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SUMMARY




1.

LUl LARY

le An investigation of several aspects of the
metabolism of the biogenic amines, dopamine,
noradrenaline, and S-~hydroxytryptamine in the central
nervous system, has been undertaken. The work was
directed mainly to a guantitative study of the
catabolites of the amines in human cerebrospinal fluid
(cesef.) in order to monitor their turnover in the
central nervous system in various clinical cenditions.
Of the catabolites considered, 3-methoxy-4-hydroxy-—
phenylacetic acid (homovanillic =acid, HVA) and
3y4=-dihydroxyphenylacetic acid (DOPAC) derived from
dopamine and 5-hydroxyindol=3-ylacetic acid (5-HIAA)
from S5-hydroxytryptamine were specifically studied in
relation to the therapy of parkinsonism with L-DOPA
and the main cerebral catabolites of noradrenaline,
3-methoxy-4-hydroxyphenylethyleneglycol (IOFPLG) and
3y4=-dihydroxyphenylethyleneglycol (DOFEG), in relation ta
various states of mental derangement. The latter
investigation involved the development of methodology
for the estimation of INOPEG and DOPEG in ce.s.f.

A short ancillary study was made of a possible role
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of the choroid plexus in the removal of the acidic
metabolites of the biogenic amines from c.s.f.

2. In parkinsonism, a concentration of DOPAC below
normal levels was found in the lumbar c.s.f. of patients,
an observation providing evidence, additional to that
given by the previously observed lower concentrations of
its other catabolite, HVA, of a decreased cerebral
dopamine metabolism. A reduced concentration of 5-HIAA
in such c.s.f. was confirmed.

There proved to be_no correlation between the
concentrations of these acid wretabolites and the age or
sex of the patients, the length of time they had shovm
parkinsonian symptoms or the severity of these symptoms.
3. The administration of L-DOPA (up to 8 g/day) to
parkinsonian patients caused a dose-related increase in
the concentrations of HVA and DOPAC in the lumbar c.s.f.
but did not alter significantly the concentration of
5-HIAA, DOPA was only detectable in the c.s.f. when the
dose of L-DOPA received by the patients was 3g or more
per day.

Clinical improvement was associated only with the
elevation of the HVA and DOPAC concentrations beyond
threshold levels (250ng/ml for HVA and 15ng/ml for DOPAC)
which were greatly in excess of the concentration of the

substances in control c.s.f. (53ng/ml for !IVA and 9ng/ml
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for DOPAC). Above these threshold levels there was no
correlation between the degree of improvement and the
concentrations of HVA and DOPAC in lumbar c.s.f.

4, VWhile relatively simple fluorimetric methods for the
estimation of HVA, DOPAC and 5=-HI1AA are available,
allowing studies of the turnover or Lheir parent amines,
no such method exists ror the cerebral catabolitez of
noradrenaline, MOPEG and DOPEG,

The methods described in the literature which are of
sufficient sensitivity for the estimation of MOPEG and
DOPEG in brain or c.s.f. employ gas chromatography and
electron capture detection. As the electron capture
system is easily contamin=ted, these methods were
considered unsuitable for the routine examination of
these two glycols.

in attempt was made to develop a fluorimetric
method for the estimation of NOP.G and DOPEG in @.s.f.
which would be sufficiently sensitive yet simple enough
for routine use.

5 A method depending on the formation of a fluorophor
from lOPLG by oxidising it to vanillin with thiosemi-
carbazide was evolved but was found to be unreliable

PeCags  ynder the reaction conditions, auentitative

oxidation of nanogram amounts of NHOPEG to wvanillin did

not occur consistently.
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A satisfactorg method for the fluorimetric
estimation of MOPEG depended on its oxidation with a
ferric chloride reagent to produce a fluorophor with an
activation wavelength of 325mp and a fluorescence
wavelength of 430mp. The fluorescence intensity was
proportional to the concentration of MOPECG in the
original sample and the limit of sensitivity wac about
25ng/ml., The reaction was, however, not specific to
NMOPEG and produced fluorophors with the same activation
and fluorescence characteristics, but with different
molar yields of fluorescence from a number of other
O-methylated metabolites of the catecholamines.

6. A fluorophor was formed from DOPEG by condensing it-
with ethylene diamine, The fluorescence intensity was
proportional to the concentration of DOPLEG and the limit
of sensitivity, in solution in water, was 4ng/ml.

This reaction is not specific to DOPEG as fluorophor
production occurs with several other compounds containing
a catechol group.
T. The fluorophor-producing reactions for the estimation
of IOPEG and DOPEG were not mutually interfering but were
not specific for these compounds so that their prior
separation from ether similarly reacting catabolites of
the catecholamines, which in the c.s.f. are particularly

the acid derivatives, had to be effected in order to
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obtain specificity.

Two methods were investigated.

a) The glycols were acetylated in alkaline agueous
medium and the derivatives separated from the acetylated
acid catabolites by extraction into methylene dichlorides
Direct estimation in the aqueoué solution of the
evaporated extract was possible but a high reageni tlank
decreased the sensitivity to an unsatisfactory degree.
Suitable paper chromatography reduced the reagent blank
and had the additional advantage of increasing the
overall sensitivity of the analytical method by
separating the two acetylated glycols and thus obviating
the need to split the sample to allow their separate
determinations.,

In practice, however, this method was considered tog
complicated and time-consuming for its application to
the routine estimation of the glycols in c.s.f. and a
simpler technique was sought. In the development of
this, attention was concentrated particularly on the
separation and estimation of MOPEG, which is the major
cerebral metabolite of noradrenaline.

b) The method finally used for the partial
separation of NOPEG in samples of c.s.f., for routine
estimations, involved its extraction into ethyl acetate

and the further purification and separation from
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O-methylated carboxylic acid derivatives of the
catecholamines by chromatography of the agueous solution
of the evaporated extract on an anion exchange column,.

This method is relatively simple in use and proved
saticfactory for application to the routine estimation of
HOPEG in ce.s.fs Its applicability to the separation
of DOPEG has not been investigated.

8. MOPEG exists in human c.s.f. as a conjugate,
probably the sulphate ester. It was necessary to
hydrolyse this ester prior to extraction and estimation
of the slycol. Acid hydrolysis and enzvmatic hydrolysis
with the sulphatase-containing preparation ‘'ielicase"
were investigated.

The conditions of low pH and elevated temperature
which were required to hydrolyse a typical sulphate
ester, p-nitrophenyl sulphate, were found to destroy
free NOPEG, Acid hydrolysis was therefore considered
unlikely to be suitable for the liberation of free MNOPEG
from its conjugate in samples of cCeSefe

Enzymatic hydrolysis was monitored using tritiated
MOPEG conjugate which wes obtained by biosynthesis from
labelled normetanephrine injected into the cerebral
ventricles of the rat and the conjugate subsequently
isolated from the brains, Using an acetone powder of the

commercially available sulphatase-containing preparation
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'Helicase', suitable conditions were found for the
quantitative enzymatic hydrolysis of LOPEG conjugate.
Under these conditions the liberated MOPEG was not
destroyed to any significant extent.

9., Enzymatic hydrolysis of the conjugate, extraction

of the liberated glycol into ethyl acetate, chromatograph
on an anion exchange column and fluorophor production
with the ferric chloride reagent, formed the basis of
the method developed and used for the estimation of

MOPEG in the ces.f. of patients with various neurological

disorders.

MOPEG has only been estimated in the c.s.fs of a
small number of patients. The range of concentrations
ohserved was large (17-170ng/ml) and there was no
significant correlation between the concentration of
the glycol and the clinical symptoms of these patients.
It was observed, however, that the concentration of
HOPEG in the c.8.f. of patients rated depressed tended
to be lower than in patients rated manic.

10. Previous workers have found that homovenilliec aecid
and 5-hydroxyindol=3-ylacetic acid, carboxylic acid
catabolites of dopamine and 5-hydroxytryptamine present
in the c.s.f., are removed into the blood by a transport
system with an active colmponent. The accumulation of

radioactively labelled 5-HIAA by the isolated choroid

Y
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plexuses of the rabbit was studied in order Lo determine
whether this tissue could be responsible for the removal
of the acid from the c.s.f.

Choroid plexuses of the rabbit accuwmulated 5-HIAA,
in vitro, to give a concentration in the tissue up to
eight times that in the medium. THe choroid plexuses
from the fourth ventricle accumulated 5-HIAA to 2 greate:
extent than those from the lateral ventricles., The
accumulation process was dependent on the formation of Al
in the tissue, as it was inhibited by the presence of
2y4~-dinitrophenol in the incubation medium. The
accuﬁulation was also inhibited by the presence in. the
incubation medium of HVA or probenecid, substances which
have been shown to inhibit the transport of 5-HIAA in

vivoe.

P
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GENERAL INTRODUCTION
Since the first identification in brain of the biogenic amines,

noradrenaline, adrenaline (Vogt, 1954), dopamine (Carlsson,1959) and
Sehydroxytryptemine (Amin, Crawford and Gaddum, 1953) many workers
have studied the effects of drugs and/or environmental changes on their
metabolism, The metabolites of dopamine, 3,.4=dihydroxyphenylacetic
acid and 3emethoxy=i=hydiroxyphenylacetic acid (homovanillic acid)
have been estimated in brain and cerebrospinal fluid (Rossngran,1960;
And@én, Roos and Werdinius,19632; Andén, Roos and Werdinius,1963b;
Sharman, 1963; Asheroft, Crawiord, Dow and Guldberg,1968) as has the
metabolite of S=hydroxytryptamine, 5S5~hydroxyindol=3=ylacetic aecid
(Asheroft and Sharman,1960). Attempts to find an acid metabolite
of noradrenaline in the central nervous system have, however, failed
except for one report (Matsuoka, Yoshide and Imaizumi,1964) of the
presence of 3,L4=dihydroxymandelic acid in the brain of rabbits,
lleutral metabolites of' noradrenaline, J-methoxy=i=hydroxyphenylethylere-
glycol and 3,4=dihydroxyphenylethyleneglycol have been shown to exist
in brein and cerebrospinal fluid (Schanberg, Breese, Schildkraut,
Gordon and Kopin,1968; Sharman,1969). In most species of enimals
examined, these glycols are present as their sulphate esters; in
some however they exist as the free alcohols,

