations.
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(p83). The resulls are summarised in Tables X and
XIL. Neither of the convulsants, strychnine or
pentamethylene tetrazol, had any sigaificant effcct

-1

on the value of E ™ of the synaptosomes in the NaCl

olutions, but Ewl in both NaCl conceantrations was
increased by preincubation of the synaptosomes with
acetazolamide (400pM) and phenobarbitone sodium (O.lmM
and 2.0mM). If we ccnsider first the effect of
prexncubatlcn w1th chc antlconVulsants on B i measured
in 0.2M NaCl (Table XI) there arc two possible
ekpléinationa:w ‘

(1) Preincubation with the drugs could be causing
some of the synaptosomes to burst.

(2) The differences in gL reflect true differences

in the volumes of the synapltosomes.

In the next series of experiments, the effect of
varying the length of time of preincubation of the
synaptosomes with the drugs was examinced and the resulis

W ~1 i
are summarised in Figure XX. The value of E of 3

suspensions of untreated synaptosomes drops as the
P yrap ¥

incubation time increases, and this is consistent with

L% g I
Vi i Al gt |
s it

3,

the shrinkage of the particles which would result from

g e




Figure XX

The Effect of Drugs on the Shrinkage of Synaptosomes
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Yoired samples of

in 0.%2H sucrose,
S "0

minutcs at 25°C.

4in 0.2M Rall werec

synaptosones were incubcted
with oxr without drug, for 30

The extinctions of samples

results are the means of 2 estinations.

Phent Phenoharbitone Sodiuvm

Acet: Acctaz

olaricde
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Zable LI
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The Effect of Preincubation with Convulsant and Anticonvulsant

Expt

Group

1l

Phen
Phen
Acet
Acet
T
PMT

Strych
Strych

=
Drugs on E ™ lMeasured in 0.2M NaCl

Drug

None
(2mi1)
(0,.1mM)

- (4oOpt)

(20pnM)
(1000pg/ml)
(50pg/m1)

None
(1000ug/m1.)
(50pg/ml)

3.0
3.6
3.2
3ob
Hal
3.0
2.9

53
3.3
343

E*L

14 14 1+ 14+ 14

1+ o1+

t+ )1+

t+

0.2
0.3
0.3
0.2
0.1
0.1
0.2

O.1
0.1
0.1

cf

2.0
240
5.0
2.0

1.4

Percent
Control
T2Le 7 &
1065 &
115.0 =
+
104(0 -
S5y Iy
99.0 =
100.7 =
+
100.3 L

2.0

Significance “

fyrow Control

P<0.0L

P<0.05

P<0,05
NaBos
NeSe

NeBo

N.Be

NeSe

Paired sanples of synaptosomes were preincubated in 0.32M

sucrose, with or without drug, for 30 minutes at 2500. The

extinctions were then measured in 0Q.2M Nall, as described £

in the methods section (p83).

- Y S kY 3 L4 3
means ~ SEM of & estimations, were compared statistically

The resuvlts, which are the

/vy




10% |
(Table X1 continued) :
by the ‘'students' t~test. |
Phen: Phenobarbitone Sodium g
Acet: Acetawolamide :

PMTs  Pentamethylene Tetrasol

Strych: Strychaine

g




Table XIT
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The Effect of Preincubation with Convulsant and Anticonvulsant

Expt
Group
I
Phen
Phen
Acet
Acet
PMT
PMT
I
Strych
Strych

Drugs on gt

Drug

None

(2mM)
(0.1mM)
(LoOpM)
(20p1)
(1L000pg/m1)
(50pg/ml)

None
(1000pug/ml)
(50ng/ml)

3.9
6.1
L,6
Sal
L,2
L,2
4.0

4.6
4.7
b5

-1

P 1+t 1 1 E

t4 14

I+ t4+ §+

0.3
Okt
0.3
0.3
0.3
0.3
0.3

0.2
0.2
0.2

Percent of

Measured in 0.,05M NaCl

Significance

Control from Control
152.5 = 10.4 P<0 .01
149 - 1.6 P<0.01
118.8 © 4.4 P<0.01
102,45 = 2.9 n.5.
1080 = 5.8 n.s.
1004 = BB n.s.
T~ Tkl n.s.

99.1 = 1.7 n.5.

Paired samples of synaptosomes were preincubated in 0,32M

sucrose, with or withont drug, for 30 minutes at 2500.

The

extinctions were then measured in 0.05M NaCl, as described

in the methods section (p83).

The results, which are the

means - SEM of 6 estimations, were statistically compared

/oy
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the loss of osmotica}ly active conétituents of the
cytoplasm into the medium. 1t is known that, if é
synaptosomes are suspended in warm medium, this loss
of osmotically active constituents, especially K& and
| o4

Na ; does occur and does indeed result in a reduction

in the volume (Marchbanks 1.967, Whittaker 1969). However,

if phenobarbitone sodium (2mM) is included in the pre- ~

incubation medium, this shrinkage appears to he totally

prevented (Fig XX). Acetazolamide (LOOpM) reduces the
amount of shrinkage by approximately 50 per cent. It ;
seems, therefore, that these drugs do not cause lysis @
¢f the synaptocomes, ncr do they make the membrane permea?le |

te sucrose sinceg; if eithexr of these effects had occurred,

the apparent volume of the drug-trecated synaptosomes
would have increased with preincubation time. It is 5

likely, therefore, that these drugs limit the shrinkage

e 5= N

which occurs when synaptosomes are incubated in warnm
isotonic media, possibly by reducing the permeability ;
of the synaptosome membrane and thus restricting the

loss of osmotically active constituents of the cyloplasm,

The dose response curve for the effect of phenobarbitone

sodium (Fig XXI) shows that the drug exeris its maximal




Figure XXI

The Effect of Phenobarbitone on the Shrinkage

of Synaptosomes

Dose Response Curve




Poired samules of synaniosomes were incubated din

= Wi ¢ 4 . seDoe
032 mucrosey; with or withoui drug, at 25°C fo

30 minutes and the extinctions of sumples suspended

in 0.2M NaCl estinated (p83). Tre effecte of the

L 88 it e 1trations of phenobarbi g on E
different concentrations of phenobarbitone on
are exprenssd as a percentage of the maxinum

s w0 L : ;
iifference obsoerved between b fer drug-treated

. 5 Nl  ° - 3 e,
synaptosomes and E for the controls. The
naximu response ceccurred at concenirations of
2
phenobarbitone which prevented shrinkage of the

synaptosones convletely. Fach point repreccents

the mean of at least 2 ¢observations.
1

;‘x"l.
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the Shrinkage of Synuaptosomes

Dose Response Curve

L 1 | | L

O-O1 O 1-0 10

Phen(mmM)




Y

effect at a concentration of approximately O.bnM, a
concentration which is not far removed from the level
foual in the brains of animals treasted with an effective
dose of the drug (Millichap 1965). The drug, therefore,
has ite effect at concentrations siwmilar to those

found ‘'in vivo'.

