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SUMMARY

it was shown that when the vespiration of aduli rat

brain slices ds messured in vitro in calcium contaloning
maline, a period of anoxic preincubation at 3706 in

basal saline canses & severe dmpalrment of this resplration,
The respiratory defect cen, however, be prevented if any

of the following conditions existy

Le The slices are derived from new born (7 day old)
rats,

2e The preincubation iz carrvied out at 0°C instead of
at 37°C,

3a A supernatant of 50 (w/v) brain homogenate is used

as preincubation medium,
b Entire hemispheres are preincubated, ingtead of

slices.

These conditions suggested that the damage was caused by
a loss of materdial from the slices, and attempts were
made to chafacterise and igolate this material from the
brain supernatant, Although these attempts were noc
totally successful; experiments indicated that the
potassium ilon content of the supernatant contributed

dubstantially to its protective activity.

The role of potassium ions was confirmed by the fact that
the conditions that protected against the anoxic
impairment of respiration also maintained the potassium

jon concentration of the mlices. Conversely, depleting



the potassium ion concentration of the slices under
aerobic conditions produced an impairment of respiration
similar to that induced by anoxia. Finally the use of
buffered solutions of potassium chloride as preinoubation

medla were shown to mitigabe the effects of anoxia,

It was also shown that potassium stimulated respirabion
and the incorporation of amino acids were more
viulnerable to anoxia than unstinulated respiration,

These results were discnssed in pelationship to recently
published findings that the susceptibility of the brain
to anoxia in vivo may be affected by extra-neural factors

such as a defective post ischaemic cidrculation.
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1.1,0  INTRODUCTION

In advanced industrial societies mental and sneurological
diseases represent more than half the total burden of
medical cares. Without assuming an astiological
connection it iz only reasonable to expect that with the
spread of industrialisation the rest of the worldd will be
faced with similar problems, The understanding of the
brain and its malfunction must therefore be one of the
most urgent and socially important areas of research. It
is perhaps a reflection of the complex nature of the problens
that despite much effort, neurochemical research has not
yvet provided us with much insight into the working of the

birain.

lelel CEREBRAL ANOKIA

One of the conditions to which the brain is pawtieularly
susceptible is oxygen deprivation, Much attention has
been paid to determining the duwration of asnoxia necessary
to produce loss of brain function. A period of anoxia ag
short as 15 s will result in a loss of conscioussess, but
restoration of the oxygen supply to the brain will restore
consciousiness without any apparent permanent impairment of
function. After about 5 min, of anoxia it is not possible
to restore function as irreversible neurological damage

has oceurred (Meyer 19073 a).

1o142 CLASSIFICATION OF ANOKIA

Oxygen deprivation, anoxia, may be classified In several

ways, and the one given below is that of Peters and Van



Siyke (1931). “

Anoxic Anoxiag Thizs arises from a lack of oxygen in the
blood while the cercebral circulation is maintained c.ge
when the p Oz of the inspired alr falls below a critical

lavel,

Tachaemic Anoxia: This ds due to a decreased blood flow
to the brain and is accompanied by a reduction in glucose
supply and a2 build-up of metabolic end products in the

affected areas.

Histotoxic anoxia: This is an inability of the cell to

uwtilise oxygen due to a poison such as cyanide,

Such a clas&ifiaatién is of limited use in human pathology
as the various forms may cow-exlst, Morcover circulatory
defects that arise Tfollowing anoxia tend to biuxr the
distinction between conditions where there is only a lack
of o#yg@n and those in which the supply and removal of

metabolites are also impaireds

le2.0 ANOCEIA AND CEREBRAL METABOLISM EN VIVO

The sequence of events that occurs after the brain has been
subjected to various types of anoxia has been studied in

live animalse

Denny=-Brown and Mgyer and thelr assoclates produced varying
degrees of dschaemic anoxia by the experimental ccelusion
of the larger arteries (for reoview see Meyer 1963 b). The
electroencephalogram, oxygen tension, cerebral blood flow,

pily blood pressure and sodium and polassium movements im



the cortex were all recorded simultaneouslys During
nitrogen inhalation a Fall in cortical oxygen tension was
observed § or more secondsbefore changes appeared in the
electroencephalogram, When the p0, fell below § mm é#
efflux of potassium into the extracellular space took
place. A Fall in the pH in the ischaemic zone caused
capillary dilation and a reduction of vascular resistance.
If the comsequent fall in blood pressure persisted longer
than 2 minsg., microstasis occurred, the capillaries became
engorged, oudothelial damage developed; haemonphgges
appeared and the tissue became swollens Bven at this
stage restoration of the blood pressure resulted in a
reversal of the damage; but i€ the pressure remoined low

the process wenlt on to infarction.

Kaangik and his associates, amongst others, have studied the
level of ATP and phogphocreatine in the brains of vats
subjected to Yaspbyxial! d.e. anoxice anoxia (Kaasik et al
1970 a) and tstagnant hypoxial' i.ecs ischaemic anoxia
{(Kaasik et al 1970 b). In the first case they found that
after 3 mins. of respiratory arrest almost all the
phosphocreatine had disappeared and the ATP level dropped
by more than 50%, In the second the fall in phospho=
creatine and ATP levels was smaller though still

significanb,

Other studies (Lowry et al 19064, Gurdjian et al 1949) have
alzo shown that anoxia resulis in a drop in the level of

high energy phosphates in brain.

The fall in the energy reserves of the brain during anoxia




suggests that energy requiring processes, such as the
synthesis of macromolecules would also be depressed. Yap
and Spector (1965) subjected rats to unilateral ischaemic
anoxia and showed a reduction in the incorporation of 140
£from wniformly labelled glucose into the protein of the

affected henisphere, This depression of protein gynthesis

perpisted after the anoxia was velieved,

1a340 ANOXIA AND CERBEBRAL METABOLISM IN VITRO

The majority of biochemical investigations into cerebral
anoxia have been carrvied out, not on live animals, but on
brain preparvations of varlious types, The behaviour of

these preparations in vitro is, however, in many ways

similar to the situation in_vivo. it is not intended to
give here a comprehensive review of the various effects of
anoxia on the brain in vitro, but merely to'mention a fow

of the more obvious effects that emphasise this similavity.

le3.1 ANOITA AND CEREDRAIL BENERGY RESERVES

The main function of respiration is o provide cnergy in
the form of high energy intermediates. The braidn is known
to have very small reserves of energy and a high mebtabolic
rabes Inhibition of respiration should therefore lead to
a rapid deplebion of the high energy intermediates,
Bubjecting brain slices to amoxia is known to deplete their
phosphocreatine and ATP (Cohen 1961), It follows from
this that processes that require high cnergy phosphates
such as the active {ransport of doms and the synthesis of

macromolecules will also be depressed,




la3e2 ANOXIA AND CEREBRAL BLECTROLYTES

Slices of rat cerebral cortex when incubated in oxygenated
Krebs=Ringer blcarbonate buffered medium accwmilate
potassium and pump ont sodium {Pappius and Elliot 1956).
This is thought to cccur through ion pumps probably driven
by ATP (Deul and McTlwain 1961)s Calculations based on
electrochemical gradients across the cell membrane

(Se&sey and Wallgren 1965) suggest that as much as one
quarter of all the energy available from respiration would
be needed Lo maintain the optimum sodium and potassium
concentrations in brain slicoes, It is therefore not
surprising that anoxic brain slices are unaple to maintain
a high potasgsium concentration relabive to the incubating

medivm (Pappius and BElliobt 1950).

1.3,3 ANOXIA AND EXCEITABILITY

It has long been known that when brain slices are incubated
agrobically in the presence of glucoge, electrical
stimnlation increases the uptake of both glucose and oxygen
(MeXlwain 1951), If there is no glucose in the incubating
mediwn electrical stimulabtion has Little effect on
raespiration. Subsequent addition of glucose to such a
preparation does not restore the normal response to
electrical stimulation (Mcellwain 1963 a). If the
ircubation is carried out in the presence of glucose but in
the absence of oxygen electrical stimulation depresses
glycolysis, Subsequent reoxygenation does not restore the

normal responge to electrical stimulation (Mellwain 1963 b).

Increasing the potassium ion concentration of the medium



in which brain slices are incubated to 100 mM is also
known to bring about a marked increase in their rate of
respiration {(Dickens and Greville 1935; Ashford and
Dixon 1935). It has been suggested that both methods of
respiratory stimulation have a common basis (Quastel and

Ouastel 1961).

1a3.4 ANOXXA AND BIOSYNTHBESIS

The effect of anoxia on the biosynthesis of macromol%bules
in brain slices has many similarities with the effect‘

in _vivo on the intact brain, Ghosﬁ‘anﬁ.Cohen (L974)
aubjected braimn slices to anoxia a;hﬁzﬁét the incorporation
of 146 from uniformly labelled glucose into protedins,
lipids, DNA and RNA decreased progressively to zero within
15 mins. If the slices were reoxygenated they recovered

140 iavo protein, lipids DNA

the ability to incorporate
and RNA but only at a very much lower rate than those
attained before they were deprived of oXygene This
irreversible aspect of anoxic damage ds also described by

Yanagihara (1972).

le365 ANOXIA AND CEREBRAL MONOAMINES

Although the prime function of oxygen in cerebral metabolism
is to oxidise glucose and yield high energy phosphate
intermediates it dis also required in the formation of the
catecholamines and S-hydroxytryptamine (5-HT). Tyrosine
hydroxylase and tryptophan hydroxylase, the probable rate-
limiting enzymes in the synthesis of the monoamines require
molecular oxygen for activity since the new hydroxyl groups

of dihydroxyphenylalanine (DOPA) and 5~-hydroxytryptophan



{5=HTP) are derived from molecular oxygen {Daly et al
1968)s  Anoxia may therefore be expected to impair the
synthesis of moncamines and this has been shown to be o
by Davie and Carlsson (1973). They have also suggested
that this decreased pynthesie 1s accompanlied by a decrease
in the turnover of the monocamines so bthat the level in the

brain is not sigonificantly reduced.