Alterations in the in vitro metabolism of the biogenic amines

can be studied in a number of ways. One involves the administration
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to the animal of either the radiocactively labelled amine or one of its
precursors., After a given time the labelled metabolites of the amines
are separated, identified and estimated. This method does not
involve the metabolism of the endogenocus amine but rather the
metabolism of the labelled amine, It has thus to be assumed that the
administered emine becomes distributed throughout the brain in the
same way as the endogenous amine, This is not necessarily the case
and metabolism mey occur at sites not normally accessible to the amine,
Estimation of the endogenous concentrations of the amines and/or
their metabolites within the central nervous system cen also be used
to indicate changes in metabolism. In experimental animals this can
be done in brain tissue but when dealing with man, brain samples can
only be obtained post-mortem or by biopsy during surgery. Beoth
these are unsatisfactory, the post-mortem tissue because changes
may occur on death and the biopsy specimen because, of necessity, it
can only be very smalle The closest approach which cen normally be
made to the'central nervous system of man is the cerebrospinal fluid,
The smines themselves are not present in measurable quantities in the
cerebrospinal fluid but the metabolites of dopamine, noradrenaline
ard Sehydroxytryptamine have all been shown to be present (Ashoroft
and Sharman, 1960; Andén et al., 1963b; Schanberg, Srease,
Schildkraut, Gordon and Kopin, 1968), That changes in the
concentration of the metabelites in the cerebrospinal fluid parallel
changes in the concentration of the amines and their metabolites in

the brain has been postulated for the dopamine metabolite, homovanillie
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acid, by Guldberg, Asheroft, Turner and Hanieh (1969). In the
first section of this thesis the metabolites of dopamine,
3,4=dihydroxyphenylacetic acid and homovanillic acid, and the
S=hydroxytryptamine metabolite, S5=hydroxyindol=3-ylacetic acid have
been estimated in the lumbar cerebrospinal fluid of parkinsonian
patients both before and during treatment with an amino aeid
precursor of dopamine, 3,4=dihydroxyphenylalanine, and an attempt has
been made to correlate these concentrations with the clinical
condition of the patients,

The second section of this thesis describes the development of
a m2thod for the estimation in cerebrospinal fluid, of 3=methoxy-
y=hydroxyphenylethyleneglycol, the major cerebral metabolite of
noradrenaline {Schanberg, Sechildkraut, Breese and Kepin 1968),
Methods for the estimation of this compound are described in the
literature (Ruthven and Sandler 1965; Wilk, Gitlow, Clarke and
Paley, 1967; Schanberg, Breese, Schildkrant, Gordon and Kopin 1968;
Calne, Karoum, Ruthven and Sandler 1969a; Sharman 1969) but the
majority of these are unsuitable for routine estimations either due
to lack of sensitivity or because they are too complicated and time
consuming., The object of the work presented in this section was to
develop a simple but sensitive method for the routine estimation of
3enethoxy=h=hydroxyphenylethyleneglycol in cerebrospinal fluid,

The metabolites of the biogenic amines which are present in

cerebrospinal fluid are removed from there into the blood,

Asheroft, Dow and Moir (1968) have shown that the acid metabolite of |
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S=hydroxytryptamine, S5=hydroxyindol=3=ylacetic acid, is
transported out of the cerebral ventricles by a mechanism,
additional to bulk absorption, which displays the characteristiecs of gn
‘active transport' system, The structures in the brain which have
been implicated in this transport process are the highly vascular
choroid plexuses, In the third section of this thesis the
accumulation of S5=hydroxyindol=>=ylacetic acid by the isclated
choroid plexus has been studied in order to determine whether this
structure could be involved in the active transport of
S5=hydroxyindol=3-ylacetic acid from the cerebrospinal fluid to the

blood.




SECTION 1

‘henolic acid concentrations in the lumbar cerebro-

spinal fluid of parkinsonian patients treated with

L=DOPA,
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INFRODUCTION

The existence of lower concentrations of dopamine in the caudate
micleus end substantia nigre in perkinsonian patients than in a
control group (Ehringer and Hornykiewics, 1960; Hornykiewics, 1962)
has led tc the suggestion that a change in the metabolism of this
emine is associated with the synirome, This concept is supported
by the finding that the urinary concentration of dopamine in these
patients is also reduced (Berbesu, Murphy and Sourkes, 1961;
Bischoff ani Torres, 1962). The mein metabolite of dopamine,
homovanillic scid (HVA), is present in rsduced concentrations in the
brain (Bernheimer and Hornykdewiez, 1964) and in the ces.f.
(Bernheimer, Birkmayer, Hornykiewics, Jellinger and Seitelberger,
1966; Guldberg, Turner, Hanieh, Asheroft, (rawford, Perry and
G4llingham, 1967; Johansson and Roos, 1967; Guldberg, Ashcroft,
Turner and Hanieh, 1969) of parkinsoniazn patients, but its urinary
excretion is not altered (Geer and Williams, 1963; Calne, Karoum,
| Ruthven and Sandler, 1969a), suggssting the absence of any general
alteration in dopemine metabolism being asscciated with this
syndrome,

The concentrations of other blegenic eminses, namely
noradrenaline and Sehydroxytryptemine (5eHT) are also reducsd in
several areas of brain obtained on autopsy from parkinsonian patients

(Bornheimer, Birkmeyer and Hornykiewicsz, 1961; Hornykiewics, 1962),
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but the reduction in the concentration of these two amines in the
caudate nucleus and putamen of between 55% and 65% is less than the
decrease in concentration of 857 to 907 observed for dopamine in the
same areas., The excretion of S=hydroxytryptamine and noradrenaline
in the urine of parkinsonian patients does not differ from those in
control subjects (Barbeau gt gl., 1961; Resnick, Gray, Koch and
Timberlake, 1962), The concentration of 5-hydroxyindol=-3-ylacetic
acid (5«HIAA), the main metebolite of S=hydroxytryptamine, is lower
in the c.s.f, of parkinsconian patients than in a control group
(Guldberg et al., 1967; Johensson and Roos, 1967; Guldberg gt al.,
1969) and its concentration in the urine has been reported to be
significantly reduced in parkinsonism (Barbeau and Jasmin, 1961).
This finding, however, was not confirmed by Resnick gt al., (19€2)
who detected no significant difference in the concentration of
5=HIAA in the uwrine of parkinsonian and control patients either
before or after receiving the 5=HT precursor, Se-hydroxytryptophan.
In view of a possible aetiological significance of the
lowered cerebral dopamine levels in this syndrome, Birkmayer and
Hornykiewicz (1961) treated parkinsonian patients with intravenous
doses of 50 mg to 150 mg of the dopamine precursor, L=3,L=dihydroxy-
phenylaianine (L-DOPA) and obtained a reduction in akinetic
symptoms, This was substantiated by Barbeau (1962) who gave
parkinsonian patients oral doses of 200 mg of L-DOPA, This author
also showed that DeDOP! when given orally had no ef'fect on the

symptoms of parkinsonism, and it was later found that this isomer
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of DOPA would not pass from the blood into the brain of rats (Gey
and Pletscher, 1964). In & further study on the effect of DOPA
administration to parkinsonian petients, McGeer and Zeldowicz (1964)
gave D,LeDOPA orally in doses of 1 g to 5g per day or intravenously
in doses of 0,2 g to 0.5 g per day but did not obtain sufficient
improvement for them to consider DOPA a useful therapeutic agent.
Cotzies, Papavasiliou, Gellene, ironson and Mena (1969) reported
that the orsl administration of L-DOPA in doses up to 8 g per day
produced remission of bradykinesia to a varying extent in every
parkinsonian patient thus treated. - In order to minimise adverse
side effects, these authors "titrated" the parkinsonian patients
with DCPA,

In a similar trial, Celne gt al., (19692) studied the changes
in concentration of the urinary metabolites of L-DOPA when this
drug was administered orally to parkinsonian patients in doses
of 0.5 & to 2.5 g per day and found that large quantities of the |
dopamine metabolites, HVA and 3,iL=dihydroxyphenylacetic acid were
excreted, However, as these authors point out, the concentrations
of the dopamine metabolites in the ces.f. are likely to reflect the
metabolism of DOPA in the brain more faithfully than do urinary
levels, 1In the'prasent study, DOPA and the acid mctabolites of
dopamine and S5-hydroxytryptamine have been estimated in the lumbar
CeS.fs Of parkinsonian patients prior to and during treatment with
L=D0PA, An attempt has been made to correlate the biochemical

data with the pretreatment clinical assessment of the patients, and
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with the degree of improvement observed on administration of the

drug.
BIO TIGATIONS
Parkdinsonian Patients

The patients in this study were admitted to the Western General
Hospitel's Surgical Neurology Ward (S.N.3)s They showed as their
major symptoms those which are known to be little affected by surgery
in perticuler bradykinaaiﬁ, and over half the cases had previously
undergone steriotactic operation for the relief of tremor and
rigidity (Gillingham, Watson, Donsldson and Naughton, 1960).

Prior to the administration of Le3,4=dihydroxyphenylalanine (L=-DOPA)
all other drug treatment was stopped and each patient was rated on
& three point scale for rigidity, tremor, bradykinesia, speech
volume and dementias, cine recordings made and, after treatment, the

degree of improvement noted,

A ati DOPA

The L=DOPA used was supplied by Koch-Light Co., Ltd., and
contained not less than 99% L=DOP.L,

The patients were given L=-DOPA orally, starting at a2 low dose
(500 mg three times a day) which was increased in gradual steps.
The length of time a patient remained on any one dose level and also
the finsl meintenance dose were determined by the tolerance of the

patient to the drug. In no case was the dose increased above
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8 g per day.

In some pastients, L-DOPA caused vomiting and nauseas With
several of these patients such side effects could be avoided by
lowering the administered dose followed by increaesing it again more

gradually, in others it was found necessary to stop treetment with

L=D0F 4.

Approximately 10 ml of lumbar cerebrospinal fluid (e.s.f.)
wes withdrawm from the patients before the start of treatment with
I-DOPA end again when the maintenance dose was reached, This was
done as far as possible at a constant time after the patient received
the drug, In those patiqnts where the drug had to be terminated,
the second withdrawal of the lumber fluid was carried out immediately
af'ter discontimuing L-DOPA,

The c.5.f« was collected in a clean glassestoppered 10 ml
gredupted test tube and was stored in the freezing compartment of a
domestic refrigerator until it was collected from the ward (S.N.3)
end placed at =20°C in the laboratorye The ces.f. was always

analysed within one week of' withdrawal,

Control Patients
Six patients undergoing myelography at the Northern General

Hospital, Edinburgh, had 5 ml of lumbar ce.s.f. withdrawn, These

CeSef. samples were stored as previously described and were used for
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the estimation of control levels of 3,4=dihydroxyphenylacetic acid
(DOPAC) «

B ALYSES

Materials

Homovenillic aeid (HVA) end 3,4=dihydroxyphenylacetic acid
(DOPAC) were obtained from Calbiochem and 5-hydroxyindol-3-ylacetic
ecid (5-HIAA) from KocheLight Cos, Ltd. |

All other reagents were Analar grade except for the ammonia
solution which was Arister grade (British Drug Houses) and the
hydrochloric acid which was Microanalytical Reagent (B.D.H.) grade,
The ethylenediamine used in the estimation of DOPAC and DOPA was of
Laboratory Reagent (B.D.H.) grade and was distilled twice and stored
at -20°0 until required. |

The ethyl acetate ualed for the extraction of the phenolic acids
was from a 500 ml bottle which was opened on the same day as the
e.nal‘ys:l.s was to be carried out, Deionized distilled watelr was
used throughout and ell ex&actions and. reactions involved in the
estimetions were cerried out in glass tubes fitte_d with glass
stoppers. | |

The buffers used were prepared as follows:=-

Borate buffer 0.1 boric acid adjusted to pH 8,6 with 0.1M
sodium hydroxide.