This is not true for acetszolamide since,; as
Figure XXIX shows, this drug does not exert its maximal
effect until the concentration is 2 -~ SmM, whereas its ’
effective level %in vive' is about EOPN (Millichap 1965).
Preincubation in even higher conc:antrations of
acebazolamide result in small, but significant, decreases
in the valune of Eul, when compared with corresponding
controls; and it seems that, at these very high
concentrations, the drug increases the permeability of
the synaptosome membrane. It is not very surprising
that phenobarbitone has an effect at a concentration
ciosz bo its 'in vivo' level, since barbiturates are
thought to have their effects by direct physi00wchemical
interactions with the cell membranes, but acetazmoliamide

is thought to mediate its anticonvulsant effect by

irhibition of the enzyme carbonic anhydrase (Koch and




Figure XXII

The Effect of Acetazolamide on the Shrinkage 4

of Synaptosomes

Dose Response Curve




Paircd samples of syncptozcmes were incuboted inm

)

0.32 sucrose, with cr without arug, at 25

30 minutes and the extinctions of samples suspendsd

ni

in 0.2i NaCl estinated (po3). The effects of the

S . . . : L
difterent concentrations of acetazolanide on E
are expresced as a percenitage of the maxinun

g R
differcnce observed between E for drug-treatcd

-

aoes and i for the controls., The

~

,.
C

synapt
naximun response observed for acetazolamide was
the s&uie 2s that observed for phencbarbitone
{(¥ig X43)., ©pach point represents the mean of

at least 2 observations.
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Woodbury 1958).

in Tables XTI and XIX i1 was shown that the value
oL E"l in both 0.2M and O0.05M NaCl was significantly
greater than correspondiung control valuves if the
gynaptosomes were preinculbeted in phenobarbltone sodium
or in fairly high concentrations of acetazolanmide,
but in Table XIXI it may be seen that, after pre-
incubation in these effective doses of the anticonvulsants,
the synaptosones appear to swell to a significantly
éreater extent, relative to their original volume,
when suspended in hypotonic sclution. The volume of
the synéptosemea in O.2M NaCl, aftex preincubation in
phenobarbitone sodiwm (2mM); is approximately the same
as that of the control synaptosomes suspended in 0.05M
RaCl, Therefore, although the control synaptosomes
perforied as osmometers over the range 0.2M to Q.0hM
NaClL, it seems probable that synaptosomes, preincubated
in phenobarbitone sodium (2mM), could not withstand
the increase in volume which occurred when the synaptosomes
were suspended in-0.05M NaCl because of the higher

concentration of osmotically active compounds which

»

were retained within the cytoplasm. To test this
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Table XILI

The Relationship of E™* in 0.2M NaCl to E™* in 0.05M NaCl

after Preincubation with Drugs

Expt Drug (& 1)0.Q§ Percent of Significance
Group (E-l)o°2 Control from Coutrol
i None 1436 = D05
Phen (2mi) . 1.68 % 0,05 1342 = 2.2 P<0.01
Phen (0.1uM) 1.45 L 0.02  106.6 = 0.7 P<0.01L
Acet (4oOpM) 1,52 £ 0,05 111.8 2 3.6 P<0.0L
Acet (20pi1) 1:%9 £ 0.03 102.9 < 2.9 n.s.
PMT (1000pg/ml)  1.39 = 0.03 102.2 = 2.2 n.s.
PMT (50ng/ml) 1,36 =003 100.0 = 2.2 N8,
II None 1.40 = 0.05
Strych (1000pg/ml)  1.39 = 0.03  99.5 = 2.1 n.s.
Strych (SOug/ml) $.38 L0008 580223 nes.

Paired samples of synaptosomes were preincubated in 0.32M
sucrose at 25°C for 30 minutes, with or without drug. The
extinctions in 0.2M and 0.,05M NaCl were then sstimated {(p83).
The results for this table were derived by dividing the

value of E~t for synaptosomes suspended in 0,05M NaCl

/(Table XII »105)

......




(Table XIII continune

(Table XIL pl05) by

suspended in 0.2M Na
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a)

the vaiue of E™' for synaptosomes

Cl {fable XI pl03). The resulis

reported in Tables XI and XII were obtained on the same

samples of synapteso
-4 oS
means - SEM of 6 est

by the 'studentst! t-

Phens:
Acet:

PMT ¢

Strych:

mes. The results, which are the

imations, were statistically compared

testo

Phenobarbitone Sodim
Acetazoclanide
Pentamethylene Tetrazol

Strycinine

2
8



* s R g T NN R g At TR e
Pk AU 3 I ave . oL ko

112

possibility, paired samples of synaptosomes were pre-
incubated, with or without drug, and samples were suspended
in 0.2M and 0.05M NaCl and the extinctions measured as
before (p8%). O0.lml of concentrated NaCl solution was

then added to the cuveties containg the synaptosomes

in 0.05K NaCl; to return the molarity of the NaCl to

O0.2My, and the extinction was measured again. From these
results the ability of the synaptoscomes to recover their
original volume can be estimated. The control synaptosomes
recover by only 50 per cent (Fig AXIIIL) and this inability
to recover fully, after suspension in hypotonic solution,
hzs been reported before (Keen and White 1970). But if

the synaptosomes have been preincubated with phenobarbitoune
sodium (2mM), their ability to recover their original i
volume is significantly impaired. Suspension of these
drug-treated synaptosomes in 0.05M NaCl, therefore,

seens to damage the synaptosome membrane and the results
are consistent with the synaptosomes being ruptured by

the hypotonic treatment.