Lo4o0  ANOXIA AND THE RESPEIRATION OF BRAIN SLICES

From what has been sald go far it will be cleay that the
effects of anmoxia in vitro generally parallel those in
vivo and that in either situation they are much as one
wonld expect: a2 reduction in, or a cessation of oxidative
phorphorylation; the consequent oxhaustion of ATP and
phosphocreatine reserves, and therefore failure of such
energy-requiring processes like ion transport and
biosynthesis. There remadins the question why in several
regpects temporary anoxia, of quite brief duration,
produces permanent impalrment of, for example, the
regpiratory response to electrical stimulation or the

ability to synbhesise proteins and nuclelc aclds.

A possible answer to this question may lie in the
suggestion of J.5, Haldane that, "Anoxaemlia not only stops
the machine but wrecks the machinery!, {Barcroft 1020).
The findings 6f Phizackerley and Fixter (L973) are
therefore very intereasting; for whilst obthers have also
found that a period of anoxia severely and irreversibly
impairs the ability of rat brain slices to respire

subsequently in glucose conbailning saline (e.go. Dickens
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and Greville 1933; Blliot and Rosenfeld 1968)
Phizackerley and PFixbter have shown that this impairment is
caused by the leakage of material from the sglices during
anoxic preincubation,. If anaercbic preincubation was
carvied out under conditlons which minimised leakage or
counteracted its effects the slices retained their ability
to respire when their oxygen supply was restored. These
conditions included the preincubation of enfire hemi-
gpheres rather than aslices, the preincubation of slices

at 0°C rather than 37°C and the preincubation of slices

at 37°C in the supernatant of a 50% (w/v) homogenate of
cercbral hemizpheres in saline,. Phizackerley and Fixter
alsgo showed that the active constituents of the brain
supernacent were L-glutamine and Leaspartate and that the
addition of these substances to the preincubation saline
made it almost as effective as the brain supernatant in

preventing damage during anaerobic preincubation.

le.5.0 IZIHE ROLE OF CALCIUM TONS

There is, however, a fundamental shortcoming in the work

of Phizackerley and Fixter, Their incubations were
carried out in the phosphate buffered saline of Kwebafﬁ950)
which wnlike extracellular flunid contain no calcium and

in which the phosphate concemtration is approximately

peven times that in the extraceliuvlar fluid,

Now calcium ions are known to have a crucial effect on
many aspects of cerebral metabolism, For example they
are involved in the release of neurotransmitters (Katz

1969) and regulate axonal conductivity and excitability



(Brink 1954; GCGrundfest et al 1954). Much more to the
pregent peoint, they affeect the respiration of braln slices.
Thelr absence from bhe incubating medinm ﬁt$mulate$ the
respiration of the slices in a manner similar to that
produced electrically or by the presence of high
concentrations of potassivm jons (MeIlwaln and Bachelard
1971) . Conversely electrical and potassiuvm stimulabion
are known to increase the intracellular calcium content

of brain slices (Bull and Trevor 1972).

In view of this 1t was a very serious mabber that if
Phizackerley and Fixterls sxperiments were repeabed im
media containing calcivm jonsg and buffered with Tris
insbead of phosphate (ie.ee in conditions that approximate
more closely to those ip vive) the addition of Le-glutamine
and Leasparbate to the preincubation medimm did anot
probect ageinsgt anoxic damage, (Fixtor personal

comnuunication. )

Le6Go0 THE AXM OF THRE THESTS

The work described in this thesdis was undertaken to
establish whether the experiments with calcium containing
media dinvalidated the theory of Phizackerley and Fixter
that the iloss of respirvatory capacity when brain slices
are aerobically incubated is due Lo loss of material or
whether they can be explained by some suitable modific-

ation of the origimal theory.

It would of course be naive to extrapolate resulbs from
such a system to the problems of anoxdic damage Jin vivoe

CHRRTIE L A

It is nevertheless hoped, that the exploration of the
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mechanism through which anoxi¢ damage ovours in a simple
system in vitro may evemtunally provide an ingight which
will prove useful in the treatment of cerebro-vascular

digease or ecaprdiac arvesb.




CHAPTER 2

MATERTALS AND METHODS

%91le0 MATERIALS

20Lel  SALINES

All the salines used in the experiments were based on those
of Krebs {(1950) in which congtiturent solutions were isotonic
with 0s154M sodium chloride, The final concentrations of
all the subsbances present in the salines are glven in
table 2.1, The pH of the salines was adjusted to 7.4 ab

rooum temperatulras

2s1e2 CHROMATOGRAPHY MATERIAL

Sephadex G25 was obbtained in the dry form from Pharmacia,
London, AGL-XE 100-200 mesh strongly basic anion
exchanger, AG2=%8 200400 mesh basic anion exchanger and
Bliovex 70 200=-400 mesh weakly acidic cation exchanger were
obtained from Blo-Rad Laboratories,; St, Albans; Hertford-
shire, Dowex=50W 20% croms linked strongly acidic cation
exchanger was ubtained from Zigma Chemical Company, Kingstone

upen-Thamnes, Surreya

20led PROTEOLYTIC ENZYMES

Pronase 45,000 units/g obtained from BDH Chemical Liéde,

PooleyDorsat,

Carboxypeptidase A 30 units/mg protein in toluol aqueous

solution was obtained from the Sigma Chemical Company.,

?’ifi'h-‘:u



Table 2,1

Compogition of Salines

Calcium Chloride

Sodiwm Bicarbonate

Tris-HCL

Potassium Chloride

Pobassium Dihyvdrogen
Phosphate

Magnesium Sulphate

Glucose

Sodium Chloride

Lichium Chlovide

Basal
Saline
{mi1)

1.0
305
20,0
do7

o2
Fa2
0

12040
0

Glucose
Saline
(midi)

1,0
305

200

ho7

Le2
1.2
11,5
11446

o)
I

LiGlucose
Saline
(mii)
Le0
0
2060

4o
1.2
1e2

11.5

118.1



. Papain 00006 units/mg, insolubilized on to a cellulose
support, was obtalned from Miles Servac {PLy) Litde of

Maidenhead, Berkshire,

Toypsine 7,500 BAEE units/mg was obtained from Koch-Light

Laboratories Litd, of Colnbrook, Buckinghomshire,
Zolode ULTRAFTITRATION

Diaflo vltrafiltration cell with stirrer and Diaflo
membranes {43.0 ma diameber) were obtained from Amicok

Corpovation, High Wycombe, Buckinghamshire,
20Le5 DIALYSIS

Visking tubing 8/x was obtained from the Scientific

Instrument Centre Lide, 1; Leake Street, London W.C. 1o

201,06 AMINQO ACIDS

Synthetic Leamino aclds were obbalned from T.J. Sas and

Son Ltde of Holborn, London W,C, 1
Zole7 RBADIOCHEMICALS

LeLeucine=4, 5-7 100 m Ci/mM and Inulin {(carvboxylic acid -
CL4) 5=15 m Ci/uM wero obtained from the Radiochemical

Centre, Amershame

%201s8 MISCELLANEOUS COMPOUNDS

Ey @-—3,4* Dihydroxyphenylalanine (L=DOPA),
J-Hydroxytyranine. HCL (Dopamine), S-Hydroxytryptamine (5«HT),

Rellydroxyl-L=Trypbophan (5-HTP) and Reserpine were all
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obbained from the Sigma Chemical Company. Other chemicals
used were either Analar or the purest commercial grade

availables

20159 SCINFILLATION FLULD

i e TR

The Scimtillatiém fluid was made up to comnbaln 0.5% (w/v)
of PPO and 0.01% (w/v) of PORCP in a 50% (v/v) solubtion

of Triton X-L00 in toluene,
204010 ANIMALS

Wistar rats were obbained from the departmental animal

house,

202.0 METHODS

20241 PLAN OF EXPERIMENT

The basic experiment was designed in two parts (figuvre 2.1).
The first part dnvolved the anserobic preincubation of the
slices of cerebral cortex in various media and the second
part involved their incubation in oxygenated glucose saline
so that the rate of resplration of the slices could be
measured and compared to the rate of respiration of slices
that had been preincubabed aevobically in glucose salinee.
The difference in the rates of resplration during the
second period was regarded as a measure of bthe damage
caused to %he@@lices by anaeroblic preincubation,. When
media were assayed Tor their protective activity this was
given in terms of the rate of respiration of brain slices
that had been anaerchically preincubated in that particular

medivm for 60 minutes at 37°C,
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2:2.2 DPREPARATION OF SLEICES FROM CHREBRAL CORTEX