Phosphate buffer 0.1M sodium dihydrogen orthophosphate
adjusted to pH 7.4 with 0,1M disodium hydrogen orthophosphate.
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Tris buffer 0,14 2eamino=-2=(hydroxymethyl) propane=l:
3=diol adjusted to pH 8,6 with conec, HCl,

A glass electrode was used for all pH measurements,

S tio Solutions containing 1 mg/ml of HVA, DOPAC,
5=HIAA or DOPA in water were stored at 1°¢ for periocds up to three
weeks up to which time there was found to be no detectable |
destruction of these substances, These standard solutions were

used to prepare all standard curves and recoveries,

Fluorimetry All fluorescence measurementswere carried out in an
Aminco-Bowman Spectrophotofluorimeter with slit arrangement No., 5
(Aminco-Bowman menual), The solution conteining the fluoropher
was placed in a 3 ml Spectrosil (Scientific Supplies) cell with an
internal cross section of 10 mm square, A minimum volume of

1.2 ml of liquid was required in order to preven! the meniscus

interfering with the fluorescence measurements,

The concentrations of the dopamine metabolites, 3,4=dihydroxy-
phenylacetic acid (homovanillic acid, HVA), and of the 5-hydroxy=
tryptemine netabolite, Sehydroxyindol=3eylacetic acid (5-HIAZ) were
estimated in the ce8.fs essentially according to the methods
described by Asheroft, Crawford, Dow and Guldberg (1968).

The c.s.fs sample was thawed, measured with a graduated

pipette into a glass stoppered test tube of 80 ml capaecity and
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diluted to 10 ml with water. The mixture was saturated with sodium
chloride (approximately 4 g), acidified to pil 1=2 with 50 ul of
concentrated HCl and the phenolic acids were extracted into ethyl
acetate by shaking for 5 minutes with 20,0 ml of the solvent, The
aixture was centrifuged at 3,000 rev/mnin for 5 minutes in order to
separate the two phases., After 19,0 ml of the upper organic layer |
had been removed, the extraction was repeated and a further 20,0 ml
of the organic layer was pooled with that from the first extraction.

For the estimation of HVA, 10,0 ml of the pooled ethyl acetate
extract was shaken for 5 mimutes with l.4 ml of sodium borate buffer
pll 8,6, The two phases were separated by centrifugation at
3,000 rev/min and 1,0 ml of the lower agueous layer transferred to
o2 15 ml glass-stoppered test tubee.

The remaining 29,0 ml of the ethyl acetate extract was shaken
for b minmutes with 2.4 ml 0,1M phosphate buffer pH 7.4 and the
mixture then centrifuged at 3,000 rev/min for 5 minutes. Two
portions, each of 1,0 ml,of the lower phosphate buffer phase were
transferred to separate 15 ml glassestoppered test tubes for the

estimation of DOPAC and 5=HIAA,

Estimation of HVA The method used for the estimation of HVA was
essentially that of Anden, Roos and Werdinius (1963).

To 1.0 ml of the borate buffer extract in a 15 ml test tube
wos added 1,0 ml 5M ammonia and 0.2 ml of a 10 mg? w/v solution

of potassium “erricyanide, After exactly 4 mins the oxidation was
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terminated by the addition of 0.2 ml of a 100 mg% w/v solution of
cysteine, The fluorophor thus obtained from HVA had an activation
wavelength of 325 mu and a fluorescence wavelength of 430 mp
(uncorrected) and its concentration was estimated within 30 mins from
meter readings with the activation end fluorescence wavelengths of

the fluorimeter set to correspond to theose of the fluorephor,

E tion of DOPAC The method of iosengren (1960) was used for
the estimation of this phenolic acid,

To 1,0 ml of the phosphate buffer extract in a 15 ml glass=
stoppered test tube, was added 0,5 ml of an ethylenediamine/
ammonium chloride mixture (ome part of twice distilled ethylenediaminl
to 1.3 parts of LM ammonium chloride, by volume), The resulting
solution was heated, with shaking, in » metabolic sheking
waterbath at 50°C for 20 mins in the dark, and then rapidly cooled
to room temperatures The fluorcophor produced was kept in the dark
until its concentration was estimated, within 30 nins of fluorophor
production, from a scan of its activation specirunm, The Lucrepher
had an activetiocn wavelength ol 42C mp and a {luerescence wevo-
length of 530 mu (uncorrected).

Estimation of 5-HIAA The method used was as described by Asherolt
and Sharman (1962).
The phosphate buffer extract (1.0 ml) was acidified by the

addition of 0.4 ml cone HCl containing 50 mg# w/v ascorbic acid.
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Water Borate Buffer

o 310 200mpL

Phosphate Bufter Tris Butter

& 30 280mp,

Lotivetion spectrum of the fluorephor from 100 ng S=hydroxyindole=3—
vlacetic seid (5=HIAA) in 1 ml water, borate buffer pH 8.6, phouphatﬂ
buffer pH 7.4 tris buffer pH 8.6 formed on the addition of 0.4 ml
cone HC1l containing 50 mgi w'v ascorbic acid.
= Activation scan of 5=HIAA fluorophor
-------- = Activation scan of 1 ml of the solvent
containing C.4 ml conc HC1/ascorbic aeid

The fluorescence monochromator was set at 550 mu (uncerrected).
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300 4 RELATIVE FLUDRESCENCE.

200

[ 100 A

HVA CONCENTRATION (ng/ml)
50 100 200 300 400 500

Fig, 1:2
The relationship between the cancentration of homovanillic acid (HVA)
and the relative fluorescence of the fluorcphor produced from it in
water (e—e), borete buffer pH 8,6 (O—©) and phosphate buffer
pH 7.4 (#=—=a), The fluorescence of the reagent "blank" Las been

|
substracted in each case,
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The intensity of the fluorescence derived from the 5=-hydroxyindolic
group was immediately estimated at an activation wavelength of

310 3 and a fluorescence wavelength of 550 mp. A yellow filter
with a lower wavelength cut off of 420 mn was placed between the
fluorescence monochromator and the photomultiplier, This prevented
a secondary scatter peak at 275 mu from interfering with the specific

peak at 310 m when the activation spectrum was recorded,

The buffer used by Asheroft gt al,, (1968) in the estimation of

HYA, DOPAC and 5-HI/A in the ventriculer c.s.f. of dogs was 0,1M
tris=hydroxymethylaminomethane (2e-aminoe2«(hydroxymethyl) propane=
1:3 diel) buffer pH 8,6, This buffer, howover, was found to give
high "blank" readings in the cstimetion of these aeids, thus
reducing the overall spnsitivity of the methods (taken as being the
quantity of substance required teo produce a fluorescence equal to
that of the blanl;)l. It was therefore decided to try to find a
more suitable buffer systsp.

Boratq and phosphate buffers gave lower blank readings in the
estimations of HVA, DOPAC (Teble 1:1) and 5e-HIAA (Fig, 1:1) then
did tris buffer, but phosphate buffer caused gquenching of the
fluorophor produced from HVA (Fig, 1:2), Borate buffer did not

ceuse such a high degreé of quenching of the HVA fluorophor and it
was decided to use it in the estimation of this acid, Neither

phosphate nor berate buffer caused quenching of the DOPAC or 5=HIAA
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TABLE 1:1
Relative fluorescence values for 1.0 ml of water, borate buffer
pH 8.6, phosphate buffer pH 7.4, and tris buffer pH 8,6 taken
through the procedures for the production of the fluarophors from
homovanillic acid (HVA) and 3,4=dihydroxyphenylacetic acid (DOPAC).

Relative fluorescence

HVA DOPAC
Water 33 3
Borate buffer pH 8.6 5545 5
Phosphate buffer pH 7.4 45 5

Tris buffer pil 8,6 111 10
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fluorophars, but phosphate buffer was preferred in the estimation of
these two acids because it was considered that its lower pH might
afford a degree of protection against oxidation of these substances,
This point has since been investigated and borate buffer, despite its
higher pH, was found to give the same results as phosphate buffer
when used in the astimation of DOPAC and 5=HIAA,

Estimotion of DOPA As DOPA is en amino acid it was not extracted
from the acidif:l.ed c.s.f. by the ethyl acetate.

The salt saturated aqueous layer remaining after the extraction
of' the phenolic acids with ethyl acctate; was kept at «20%C for not
less than 1 hr, in order to reduce its salt content, and
approximately 5 ml then decanted into a clean 30 ml test tube., Any
residual ethyl acetate was distilled off <t room temperature under
reduced pressure, care being taken to remove as little water as
possible, A portion, 1.0 ml, of the residual solution was
transferred to a 15 ml glassestoppered test tube and 0,5 ml of the
ethylenedianine/ammonium chloride mixture used for the estimation
of DOPAC, added to it. The mixture was heated, with shaking, at
50°C for 20 mins in the dark, in a waterbath, cooled rapidly to room
temperature and the fluorophor prodiced from DOPA estimated from a
scan of its activation spectrum. The concentration of the fluerophar
was estimated within 30 mins of #s produstion and it had an
activation wavelength of 360 mp and a fluorescence wavelength of

470 mp {uncorrected values).
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Recoveries and Blenks In order to determine the recovery of the

HVA, DOPAC, 5-HIAA and DOPA through the procedure, 200 ng of HVA,
DOPAC and 5-HIAA and 1 pg of DOPA were added to 10 ml water and were
extracted in the same way as from the c.s.f, Ideally recoveries
from the c.s.f. should have been used but it was found that the
entire 10 ml of c.s.f. from the patients was required for the
estimation of the acids,

YExtraction blanks' were obtained by processing 10 ml of water
through the extraction procedure and treating the appropriate buffer

extracts with the fluorophor-producing reagents,

Evidence for the identity of the substences estimated in the

CeS.f. Was obtained from the fluorescence characteristics of the
fluorophors produced from thems These flucrophors had the same
activation and fluores@ence wavelengths as the fluorophors from
authentic HVA, DOPAC, 5-HIAA and DOPA,

In order to confirm the identity of these substances, four of
the c.s.f. samples, known to be from patients on & large dose of
L-DOPA were examined chromatographically. The samples were
divided into two equal porticns, the acids in one portion were
estimated as before whilst those from the other were extracted,
af'ter salt saturation and acidification, into 10 ml ethyl acetate.

After centrifugation to separate the phases, 9.0 ml of the top
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ethyl ecetate layer wes transferred to a 100 ml round bottomed
flask, the extraction repeated and a further 10,0 ml of the organic
layer pooled with that from the first extraction, The extract
was evaporated to drynsss at room temperature under a stream of
nitrogen. The residue was dissolved in 0,3 ml of methanol and
transferred by replicate applications to a small spot on a pre=-
coated Silica Gel thin layer chromatographic plate, 0,25 mm thick
(Merck), The flask was rinsed with a further 0,3 ml methanol which
was epplied to the same spot, Markers, approximately 10 pg of HVA,
DOPAC, 5-HIAA, vanillinmandelic acid (VMA) and 3,l4edihydroxynandelic
acid (DOMA) were applied to the plate which was developed in the
lower phase of & mixture of chloroform: acetic acid: water
(2:2:1 by vol) (Asheroft gt al., 1968). Vhen the solvent had "
reaohed. the top of the plate, the plate was removed from the tank,
placed in a stream of nitrogen for 5 mins and then returned to the
tank for a second development, Vhen the solvent had again reached
the top of the plate, the plate was taken from the tank and most of
the develeoping solvent removed by placing the plate in a dry
"Chromatenk" (Shandon) through which vas passed a brisk stream of
nitrogen for 1 hr, The areas of the piata containing the c,.s.f.
extracts were covered with glass while the marker acids were
visuslised with diazotised p-nitroaniline.