The effects of drugs on the swelling of synaptosomes
in hypotonic solution may, in some instances, be used to

test the effects of drugs on the mechanical properties of

R




Fipure XXIII

The Effects of Phenobarbitone on the Ability of
Synaptosomes to Recover their Original Volume

After Suspension in Hypo=~osmotic Solution




Paired pamples of synaptosomes were incubated in
0.32M sucroses, with or without drug, for 30 minutes
4 .0(, i . ] a s
at 25 C., The extinctions of samples were then
estimoted in Q.28 and 0.05M HaClL (p8%). The
A -1 ¥ G s 3
(extinctions) are represcented, in the left-
hand part of the Figure, by the clear coluwmns on
the left of each group and by the shaded columns
.in the centre. Concentrated NaCl solution was
then cdded to the synaptosomes in 0.05M NaCl and

(p84). The

e
T-et
[

the extinctions ncasured age
reciprocels of these results are represented by

the right-~hand clear colusm of each group. 1In

the righl-hand part of the Figure the recovery of
the syneptosomes is presented (100 per cent recovery
equals o full recovery te the original volume in
0.2 NaCl after suspension in 0.05¥ HaCl). The
recovery of the drug-trcated synaptosones was
sigunificantly iampaived (P<C.0L) compared with
controls. %The results, which are the means % SEM

of Y estimations, were statistically cempared by

the 'studenis? t«test.
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Fig XXIi

The Effect of Phenobarbitone on the Ability of Synaptosomes to Recover
Their Original Volume after Suspension in Hypo-osmotic Solution
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of the membrane; since such effects may alter the ability
of the synaptésome te change shapce or stabilise the
synaptosome membrane against lysis. Effects of this

type have been observed before, especially with
chlorpromazine, using other preparations (Mikilits et al
al 1970). In the experiments reported here, however,
effects of this type which result from preincubation with
phenobarbitone or acetazolamide would be masked, to a
great extent; by the effects of these druvugs which are
more consistent with an effect on permeability. Also,
the convulsants,; strychnine and pentanethylene tetrazol,
do not seem to affect the mechanical properties of the

synaptosome membrane (Table XIIL),

In Table XIV the results of experiments in which
the effects of preincubation with another barbiturate,
thioPéntone, are compared with the effects of preincubation
with phenobarbitone are reported. Thiopentone is a
barbiturate whose main therapeutic use is a general
anaesthetic, but which also has anticonvulsant properties
(Harrison, Rees end Watson 1971). The effects of pre-
incubation with thiopentone are similar to the effects

of phenobarbitone at the same concentrations, and the

e
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Table XIV

The Fffect of Preincubation of Synaptosomes with Thiopentone

4

and Phenobarbitone on E " in 0.2M NaCl

Expt Drug E-l Percent of Significance
Group Control from Conirol
I None 5.0 % 0.2
Phen (0.lmM) B2 e 0.3 1063 L 2.0 P<0.05
Phen (2mM) %6 = DeB 12T = 20 P<0.0L
11 None 2.3 ooy
Thio (0.lmM) o A G Vo R e P<0.05
Thio (2mM) 27T oa 1A S22 P<0 .01

Paired samples of syunaptosomes were preincubated in 0.32M
sucrose at 2500 for 30 minutes, with or without drug. The
extinction of samples were fhen measufed in 0.2M NaCl (pS83).
The results, which are the means = SEM of 6 estimations,

were statistically compared by the 'students' t-test.

Phen: Phenobarbitone Scdium

Thio: Thiopentone Sodium
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effect of ppeinoubation in 2nt! thiopentene was not
significantly different from preincubation in 2mM
phenobarbitone (Fig XXIV). The problems involved

in trying to separate the diiferent effects of
barbiturates and atteibuting therapeutic roles to
these effects has already been mentioned, and these
results show that these two barbiturates which have
similar, but by no means identical,, effects 'in vivof

produce very similar effects 'in vitro'.

Gray and Gilbert (1970) found that the ability
of some anticonvulsanls to stimulate sugar uptake by
cerebral cortex slices could be abolished by conmpounds
which compete for thiol groups on the membrénes. It

wag possible that these compounds would also irhibit

the ability of anticonvulsants to reduce ithe permeability

of the synaptosome membrane; by occupying the sites

through which the drugs became bound to the msmbranes,

Jhe thiol group inhibitors produced a variety of eilfects

(Table XV). Preincubation with 0.5mM dithiobisnitro=-
bengoic acid alone had no effect on the volume of

the synaptosomes; but if this drug waes added to

synaptosomes preincubated with phendharbitone sodium




Figure XXIV

The Effect of Preincubation of Synaptosomes

with Phenobarbitone and Thiopentone




Faired samples of synaptosomes were incubated in
Oe%28 sverose, with or without drug, for 30 minuites
at 2500 and the extinctiocens measured in O.2¢ NaCl
(p83). The reciprocals of the extinctions are
represented by the columse. hml for the synaptosomes
incubkated with phencbarbitone or thiopentone was
significantly greater (p<0.Cl) thar the corresponding
control values, but 5t for thiopentone~treated
‘synepbescnes was aol sipnificantly different from

‘“‘l > A 3
X for phenobarbitcne~treated synaptosonmes. The

resuvlts, which are the means ~ SEM of 6 estimations,

vere statisticelly compared by the ‘'‘studenis’

t-test .

Phon: Phencbarbitone Scdium

Thio: Thiopentone Sodiuvi
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The Effects of Thiol Group Inhibitors on the Effects of the

Experimental Group I

Anticonvulsant Drugs on Synapioscmes

Drug

None 2.5
Phen 2.8
DTNB 2o

Phen+DTNB 2.6

Pxperimental Group 11

E

P+ 3+ 41+

oI

0.1l
0.1
0.1
0.1

Drug

None . 363
Phen 4,0

Acet 4,0
NEM S
PCMB 3.2

Pnen+PCMB 3.9
Acet+PCHB 4.1

B

R

-1

0.1
0.1
0.1
0.3
0.1
0.1
C.l

Fercent of
Control

120.2
100,.9
113.9

4+ 14+ 31+

Percent of
Control

122.7
121.8
154.5

98.5

120.0
125.7

34(.)
5.0
10‘6

1.8

I I AR B S o I

Anticon

1.6 93.9 ¥ 1.8

Anticon

+
ln2 98;0 e 245
+
204 1034»2 - 3.2

Significance from

Control Anticon
P20 .0L

YieSe

P<( .01 PO .05

Significance from

Control snticon

P2C.0L

P=20,01

P<0.05

NeB,

P<0.01 NS,
P<0.,01 NeBa




(Table XV continued)

. . - O
Paired samples of synaptosomes were preincubated at 257

for 30 minutes, with or without drug, and the extinctions

measured in 0.2M NaCl (p83). The results are. the means

statistically compared by the 'students' t-test with

the corresponding controls and, where applicable, with

SEM of 6 estimations (3 for NEM)., The results were

. corresponding synaptosome samples preincubated with

anticonvulsants alone.