Slices were cubt from the brains of rats weilghipg bebween
100~140 go because rats within thiz welght range have
brains that are biochemically indistinguishable from those
of mabure rats and thedr skulls ave soft and can be casily
and rapidly opened, The animals were killed by cervical
dislocation and decaplbation, The cerebral hemispheres
were removed iunto lce~cold glucose salinee The entire

procedure took about 1 minute,

Slices were cut from the pial surface 6f the hemispheres,
The procedure was iniltially carried out £y 3chand using a
recessed guide (McIlwain and Rodunight 1962) but because of
the high degree of gkill required to produce slices of
uniform thickness by this method it was necessary to
design a microbome which gave slices of uniform thickness
and congisgtent size with a2 mindmunm of manual skill, The
micirotome was made from perspex in the departmental
workehop. and its performance was well up to specification.
It was designed to be uged with dinterchangeable recessed
guides which had troughs milled to different depths, The
guide used routinely was one with a trough of 0,3 mm and
with this it was possible to obtain three slices from each
hemisphere without penetrating into the wnderlying white

mabitors

The goide was fibted into the base with the wire stretohed
across ‘the top of the trough (Figure 2,2), The hemigpheres

were placed in the trough with the ventral surface uppermost
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and to one mide of the wire, The cover and stopper were
placed over the guide so thalt the wire was pressed btaub
across the trough and the hemispheres were held in place
wiﬁhin the well of the covers The cover and gulde were
then moved smoothly so that the hemispheres passed thiough
the wire cutter in the base, The cover was then 1lifted
off and the slices were removed from under the hemispheres
with a platinum wire. The procesg was repeated twice to

obtain three pairs of slices.

Fach slice was cut in two and so four pieces of tissue were
ocbtained from each of the three levels, Bach reaction
Flask conbtained a piece from each of the three levels, as
the rate of respiration of brain slice depemds on the layer
of the cortex from which it is obtalned. {Blliot and
Henderson 1948). Sufficlient materdal for four Fflasks could

be obtained from one animal,
Z2e2e3 THE PREINCUBATION

This was ecarried out in Wﬂrbﬁﬁg flasks attached to

manomet ers, The main compartment of the flask contained
three pieces of tissue in 1,0 ml of preincubation medium,
For aervobic preincubation this mediumm was usually glucose
saline and the flasks were gassed with 100% oxygen. In
the cage of an anaerobic preincubation the Tlasks were
gasged with oxygen free nitrogen and contained a sbick of
yvellow phosphorus in the cenvre well to vemove auny

residual traces of oxygen, The preincubation medium varied
according to the experimeat but in the case of the anaerobic

control, it was basal saline, The preincubation was
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carried out at 3700 and lagted 60 minwbes,
2e2e4 ABROBIC INCUBATEON

Following the preincubation the slices of cerebral cortex
were briefly rinsed in idce cold glucose saline and
transferred to a fresh get of Warburg flasks which contadned
1,0 ml of glucose saline in the main compartment, The
centre well conmtained 1.0 ml of 4M KOH absorbed on to a
piece of fluted Tfilbter papere The flasks were gassed

with 100% oxygen aﬁd placed into the water bath al 379G,
After an initial period of 20 minutes of thermcoeguilibration
the uptake of oxygen was normally measured ovér a periocd of

40 minutess,

The slices were then removed, rinsed briefly in ice cold
digtbilled water and transferred to pre-welghed weighing
bottles and dried for at least 3 hours at 110°C, The dry
welghts were then determined using a Mebitlor MBEZZ
microbalance, The rate of respiration was then calculated

in torms cf‘pl of oxygen consumed per h per mg dry weighte

When potassivm stinumlated respirvation was measured, the
slices were incubated im 0.9 ml of glucose salinme and 0,1 ml
of lL.0M potassium chloride was included im the side arm of
the Flask, After thermoegquilibration the potassium
thoride wag blpped into the main compartment, and the rate

of regpiration measured as uswnal,

20205 PREPARATION OF BRAIN SUPERNATANT

The initial medium used to probect the slices during anaerobie



preincubation was the high speed supernatant of a 50%

(W/V) homogenate of cerebral hemispheres in basal salines
The cerebral hemispheres were removed ilnto ice cold glucose
saline, blotted on filter paper aund welghed, An equal
amount {w/v) of basal saline was added and the homogenate
was prepaved using a MSE top drive homogeniser for 3 mine
at full speed, The usual amount of homofenate prepared
wag about 40 mi, The homogenate was centbrifuged at

1055 400g (rav. 509 cm) for 2 h at 4°C and the supernatant

removaed,

The supernatant could be sbored frozen for indefinite

periods without loss of actbivity.
20240 PREINCUBATION OF EBNTIRE HEMISPHERES

One of the conditions that protected against anoxic
damage was the preincuvbation of entilre hemispheres. The
brain was removed from the animal as usual, but instead

of cutting slices the cerebrum was divided into its
hemigspheres by cubtting along the central fimsure, Bach
hemisphere was preincubated in a Warburg flask with 0.1 ml
of basal saline. Anaerobic conditions were obtaiéed in
the uwenal way by gassing with 100% nitrogen and including

a stick of yellow phosphorus in the flask.

After preincubation the hemisphere was removed from the
flask and slices were cut from its dorsal surface in the
usual manner, The wrate of respiration of these slices in

oxygenated glucose galine was measured,

16
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20247 PREINCUBALION OF SLECES FROM NEW BORN RATS

Slices were cub from the brains of 7 day old rats in the
uswal manner bubt becauvse of the size of their brains only
cnes or at best two, pair(s) of slices could be cbtained

from cach anlmal,

20248 HEAT TREATMENT OF SUPERNATANT

The supernatant was added to a stoppered centrifuge tube
and placed in a bath of boiling water Ffor 30 min, After
30 min, it was vemoved from the bath, cooled in running
water and centrifuged on a bench centrifuge for 10 min.

at full speed.

20209 TREATMENT WITH ACID

The supernatant was made 0.1N in acid by the addition of
concentrated hydrochloric acdd, Thiz was then placed in
a boiling water bath for 30 min.,, after which it was
allowed to coole The pH was adjusted to 7.4 with a

concentrated solution of sodium hydroxide.
%202.10 IREATMENT WITH ACTIVATED CHARCOAL

Parine and pyrimidine derivatives were adsorbed on acbive
ated charcoal, The method was essentially similar to
that described by Thomson (1969) except that the super=
natant was shaken with the charcoal for 16 h at 06-4060

The superanatant was recoversd by centrifugation.

202,11 DIALYSIS OF THE SUPERNATANT

This was carrded out uveling Visking tubdng. The tubing
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waos washed in distilled water and beiled in a solution of
1.0% {w/v) sodium bicarbonate before use. & volume of the
supernatont was enclosed iun the tubing and dialysed
against a large excess {approximately 100fold) of basal

saline at 0%=4°C for 16 h.

202012 GBL FILTRATION WETH SEPHADEX G25e

15 ml of supernatant were applied to a column (28 x 1.5
ema) of sephadex G25, The sephadex was swollen according
to the makers instructions in the appropriate amount of
basal maline, Twenty five fractions each 5 ml in volume

were collected using the bhasal saline as the eluent,
242413 ULERAFILTRATEON OF THE SUPERNATANT

The supernatant was filtered through various cellulose

R L0
nitrate membranes, The procedure was carried out at §°C
and the supernatant was kept under pregsure with 20 Llbs

DoeBede of nitrvogen gas.

2.2.14 TREATMENT OF SUPERNATANT WITH PROTEQLYTIC ENZYMES

1
ELAS A AR e Sl

The proteolytic enzymes used were: Pronase; Carboxye

peptidase 4, Papain, and Tryps=in.

5.0 mg of Pronase were incubated wlth 2 ml of brain
supernatant for 2 b at 37GGQ The supernatant was then

heated to 100°C for 5§ min. to deactivate the SeNZyme,

Del ml of Carvboxypeptidase A in Toluol agueous solution was
diluted to 1,0 ml in basal saline and dialised overnight

at 406 against 500 ml of basal saline to remove the toluol,.



0,1 ml of the dialysis residue was ducuvbated with 3.0 nl
of supernatant For 30 min, at 370C¢ After treatment the
enzyme was removed from the supernatant by filtering the

mixbure through a UMOS membrane filter.

Papain was incubated with brain supernatant at a concenw
tration of L0 mg/ml for 2 h ot 37°C and then separabted

from it by GEEEITiltration,

Trypsin was incubated with brain supernatant at a concoie
, o
tration of 1.0 mg/ml for 2 h at 37 Co  The enzyme was then

deactivated by heating the mixture at 100°C for 10 min.,

Samples of glucose saline were treated with each of the
engymes in a manner identical with that for the super-
nabanty By aevobically preincubating slices in these it
was possible to debermine whether the experimental
conditions had any effect on the subsequent resplration of

the slices.