The spray used for the visualisation consisted of 20 nl of a
saturated solution of penitroaniline in 0,1N HCl to which had been
added 1.2 ml of 5% (w/v) sodium nitrite just before use. The plate
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_SOLVENT
FRONT.

' - - —HVA (12:7).

. ' .  __5SHIAA(:9).
. ' & —poPAC(6-6)
$ @ —vraG)
® 9 ——DOMA (I-2),
-—0ORIGIN

Hige 1:3
Separation of 3,4-dihydroxymendelic acid (DOMA), 3emethoxyei=hydroxy=
mandelic acid (VMA), 3,4k=-dihyiroxyphenylecetic aeid (DOPAC),
3-methoxy=4=hydroxyphenylacetic acid (homevenilliec acid, HVA) snd
Sehydroxyindole3=ylacetic acid (5=-HIAA) on o precosted silica gel
thin layer chromatographic plate (Merck) developed twice in the lower
phose of a mixture of chloroform: acetic acid: water (2:2:1 by
volume), The mumbers in brackets are the distances in centimetres

of the geids from the origin.
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was sprayed with this solution, allowed to dry and then sprayed with
5% (w'v) sodium hydroxide in 507% (w'v) methanol. The diazotised
p=nitroaniline, in alkaline solution, couples with phenols to
produce red to purple azow-compounds,

The parts of the thin layer adsorbent of the c.s.f., extract
chromatograms, corresponding to the marker HVA, DOPAC and 5e-HIAA
positions were scraped off and eluted by shaking the adsorbent with
1,0 ml water in a 2 ml conical polystyrene test tube for 30 mins,
The silica gel was sedimented by centrifugation at 15,000 revw/min:
for 2 mins and 0.8 ml of the supernatant fluid transferred to 2
15 ml glass=stoppered test tubes, The eluate was diluted to 1.0 ml
with water and the concentrafion of the appropriate phenolic acid
estinated as previously described,.

The separation of the phenolic acids obtained by chromatography
on a preccated ailica. ge:l. thin layer shromatogrephic plate (Merck)
developed twice in the lower phase of a mixture of chlorof'orm:
acetic acids watem- (2:2:1 by vol) is shown in Fige 123,

. The percentage recovery from 5,0 ml water of 1 or 2 pg of HVA
and 100 or 200 ng of DOPAC when ertra&ted and chromatographed were
60 = 4 and 47 = 4 (mean = standard devietion, n = 8) respectively,
There was good agreement between the concentretions of these two
acids in the lumbar ec.s.f, of parkinsonian patients receiving
L=-DOPA, when they were estimated by the chromatographic or by the
simple extraction method (Table 1:2),

b=HIAA was not detectable when 100 or 200 ng were extracted into
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ethyl acetate, chromatographed and the appropriate part of the thin
layer plate eluted in water, nor could it be detected when the same
guantity of 5-HIAA was applied directly to the plate, chromatographed
and eluted, This was thought to be due to adsorption of the 5-HIAA
onto the silica gel, Elution with 0.1 HC1l or 0,14 NH OH alse

/N
failed to remove the 5=HIAA from the adsorbent.

RESULTS
The clinical and biochemical results are summarised in Table 1:3.

For various reasons it was not possible to cbtain both "pre" and
"on=treatment™ samples of c.s.f. from all 31 patients examined, nor

did it prove possible to carry out a complete analysis on every

sample.

~Pre=treatment studies"
The estimated concentrations of HVA, DOPAC and 5<IHIAA in the

lumbar ces.fs of the parkinsonian patients before treatment with
L=DOPA are given in Table 1l:4, which shows, for comparison, the

concentrations found by Guldberg gt gl., (1969) in control subjects. ‘
In ces.fs, the linit of sensitivity of the DOPA estimation was
apyroximately 50 ng/ml of c.s.f. The "blank" fluorescence,

hovever, veried from sample to sample and DOPA was considered to be

uncetectable if a fluorescence maximum was not obtained at 360 mp

vhen the activation spectrum was recorded from 200 mp - 450 mp;
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ZABIE 133

The concentration (ng/ml) of homovanilliec acid (HVA), 3,i=dihydroxy-
; phenylacetic agid (DOPAC) and 5-hydroxyindol-3-ylacetic acid (5eHIAA)
in the lumbar c.s.f. of parkinsonian patients both befere and during

treatment with L-DOPA.
The patients are listed in order of increasing dose of L-DOPA,

Explanatory notesie
"Duration of illness™ in years

"Operation" - R = right side
L = left side
B = bilateral

No = no operation

"Pre-treatment rating" ~ graded 0 to ++ according to
severity - "Total" = total
of pre~treatment ratings.

"Improvement™ - improvement on receiving L-DOPA
. graded from 0 to ++
aecording to degree,

¥ blood in sample
. " in table indicates that no information was

availeble about this parameter in this particular
case,
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IABLE 2:4
Mean concentrations (ng/ml) of homovenillie agid (HVA), 3,4=dihydroxy:
phenylacetic acid (DOPAC) and Sehydroxyindole3eylecetic ecid (5~HIAA)
in the lumbar c¢,s,f, of paetients with parkinsonism and in control

pa.tiontn.

Aeids Parkinsonian Controls
VA 19 =~ 11 (29)* 53 = 37 (u)**
DOPAC 6= 2 (23) 9= 1 (6)
SwHIAA 13 = 5 (26) 192 4 (@)

*liean concentration = standard deviation (Ne. of patients).
"'Guldberg gt al., (1969).
Differences between the two groups are statistically highly
significant in respect of all three acids (p < 0.005).
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- CORRELATION COEFFICIENT r=0-66

p<0-001.
40| PRETREATMENT HVA

(ng./ml CSF) B
32
24 -
161
B_.

L 1 1 1 1

o L 8 12 1% 20 2
PRETREATMENT 5-HIAA (ng/ml C.SF )

Fige 1:4
Correlation between the concentrations (ng/ml) of homovaniliie
acid (IVA) and S5-hydroxyindole3=ylacetic acid (5-HIAA) in the

lumbar c.s.f. of patients with parkinsonism,
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the fluorescence monochromator being set at a wavelength of 470 mpe
No DOPA was detectable in the lumbar c.s.f, of patients before they
received L=DOPA,

A significant correlstion (p < 0,001) was observed between the
concentrations of HVA and 5-HIAA in the lumbar c.s.f. of patients
with parkinsonism (Fig, 1:4). A similar correlation (r = 0,665,

p < 0,001) was obtained by Guldberg (1967) for the concentrations
of HVA and 5-HIAA in the ventricular c.s.f. of patients undergoing
steriotactic operation for the relief of parkinsonian symptoms.

The patients in the present study were arranged into three
approximately equal groups according to age; those up to and
including 55 years old; those from 56 « 61 and those over 62 years
old, There was found to be no significant difference (p) 0,05)
between tihe concentrations of HVA, DOPAC or 5~HIAA in the lumbar
Cesefs of the patients in these three groups (Table 1:5),

A similar grouping was arranged depending on the duration of

the illress in the patients; those who had shown symptoms for up

to 5 years, frem 6 = 9 years and those in whom parkinsonism had been
present for more than 10 years. The differences between these
groups in the concentrations of the three phenolie acids were not
significant (p) 0.05) (Table 1:6), Operation for the relief of
tremor and rigidity did not significantly alter the concentrations
of the three acids (Table 1:7) nor did their concentrations differ
significantly between males and females (Table 1:8).

There was also found to be ne direct relation between the clinical
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ZABLE 1:2
Mean concentretions (ng/ml) of homovanillie aeid (HVA), 3,4~dihydroxy

phenylacetic acid (DOPAC) and Sehydroxyindole3eylacetic aecid (5«HIAA)

agee

Acids Up to 55 years 56=61 years over 62 years
HVA 1727 (9)" 16 = 10 (8) 17 = 7 (7)
DOPAC 753 (8) 53 340 738 (6)
BeHLiA 11 = & (8) 122 6(2) 13 24 (6)

*Mean concentration = stendard deviation (No. of patients).,
There is no significant difference (p ) 0.05) between the

concentration of any one agid in any of the groups,




Mean concentrations (ng/ml) of homevanillic scid (HVA), 3,4=dihydroxy
phenylacetic acid (DOPAC) and 5-hydroxyindole3=ylacetic acid (5-HIAA)
in the lumbar c.s.f. of three groups of patients showing the
syrptoms of parkinsonisam for varying number of yeers.

Acids 3=5 years 6=9 years 10 years or longer
HVA 16«9 (8)°" 18 10 (8) 16 < 8 (8)
DOPAC 7 =4 (6) 6= 3 (7 6<2(7)
G5eHIAA 1 =% (5) 1 5 (8 1325 (8)

"Mean concentretion = standard deviotion (Ne. of patients).
There is no significant difference (p > 0.05) between the

concentration of any one acid in any of the groups.
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ZABLE 137
The mean concentrations (ng/ml) of homovanillic aeid (HVA);
3, 4=dihydroxyphenylacetic acid (DOPAC) and Sehydroxyindol=3-ylacetic
acid (5~HIAA) in the lumbar c.s.f. of patients having undergone
steriotactic operation for the relief of tremer and rigidity and
those not having undergone the operation.

Acids Operated Nonwgporated
HVA 16 = 7 ()" 16 = & (10)
DOPAC 6 %2 (12) 6 =3 (8)
SeHIAA 12 2 4 (13) 12 = 5 (8)

"Mean concentration = standard deviation (No. of patients).
There is ro significant difference (p > 0.05) between the
concentrations of any one acid in the two groups.
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TABLE 138
Mean concentrations (ng/ml) of homovanillic acid (HVA);

3, h~dihydroxyphenylacetic acid (DOPAC) and 5S=hydroxyindel=3-ylacetic
acid (5-HIAA) 4n male and female parkinsonian patients,

Acids ' Males Females

HVA 15 = 7 (16)* 2129 (9
DOPAC 6 =2 (12) 7=3 (9)
SeHIAA 11 = 3 (23) 1k = 4 (10)

"Mean concnetration = stancerd deviation (No. of patients).
There is no significant difference (p > 0.,05) between the

concentrations of any one acid in the two groups.
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ratings of these patients and the pre-treatment concentrations of
HVA, DOPAC and 5-HIAA in their lumbar c,s,f,, nor could the degree
of improvement observed on administration o' L-DOPA be predicted
from their levels.

"Op=troatument studies”

The administration of L«DOPA to patients with parkinsonism
increased the concentrations of HVA and DOPAC in their lumbar c.s.f.
As might be expected, the higher doses of L-DOPA gave rise to higher
concentrations of the acids (Fig. 1:5 and 1:6), but the
concentrations found in the c.s.fs of patients on any one dose varied
considerably, For example, the concentrations of HVA and DOPAC
in patients on 8 g of L=-DOPA per day ranged from 538 = 1755 ng/nl
and 21 = 147 ng/nl respectively.