Acet:

Phen:

DTNB:

NEM:

PCHB:

Acetazolamide (2.5mM)
Phenobarbitone Sodiuwm (2mM)
Dithiobisnitrobenzoic Acid (O.5m)
n-Ethylmaleimide (4mM)

p~Chloromercurybenzoic Acid (5mM)

i
R ok,




12.6

el T ’
(2mM), the value of E was significantly less than
the corresponding samples preincubated in phsnobarbitone

alone, suggesting that dithiobisnitrobenzoate might

"block scome of the sites through which phenobharbitone

exects its effect. Dithiobisnitrobenzoate is nct very

‘scluble,; therefore the effects of two other more scluble

thiol group inhibitors, p~chloromercurybenzoate and
n~ethylmaleimide, were also tested. Preincubation in
p-chloromercurybenzoate was without effect on the volumes
of synaptosomes themselves and it also did not modify

the effects of either of the anticonvulsants (Table XV),
Preincubation in n-ethylmaleimide, however, resﬁlted

in & marked increase in E"l and the extinction of
synaptosome suspensions, after preincubation in n-ethylmaleimide
was independent of the molarity of the NaCl soluticn. Thisp
sugpgeste that this drug bursts synaptosomes and no

further experiments were performed with it If either

of the anticonvulsanis had their effect by binding to

the membrane through thiocl groups on the membrane, one
would expect both thiol group inhibitors, dithiobis-
nitrobenzoic acid and p-chloromercurybenzoate, to

inhibit the action of. the drugs. This was not the case,
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however; and it seems reasonable to éuppose that dithio-
bisnitrobenzodc acld inhibite the asction of phencharbitone,
not by binding %o the same site, but by occupying sites
close to those to which phencbarbitone binds and, thus

sterically blocking these sites.

The Effect of Phenobarbitone on the Release of K+, N&+

and Xylose from the Synaptosomal Cytoplasm

Synaptosomes retain significent guantities of K'
and Na' during their preparation {(Ryall 1964), but if
the particles are suspended in warm éucrose, these dons
are lost rapldly into the sucrose (Marchbanks 196%7).
Marchbanks further showed that the-synaptosomes may be
separated from the'ions which have been released by
gel filtration., In Figure XXV the elution of a synaplosome
fraction through a G50 sephadex column is shown and it
may be seen that there are two K peaks. The firvst of
fhese peaks is eluted with the synaptosomal protein and
corresponds to the intrasynaptosomal K+, while the
Begond peak, which is eluted subsequently, corresponds

to the extrasynaptosomal K'. The elution pattern which

is precented (Fig XXV) is similar, in all essential




Figure XXV

The Elution of Synaptosomes Through a Sephadex Column




A sanplc of synaptosomes, suspended in C.32M
sucrose, was cluted through a coluwwn, ceousisting
of 0.5¢ of G50 sephadex, with 0.324 sverose (p5S1)

ond the efiluent was assayed for proiein and

Y (p85).
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respects, to that first published by Marchhanks (1L667).

It seemed likely that the sgrinkage which occurred
vhen the synaptosomes wers suspended in warm sucrose
resulted; to some extent at least, from the loés of
these ions. Yo test  this posszibility, synaptosomes were
preincubated in sucrose, in the presence or absence of
2mti phenobarbitone, and the X* and Na' content of the
synaptosomes was estimaited using the methods described
earlier (p85). Table XVI shows that if synaptosomes
vere preincubated in phenobarbitone sodium (2mi), the
concentration of these ions in the synaptosome fracition
was significantly greater than ihe corresponding centrol
values. There was a 27 per cent reduction in the XV
concentratiﬁn of the synanptosome fractioan, after 30
minutes incubation (Table XVII), but this loss of K
was very much reduced if phenobarbitone sodium {(2mM)
was included in the medium, Table XVII also shows that
there was a 45 per cent loss in the Na* content of the
particles during 30 minutes incubation but, if
phenobarbitone sodium (2mM) was included in the medium,
there was a small increase in the concentration of this

ion. This small increase can be explained if phenobarbitone
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Table XVI

The Effect of Incubation with Phenobarbitone (2mM) on

the Concentrations of K and Na' of Synaptosones

Condition Ion Concentration (mpequiv/mg Pr)
K" Na*
+ +
Phen (2mH) 190 = 12, 135 = 18 ¢
+ *
Percent of 123 - 3 54 - 12
Control

Significance P<0,01 P20.CH

from Control

Paired samples of synaptosomes were incubated for 30
minutes at 25°C, with oxr without drug. The K¢ and Na”®
concentrations wére then estimated (pd5). The resulis,
whiéh are the means = SEM of the number of estimations
given in the parentheses, were statistically compared

by the ‘'‘students' t-~test.
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Table AVII

The Effect of Phenobarbitone (2mM) on the

Release of K and Na® from Synaptosomes.

Ion Concentration (mpequiv/mg Pr)

Ion Initially After Incubation
Control Phen (2mM)

k¥ 193 = 3 11 T 13 179 - 10

Na* 148 T 6 2% ai 171 L 2

The K' and Na™ concentrations of freshly prepared
synaptosones were estimated (p85). Paired samples
were then incubated in 0.3%32M sucrose at 2500 for

30 minutes, with or without phenobarbitone, and the
-ion concentrations were measured again, The results

+ :
represent the means ~ SEM of 3 experiments.
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not onty prevents the loss of Na from the synaptoesomal
cytoplasm but alse binds to the synaptosome membrapve.
The drug was added in the forwm of its sodiunm salt and
the small increase in the Na¥ content of the druge
treated synantosomes over that found in freshly prepared

yaaptosomes could be due to Na”™ hound %o %the particles

%)

through phenobarbitone. If phenobarbitone sodiwm was
eluted through an ideatical G50 sephadex column to that
ﬁsed to separate synantoscomes from extrasynaptosomal Na+,
ix the absence of synaptosgones, there was 1o increase

in the Na' content of the fraction which was equivalent
té the synaptosome fraction. The results reported above
sugpgest that phenobsrbitone dees, indeed, reduce the

e o 2 “+ P |
permeability of the synavtoscme membrane to K and Na".