202015 MATERIAL ORTATNED FROM LIVE ANIMALS

Pk

in order to obtain a supernatant that was depleted of
monoamnines 3 rats were suboubaneously dnjected with 0.3 ml
of reserpine solubion.that had been made up to a
concenbration of 1.0 mg/ml in a 20 {(v/v) solution of
agetone acidified with acetlce acid until 0,1N, The rats
were decapltabed 4,0 h after the injection and a super-
natant prepaved from their cerebral hemispheres in the
wpaual ways A control supernatant was prepared from the

braing of rats that had been injected with basal salines

€ <
s 5
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All injections were performed by Do, Ro¥. Thomson who was
also responsible for extracting blood from a rat so that

rat serum could be used as a preincubation medium,

%0216 DETERMINATION OF BLECTROLYTES

After preincubation the slices were dried on a glass plate
and weighed on a toxgion balances They were then
homogenised in a test tube homogeniser with 5 ml of 0%
(w/v) trichloroacetilic acid and allowed to stand for 30 min
alt room temperatuii*e. After centrifugation at 3,000 ropeils
for 10 min the supernatant was removed luto 25 ml volumetric
filask, The pellet was waghed twice with disbilled waber
and the washings added to the flask, The combined stupere
naﬁaﬂt@ were made up to 25 ml with distilled wabter, The
sodiun aﬁd potassivm were then determined using an BEL
flame photometer, ALl the glassware used was rinsed in

20% (v/v) nitric acid followed by distilled water.
202017 DEIERMEINATION OF LEUCINE INCORPORATLON

Afber preincubation in the appropriste medium for 60 nin.
ab 37°C the slices were transferred o a seb of Warburg
fFlasks containing 1,0 ml of glucose saline with 1.0 uci

of 3H-Leoucine and 0ol pCi of L4C - Inwvlin dissolved in it.
after the uvsual aeﬁébic incubation for 00 min. the slices
were removed from the flasks, blatb@d‘dry on o glass plate
and weidghed on a torsion balande, Bach set of s&iéas was
then homogenised in a test tube homogeniser with 2.0 ml

of 5% (v/v) trichloroacetic acid The resuliing

precipitate was recovered by centrifugation, washed thvee




times with TCA {the third wash was heated for 15 min at
90°C), and extracted with diethylether-othanol 1:1 (v/v)
and diechylether, The dried sample was dissolved in 1,0
mi of 1l,0N modium hydroxide, The TCA supernatant and the
TCA washings were pooled and made up Co 10,0 ml in 2

volumebric Flask,

Lo0 ml of the TCA moluble fraction was mixed with 10,0 ml

of selunbillation fiuid and counted in the ISOCAP/300 Liguid
Sgdntillation System supplled by Nuclear Chicago, The

TCA non soluble fraction {03 ml) was mixed with 0.7 ml of
PCA and 10,0 ml of scintillation fluid and similavly counbted;
ag was lo.0 ml of the incubatlon medivm mixed with 0,9 mi

of digtilled water and 10,0 ml of scintillation fluid,

CPM for both 1L4C and 34 were converted Lo DPM by using the
external channels ratio and quench corvection curves
prepared with single isobope standards, The ratio of the
free, or TCA soluble, leucine DPM in the ioulin and none
inulin spaces of the slices was determined from the

digbribation of the 140 inulin,




CHAPTER {

RESULTS

3ele0 IHE BFFECT QF AEROBIC BINCUBATIO N_THE
SUBSPOUENT RATE OF RESPIRATION OF BRAIN SLICES.

3elel THE ANAEROBYC TMPAIRMENT OF RESPIRATION

After preincubation at 37°C without glucose and oxygen, the
rate of respiration of brain slices in oxygenated glucose
saline was less than the rate of respiration of brain slices
that had been preincubated aerobically in glucose saline.
The time course of the damage to respiration is shown in
figure 3.l. It can be seen that in basal saline the
impairment of respiration increases with time and is nearly
maximal at 40 minutes,. Sixty minutes was chosen as the
standard time of preincubation to ensure a large difference
between the rates of respiration of aerobic and anaerobic

slices,

In table 3.1 the anoxic impairment of respiration after 60
minutes preincubation is shown for slices incubated anaero-
bically with and without glucose, It can be seen that
glucose affords a large degree of protection against the
anoxic impadirment of respiration. The investigation was
therefore concerned mainly with the damage caused by the
combined lack of oxygen amnd glucose in order to obtain
conditions which produced a large defect. The situation

was analogous in some respects to ischaemic anoxia,
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Table 3.1

The Effect of Anserobic Preincubation
for 60 min,

Preincubablon Rate of Respiration

Conditions in Znd hour

(at 279C) (}11/h/mg dry welght)
Glucose Saline, 0? 10.1 + 0.33 (6)
Basal Saline, N? 1.8 + 0.47 (6)
Glucose Saline Nz 5.6 + 0.52 (6)

+ one SEM.

results are given as the mean value
The number of experiments is given in brackets.




Table 3.2

The Greater Besistance of Neomnatal (7 dav old)

Rats. bo Cerebral Anoxla

Preincubation Rate of Respiration
Conditiong o in 2nd hour,
(60 min ab 277°C) @}ll/h/mg dry weight)

Slices from neonat rabs in

glucose salime + 0, B.5 & 0.35 (4)
Blices from neonat rats in
basal saline - NZ . 5.8 & 0.36 (4)
Slices Ffrom adullt rabts in
glucose saline < 02 10.1 % 0.33 (5)
Slices from adult rats in
basal saline -+ N
2 1.8 £ 0.47 (6)

Results are given as the mean value + one SEM.
The nuwber of experiments is given in brackets.
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J4Le2 PROTECTION AGAINST ANOXIC DAMAGE. ’
In order to determine whether anaerobic preincubation for
60 minutes always results in a severe decrease in the rate
of resplration of brain slices, a number of preincubation

procedures were examined.

It was found that slices from new born rats were less
vulnerable to anoxic demage and that aerobically preincubated
alices reaspired at a rate considerably lower than that for

slices from adult rats similarly treated (table 3.2).

Slices from adult rats also respired at a high rate after
anaerobic preincubation if the preincubation was modified

in one of the following ways,

1+ The preincubation was carried out at 0°¢ rather than
at 37°C.

2« Entire hemispheres were preincubated and slices cut
from them after the preincubation,

3¢« A supernatant of a 50% (w/v) homogenate of brain in

basal saline was used as the preincubation medium,

Table 3.3 shows the extent of the protection afforded by

these conditions,

Bince brain supernatant was effective in preventing a
decreage in the rate of respiration following amaerocbic
preincubation, other tissue extracts were also examined to
see if they too comnld protect the slices. Table 3.4 shows
the effect of rat Liver supernatant and rat serum,

Although the liver supernatant showed considerable
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Table 2.3

Conditiona that Protect Brain Siices from

Adult Rats Against Anaercbic Preincubation

Preincubation Rate of Respiration
Conditions in 2nd hour
(for 60 min) {(pr1/b/mg dry weight)
Y - o 2 afee lo‘i
Glucose Saline + 0, ab 37°C 10.1 % 0.33 (6)
_ N Q
Basal Saline -+ NZ at 0°¢C 9.1 % 0.31 (4)
Brain Supernatant <+ N, at °¢ .
P g 2t 37 12.0 % 0.63 (6)
Entire hemisphere -+ N, at 37OC
11.9 £ 0.59 (4)
Basal Baline + N, at 37°C
- 1.8 % 0.47 (6)

Results arc given as the mean value * one SEM.
The number of experiments is given in brackets.




Table 3.4

Protective Activity of Vaprious Tissue Bxtracts

Preincubation Protective
Conditions o Acbiviby .
(60 min at 37°C) Qp.l/h/mg dry weight)

Glucose Saline 4+ 0, 1C0.1 £ 0.33 (6)

Brain Supernatant -+ N, 12.0 &£ 0.63 (6)

Liver Supernatant -+ N2 9.1 4 0.53 (6)
Serum + NZ 2.6 4 0.54 (4)

Results are given as the wean value * one SEM.
The number of experiments is given in brackets.

The brain and liver supernatants were obtained by
centrifugation ( 100,000 g for 2h } from 50% (w/v)

homogenates of tissues in basal saline.

Serum was prepared from blood extracted by cardiac

puncture and was diluted 50% (v/v) with basal saline.
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protective ability this could be attributed,in part, to
the high concentration of glucose in thoe liver supernatant
(table 3.5), whereas brain supernatant had no glucose and
80 provided a more suitable medium to investigate the
protection of slices against the combined deprivation of

glucose and oxygen,

3¢2,0 ATTEMPTS TO CHARACTERISE THE MATERIAL IN _BRATN

SUPERNATANT THAT PREVENTS ANOXIC DAMAGE.

Since the previous experiments suggested that the brain
supernatant could protect slices against anoxia damage it

was decided to characterise the material that was responsible
for the protection, At this stage the presence of the
material could only be determined by the bioassay of its
protactive activity. The protective activity of a
preincubation medium was debermined in terms of the rate

of respiration of slices after anaerohic preincubation in

that mediwn for 60 minutes at 37°C.
30241 DILUTION EFFECT.

In order to bhiocassay the probective effect of the super-
natant it was necessary to study variation in activity of
the supernatant with increasing dilution. Figure 342
shows that diluting the supermatant into basal saline

1

reduces its activity so that a supernatant containing less
than 0.2 g brain/ml would be considerably less active, and

the protective activity would be more difficult to detect.