OPA was undetectable in lumbar c.s.fs until the dose of the
amino acid was greater than 1.5 g/day, sbove which the concentration
inereesed with increasing dose (Fig. 1:7)e The degree of
correlation between the concentration of DOPA in the lumber c.s.f.
and the dose of L=DOPA was, however, low and the concentrations of
HVA and DOPAC in any one sample slwwed. a greater degree of
correlation (r = 0,83 and 0.87 respectively) with the concentratien
of DOPA in that sample than thay did to the dose of L=DOPA
(r = 0,62 and 0,58 respectively) administered to the patients at
the time of lumbar fluid withdrawal (Fig. 1:8 and 1:9).

The majority of patients in the present study showed slight
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this symptom forced disoontinuation of the drug. Other involuntary

[ ﬁ.’ms.

increases in the concentration of 5-HIAA in their lumbar c.s.f. on
adninistration of L=-DOPA, This increase was independent of the '
dose received and a paired dif'ference analysis showed that it was

not significant (p) 0.05).

The features of parkinsonism which showed the greatest
improvement were bradykinesis, geit and speech volume (Ahmed,
Gillingham, Hanieh, Pullar, Weddell and Ashoroft, 1969)s Tremor
was variably affected and in most patients it was not altered to .
any detectaeble degree, but in certain cases, af'ter several weeks of
treatment with L-DOPA it was slightly improved. On the other hand

other patients showed an increase in tremor and the aggrevation of

movements such as Jjerking movements of the arms and legs sometimes

developed but these could be reversed or reduced on stopping the

The clinical improvement shown by these patients on being given

L=DOPA was associated with increased concentrations of DOPA, DOPAC
| and HVA in the lumbar c.s.f. as shown in Fig. 1:10. These

observations are considered at greater longth in the discussion

. (page 58)e Of the 30 patients in the present study about whom tho‘

degree of improvement is known, 11 showed substantial improvement, ‘
11 noderate improvement and 8 were not improved by the administration
of L=DOPA.
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pIScussIon
The mean concentrations of homeverillic aeid (HVA) and

S=hydroxyindol=j=ylacetic acid (5<HIAA) found in the lumbar c.s.f.
of patients with parkinsonism before treatment with L-DOPA are
similar to those rccorded by Johansson and Roos (1967) end
Guldberg gt al., (1969) (Table 1:9). By a comparison with the
| contrel values (Table 13k, pege 35 ) given by the latter mkéu,
| they again &umtrato the lower-thanencrmal level of these acids as
a feature of the syndrome. The present study has extended these
observations teo include 3,.=dihydroxyphenylacetic acid (DOPAC) which
also shows & significantly lower concentration in the ce.s8.f. of the
perkinsonian petients than in the controls (Teble 13k, page 35 ).
This acid has not been measured in the brain of parkinsonian
patients, but Sharman, Poirier, Murphy and Sourkes (1967) showed
that, in nonkeys, lesions in the nigrostriatal tract, which
preduced perkinsonian~like symptoms, caused a reduction in the
sonsentration of DOPAC in their brains., The finding of lower
concentrations of these three acids in the lumbar ces.f of
pariinsonian patients is consistent with t.hat of Ehlri.ngm' and
Hornykiewicz (1961) and Hernykiewicsz (1962) of reduced dopanmine
levels in the caudate nucleus and substantia nigre in this syndrome
and of Dernheimer gt al,, (1961), of & reduction of
Sehydroxytryptenine in several areas of parkinsonien brain,

The highly significant positive correlation (r = 0,66;
p<0.,001) between the concentrations of HVA end 5=HIAA in the




TABLE 132
The concentration (ng/ml) of homovenillic acid (HVA) end

Sehyiroxyindol=3eylacetic acid (5«HIAA) in the lumber o,8.f. of
parkinscnian patients,

Johansson and Roos Guldberg ot al. Present study

(2967) (1969)
HVA 18 (18) 1225 (8)* 19 = 11 (29)
SeHIAA 12 (24) =3 (8) 132 5 (26)

"llean concentration = standard deviation (No, of petients),
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lumbar ¢,5.f, of parkinsonian patients prier to the administration |
of I=00PA is not fully understood, Guidberg (1967) observed a
similar correlation (r = 0,665; p<0,001) betwoen the concentration

of these two acids in the ventricular c.s.f. of parkinsonian patients |
but showed that no such correlation existed in the control patients.
These findings may roflect the homogeneity of the group of
parkinsonian patients and the heterogeneity of the control group,
In pé.r!d.mom.u the severity eof symptoms becomes greater the
longer a person has had the dissase. There was, however, no
significant correlation between the concentration of HVA, DOPAC or
5«HIAA in the lumbar c.s.fs of the patients and the length of time
they had had the illness (Table 136, page 37 ), This is in
contrast to the findings of Guldberg et al., (1967) that the
concentrations of HVA and 5-HiAA in the ventricular c.s.f, were
lower in patients who had shown parkinsonian symptoms for ten years
cr lenger, than they were in patients who hed had the disease for a
shorter time, This difference between the findings in the lumbar

Ce8.f, in the present study and the ventricular c.s.f. by
Guldberg et al., (1967) probably arises from the close proximity
of the ventricular c.s.f, to the caudate mucleus, This area of
brain, along with the putamen, shows the greatest alteration in
dopamine and S~hydroxytryptamine content in parkinsonism
(Hornykiewicz, 1962) and small quantitative alterations in the
metabolism of these two amines are more likely to give rise to
detectable changes in the concentration of HVA and 5-HIAA in the




ventricular c.s.f. where the levels of these acids are high, than in
the more remote lumbar c.s.f. which has much lower concentrations of
HVA and 5-HIAA,

Although parkinsonism is progressive, the rate of deterioration
varies between individuals, and patients who have had the disease
for the same length of time may show varying severity of symptoms,
There was, however, no iadication of a relation between the severity
of the symptoms shown by these patients and the concentration of any
of the phenolic acids in the C.s.f.. There was elso no evidence
of dependence of the concentration of HVA, NOPAC or 5-HIAA on the
age (Table 1:5, page 3 8) or sex (Table 1:8, page 4| ) of the patients
nor was any significant difference observed between the
concentrations in the lumbar c.s.f. of patients who had undergone
unilateral or bilateral steriotactic surgery’ for the relief. of
tremor and rigidity and those who had not (Table 1:7 page 40)

The reason for the low dopamine and S5~hydroxytryptemine
concentrations in the brains of parkinsonian patients
(Hornykiewicz, 1962) is not fully understood. There may be a
diminished capacity for storage of these amines., This is supported
by the fact that reserpine, which is known t9o release brain amines
f-om their stores ( Giildberg and Yates, 1968 ) can produce
parkinsonian=like symptoms when administered to man in high
doses (May and Voegele, 1956). However,if normel rates of
synthesis persist, this diminished capacity for storage would not

roeduce the concentrations of the acidic catabolites of these amines
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in the c.s.f,

A diminished ability of the brain %o synthesise these anines
oould also be responsible for their lower concentration in the brain
of pevkinsonien patients, However i% has been reported
(Bernheimer and Hornykiewicz, 1962) that the activity of aromatic
amino acid decarboxylase, which catalyses the decarboxylation of
L-DOPA to dopamine and of Sehydroxytryptophan to Sehyiroxytryptemine
is not reduced in the brains obtained post mortem from parkinsonian
patients, Aromatic amino acid decarbexylase is abundant in the
cerebral cspillary walls (Bertler, Palck and Resengren, 1963;
Constantinidis, Bartholini, Tissot and Pletscher, 1968;
Constantinidis, de la Torre, Tissot and Geissbuhler, 1969) and there
ocould thus conceivably be a large change in the intransuronal
activity of this engyme without a detectable change in the total,

A second enzyme involved in the synthesis of dopaunine is
tyrosine hydroxylase. This enzyme converis tyrosine to DOPA and is
the rate-limiting step in the formation of the catecholamines
(Wagatsu, Levitt and Udenfriend, 1964)e A reduction in the activity
of this engyms in the brains of parkinsonian patients would lead to
a diminished synthesis of' dopamine., It has been reported
(Geldstein, Anagnoste, Owen and Battista, 1966) that in monkeys with
perkinsonian=like symptons caused by veniromedial tegmental lesions,
there 1s a reduction in the activiiy of tyrosine hydroxylase in the
striatum on the same side as the lesion, These authors found that

there was a 907 decrease in the ability of the striatum ipsilateral
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to the lesion Lo synthesise substances with a catechol grouping from
intraventricularly adminisiercd ll*'G-tyrasina ana uvhat an honégeuaw
of' the enudate nucleus and putemen om this side had a 507 lower
copacity Lo couvert 'v*c-tyroaim to catechicl-containing compounds
than the sauwe areas contralateral (o Lhe lesion,

As a vesult of (he lowered levels of dopamive inm the basal
ganzlia in parkinsonian patients, there may exist in this condition
an imbalance between the activity of deprminergic and cholinergic
systems in the brain (Jerbeau, 1762). This sugzestion is supported
by the {inding that parkinsonian=like syupcoms can be produced by
drugs such as reserpine and chlorpromaziae (May and Veegels, 1956)
which are known to af'fect the activity, release or metabolism of
dopanine (Laverty and Sharman, 1905; Guldberg and Yaotes, 1960)
and by substances such 28 physostignine which fucilitete cholinergic
transmigsion (Duweisin, 1967). Further, circumstantial evidence
is provided by a consideration of the methods available for treatment
of the syndrome, suppression of the cholinergic system baing aschievad
with enticholinergic, antiparkinsonian agents and probably by surgery,

in an attempt Yo reise the brain depamine concentrations and thuy
the functional level of the depaminerglic neurones, seweral workers
(Birkmayer and Harnykiewics, 1961; Barbeau, 1962; 4 Geer and
Zeldowices, 19643 Cotzies gt al., 1509; Calne, Sterns, Laurcnce,
Sherkey and Armitage, 1965b; Curzon, Godwineiusten, Tomlinson and
Rantemaneni, 1970) have given the dopamine precursor, DOFA, to
patients with parkinsorism., The amino scid, DOPA, rather than
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} dopamine itself was used as dopomine will no* pass the blood brain |
| barrier (Pletscher and Gey, 1962) and in most cases L=DOPA was |
administered to the patients as D=DOPA is net taken into brain
| in yivo (Goy and Pletscher, 1964). Tyrosine, enother amino aecid
precursor of dopemine has not been used, as the conversion of tyrosine
to DOPA, cotalysed by tyrosine hydroxylase, is the rate-limiting
step in the formation of the caotecholamines (Nagatsu et al., 1964)
end is probably already functioning at maximum capacity (Calne and
Sandler, 1970).