Marchbanks (personal communication) estimates the
volume of the synaptosomol cytoplasm,; in sucrose solution,
as 2.0ul per mg protein and, using this volume, the
concentrations of K and Na' in the ecytoplasm of freshly
prepared synaptosomes may be estimated. The concentration
of K" was 96 % 2mequiv per 1 (mean of 3 estimations),
while that of Na' was 64 % Zmequiv per 1 (mean of 3

estimations), if we allow for 5 per cent contamination

A T T TR E NI s




of XK' (see Marchbanks 1967). These results are close to
those reported by Merchbanks (1967) for the levels of

these iong in synaptosomes,

The results, presented above, suggested that
paencharbitone reduced the permeability of'the synaptosome
menbrane to XK and Ra®, but this did not mean that the
drug altered the permeability to all jons and molecules.
In order to examine the effect of phenobarbitone on
the permeability of the synaptosome membrane to a non-
ionised compound, synaptosomes were preincubated in
,(U~140)wxylos; and the effect of the drug on the amount
of xylose released, during a 7 minute incubation in
warm sucrose, examined (p85). Table XVIIL shows that
phenobarbitone sodium (2aM) did not alter the amount of
xylose released. This result is in agrcement with the
findings, reported earlier (p99) in the thesis, that
phencharbitone did not alter the uptake of this sugar,
although it must be emphasised that the conditions, under
which the two experiments were done, were very different.
Also there is no reason why influx aﬁd efflux of xylose
should not be altered indepcndently by phenobarbitone.

Phenobarbitone, it seems, does not alter the permeability




Table XVILL

The Effect of Phenobarbitone (2mM) on the Release

of Xylose from Synaptosomes

Drug Radiocactivity Percent of Significance
cpm/mg Pr Control from Control
.*.
None 370 - 80
Phen (2ml) 387 = 86 516 n.s.

Synaptosomes were incubated with (Uulqc)-xylose and
then paired samples were transferred to 0.324 sucrose,
with or without drug, and incubated at 25°C for 7
minutes (p99). The results, which are the means I smi
of 5 estimations, were statistically bompared by the
'students! t-test. ?he radicactivity inside the
synaptosomes, prior to the 7 minute incubations, was

660 = 35 cpm per mg protein.
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of the synaptosome membrane to all types of compound

but, of those examined here, it restricts its effect

e 5 4
to K and Na .




GENERAL DISCUSSION
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The purpose of the experimerts, which have been
described in this thesie, was to use the synaplosome
preparation as a means of examining the effects of
convulsant and anticonvulsant drugs oﬁ the stability
of the nervewending and, in particular, oun the properties
of the nerve~ending wmembrane. Previous studies had
suggested thot acetazolamide agd pentamethylene tetrazol
exerted their effects by inhibiting the enzymes carbonic
ahhydrase and acetylcholinesterase respectively, but
that strychnine and phenobarbitone acted on neurcnal
cell membranes. The effect of phenobarbitone on these
membranes seems to be more general than that cof strychnine
which seems to inhibit the action of glycine (Roper
et al 1969) either by restricting the release of the
anino acid from the pre-synaptic membrane or by blocking

the receptor sites on the post-synaptic membranc.

The effects of the drugs on the synaptosomes were
examined under two coanditions. The first experiments
tested the ability of the drugs te modify or stabilise
the syneptosomes undexr conditions in which the particles
were actively metabelising added substrate. It was

thought that this state was closer to that found ‘'in
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vivo'. Work by Bradford (1969, 1970ab) and by Bradford
and Thomas (1969) had shown that the metabolism and
respiratory properties of synaptosomes were very similar
to those of cerebral cortex slices and, in particular,
the respiratory and mefabolic response of the particles
to electrical pulses and to the addition of excess K"
was similar, qualitativeiy but not quantitatively, tc
the response of cerebral cortex slices when treated

in the same way. Bradford (1.969) had reported that
syn&ptosomes could form ion gradients and proposed

that the synaplosome membrane might be polarised and
capable of being depolarised. It seemed, thervefore,

that the synapitosome preparation could be used as a

- model system to test the effects of drugs on excitable

nevronal membranes.

In view of the points discussed above, the effects
of the addition.to synaptosomes of a numbexr of compounds,
known to affect neuronal membranmes 'in vive' (K¥ and
putative transmitter compounds) were examined, but
none of‘these conpounds had any significant effect on
the respiratory rate of the particles (Table III - p55,

Table IV -~ p58). - These results, which were discussed
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in Section 11l; were disappointing and they were also
difficult to reconcile with those reported by Bradford
(1970b) in which it was shown tha%, if the K' concentration
of the medium was increased, the oxygen uptake of the |

synaptosomes was also increased.

It was, perhaps, not surprising that the putative
transmitters were without effect since their action is
p}imarily on the poste-synaptic membrane, but the proposed
pré«synaptic role of these compounds may be of dmportance
here. Koelle (1962) has éuggested that, at some cholinergic
synapses; the first acetylcholine released binds to
the pre-synaptic membrane to cause the relezse of more
transmitter. Burn and Rand (1962) have further suggested
that acetylcholine has a similar funbtion at none
cholinergic synapses, and that this might explsin the
wide distribution of acetylcholinesterase in the cerebral
cortex, although only 15 per cent of the synapses are
cholinergic. We concluded, therefore, that either
these putative transmitter compounds did not alter the
polarised state of fhe synaptosomal membrane, or that

S

the changes were not sensitively geared to the gross

respiratory rate as we measured it. It was alsd possible

1
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that the transmitter conpounds were meéabolised too
rapidly by inactivating enzymes and that we should

have wdded compounds which inhibited these inactivating.
enzymes. bBut we feltl thét the additior of such inhibitors
might complicate the interpretation of the results and
we, therefore, estimated the respiratory response
immediately after the addition of the-transmitters
(Tgble V p6l) with the view of detecting any transitory
response. No such response was observed. Whittaker
(1969) also found that the respiratory response of
synaptosomes to changes in the ion composition of the
medium were very small and not similar to those found
in brain slices. It must be remembered thot cerebral
cortex slices are multicellular systems and that the
preﬁence of non-neuronal membranes may contribute to

the excitable nature of the slices.