30242 THE BFFECT OF HBEAT

Table 3.6 gives the effect of heat treatment Tor verious



Table

Protective Activity of Various Glucose Solutiongs

3e5

Preincubation Glucose Protective
Conditions Concentration Activity

anaerobic for {mid) (3 L/b/ng
50 min at 37°C) dry wedght
Brain Supernatant 0 1260
Glucose Saline 1165 506
Liver Supernatant 7242 704
Bagal Baline +

Glucose 77290 640

The glucose concentrations of rat brain and rat liver

supernatants were determined experimentally.

a1



times on the protective effect of the supernatant, It
can be seen that even afver 30 minntes at 1.00°C the

supernatant still retained most of its activity.

342.3 THE EFFECT OF ACID AND ALKALT TREATMENT

Brain supernatant that had been treated with hydrochloric
acid (0,1M for 30 min at 100°C) and then neutvalised with
concentrated sodium hydroxide retained its protective
activity. Slices anaerobically preincubated in it for
60 minmtes at B?OC later consuned oxygen at a rate of

8.7:p1/h/mg dry weight,

Brain supernacsnt that had similarly beem treated with
sodium hydroxide failed to retaim its activity so that
slices anaerobically preincubated in it could later only

consume oxygen at a rate of 0.5 npl/h/mg dry weight.
.

3e2e4 ETFLCT OF CHARCOAL TREATMONT

Although treatment of the brain supernatant with activated
charcoal decreased its absorbance at 260 nm by 80% there
was no corresponding decreast in dits protective activity.
Slices anaerobically preincubated in it later consumed

oxygen at a rabe of 9.5Jpl/h/mg dry weight,

34245 EBFFECT OF PROTEOLYTIC BNZYMES

Incubating the brain supernatant with various proteolytic

enzymes did not appreciably reduce its protective activity,.
Table 3.7 glves the rate of respiration of slices that had
been anasrobically preincubated in brain supernatant after

the variouws enzymic treatmentg.

o2



Table 3,6

Protective Activity of Brain Supernstant

afber Heot Ireatment

Protective Actbivity
Heat Treatment after Treatment
()1l/h/mg dry weight)

Untreated Supernatant 12,0
80°C for 5 min, 10,0
100°C for 3 min, 8.8
100°C for 30 min. 8,5

Each result is the mean of 4 experimental values

The Protective Activity is expressed in terms of the
rate of respiration of brain slices in the 2nd hour
after anaerobic preincubation in the appropriate medium

in the 1lst hqur.

a2
LD



Table 37

Protective Activity of Brain Supernatant

After Treatmendt with Variouvs Proteclytic Bazymes

f B

R et

o

Bnzyne Treatment Deactivation Protective
Activity
( mi/i/mg
dry weight)
Fapain 160 mg/ml for 2h filtered 769
at 37°C
Pronase %205 mg/ml for 2h 100°C for 8o
at 37°C 5 min,
Carboxy=- 0,003 mg/ml for filtered Bod
peptidase A|30 min. at 37°C
Trypsin 100 mg/ml for 2h 100°C for i0.%

at 37°¢

10 min,

Each result is the mean of 4 experimental values

The Protective Activity is expressed in terms of the

rate of respiration of brain slices in the 2nd hour

after anaerobic preincubation in the appropriate medium

in the 1lst hour.

G



304300 DETERMINATION OF MOLECULAR WEIGHT OF PROTECTIVE

MATERTAL EN BRAIN SUPERNATANT.

Having established gome of the basic properties of the
protective activily of the supernatant, it was decided o
determnine the molecular welght of the material that

protected the slices against avoxic damage.

303l DEALYSIS_OF THE SUPERNATANT.,

Dialysis of the supernatant into a large excess of basal
saline revealed that the non diffusible material retained
none of the activity of the supernatant, Slicesn
anaerobically preincubated in it later respired at a rate

of 2.7 pL/h/mg dry weight.

3e3e2 ULTRAFILTRATION OF THE SUPERNATANT.

To obtain a more precise value for the molecular weight of
the active material, the supernatant was filtered through

a series of cellulose nitrate membrane filters, Table 3.8
showa the rolationship between the average retentivity of
the membrane and the activity of the filtrate and the
rogidue, Although there was a reduction in activi@y in the
filtrates, the residues had no protective effect when
dissolved in basal saline. The recombined filtrate and
vesidue did not have an asctivity higher than the filtrate,
Invegtigations were therefore carvied out to determine
whether the supernatant was losding activity by air oxidation
during filtration. Tgble 3+9 shows that there was a

significant reduction in activity when the supernatant was



Table 3.8

Protective Activity of Brain Supernatant after

Ultrafiltration through Celiulose Nitrate Membranes

SR LA

Filter Average Protective Activity
Retentivity {1 i/h/mg dey weidght)
{Baltons) :

Filtrate Residue | Recombined

UMO 5 500 60250,47(25) 2.0 600

M2 1,000 7.650,62(4) | 2.5 7o

- -5; .

UMLo 10,000 66 3%0:22(7) 2e2 e d

PM30 30,000 568 (2) 1.3 6?7

.
Variation in results is in teris of =~ one SoH.M.

Figure in brackets indicates number of experiments,

(o)
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Table 3 9

Protective Activity of Brain Susernatant After

=ty

Air Oxidation

Bxperimental Protective
Conditions o Acbivity
(for 70 hh at 5 C) {ul/h/mg dry
wéight)
Supernatant stirred under 0, 7.7
Supernatant stirrved under Nz 10,3
Supernatant + 5 wM DTT not 10,38
stirred
Supernatant stored frozenm Lil.9

BEach result is the mean of 4 experimental values

The Protective Activity is expressed in terms of the
rate of respiration of brain slices in the 2nd hour

after anaerobic preincubation in the appropriate medium

in the 1=t hour.

(5
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oxygenated, The addition of the anti oxidation agent

dithiothreitol (DTT) appeared to protect agaimnst this loss.

DLTRACENTRIFUGATION OF THE SUPERNATANT

30363 ULERACHNIRIFUGATLON OF THE SUPERNATS

As the results on ultrafiliration were diffieult to
interpret the supernatant was fractionated by ultra-
centrifugation into high and low molecvlar welght fractionse.
Under conditions that sedimented proteins with a molecular
weight lavger thanm 12,000 dalions (lece 100000 g for 606 h)
the activily was stdll totally din the supernatant low
molecular weight fraction. Brain slices anaerobically
preincubated in the supernatant for 60 minutes at 37°C
later consumed oxygenr at a rate of S.S‘pl/h/mg dry welght

(mean of 9 results),

3304 GEL FXLTRATION OF THE SUPERNATANT

A sample of the supernatant was Ffractionated on a column of
Sephadex G25 and the fractions were assayed for reducing
substance, ninhydrin pogltive material and material absorbing
at 280 and 200 nm, They were also bioassayed for

protective activity. Figure 3.3 shows the relationship
between the probective activity and the substances measured,
It can be seen that the activity eluted together with the
amino acides and the reducing substances as detected by
Somogyi's Reagent, so the actlive material was probably of

small molecular welight,

Gel filtration on Biogel P? gave better separation of the
low molecular welght material butit was not possible to

recover activity from it.



Table 3.10

The Amino Acid Composition of Brain

St e L.t Tt i Pt

Sunernatant and the Syvathetic Mixbures

Amino Acid Spm Mix A Mix B
{m ) {mdi) {mM)
Aspartate KPS 205 205
Threonine 0.3 0o5 0ol
Serine 1,0 1,0 1o0
Glutamabe 560 560
Glycine .2 1.0 1.0
Alanine 006 1.0 1,0
Valine 0,20 Do?8 0
Ornithine Dol ) 1.0 0
Lysine e 32 1.0 0
Glutamine 4o 500 0
Asparagine 0022 2.5 0
4 Amino
butyrate Le¥ Lo5 0

The analysis of the supernatant was carried out on
‘an analyser incapable of distinguishing between

glutamate and glutamine.




304,0 THE EFFECT OF SYNTHETIC AMINO ACID MIXTURES_AND
)

SOME_AMING ACTD DERIVATIVES. -
SOME_AMING ACTD DERIVATIVES.

The experiments with gel Filtration had shown thal mogt of
the activity of the supernataant fractlonated bogether with
subgtances of small moleculay weight, Ingtead of further
fractionating the peak containing the small molecular
weight substances it was decided to make up solutions of
ﬁéma of the small molecular weight compounds known to
cccur in brain and to test the molutions Ffor protechive

activity.

3ede) THE EFFECT OF THE AMING ACIDS

The amine acid composition of the brain supernatant wae
determined on an gmino acid analyser and a mixture of
ﬁ%ﬂﬁhaﬁic amino acdds in basal salime was prepared so that
it conbained approximately the same concentration of the
amino acids as the supernatant. (Table 3410)s The
mixbure was assayed in order to determine whether slices
anaerobically preincubated in it for 60 minutes ab 3706
would later respive at a rate comparable to slices that had

been similarly preincubated in oxygenated glucose salines

4 syanthetic mixbore of Le-aspartate and Leglutamine in basal

saline was alsc examined Ffor protective activity.