The absorption of DOPA from the gut and its sﬁhaequmt
metabolism when administered orally to parkinsonian patients was
shown by M Geer and Zeldewicz (1964), who obtained an increase in
the deopanine concentration in the urine of these patients of between
100 and 1,000 timcs after the oral admindstration of up to 5 g of
D,1=D0PA, These findings were confirmed by Smith (1967) wheo
obtained an increase in the concentration of the dopamine metabolite,
HVA, in the urine of normal human subjects af'ter giving them an oral
dose of L-DOPA, Celne gt al., (196%a) also found an increase in the
urinary concentration of HVA as well as of DOPAC and othaf dopamine

metabolites, after giving perkinsonian patients 0.5 = 2.5 g of

| I=DOPA per day. As these authors point out, however, the alteration
\! in the concentration of the wrinary metabolites of DOPA is probebly

| a reflection of its peripherel metabolism and not of its metabolism
within the central norvous system.

' Because of difficulties in obtaining samples, it has. not been
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possible to show en inecrease in the concentration of dopamine in
human brain af'ter the administration of DOPA, In rats, however it
has been roported (fey and Pletscher, 1964), that the administration
of n,x.-(""c)-nom Zives rise o a uc-labnlled emine as well as an
acid fraction in the brain and Pelrier, Singh, Sourkes and Boucker
(1967) have shown thet im cats the intraperitoneal injection of
DOPA increased the dopamine concentration in the striates Indirect
evidence for the absorption into and metebolisn of L-DOPA in the
centrel nervous system of men wes obtained by Pletscher, Bartholini

uC-HV'A and M&}-O-methleOPﬂ in the

and Tissot (1967) who found
lumbar c.8.f, of normal humen subjee’s given intravenous doses of
L-(M*C)mD0PA,  Further indirest ovidence for the cerebral mstabolism
of peripherally administered L-DUPA wes reported by Curson gt gl.,
(1970) who obtained increases in the HVA cohcentration im the lumber
8s5.f. of parkinsonian patients treated with up te 7 g of L=DOPA

per day, That the presence of HVA in the lumbar c¢,s.fs is net due
to the transfer from the blood of HVA formed in the periphery has
been shown by Fietscher gi ale, (1967), who oblained no significant
labelling of the HVA in the lumbar ce.s.fs of normal humans after the

intravenous injection of »

(=iIVAe The lack of penetration of HVA
from blood to ces.fs has also been denmonstrated in the dog by
Guldberg and Yates (1968)s These authors reported that the
intravenous infusion of IiVA over a period of 1 hour did not
significantly increase the concentration of HVA in the lateral

ventricular c.s.f. even though the concentration of HVL in the
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plasma was raised above that in the c.s.f.

Evidence that an increased cercbral synthesis of dopamine has

resulted from L-DOPA administration and the possible relationship

| of such an increase to clinical improvement in parkinsonian patients
' has been sought in the present investigation. On administration of
. L=DOPA the concentration of HVA and DOPAC in the lumbar c.s.f.
' increased, The rise in HVA concentration was substantially greater
than that of DOPAC, contrasting with the findings of Celne gt al
! (19692) of an increase in urinary DOPAC concentrations, after
I=DOPA admindstration, equal to or greater than the inorease in HVA,
The significance level (p < 0.05) of the correlation between the

|
concencration of HVA in the lumbar c.s.f. and the dose of L=DOPA

| was the same as that obtained by Curzon gt al., (1970).

|
Attempts to relate the c.s.f. levels of HVA and DOPAC to the

| elinical improvement must at best remain superficial since clinical |
considerations preclude manipulation of the experimental situation
| such as maeintenance on subeffective dosage and multiple c.s.f.

sampling, which would be necessary to complete the correlation

i profiles. However, within the limitations imposed in the present

% study, the following observations may be made. Two patients
receiving 1.5 g L=DOPA per day failed to show any clinical

| improvement in spite of the fact that the DOPAC and HVA concentrations
in the lumbar c.s.f. had risen to within the normal physiological
'range; 11 ng and 10 ng/ml for DOPAC and 103 and 116 ng/ml for HVA,
l At this dose level, however, no DOPA wes detectable in the 0.s.f.
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The remaining patients on doses of 3 g or more of I=DOPA per day
showed clinical improvement associcted with c.s.fs DOPAC levels in
excess of 15 ng/nl and e.s.f. HVA levels in excess of 250 ng/ml.

Both these values deviate from the mean control levels (Table 1:i) by

six standard deviations, In excess of these critical values the
dezree of clinical improvement did not relate to the levels of the tlL
acids in the c.s.fe (Fige 1310, page £8).

In explanation of the observation that the c.s.f. concentrations
of DOPAC and HVA require te reach higher than normal levels before
obvious improvement in the cliniecal status becomes apparent, it is
probable that only a very smell proportion of these metabolites
arises from the turnover of cerebral dopamine derived from the
administered L-D0PA. By neans of fluorescence microscopy (Falck,
Hillerp, Thieme and T)Qorp, 1962; Hamberger, Malanfors and Sachs,
1965) and biochemical analysis, Constantinidis, Bartholini, Tissot
and Pletscher (1968) and Constantinidis, de la Torre, Tissot and
Geissbuhler (1969) have demonstrated the conversion of L-DOPA to
dopamine and the subsequent mataboliu_l of the dopamine within the
endothelial cells of the cerebral capillaries of rats. The
peripheral administration of I=DOPA to these animals increased the
fluorescence in the corsbral cepillary endothelium without causing
any increase in the flucrescence of the parenchyma of the brain.

It is not possible by means of fluorescence microscopy to
distinguish between DCPA and dopamine but these authors were able to

show that the observed inerease in fluorescence was, at least in
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 routes of formation of the acids. For example, HVA could,
| theoretically, be derived from L-DOPA through oxidative deamination

|
intravenously. However, DOPA decarboxylase has been reported to be

|
60. 1
i
|

part, due to dopamine by using a specific biochemical anaylsis which
indicated an inorease in the concentration of this amine in the
pallidum and striatum, The dopamine in the endothelium of the
capillaries was formed within these cells and did not enter from
the blood as the peripheral administration of dopamine produced a
fluorescence only in the lumen, and not in the endothelium, of the
capilleries. The DOPA=-induced fluorescence in the capillary
endothelium and the dopamine concentration in the pallidum and
striatum were morkedly elevated by pre-treatment of the rats with the
monoanine oxidase inhibitor nialamide, This finding indicated that
the dopamine formed within the endothelial cells of the cerebral
capillaries was also being metabolised there by monoamine oxidase to |
give, presumably, HVA and DOPAC which may from there be capable of
entering the ce.s.f.

In addition to different cellular sites of formation of dopamine

and its metabolites, there is the possibility of different metabolic

of 3=0-methyldopamine formed by decarboxylation of 3=0O-methylDOPA,
This pathway would bypass the formation of the biologically active
amine, dopamine, in the production of HVA, The O=-methylated amineo
acid end HVA were the only labelled metabolites found by Pletscher
ot al., (1967) in the c.s.f. of human subjects given L= *C)=DOPA

less than 107 as active towards 3=0-methylDOPA as it is towarads




L-DOPA (Ferrini and Glasser, 1964). Whilst the extensive formation

of 3=0-methylDOPA seems, on present evidence, unlikely, under
| conditions of DOPA load the concentration of 3=0=methylDOFPA may be
| such that its metabolism via DOPA decarboxylase is a significant

factor in the production ef HVA,

The amount of DOPA entering the central nervous system of
patients receiving the same oral dose of I=-DOPA will vary with
differences in absorption from the gut, peripherael metabolism and in
penetration into the central nervous system, Such factors probably
account for the wide range of the concentrations of DOPA and its

netabolites observed in the c.s.f. of patients on the same oral dose

of I=DOPA and also for the better degree of correlation of the post-

|
treatment HVA and DOPAC concentrations with the lumbar c.s.f. DOPA

' levels (r =0,83 and 0.87 respectively) than with the dose of L=DOPA
received by the patients at the time of lumbar fluid withdrawal

(r= 0,62 and 0,58 respectively)s In rats, a barrier to the entry
of L~DOPA from the blood stream into the brain tissue has been shown
to exist (Constantinidis gt gl., 1968; Constantinidis gt al., 1969).
This barrier was enzymatic in nature and was due to the metabolism of
L=DOPA te dopamine by means of the DOPA decarboxylase within the
endothelial cells of the cerebral capilleries. If a similar barrier
exists in the brains of humans I=-DOPA will not enter the brain tissue

in any significant amounts until its concentration in the blood is

such that the DUPA decarboxylase within the capillary endothelium is

|
 saturated., Constintinidis et al., (1963) and Constantinidis et al.,




62,

: (1969) were nble to overcome this barrier by pre-treatment of the

! rets with the DOPA decarboxylase inhibitor N1-(D,I.-sery1)-N2-

[ (2,3, b=trihyiroxybensyl)=hydrazine hydrochloride (Ro 4=4602) and

i thus sllow the entry of the L-DOPA into the brain parenchyme where
it was metabolised to dopamine, Ro 4=4602, when given peripherally
‘ to rats, does not enter the brain and thus only inhibits the

DOPA decarboxylase in the periphery (Bartholini, Bates, Burkard and |
Pletscher, 1967; Bartholini end Pletscher, 1968), In order to
inorease the proportion of any one dose of I=~DOPA entering the central
nervous system Bartholini, Tissot and Pletscher (1969) treatod
parkinsonion patients with I-DOPA together with Ro L=4602 and

obtained significant improvement with low oral doses (450 - 600 mg)

of I=DOPA, These doses of L=DOPA are very much lower than those of

| between 3 and 8 g which were required in order to obtain significant
improvement in the parkinsonian patients in the present study,

| The treatment of parkinsonian patients with L-DOPA seems to have

no effect on the metabolism of Sehydrexytryptamine, as administration

of L=DOPA in doses up to 8 g per day did not significently alter the

congentrations of the S~hydroxytryptenine metebolite, 5<HIAA, in the

| lumbar c.s.f. That en intercetion between the metasbolic pathways

of the catecholamihes and the S=hydroxyindolalkylamihes can ocour
was demonstrated by Brodie, Comer, Costa and Dlabac (1966) who

found that the intravenous injection of 500 mg/kg of o
Sehydroxytryptanine precursor, Sehydroxytryptophan, into rets reduced
the noradrenaline levels in their breins by 50%. A similar reduction




in the noradrenaline levels in the brain stem of rabbits was
obtained by these authors on the intravenous injoction of 200 mg/kg
of S-hydroxytryptophan. An interaction between the metabolic
pathways of S=hydroxytryptemine and dopamine was also postulated

by Moir (1969) who found thet, in dogs, the intravenous injection
of 50 mg/kg of the primary Sehyiroxytryptemine precursor,
L-tryptophan, followed by the intravenous infusion ef 20 mg/kg/lr
of this amino aeid, increased the concentration of the decpamine
metabolite, HVA, in the cisternal c.s.f. to a value 14 times that of
the contrel value, with a eoncomitant threefold rise in the
concentration of the S-hydroxytryptemine metabolite, 5«HIAA,
Conversely, Guldberg and Yotes (1968) have demonstrated that in dogs
the intravenous injeetion of 25 ug/kg of the dopamine precursor,

L=DOPA, d0es not alter the consentration of 5-HIAA in the lateral venf~“*

CoS.fs as measured over a period of 4 hours. It thus seems that
where as an increase in the concentration of S=hydroxytryptamine in
the brain, ccused by the administration of one of its amino aecid
precursors, can dislodge dopamine or noradrenaline from its stores,
an increase in the concentration of dopamine in the brain, produced
by the administration of L-DOPA, has no such eff'ect on
S=hydroxytryptamine.