When the convulsant and snticonvulsant drugs were
examined for their effect on the metabolism of synaptosonmes
it was founa that none of the drugs altered the résting
respiratory rate of the Earticles (Table VI pG4). This
- was not unexpected hecause although some of the drugs

tested, phenobarbitone and pentamethylene tetrazol in

5




particular, do affect the resting respiratory rate of
brain homogenates containing synaptosomes (Webb and
Elliott 195L), these effects are only observed at

concentrations in excess of those used hereo

In Table VIL (p69), however, it was shown that
phenobarbitone and pentamethylene tetrazol altered the
smount of * incorporated into synaptosomes from (UulAC)m
glﬁcose substrate. Neither of these drugs altered the
permeability of the synaptosome membrane to xylose
(Table X p99), a non-metabolised sugar whose mode of
uptake into other brain preparations is similar to that
of glucose. It seems, therefore, that these drugs
altered the amount of 140 which was incorporated ianto
metabolites which were formed from glucose and which
were retained within the synaptosomes. Most of the
140 which is incorporated into the free amino acids

from (Unth)wglucose is retained within the synaptosonmes
(Bradford and Thomas 1969). Webb and Ellictt (1951)
examined the effect of pentamethylene tetrazol on brain
homogenates, preparéd in such a way that synaplosoume
formation was favoured, and found that the resting

respiratory rate and lactate production of the preparation
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were insensitive to the concentrations of ﬁentamethylene
tetrazol used in this work. We would therefore suggest
that this drug, which reduced the emount of 140
incorporation into the synaptosomes, reduces the lormation
of free anino acids from glucosc in the synaptosome and,
since & nuaber of these free amino acids modify excitable
neuronal nembranes, this effoct may contribute; in pari,
to the convulsive effect of the drug. Synaptoscmes

seeﬁ to be more sensitive to pentamethylene tetrazol

than cerchral cortex slices, since the drug ounly causes
small changes in the metabolism of those preparations

at the concentrations used (Potter and van Harreveld 1962).
This could be explained if the synaptosemal membrane

is more permeable to pentamethylene tetrazol than the
neuronal membranes, as they exist in cerebral cortex
slices, or if the concentration of the drug reaching the
neuronzl membranaes is considerably lowered by the presence
of other cells, as one might expect. It would be of
valve, in any future étudy of the mode of action of this
drug, to study its effect on the metabolism of the nerve-

ending in detail.

Phenobarbitone increased the amount of labe; retained
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from (UWLQC)Mglucose (Table VII p69). In this case,
however, effects on the incorporation of carbon atous

from glucose into metabolites may be complicafed by the

; , effects of this drug on the permeability of the synaptosome
nembrane. The results will, therefore, be discussed
later in the General Discussion in relation to the effects

on permeability.,

) Preincubation in convulsant and anticonvulsant

drugs seemed to have little effect on'the potential
tfansport systems of the synapitosomal membrane. Mention
has already been made of the difficulty of interpretation
of ATPase vesults (p90). The effects are rot only
dependent upon the concentrétion of the drugs, but also
upon the conditions under which the enzyme is assayed
(?estoffland Appel 1968). The anticonvulsant drug,
diphenylhydantoin, is reported to exert its effect by
stimulation of the Na’ pumnp (Woodbury 1955), but incubation
of synaptosomes in media containing the drug results in
stimvlation éf the ATPase (Festoff and Appel 1968) or
inhibition (Formby 1970) depending upon the conditions

of the experiment. The results of changes in the activity

of this enzyme are also difficult to assess since neuronal
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membranes seem to actively transport a variety of ions
eand compounds. No clear pattern of response seemed to
emerge end, in view of the coniroversy over interpretation
of the results, the study of thislenzyme in this work

was limited. It must also be said that none of tﬁe
convulsant and anticonvulsant drugs jested here have

been shown to exert effects by altering the activity of

the membrane ATPase.

Under the conditions used here, there appeared to
be no active transport of xylose into.the synaptosomes
(p92) and, in this respect, the synaptosomal membrane
seems to dalffer from the neuronal membranes as fhey
exist in cerebral cortex slices, which do actively
transport this sugar (Gilbert 1966). Marchbanks (1968&a)
has suggested that treatment with Z,MFdinitrOPhenol
need not affect active transport processes since the
dyug does-not reduce the reserves of high energy phosphate
in the.synaptosomes to zero. But 2,4-dinitrophenol
does prevent the active transport of xylose into cerebral
cortex slices (Gilbert 1966) inspite of the fact that
the high energy phosphate reserves of the slices are

not reduced to zero (Joanny and Hillman 1963). The
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volume of the synaptosomes, under our conditions,
calculated from the equilibrium concentration of xylose
was 2.2p1 per mg protein (p9h4). This value is close to
that reported by Marchbanks (1.967), and this further
suggests that xylose is not accumulated against a
concentration gradient within the synaptosomes,; under

our conditions.

If xylose does, indeed, equilibrate evenly across

the synaptosomal nmembrane, such that its concentraticn

in the cyteplasm is the same as that in the surrounding

medium, it hay be possible to use xylose to measure the
synaptosomal volume under conditions in which the active
tran6p$rt of ions is occurring. It would be of value
to 5@ able to measure the volume of fhe synaptosomal
cytoplasm under these conditions, since the volume is,
in part, dépendent upon the activity of the ilon pumps
and changes in the metabolic state of the particles
could be reflected as a change in the volume. A non-
metabolised sugar is suitable for such a nmeasurement
because it is unionised and, therefore, not affected

by the ion gradients and it also diffuses out of the

particles slowly enough, in the cold, to enable the
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experimenter to separate the synaptosomes from the
extrasynaptosomal xylose. It must be emphasised,
however, that xylose may be actively accumulated by
synaptosomes under different conditions ~ another
uffer system for instance - which favour the active

transport process.

The remaining results were obtained using synaptosomes
gqspended in 0.32M sucrose, a condition which is far
from physiological. The object of these experiments
was to examine the abililty of the c¢onvulsant and
anticonvulsant drugs to interact with the membranes
and; thereby, modify the mechanical or permeability

properties of the membranes.

In order to study the effects of drugs on the
synaptosomal membrane, it was necessary to establish
a method by which these effects could be obsexved,
Many previous studies on the interaction of druge with
cell membranes had been done by testing the ability of
the drugs to inhibit the lysis of erythrocytes by
detergents or osmetic shock. The results of such
experiments are difficult to interpret and also effects

observed on erythrocyte membranes are not necessarily
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true for neuronal cell membranes. However, once Keen

and White (1970) had shown thet synaptosomes performed

as osmometers in NaCl solution and that changes in the .
reciprocals of the extinctions of synaptosome suspensions
were proportional to changes in the synaptosome volune,
it was possible to test the abiiity of the drugs to

modify the elastic properties of the synaptosomal

membrane JBut these results would also be difficult
to interpret in terms of effeclts on the permeability
of the synaptosome membrane. However, if freshly
prepared synaptosomes are suspended in warm Sucrose,
they shrink due to the loss of some of the osmotically
active components ;f the cytoplasm and it wae shown,
in this work, that this shrinkage could bhe observed

by measuring the extinction of synaptosome suspensions

at varying time intervals.

By observing the effects of the drugs on both the
: shrinkage of the synaptosomes and on the performance
\ of the particles in hypotonic solution, we were able
§ to differentiate between .the effects of the drugs on
1 the permeébility propérties and the effects on the

mechanical properties of the synaptosome membrane.