S4ince pome evidence had been obtained that air oxidation
rediuced the activity of the supermatant and that
dithiothredtol preventaed this loss certain amino acids and

their derivatives which are known to be air oxidisable and



Table 3,11

Protective Activity of Svynthetic Amino Acid

Solutions
[eLeR N,

APPSR

Preincubation Conditions
snaerobic for 60 min ab
37°C

Protective
Activity
(P1/h/ng dey weight)

Mixbure A
Mixbture B

2uM Aspavtate + 4ml Glutamate

in Basal Saline

luM Cysteine -~ HCL in bagal
saline

inM Glutachione in basal
saline

EaM DDT in basal saline

300

248

1.3

13

205

2,8

Bach result is the mean of 4 experimental values

The Protective Activity is expressed in terms of the

rate of respiration of brain slices in the 2nd hour

after anaerobic preincubation in the appropriate medium

in the 1lst hour.

| ]



are known to occur in braln were tested for protective
activity. Table 3,11 shows that none of the aminoe acids
in the synthetic mixture exerted a protective effect,
Aspartate and glutamate were similarly without activity

as was the common thiol containing amimo acid cysteine and

its peptide derivative glubtathione.

36442 THE BEFECT OF SOME NEUROTRANSMITTERS AND RELATED
COMPOUNDS »

Some of the neurotransmitters ave also air oxidisable and
since these ave derivabives of amino acide and have zimilar
molecular welghts it was decided to examine some of these
to determine whether they exerted a proteetive effect,
Table %412, shows that solutions of synthetic substances in

basal saline had no protective effect.

This result was confirmed by determining the protective
effect of a supornatant made from the brains of rets thab
had been Ltreated with reserpine im order to severely
diminish their stores of cerebral catecholamines (Iversen

and Callimgham 1L971),

The supernatant from the brains of reserpine treated rats
protected brain slices of untreated rats so that alfter the
preincubation the slices respired ab a rate of 8.3 pl/h/mg
dry weight,

35500 ATTEMPTS AT THE PURLFICATION OF THE SUPERNATANT BY
ION._EXCHANGE CHROMATOGRAPHY

Although the previous experiments provided some information

about the nature of the substances that protect against

=Y
oD



Table 3,172

and Relabed Compounds

s

Preincubation Procedure o
o " )
{anaerobic for 60 min at 37 °C

Protective
Activity
(1 1/h/mg dey weight)

1,0 oM Advenaline in basal saline

1.0 uM L-DOPA in basal saline

1.0 mM h-HTIP
Lo0 bl 5=-HT

)

)

) ,

}  in basal saline
1.0 M L-DOPA ;
)

100 mM Dopamine

Tsoprenaline in basal saline
(1.5 mg/ml)

0.5 mM Dopamine -+ 1,0 mM DIT
in basal saline

L oM DT din hasal saline

1a3

0e7

305

309

258

Each result is the mean of 4 experimental values

The Protective Activity is expressed in terms of the

rate of respiration of brain slices in the 2nd hour

after anaerobic preincubation in the appropriate medium

in the 1lst hqur.

e

&b
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anoxic dmpairment they alzo showed that the procedures
davolved were nol suitable for the idsolation of the active
matceriale For example,; the gel filtration on Sephadex G25
failed to separate the active constituents from the amino

acids, the nucleotides and the reducing substances.

The basic difficulty with ion exchamnge chromatography was
that eluting the activity off the column required a gradient
either of salt concentration or of pH. Ag this would lead
o difficulties in preparing the fractions for bloassay in

a physiological saline, the approach adopted was to btest
variouns fon exchange resins in ovrder o obltain one thab
renoved as much of the non-active material as possible
whilet the active materdal passed through unallsorbed, At
physiocloglcal pH, however there was not much adsorption on
to the resins, The resulbs from this are summarised in
vable 3.13a On some of the resins the fragtionation of the
ninhydein positive material was uvsed as the basis for
determining the extent of fractionation undergomne by the
supernatant, It can be seen thalt where the activity

passad through the celumn unadsorbed the ninhydrin posgitive
material was also unadsorbed indicating that Little

fractionation of the supernatant was occurring.

306,0 THE_ROLE OF SODIUM AND POTASSIUM TONS IN ANGKIC

)] AL@AG 15 [ .3

34641 THE EFFECT OF VARYING THE SORIUM AND POTASSIUM

CONCENTRATEONS, IN THE PREINCUBATION MEDIA.

k. Ly e AP ey

In order to determine whether it might be possible to elute

any of the activiity adsorbed on to an ion exchange resin
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the effect of varying concentrations of sodium chloride on
the activity of the supernatant was explored. In ovdexr to
do this a brain supernatant was prepared in 20 mM Tris-HECL
and its activity measured after the addition of varying
amounnts of sodivm chloride, Fignre 3.4 shows that there
was a fadrly rapid decrease in the activity of the super=

natant with increasing concentrationm,bf sodium chloride,

Since sodium chloride had an imhibitory effect on the
activity of the supernatant other eluting agents were tried.
It was found that potassivm chlovide exerted a protective
offfect on the brain mlices, This prompted an invegtigation
into the effect of the potassium concentration of the brain
supernatant. It was found that the potassium concentration

off the brain supernatant was 35 mM,

Figure 3+5 chows the variatiom in the protective e¢ffect of
isotonic mixtures of polbassium chloride and Tris=-HCL with
inereasing potassium concentration, It can be seen that at
35 mM potasasium chloride affords considerable protection

against anaerobic preincubation,

Flgure 3.6 shows the effect of increasing enncenﬁ?aﬁiona of
sodiuvm on the protective effect of mixbures of potassium
chloride and Tris-iCl, It can be geen from this that a
buffered solution of 77 mM potassium chloride can afford
almost complete protection against the damage cauwsed Lo the
veapiration of brain slices following an anaerohbic
breincubation if no sodium is present in the proincubation
medium, This probection decreases with increasing

concentrations of sodium chioride, and av L00 uM which is
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the concenbration present in a supernatant of brain
homogenate in basal saline the activity is such that slices

laber respire only at a rate of 4.0 pl/h/mg dry weights.

3,642 THE POTASSEUM CONCENTRATION OF BRAIN SLICES AFTER

PREINCUBATION

S

In order to determine the method by which the high
potassium in the preincubation mixture exerved its protective
effect, the potassiuwm conceuntration of the slices was
determined after the various preincubstion procedures,

Table 3214 shows that those preincubation procedures thatl
protect the subsequent respiration of the brain slices, also
maintain high potassivm levels in the slices. Siices that
have a potassium concentrstion above 18 mM vespilre at a
level comparvable o aevoblcally preincubated slicess

Table 314 also shows bthat when the potassinm concenbtration
of the slices was depleted, not by anaerobic preincubation
but by substitubing a2ll the godium of the preincubation
medivm with 1ithivm, the subsequent rate of respiration of
the slices was low even though they had been aerobicelly
predncubated, An attempt at depleting the potassium of

the slices during aerobic preincvbation by the use of the

ionophone; valinomycin.did not prove successful,

3470 OTHER ASPECTS OF ANOXIC DAMAGE

I TR PR OO R L

It was mentioned in the introduction that anaerobic
preincubation of brain slices is kunown to affect not only
thelr subsequent rate of respiration but also their ability

o respond Lo potassium stimurlation and to incorporate amino



Table 3014

The Relationship Between the Rate of Reaspi

the Potassium Concentration After Preincubation.

Preincubation Rate of Slice K+
Condditions Respiration after
(for 60 min) in 2nd hour preincubation
(1 1/h/ng (u equiv/g
dry weight) wet weight)
Glucose Saline + 02
at. 37°C 10,1 2645
Basal asaline + NZ
at 379 1.8 649
Brain supernatant +
N, &t 37° 1240 3740
Basal saline + Nz
at 09 9.1 ‘ 2143

Li+G1uQQ$@ saline +
0, at 37% 540 1347

Entire hemisphere +
N, at 37% 11.7 3140

The valuesz for the kY are the mean of 4 results,

The figures in the two columns are derived from
separate sets of expeviments.
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acids into their proteins, Experiments were carried out
to determine if eilther the brain supernatant or a buffered
solubion of potagsium chlordlde could protect the slicem

against thesge other aspects of anoxic damages

307.1 THE LOSS OF POTASSIUM STIMULATED RESPIRATION

Table 3,15 shows that after aerobic preincubation the
potassium stimulation of brain slices vesults in a doubling
of their rate of regpiration, Slices anserobically
preincubated in basal saline did not respond to potassium
sbimulation, Brain supernatant was not nearly as effective
in preserving potassium stimulated resplration as it was in
protecting unstimulated respiration, A buffered isotonic
golution of 77 mM KCL and Tris«HCL was even less effective
in preserving the normal response of brain slices to

obassium sbimulation,
P

3e7¢2 LEUGCINFE INCORPORATION INTO BRAIN SLICES AFTER ANOXIA

= P WA RO Y

The amount of leucine incorporated into proteins in 60
minutes in brain slices that had beemn preilncubated Tox 00
minutes was estimated by calculating the DPM of 3H-leucine
in the TCA precipitated fraction of the mlices, it was
found that after anaerobic preincubation the slices
incorporated lower amounts of leucine as compared to aerobi-
cally'praincubatad slices (table 3.14). It cam be seen
that the use of either the brain supernatant or anisovondc
mixbure of 77 s KCL and Tris-HCL as preincubation media
did not protect brain slices against this consequence of

anaerobic preincuvbation,




Table 3415

Preincubation The Rate of Respiration on
Conditiong the 2nd he (p1/h/mg dry
for 60 min, at weight)
37¢9C

Unstimulated | Stimulated by

Dol M KC1L

Glucose saline, 0, 10.1 21.0
Basal saline, NZ 1.8 240
Brain supernatant, N, 0e0 13.8
77mM KC1L din 77 mM
Tris HCL Nz 7ol 240

Each value is tho mean of 4 experimentel results.