The adninistration of L-DOFA te perkinsonian patients relieves,
in the main, akinetic symptoms and causes only marginal
improvement, and may even aggravate the tremor and rigidity.

Steriotactic operation or the use of antichelinergic drugs on the

it'.l..r'



64.

other hand have their major effect on tremor and rigidity and do

not alter the akinetic state of the patient. The theory of an

| imbalance of a dopaminergic and cholinergic pathwey (Barbeau, 1962)

| and the stimulation of the dopaminergic pathway by the administration

i of L=DOPA and the inhibition of the chelinergic pathway by operation
or by the use of anticholinergic antiparkinsonian drugs, is not
sufficient to explain this discrepancy. As L-DOPA is a precursor
of dopamine it is also a precursor of noradrenaline (Levin,
Levenberg and Kaufman, 1960) another biogenic amine which is present
in reduced concentrations in the brain of parkinsonian patients
(Bhringer and Hornykiewicz, 1960; Hornykiewicz, 1962). The
administration of this amino acid to the parkinsonian patients nay

thus cause normalisation of the functional state of noradrenergic

| nervous pathweys in the brain,

i On the oral administration of L=DOPA to parkinsonian patients,
Calne gt al., (1969a) found that in the urine the concentration of
the noradrenaline metabolite, 3-methoxyei~hydroxy-mandelic acid (VMA)
was only very slightly increased whilst the concentration of another

noradrenaline metabolite,3-methoxy=L=hydroxyphenylethyleneglycol, was
Jnot significantly altered. Urine levels of the catecholamines and

| their metabolites, however, are not necessarily a good index of
’ cerebral metabolisme. This is shown by the concentration of

' noradrenaline in the urine of parkinsonian patients which falls
within the normal range (Barbeau gt al., 1961) whilst its
concentration in the brain of these patients is reduced by up to 507 |
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(Hornykiewicz, 1962), There may, therefore, be a significant change
' in the concentration of noradrenaline in the brein of parkinsonien
patients given L=DOPA with only minimal, if indeed any, change in the
urinary excretion of this amine or its metabolites, There thus
exists a need to measure the metabolites of noradrenaline in the c.s.f.
of parkinsonian patients both before and after the sdministration

of I=-DOPA and to compare these levels with those in the c.s.f. of a

!
| control group. The main cerebral metabolite of noradrenaline is

Jenothoxy=4=hydroxyphenylethylensglycol (Rutledge and Jenason 1967;
| Schanberg, Schildkraut, Breese and Kopin, 1968) and no satisfactory
routine method for itsestimation has been described in the literature,
: In the next section of this thesis is described the development of

such a method,.
The study of the metabolite of the biogenic amines in the

lumbar c.s.fs of the human is, under normal circumstances, the

:. closest approach which can be made to a deternination of any

| abnormality in the metabolism of these amines in the central nervous
; system in vericus pathological conditions, That the concentration
of HVA in the lateral ventricular c.s.f. of perkinsonian patients and
control patients can be an index of the change in the concentration
of HVA in the brain was postuleted by Guldberg et al., (1969) who
obtained a ratic of 7.5 for the concentration of HVA in the caudate
nueleus to that in the lateral ventricular c.s.f, of the control
patients end a similar ratio of 6,4 for the parkinsonian patients,

even though the concentration of this acid in the lateral ventricular |
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Ces.fs Of the latter group was reduced by more than 50%. These
ratios agree well with that of 6,3 for the dog, an animel which

has an HVA concentration in its caudate nucleus about 4 times that imn
man (Guldberg et gl., 1969). The clese correlation between the
concentraticn of HVA in the lateral ventricular c.s.f, and that in
the caudate nuclei is probably due to the near proximity to the
lateral ventricles of these muclei, arcas of brain with an especielly
high concentration of dopamine., The lumbar c.s.fs is more remote
from the caudate nucleus but there isstill a constant ratio of 62.5
for parkinsonian patients and 63.7 for control patients for the
concentration of HVA in the caudate nucleus compared with that in the
lumbar ces.fs (Table 1:10), Under conditions of L=-DOPA lead,
however, the high concentrations of HVA in the lumbar c.s.f, of
parkinsonian patients is probably no longer a good index of the
situation in tha caudate mucleus, because, &3 has been pointed out
previously, there is more than one possible site of metabolism of
L-DOPA capable of giving rise to HVA in the c.s.f. The relationship
between the coneentratiocn of HVA and DOPAC in the lumbar c.s.f. and
the turnover of cerebral dopamine, after L-DUPA administration is,
therefore, unknown and it is also unknown whether the therapeutic
action of the amino acid is directly due to an increase ian the
concentration of dopamine in the brain. There is a possibility that
its therapeutic action is due to an increase in the concentration of
a metabolite of L=-DOPA other than dopamine., Within these limitations,
studies on the ce.s.f. are useful in giving further insight into the

mechanism of the disease and its treatment.
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SECTICN 2,

Bhe development of a fluorimetric method for the

estimation of 3,4-dihydroxyphenylethyleneglycol

and 3-methoxy-4-hydroxyphenylethyleneglycol in

biological materiale.
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INTRODUCTION
The catabolism of the catecholamines, dopamine and

noradrenaline by monoamine oxidase gives rise to compounds
containing an aldehyde group which, theoretically, can be either
reduced to alecohols by the action of alcohol dehydrogenase or
oxidized to acids by aldehyde dehyirogenase (Fige. 2:1)s Recently
it has been shown (Rutledge and Jonason,1967; Breese, Chase and
Kopin 1968; Breese, Chase and Kopin,1969) that phenylethylamines
such as noradrenaline and octopamine, which contain a A =hydroxyl
group ere metabolised by cerebral tissue, both in vive and in vitro,
predominantly to neutral glycols, while the major deaminated
catabolites of the metabolism of phenylethylamines which are not
hydroxylated in the g position are acids,

These findings are consistent with previous observations, For
instance, the major cerebral metabolite of dopamine is 3=-methoxyw=l=
hydroxyphenylacetic acid (homovaenillic acid, HVA) which was first
shown to be present in brain tissue by Anﬁan, Roos and Verdinius
(19632) end Sharman (1963) &nd in cerebrospinal fluid (c.s.f.) by
Anden, Roos and Werdinius (1963b). Ancther acid metabolite of
dopamine, 3,4=dihydroxyphenylacetic acid (DOPAC) has also been
shown to be present in brain (Rosengren 1960) and c.s.f.

(Asheroft, Crawford, Dow and Guldberg,1968) in concentrations about

one tenth of that of HVA (Anden, Roos and Werdinius 1964;




T0.

Asheroft et al., 1968). The presence of endogenous neutral
phenylethancl metabolites of dopamine has, as yet, not been
demonstrated in the brain or c.s.f. Coldstein, Friedhoff, Pomerantz
MC—Methoxy-lo-
hydroxyphenylethanol (MOPET) was present in the urine of rats

u’c-dopamina. The catechol=containing ethanol,

and Simmons (1960), however, have shown that

treated with
3 J-dihydrowyphenylethanol (DOPET) was not detectable in the urine
unless the rats were pretreated with the catechol=O-methyl
transferase inhibitor, pyrogallol (Goldstein, Friedhoff, Pomerantz
and Contrera, 1961). These authors also showed that homogenates of
rat brain were capable of converting dcpamine to DOPET, no MOPET was
formed as homogenates of brain tissue will not carry out the
Oemethylation resction (Goldstein, Friedhoff and Simmons, 1959,

The major acid metabolite of noradrenaline in the urine,
3enethoxy=4=hydroxymandelic acid (vanillin mandelic acid, VMA)
(Pisano, Crout and Abraham, 1962; Georges, 1964) has not been
detected in brain tissue (Laverty and Sharmen, 1965). /nother
acid metabolite of noradrenaline, 3,4=dihydroxymandelic acid (DOMA)
which has been shown to be present in urine (Veise, McDonald and
La Brogse, 1961) has been :;eported. to be present in the brains of
rabbits (Matsuoka, Yoshida and Imaizumi, 1964). This report,
however, has never been substantiated. A neutral metabolite
of noradrenaline, 3=-methoxy=4=hydroxyphenylethylenegiycol (MOPEG)
was first identified in the urine of rats and of man after the

" peripheral administration of labelled noradrenaline (Axelred,
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Kopin and Mann, 1959), This glycol was excreted in the urine as
its sulphate ester and accounted for 357 of the administered dose
of noradrenaline in the ret but only 5% in man, These findings
were confirmed for the rat by Kopin, Axelrod and Gorden, (1961)
and for man by La Brofse, Axelrod, Kopin and Kety (1961).
Kirshner, Terry and Pollard (1961) feund MOFEG as its sulphate
ester in the urine of cats given an intravenous infusion of

1‘*0. These authors also feund 3,4=dihydroxy=

Dy lmadrensline=2=
phenylethyleneglycol (DOPEG) in the urine after pretreatment of the
cats with the catechol=O=-methyl transferase inhibitor, pyrogallol,
MOPEG, as its sulphate ester, has also been shown to be a normal
constituent of human urine and to be present in concentrations
approximately half that of VMA (Ruthven and Sandler, 1965;