Using these techniques, it wasg shown here thait pre-
incubation with either of the convulsant drugs was

without effect on the synaptosome membrane (Table XI

pl03), but that the anfticonvulsants, especially the
barbiturates, had a marked effect on the volumes of

the synaptosomes in 0.2M NaCl, after 30 minutes incubatioxn
in warm sucrose. These effects were consistent with an
alteration of the permeability properties of the
synaptosome membrane which resulted from the inclusion

of the dr&gs in the incubation mediuwm. It was not
surprising that phenobarbitone modified the perneability
properties of the synaptosome membrane at concentrations
close to’those found 'in vivo'! since previous work had

? suggested that this drug exerted its effecl by interacting
directly with neuronal cell membranes {(Tower 1560,

: Millichayp 1965). | )

f When thicpentone was examined for ils effect on the

permeability of the synaptosome membrane, its effects

-

. were very similar to those of phenobarbitone at the sane
g concentrations. Thiopentone is used, primarily, as an
b anaesthetic, but it also has anticonvulsant properties

(Harrison, Rees and Watson 1971), thus effects observed
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in the present work could contribute to the role ol
these drugs as anticonvulsanlts because they were observed
for both drugs. It is difficult to separate the different
effects ol the barbilurates and attribute a physioclogical
response to them since, in an extreme case, barvbiturate
drugs which cause coavulsious mey alse have & depressaant
etfect in the brain (Domine 1956). It would, however,
be of-interest, in a future study, to compare the effects
qf a convulsant barbituralte with those observed here for
phenobarhitone and thiopentone, It is not uwnreasounable
to suppose that most barbiturates bind to neuvronal cell
menbranes and modify their permeabilitly properties, and
that the variéty of other physiclogical effects which
result from treatment with the different barbiturates
are a result of differences in the chemical struchure
of the drugs which enable specific drugs to alter other
aspects of nevronal metabolism and stability, or alter
the distribution of the drug in the CNS.

Acetazolamide only affected the permeability of
the synaptosome membrane at concentrations far in excess

of those found ‘'in vivo' (pl08). Other effects of

acetazolamide, especially the inhibitory effect of the




drug on the enzyme carbonic anhydrase, occur at concentrations
closer to those found 'in wivo' and probably contribute

more to its anticonvulsant effect.

In subsequent experiments, the nature of the compounds
which leak out of the synaptosomes during suspension in
warm sucrose were studied in more detail. It was found
that, as a result of the preincubation in warm sucrose,
the Na" and X¥ concentrations of the mynaptosomes were
reduced (Teble XVII pl22). It is interesting that, whereas
only 25 per cent of the K+ is lost to the medium during
a 30 minute incubation, nearly 50 per cent of the Na® is
lost. Marchbanks (1967) and Weinstein and Kuriyéma (1970)
reported that the permeability of the synaplosome membrane
is greater for K* than it is for Na+, therefore it is
likely that factors other than those of simple diffusion
are involved. The membrane ATPase may be ac£ive at 257°C
(Weinstein and Kuriyama 1970) and this may favour the
expulsion of Na® from the synaptosomes in favour of £,
Weinstein and Kuriyama further suggeéted that X' and Na*
acted as counter-ions for non-diffusible anions of the
cytoplasm, such as free glutamate and aspartate and the

cytoplasmic proteins. They proposed that K" and Na* were,
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in part; released through the synaptosomal membrane by
a process of ijon exchange. The only cation available

in the medium was H . The salts of weak acids are
almost fully ionised, but the acids themselves are
ionised only to a small extent, thus, if such an
exchange took place, the concentration of osmobically
active constituents of the synaptosomal cytoplasm would
be reduced and the volumes of the syna@tosomes would
decrease., This may account for the fact that almost the

ntire loss of synaptoscmal volume, which occurred durieg

o)

50 minutes incubation, could be accounted for by the

‘l‘ + . Y
amount of K and Na lost during the same time.

In Table XVII (pl22) the effecits of preincubation
with 2mM phenobarbitone on the amcunts of Kt ana Na¥
lost from the synaptosomes during a 30 minute incubation
in warm sucrose were reported, and it was shown that
the loss of these ious was almost totally prevented
by the phenobarbitone. It secems, therefore,; that
phenobarbitone markedly reduces ‘the permeability of
the synaptosome membrane to k' and wa' and this effect
is entirely consistent with the effects of this drug

on the shrinkage of synaptosomes in warm sucrose,

discussed above (pl39),
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This effect of phenobarbitone on K and Na™
permeability could cléarly contribute to the mode of
action of this drug as an anticenvulsant, and the resultis
are of special significance in view of the reports by
Tower (1960) that one of the features of cepileptogenic
tissue is its inability to Torm or maintain jion gfadients,
and the reports by Millichap (1965) that phenobarbitone
is especially usetul when treating epilepsies which
fesult from inadequate repolarisation mechanisms., If
the pre~synaptic membranes did not provide a sufficiently
great permeability barrier to Na' and k', due to incorrect
formation of the membranes or external injury or if the
active transport of the ions was iwpaired, the-presence
0of phenobarbitone could enhance the formation of the
gradients since its effect would be to reduce the amount
of ions diffusing down the concentration gradient, from
the oulside to the inside of the cell in the case of
Na+; The dyrug could, in this way, increase the degree
of polarisation of the membrane and thus the threshold
for depolarisation. It may also hyperpolarise normal
synapses near to the epileptogenic focus and, in this

way, inhibit the spread of seizures in the brain.




1Al

There are more subitle effects which may result
from a change in the rate of flow of K' and Ha' across
the pre-synaptic membrane. The leakage of pharmac-
ologically active compounds, such as acetylcholine
(Tower 1960) or glutamate (Bradford 1970b), may be
accelerated if the X and Na¥ gradients are disturbed.
Thus, if phenobarbitone exeris its effect by reducing
the passive diffusion of these ions and enhancing the
‘formation of the gradients, it may also reduce the
amcunts of these pharmacﬁlogically active compounds

which leak out of the cells.