(R



The Effect

Table 3416

of Anserobic Preincuba

Incorporation of I-

of Brain Slices

LN

Preincubation Leucine
Conditions o Incorporated
(60 min at 37°C) in 60 min,

(DPM/mg protein)

Ratio of free
Leucine inside/
outside (DPM
after 00 min,)

Glucose Saline +02

Basal Saline

77 md KC1/Tris-HCL +N

Brain Supernatant +N2

9,307
+N3 291977
25513

1,965

Each value is the mean of 4 experimental results.




Table 3.14 alse lists the ratio of the concentration of
JH=~Leucine inside and oulside the inulin free compartment

of the slice and it can be seen that anaerobic preincubation
does not affect bthe ability of the slices to conceuntrate

leucine in the invlin-free compartiment,



CHAPTER, 4

THE, DISCUSSTON

4o0o0 ANOKIC IMPATRMENT IN VETRO AND TN _VEVO

Sdnce the initial impetus for this research arose from the
work of Phizackerley and Fixter (1973) it is appropriaste
at this stage to consider the relationship bebween their

work, the researci described iun this thegis, and the

gsibuation in vivo. There ave two main conclusions that
con he drawn from their work, The first is that the

anaerobic preincubation of slices from adult rat brain
cortex at 3766 decreases thelr subsequent rate of
respliration. In spite of the fact that Phizackerley and
Fixter worked with salines that did vot conbtain calcium 4t
is not surprising -that a similar result is described in
this thesis when caleium conbaining salines were used,

The anoxic impairment of cervebral regpiration is a fairly
well established phenomenon {(Dickens and Greville, 1933;
Biliot and Rosenfeld, 1958) and its velevance to the
gituation in vivo can be Judged from the finding of Fazckas

and Begsman (1951) that in a man in irreversible coma after

T

he

[a?!

attenpted strangulation, the rate of respiration o

brain meagured jin_situ was reduced by 50%.

The second conclusion that can be drawn from the work of
Phizackerley and PFixter is that a marked impaivment of
cellular respiration does mot always follow cerebiral anoxia
An _vitroo This is of particular interest, because the

nature and extent of anoxic damage in vivo is noW a matter




of controvergy following the accumulation of a growing
body of evidence which suggests that brain cells may not
be as vulnerable to anoxia as had previously been

supposeds

Most of the conditions used by Phizackerley and Fixter
{(1973) to alleviate the.effects of anaerobic preincubation
were shown to be just as effective when used in conjunction
with calcium containing salines, and it is possible that
these conditions have a greater relevance to the situation
in _vivo. The protection of slices againsgt anoxic damage
either by preincubating them in the supernatant of a brain
homogenate or by the preincubation of entire hemispheres

in a small volume of saline, suggest that extra-neural

factors may be involved.

The work of Hossmann and Ames and their respective com
workers has suggested that the tolerance of the inbact
brain to ischaemia may be limited by factors related to
the composition of the blood and the extracellular fiuid,
and to the impairment of post lschaemic blood circulation.
Ames and Gurian (1903), for example, have pointed out
that the isolated retina which is essentially similar to
other examples of grey matter is considerably less
vulnerable Co anoxic damage than the intact braine Since
this preparation is nourished from the incubation medium
it is plausible that the grester vulnerability of the
brain in _vivo is a result of a deficient capillary
circulation which prevents adequate re-oxygenation of the

ischaemic cells thus effectively depriving them of oxygen



and glucose for a period much greater than the actual

time of intervuption of blood supply (Webster and Ames,
1965). This has been termed the no-reflow phenomenon

and it has been demonstrated that with some common
methods nsed to induce cerebral ischaemia part of the
prain fails to become adequatbtely repgrfused if dschaemia
is prolonged beyond 7-8 min {(Ames et al 1968), Initially
this was attributed to a narrowing of the vascular lumen
cauged by the swelling of glial and endothelial cells
~(Chiang et al, 1968), but blood factors such as thromboeyte
aggregation and increased viscosity have also been

jmplicated (Fisher and Ames, 1972),

»

These ddeas are supported by the observation that the
Plushing of cerebral vesdels with saling before the
iachaemia reduces tissue domage (Olsson and Hossmann, 1971),
and that by preventing blood from stagnating in the
vasenlature it is possible to show the revival of
neurological function (Neely and Youmans, 1963), of EEG

and evoked cortical response (Hossmann and Sato, 1970a

and b) and of the metabolic state of the tissue (Hinzen

et al, 1972; Kleihues et al, 1974) after periods of
ischaemia thal are counsiderably longer than those

previously believed to be the maximally permissible ones,

There are others, however, {Brievley et al, 1972) who
point out that circulatory arrest produces a type of
pathogenic result which, although it may vary in extent,
is essentially similar to that found after hypoglycaemia

and carbon monoxide and cyanide intoxications, in



contragt the no=reflow phenomenon is peculdiar to the
single situation of circulatory arrest and cannot be
invoked as the main cause of brain damage. They point
out morceover that the no-reflow phenomenon has not yet
been observed in any animal that has resumed spontaneous
resplration after circulatory arrest and so they propose
that it is probably a post mortem event occurrving only

after the experimental equivalent of brain death.

£t is possible that some of the confusion and controversy
arises from the different experimental methods used to
induce anoxia, the different criteria used for assesging
brain damage and the problems asscciated with correlating
biochemical studies with functional activity,. Brieviey
and hig group (Brierley et al, 1973) assessed brain
damage by the microscopic examination of brain prepare
ations using the technique of perfusion-fixation in vivo.
They followed the appearance of microvacuocles and
ischaenmic cell change in the neuroncs. The majority of
microvacuoles they believe are expanded mitochondria in
varying states of disorganisations The ischaemic cell
change that follows, transform a normal neurone into a
more or less naked and very shrunken nucleus that is
eventually engulfed by phagocytes, Hossmann and his
co-workers {(for review see Hossmann and Kliehues, 1973)
however measure the restoration of various experimental
parameters of the brain such as, EEG waveas, ATP concentire
ation, glucose concentration, the incorporation amino
acids into proteins, water and electrolyte content besides

histologic and morphologie characteristics,.

b
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The work described in this thesis deals mainly with the
preservation of normal rates of respiration in brain
slices and the associated presevvation of sodium and
potassium conceuntrations, By neing slices in the poste
anoxic period 1t is possible to eliminate problems
aasociated with post-anoxic cirveulatory impadrment. The
other extra-ncural facbtor that has bLeen puggested, is the
composlition of the extra cellular fluid. The protection
afforded by preincubating entire hemispheres in a minimal
quantity of basal saline or by preincubating slices in
brain supernatent suggests that there is a loss of
material from the brain during anoxia which must be either
prevented or offsel, and it is because of thiz that the
praesence and composdition of extracellular fluid during

anoxia assumes a crucial role,

Bven the fow repults, however, %haﬁ have been preseunted

here on the preservation of potassium stimulated respiration
and the incorpovation of leucine into proteimns reflect the
fact that the preservation of one experimental variable

does not indicate the preservation of normal cerchral

- function. Even Hossmann does nob claim that a cat

showing signs of functional recovery after 60 min of

imchaemia will ever cabch mice again.

The other methods for the preservation of the respiration
of brain slices that were described by Phizackerley aad
Pixter (1973) and confirmed in this thesis also reflect
the situation in vive but are not subject to much

contbroversy,
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The Lack of sengitivity of slices from neonatal (7 day
0ld) rats to anoxia, for example, is a reflection of the
findings of Fazekas and co=workers {(Fazekas et al, 1943)
that the new born rat is resistant to anoxia jn vive and
gradually acquives sensditivity until at aveound 12 days

it is Just as sensitive as the adult to anoxia.

It is also not surprising that slices anaercbically
preincubated at 0°C instead of at 37°C did mot develop a
respiratory defect, in view of the fact that Chetvenkov
and Gasteva {(L00606) have reported that a reduction in body
temperature increases the survival time of rats in hypoxic

conditions,.

Aele CHARACTERISATION OF MATERIAL LOST FROM SLICES

o
)

DURING ANOXIA

The fact that the use of a supernatant of a brain homoe
genate as preincubation medium prevented the anoxic
impairment of bthe resgpiration of brain slices suggests
that it contains a material that protects the slicess It
ie® also possible to conclude that it is the loss of this
material from the slices that is the cause of the anoxic
danage to respirations The experiment with the entire
hemispheres, indicates moreover, that the loss of material
involves a leakage from the brain to the medium rather
than an irreversible transformation of the material within
the brain. The isolation and characterisation of this

material was the logical next stepes

The material could only be detected at this stage by



determining whether it protected the respiration of brain
slices that were anaerobically preincubated in iG. A
dilution curve of the supermatant revealed that a
supernatant containing the equivalent of 304 (w/v) of
brain provided gubstantial protection againgt the anoxic
impairment of cerebral respirabion. Such a supernatant
must contain less of the actbive material than the brain,
@o it appears that brain slices can tolerate some loss

of active material before developing a respiratory defecl,

it was found that the material was gtable to heat and
acld btreabment but not to alkaldi. The extraction of
purine and pyrimidine derivatives by the use of activated
charcoal and the ﬁegredaﬁio&lof proteins by the use of
proteclytic enzyimes revealed that the active material was

probably not a muncleotide or a proteiln.