The resulte of experiments in which the effects
. Bl ke ; s Lk
of phenoharbitone on the incorporation of C from
1k |

(U-~""Cleglucose were examined, suggested that the
incubation with the drug resulted in an increased
incorporation of labelled carbon atoms into metabelites
formed from glucose (pl33). This effect could clearly
result from an alteration in the metabolic processes of
the particles, bui the relecase of some of the metabolites
formed from glucose, notably glutamate, from the
synaptosomes seems to be coupled, to some extent, to

the flow of K'. ions out of the particles (Bradford 1970b).
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We may now compare the results obbained in this -
work with those obtained using other preparations. Much
of the previous worxl in which the mode of action of
centrally acting drugs has been examined has been
performed vsing brain homogenates or cerebral coriex
slices and veference has already been made to the
results. From reports of this earlier work, it was
clear that acetazsolamide inhibited the enzyme carbonic
anhydrase and probably alters the distribution of Na'P
across neurconal cell membranes by altering the amount
;f anion available in the cytoplasm. Phenobaxrbitone,
on the other hand, seems to have its effect by a direct
physico-chemical interaction with the neurcnal cell
membranes. The results reported here scem to confirm
the hypothesis that phenobarbitone interacts with

membranes to alter their properties.

The adventage of the system used here is thal we
were able to phow a clear effect on membranes which
ware neuronal in origin, whereas cerebral cortex slices
are multiceiluvlor systems and the experiments in which

slices were used could not differentiate between effects

on neuronal and non-neuronal membranes. In the past,




in oider to study the effects of drugs on only one

type of membrane at a time, workers have resorted to

é using mitochondria (8pirtes and Guth 1963) or erythrocyte
Experiments using mitochondria are only truely valid

for drugs which act on the mitochondrial membrane,
however, since this membrane is unigue in character.

In other work, the ability of drugs to inhibit the

lyéis of the erythrocyte membrane, by osmotic shock

or detergents, has been examined. The results of these
experiments are difficult to interpret, however, since

an alteration in the stability of the erythrocyte

L DLt L e A N ]

menmbrane could be the resnlt of an alteration in the
3 - stability of the membrane or in the permeability of the

membrane or both. In this work the effects of drugs

? have been studied on the permeability of the synaptosome
3 membrane directly. This has enabled us to draw

conclusions which are a little different from those of

IR oy

Mikilits et al (1970), working on erythrocyte membranes,

«
v

concerning the mode of action of the anticonvulsents,

It has been shown here that the barbiturates, phencbarbitone

and thiopentone, reduce the permeability of the
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synaptosone membrane to the same degree at the saue
relatively low concentrations, but that acetazolamide
has the same effect only at concentrations which are
far greater than those found in the brain ‘'in vivo‘f.
Arter incubation with these drugs, alt concentrations
which reduced the permeability, the synaptosomes seemed
to become less stable in hypotonic solution (pl09) and
these findings are in agreewent with those of Mikilits
et al (1970) for the effects of these drugs on the
erythrocyte membrane. It is our belief that, in our

i experiments, this instability resulted from a decrease

irn the permeability of the synaptosome membrane and

e gl

TR

that any direct effects of the drugs on the stability

R P Dep AT
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of the membrane were masked.

The results obtained in this work weould suggest
that it would be profitable, in some future research,

to extend further the studies of the effects of drugs

E: on the permeability of the synaptosome membranc. In

% particular it would be useful to study the effecte of

é a wider range of drugs, including a convulsant barbiturate,
g and also to study ;he effects of the drugs on the

% permeability of the synaptoscme membrane to a wider

é :

é
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range of compounds. For example it would be interesting

O e S

to know if phenobarbitone altercd the rate at which

pharmacologically active compounds, such as glutamate

B I e

¢ or the putative transmitter compounds, escaped tThrough

the synaptosome membrane.
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< le OSynaptosomes have been isolated from guinea-pig
1 - cerebral cortex and their appearance and enzynic
and respiratery properties found to be similar to

H - those reported for synaptosomes by other workers.
£ R b

2. The effects of the convulsants, strychnine snd
pentamethylene tetrazol, and the anticonvulsants,

phenobarbitone and acetazolamide, on some of the

properties of synaptosomes have been examined. R

The resting respiratory rate of synaptosomes was

N

§ found to be insensitive to the convulsants and

anticonvulsants and to a variety of other compounds

§ which affect excitable neuronal membranes 'in vivo!'.
The possible significance of these results has been

discussed,.

1

4
L, The incorporation of ¢ into synaptosomes fron

1
(U»l%C)nglucose was inhibited by pentamcthylene

e o g

tetrazol. and enhanced by phencbarbitone.

5. The uptake of xylose, which did not seem to occur

by means of a simple diffusion process, was unaffected

by phenobarbitone and pentamethylene tetrazol.
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The concentration of xylose in the synaplosomes,
once xylose uptake wos complete, was unaffected by

2,4wdinitrophencl,

The release of osmotically active constituents from

synaptosomes suspended in warm sucrose was very much

veduced by phenobarbitone at relatively low

conceontrations and by acetagolamide at concentrations
which were substantially greater than those found

tin vivo'l.

45 per cent of the Na’ and 29 per cent of the X'
was lost to the mediuwn if freshly prepared
synaptosomes were incubated in sucroéﬁ at 25°¢

for 30 minutes. Phenobarbitone prevented the loss

of these ions duxing the incubation.

Phenobarbitone had no effect on the release of xylose

from synaptosomes which were suspended in warmn Sucrose.
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Let x = the ceuncenirativa of xylose in vhe me

gurroundiag the synaptosomes, and be coustant;

y = the concentraticn of zylose in the

gynaptosones at time t (y = O when t = 0);
ha

£ o= Y %S

R = the apparent dissociation constant of any

)

xylose«caryier complex formed at the synaptosome

‘ membrane, and lel it be assumed thal the same
22

dissociation constant is involved in uptebe

by, and eiflux from, the synaplosome;

t = time over which uptake by the synapbtosoues

is deteruined.,

(a) Diffusion Xineticec
If theve is no interaction between xXylose ond @
carrvier during uptake {or ii K is lavge compared tu x),

then
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dy = ki(x ~ y)

e

On integration arnd substitution we can derive
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(b) Double Michaelis-Menten Kiretics

If xylose interacts with a mobile meabrane components
during its uptake, and if it can be transperted sut of
the synaptosome by a similer process invelviang ithe

sane membrane component, then

V L v %
dy = _max. _max”

at E+ x K+ y

On integrating and vearvanging this equation we can

derive
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It will be seen fiow gouations a and b that by
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then ithe plot of the results may provide & weans of

distinguishing between the general pirocesses involyad

the poin® at which the bessi straighl line trmrough the

resulis intersects the y-awia, The resulits for the

xylose uptake by syanzplosones, obitained in this work,
have been vlotied in this log foram (Fipucs overieafl)

and it may be seen that the resnlis arce conuiabznd

=

ot
(4.1

L' i

with the plet for doudble Hichaelism-Manten kine

(equation bJ.

Leknowledgenent

This breatment of the data was sug gested by De J.C. Gilloezd.
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