Aelel DEFPERMINATION OF THE MOLECULAR WEIGHT OF THE MATERIAL

A number of methods were used to estimate the molecular
weight of the active maberlal,. Blalysis into a large
excess of basmal salime revealed that it was probably of
small moleculaxr weight. Attempbs to make a more aspecific
egtimate by wvsing cellulose nitrate filters gave
inconclualve results,. It was thought possible that an
active component of the material was being removed on
filtration, but recombination of filtwvate with residue did
not restore activity to a level comparvable to the
unfiltered extract, It was possible to show, however,
that the loss of activity might have been cauged by

oxidations In spite of this there was still sufficient



activity in the filbtrate to indicate that a substantial
compouent of the active material had a molecular weight
less than 500 daltons. This is only an approximate
figure because the membrane speciflication assumes a
spherical molecule, The gel filtration with Sephadex
G25 revealed that the activity eluted with the peak of
ninhydrin positive material, The free amino acids were
also found with this peak and it appeared probable that

the active materlal was o a similar molecular welghte.

4e260 BIOASSAY OF S

RETANCES FOR PROTECEIVE ACTIVELY

The number of small molecular welght compounds that are
found in rat brain is probably around 400, Bven after
elininating porine and pyrimidine derivatives and small
molecular weight peptides there are still far too many
left for all of them to be individually bioassayed.
There are gome compounds, however, which in the Light of
the results presented by Phizackerley and Fixter and
the preliminary results already discussed in this thesis

appeared more probable than others,

f02.1 BIOASSAY OF AMINO ACEDS

The first group of compounds to be assayed were the awmino
acids,e The concentrablons of these in the brain ave

known to vary with anoxia in vive (Tews et al,; 1963), amnd

Phizackerley and Fixter (1L973) have showa that it is the
leakage of Le=glutamine and Leaspartatbe that is responsible
for the anoxic impairment of the respiration of brain
slices in medla that do nobt contain caloium, with

calcivm conbaining salines, however, none of the amino

&9



acids that commonly occcur in brain had any protective

activity.

he2.2 DIOASSAY OF MONOAMINES

The other group of compounds examined for protective
activity were the nionocamines, Apaxt from the close
astructural and functional relationships between some
amine acids and them there were other reazons that made
them likely condidates for bioassaye. In view of ﬁhg
finding of Davis and Carlssom (1973) that hypoxia in_vivo
decreases the rate of esynbhesiss though not the
concentcration, of moncamines in brain, it appeared
plausible that in brain slices their level would be
decreased by loss to the medium. They are also known
to be released on depolarisation and anoxia is knowa to
vaunse depolarisation, Thedir release fron neurones on
stimulation is dependent on calcium ions (Katz, 1969) and
some of them are known o be easily oxidilsed. in spite
of this cilrcumstantial evidence the monoamines when
bivassayed failed o exhiblt any substantial protective
aobivitye. The experimenta with rats treated with
reserpine in order o deplete their brain monocamines

also confirned this result,.

4e3e0 ATTEMPTS AT PURLFICATION BY TON EXCHANGE

CHROMATOGRAPHY

Another approach adopted in order to determine the nature
of the protective material was its dsolation on ion
exchange resins, The difficulties associated with this

have already been mentioned in the resulbs section,.
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Since high concentratliong of sodium cauvsed a loss of
acbivity it was nobt possible to elute the matevial from
the columng with a gradient of sodium concentration. it
was also not possible for the game veason Lo conceantrate
large volumes of elwate by Creecze deying, therefore the
only conclusion that could be derived from the experiments
was, that the active material behaved as though it were a

poaitively charged specied.

hods0 THE ROLE OF SODIUM AND POTASSTUM IONS IN ANOXIC

DAMAGE,

On finding that a high sodium concentration decreased the
activity of the supernatant a number of cations were tried
in order to debermine whether they had any effect on the

respiration of brain slices. It was found that potassium
exerbted a sbrong protective effect if used din the absence

of sodium,

In order to determine whether the protective activity was
associatod with the prevention of potassium loss from
slices the slice potassium was determined after various
nreincubation procedures, It was found that those
conditions that resulted in an impairment of respiration
also resulted in a depletion of glice potassivm whilst
condltions that protect against anoxic damage ©o
respiration also prevented a loss of potassium from the

slices.

Pappius and BElliot (1956) have found that the anserobic

incubation of brain slices reduces their potassium content,



but they maiuntain that this loss can be subsequently
restored if the slices arve transferred to oxygenated
glucose saline, and that the exbent of the restoration
depends on the period of anaercblic incubatione They also
showed that a lack of substrate during the anoxic
preincubation interferes wilth the active extrusion of
sodium, They reach the conclusion that anoxia not only
resulis in a loss of potassium but damages the potassium
accuwnulating machinery as well, This is thought to be

the sodiume-potassium-nagneaiun dependent ATPase,

The work presented heve indicates, hgwever, that anoxia
by itself does not damage the poltassivm aceumulating
mechandsm, it ds rather the loss of potassiumm that causes
the damages This is shown by the fact that anoxia does
nob always result in potassium loss and that similar
ﬂamége to respiration can be causmed by bthe depletion of

potassivm vnder aerobic conditions,

he5e0 THE ANOXIC TMPALRMENT OF POTASSIUM STIMULATED
RESPIRATION

Quastel and Quastel (1961) have suggested that the potassium
stimulated respiration of braim slices jn vitro is a closer
approximation to the functioning brain, that is, to brain
tissue in vive stimulabed by sensory impulses. They

point out that on stimulation brain slices respirve at

twliece the normal rate and that thisg s nearer 4o the

estimates of the rate of respiration of the brain in vivo.
In other respects too, such ag its response to drug action,
the stimulated slice behaves in a manner more like the

latact braidn, It is pertinent therefore that the
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preservation of slice potassivm does not protect pobassium
gtinulated respiration to the same exbent as it probects
mwngstimulaoted respiration, Ruscak and Whitam (1967) have
@uggeat@d that the mebabolic responses of brain cortex
glices to high potassium depends on the operation of the
sodium pumpo From these results; however, it is Just as
likely that damage to respiration other thanm that to the
ATPage might be caused by anoxia and that this does not

manifest itself when slices are nobt stianulated,

10640 THE _ANOXXC IMPATRMENT OF AMENO ACID INCORPORATION

It was also shown that the abilily of brain slices to
incorporate leucine into thelr proteln was impaired by a
period of anoxida. Similar resulite have been published by
Yanagiharva, (1972) and Ghogh and Cohen (1974)s It was
alse seen that aandiﬁioﬁs that protected againgt anoxic
damage to respivation did nob protect agailnst damage to
the abildity of the brain slice to incorporabte amino acids,
It is possible therefore that this damage occursz not by

loss of material but through some other mechanism,

It has been suggested that a.markad disagpregation of
polysomnes occeurs in the idschaemlic and post ischaemic phases,
{Kleihunes and Hossmann, 1971) and this would account for
the decreased incorporation. The other obvious site of
the defect would be the transport of the amimo acids into
the oell which might be an energy vequiring process
(Bonay-Schwartz ot al, 1971) but this can be ruled out
becauge there was mo appreclable difference between the
"free leucine! within aerobic or anaerobically preincubated

slices,



4e7.0 CONCLUSIONS

In conclusion it can be said that the loss of potassium
from brain slices during anaerobic preincubation is
probably responsible for a large part of their irreversible
respiracory impairment. It is likely that other
subsbances also leak £rom the slices and these have yet

to be ddencified.

The site of the damage cammot be definitely established
by these experiments, If, as Ruscak and Whittam (1967)
maintain, the sodiun-potasslun-nagnesium dependent ATPase
is respongible for the potassium stimulabed respirabion,
then, that wonld appear to be a likely site for the
damagee It is also possible, that damage occcurs at the
mitochondria and it should be possible to devise
sxperiments vo show if mitochondria are ivreversibly
damaged by anoxdae. This would be inceresting becausge iU
has been suggested that the mitochondria avre not
regpongible for irreversible brain damage following brief
periods of total cerebral ischaemia in viveo (Schutz et al,

1973},

Finally, although it is not pogsible to show from these
results that anoxic damage in vive can be preveunted by
maintaining brain potassiuvm durdng anoxia, it is feasible
that such experiments can be devised and would provide
interesting resulis, especially as anoxia in vivo is known
to cause a leaksge of potassiuvm from the cells inbo the
extra-cellular fluid of the brain and from there into the

circulating blood (Meyers, 1973).
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"And men should know that from nothing else but from
the brain come Jjoys, delights; laughter and Jegts and
soprrows, griefs, despondency and lamentablons. And
by this in an especilal manner; we acquire wisdom and
knowledge, and see and hear and know what are foul and
what are Fair, what sweet and what 8avory ceceoee And
by the same organ we become mad and dellyrious and fears
and terrors assail us, some by night and some by day,
and direams and untimely wanderings; and cares thalt are
not suitable, and lgnorance of present circumstances,
desuetude and uwnskillfulloess. AlL these things we
endure from the brain, when it is not healthy, but is
more hobty more cold, move molst or more dry than
natural ox when it suffers sny obther pretervnatural and
vousual afflictiongt

Hippocrates "On the Sacred Diseasel