Wilk, Gitlow, Clarke and Paley, 1967; Calne, Karoum, Ruthven and
Sandler, 19692), Of this MOPEG excreted in the urine, 22=-277%

has had its origin in the brain pocl of noradrenaline but only
047=1.0% of the VMA has the same origin (Yeas and Landis, 1968),
The ability of cerebral tissue tc convert ;xoradrenalino to MOPEG
and DOPEG was shown for the cat by Mannar%o, Kirshner and Nashold,
(1963). Glowinski, Xopin and Axelrod (1965) found that the major
deanminated metabolite formed in the brain of rats from
intraventricularly administered noradrenaline was MOPEG and
Schanberg, Schildkreut, Breese and Kopin (1968) denoastrated that
the sulphate conjugate of MOPEG was the mejor metabolite of

mmetamplwinaééﬁ injected into the cisterna magna of rats,
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These authors showed that the MOPEG isolated by them was indeed

conjugated with sulphate as it only preduced a compound with the

same chromatographic properties as authentic MOPEG when it was frealed bl o

v Ll SM_ZPLO—{M{, w»:ﬁﬁéwf_w'afﬂxc 'Ph&?o-—r-(ucw axd wpl il X

treated with a pure glucuronidase or phosphatase preparation,
Recently, Schanberg, Breese, Schildkraut, Gordon and Kopin (1968)
have estimated the endogenous concentration of both the free amd
conjugated MOPEG in the brains of several animals and also in

human c.8.fs The ratio of free to conjugated MOFEG varied from
aninel to animal, the rat and pguinea pig having no free glycol while
the ezt and the rhesus monkey had very little in the conjugated form.
The green monkey had both free and conjuzated MOPEG present in its
brain, the concentration of the conjugated form heing two to three
times that of the free form, 1In human c.sS.f. MOPEG was present
mostly in the conjugated forme The concentration in the c.s.f. f’l‘otl
the cerebral ventricles (250«400ng/ml) was grester than that in the
lumber ces.fe (50=200 ng/ml). The concentrations of free MCPEG
as well as of DOPEG have also been estimated in a speoif':lc. arsa,
the hypothalamus, of the brain of the rabbit, mouse and cat
(Sharmen, 1969). This author in addition to confirming the
presence of free MOPEG in the brain has shown that free DCPEG is also

present,
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Methods used for the identification and estimation

the neutr cidic metabolites of noradre
Colorimetric and U,V, absorption, VWhen VHA or MOPEG are oxidised

r|:|.n alkaline solution by periodate they form 3emethoxy-k=hydroxybenz= -
aldehyde (vanillin), This reaction forms: the basis for the method use
by Piseno gt al. (1962) for the estimation of VMA and by Ruthven and
Sandler (1965) for MOPEG in human urine. The vaniilin was extracted
into toluene and returned to an aqueous phase by shaking with a
potassium carbonate solution, The optical density of the alkaline
solution of vanillin was determined at 360 mp. Georges (196L)
modified this method by coupling the aldehyde group of the vanillin
with 2,4=~dinitrophenylhydrazine to form a condensation product which
adsorbed light with a wavelength of 40 e This method was less
specific than that used by Pisano gt al. (1962) and Ruthven and
Sandler (1965) as the 2,4=dinitrophenylhydrazine condensed with other
aldehydes to give compounds which also had a strong absorption at

460 mple

Radiocactive labelling, The metabolism of noradrenaline has been

studied mainly using radioactively labelled compounds (Axelred et al,
‘1959: Kirshner elial, 1961; Kopin gt al., 1961; La Broose gt al. 1961;
Mannario et al. 1963; Glowinski et ai, 1965; Maas and Landis, 1968;

Schanberg, Schildkraut, Breese,nd Kopin, 1968). The use of such
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compounds to study metabolic pathways depends on an ability to seperate
and identify the particular metabolites as the metheds of estimation
are only specific for the label atom and not for the labelled
compound, Identification is normelly achieved by comparison of the
chromatographic mobility of the metabelite in several solwvent systeas
with that of the authentic compounde. The sensitivity of detection
of' the metabolites, which cen be in the picogram range, depends on

the specific activity of the original substance administered to

the animal.
Gas chromatosraphy. Gas chromatography wes used by Wilk et al.

(1967) for the estimation of MOPEG in human urine., These authors
converted the glycol to its trifluoracetate ester and used the very
sensitive electron capture technique for its detection. This method
was also used by Schanberg, Breese, Schildkraut, Gordon and Kopin,
(1968) for the estimation of MOPEG in the brains of various animals
and also in human c.s.f.s Electron capture detection is especially
sensitive to the presence of halogen atoms and the greater the
mumber of these that can be attached to the substance the greater
the sensitivity of its detection. Sharman (1969) estimated MOPEG
and DOPEG by forming their heptafluorobutyrate esters; two
heptafluerobutyrate residues combining with one of the glycol,

The sensitivity of this method was up to fifty times greater than

that of Wilk et al. (1967)
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Flame ionisation detection has also been used for the
estimation of MOPEG and VMA as well as a number of other metabolites
of dopamine and noradrenaline present in the urine of parkinsonien
patients both before and during treatment with L-DOPA (Calnegt al.,
1969a). These authors converted the acidic metabolites to their
methyl esters / trimethylsilyl ethers and the neutral alcoholic

metabolites to their trimethylsilyl ether / estors,

Fluorimetry. Fluorimetric analysis has been used by many workers
for the estimation of the phenolic acid metabolites of dopanine,
These methods are rclatively sensitive, allowing estimation in the
nanogram range.

There has been no extensive use of fluorimetric techniques
for the estimation of the metabolites of noradrenaline, The
method of Rosengren (1960) for the estimation of DOPAC can be used
for the estimation of DOMA and DOPEG (see page 98 ). Goldenberg
and White (1962) deseribe briefly a method for the fluorimetrie
estimation of VMA, This consists of condensing vanillin, formed
from the VMA (Pisano et al., 1962) with thiosemicarbazide to give a
fluorescent thiosemicarbazone, There is no description in the
literature of the estimation of MCPEG by fluorimetry.

The object of the work described in this section of the thesis
was to develop: fluorimetric methods which could be used routinely

for the estimation of MOPEG and DOPEG in human lumbar c.s.f..
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GLYCOL AND 3=METHOXY=)=HYDROXYMANDELIC ACID

Fluorimetric method based on oxication to venillin with subseguent
condensation with thiosemicarbazide.

The estimation of urinary 3-methoxy=i4=hydroxymandelic acid
(vanillin mendelic acid, VMA) involves its oxidation to 3emethoxy=i=-
hydroxybenzaldehyde (Venillin) at an elkaline pH by sodium
metaperiodate (Pisano, Crout and Abraham, 1962), After adjustment
of the pH of the reaction mixture to 7.5 the vanillin is extracted
by shaking with toluene and is returned to an agueous medium by
shaking the toluene extract with a solution of potassium carbonate.
The absorption of the vanillin solution is then measured at 360 mp.
Ruthven and Sandler (1965) have used the same oxidation method for
the estimation of 3emethoxy=4=hydroxyphenylethyleneglycol (MOPEG),

Goldenberg and White (1962) described the condensation of
vanillin, at an alkaline pH, with thiosemicarbazide to give a
compound with a high molar fluorescence. This method should enable
the estimation of very small quantities of VMA or MOFEG, but
previous work, in this laboratory (Guldberg, unpublished observations

has shown the method as described to be unreliable and so an attempt

)
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was made to modify the procedure.

The coupling of vanillin with thiosemicarbazide Samples of vanillin
in 1,0 ml 1M potassium carbonate (pH 11.5) in 15 ml glass stoppered

test tubes were heated, in the dark, at 50°C for 30 mins with

0.5 ml of a 10 mg/ml solution of thiosemicarbazide, After cooling
the samples to room temperature, the fluorescence developed from the
vanillin was estimated on an Aminco=Bowman spectrophotofluorimeter

| at an activation wavelength of 375 mp and a fluorescence wavelength
of 460 mp (uncorrected values), The tubes were returned to the
waterbath at 50°C and their fluorescence was again measured after
further 30 mins incubations, up to and ineluding a total incubation
tine of 150 mins, The fluecrescence produced from vanillin increased
up to an incubation time of 60 mins after which it remsined constant,
Turbidity, giving rise to high reagent blanks, was observed in all
tubes and was found to increase with time,

In an attempt to reduce this turbidity, the experiment was
repeated using a 60 mins incubation with 0,5 ml of a 1 mg/ml
solution of thiosemicarbazide, o fluorescence was observed even
with concentrations of vanillin of 1 Pg/ml. The turbidity formed
in the tubes, however, was very much reduced which suggests that it
was due to the thiosemicarbazide., Neither filtration through
Vhatman No 1 filter paper nor centrifugation for 5 mins at 2,200 g
was  effective in reducing the reagent blank, Centrifugation for
2 mins at 12,000 g however did reduce the turbidity, but it
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/c-s + S _c\
NN, NHNH,
-2H
- SN

e
N, NNH,,
Fig, 2:2

Proposed oxidation product of thiosemicarbazide formed on heating
it in alkaline solution,
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reformed again on letting the solution stand, The formation of the
turbidity could be prevented by the addition of either 0,1 ml of
a 50 mg# w/v solution of ascorbic acid or cysteine to the incubation
medivm, This, however, also interfered with the coupling of
vanillin with the thiosemicarbazide, The turbidity produced
on heating thiosemicarbazide in alkaline solution may, therefore, be
due to its oxidation to give an insoluble dimer as shown in Fig, 2:2.
The condensation of an aldehyde with hydrazine and hydrazinee
like compounds is normaelly achieved in dilute zeid solution
(Schmidt, 1936; Georges, 1964). This may also reduce the
possibility of oxidation of the thiosemicarbezide.
Samples conteining venillin in 1,0 ml O0,2M acetate buffer
pH 4.0 in 15 m1 glass stoppered test tubes were incubated at 5000
for 1 hour with 0.5 nl of a 10 mg/ml solution of thiosemicarbazide,
The tubes were cooled to room temperature, adjusted to pH 10,0 with
Oo4 ml 1M potassium carbonate and the fluorescence measured as
previously described. The fluorescence produced from the vanillin
was proportional to the concentration of vanillin in the original
solution and the reagent blank was lower than before as no turbidity
was produced in the tubes., The limit of sensitivity of the method
was taken as the concentration of vanillin required to produce a
fluorescence equal to the reagent blank &nd was found to be about
100 ng/ml. Vhen the incubation was carried out at pH 4.0 the
fluorescence produced from vanillin increased with time up to 1 hour,

with a 25% reduction and an increase in the reagent blank after
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RELATIVE FLUORESCENCE
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VOLUME (ml) OF THIOSEMICARBAZIDE (10 mg/ml) PER SAMPLE

Fig. 22

|
| Flucrescence firom 200ng vanillin in 1 ml 0.2M acetate buffer

'En 4.0 incubated at 50°C for 60 min with varying volumes of a 10 mg/ml
olution of thiosemicarbazide., The fluorescence was estimated at an |

activation wavelength of 375 mp and a fluorescence wavelength of 4,60 my

.

All readings are corrected for the fluorescence due to the reagents

and also for differences in volume.
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RELATIVE FLUORESCENCE
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| Fluorescence obtained from 1 ml solutions of vanillin (ng/ml)

t::n incubated at 50°C for 1 hr with 0.2 ml of a 10 mg/ml solution of
osemicarbazide, The fluorescence was estimated at an activetion

LaValength of 375 mp and a fluorescence wavelength of 460 ma, The

Fluoresoenne of the reagent "blank" has been subtracted in each case.
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3 hours. A 1 hour incubation was used in subsequent estimations,

The concentration of thiosemicarbazide in these determinations
is in considerable excess of the stoichiometrie amount required to
react with the vanillin, It was found, however, that reduction of
this to below 0,2 ml of a 10 mg/ml solution caused a decrease in
the final fluorescence obtained from the vanillin (Fig. 2:3)e The
reagent blank increased with increased concentrations of thiosemi-
carbazide and 8o 0,2 ml of a 10 mg/ml solution of thiosemicarbazide
was added to the 1 ml samples of vanillin in 0.2 acetate buffer in
subsequent experiments,

Samples of vanillin in 1 ml acetate buffer at pH 4.0 were
incubated in glass stoppered test tubes in a waterbath at 50°C for
1 hour in the dark with 0.2 ml of a 10 mg/ml solution of
thiosemicarbazide. This gave a fluorophor with an activation
wavelength of 375 mp and a fluorescence wavelength of 460 mp e
The fluorescence was proportional to the concentration of vanillin
and the limit of sensitivity of the method was 50 ng vanillin per

ml of the original solution (Fig. 2:4).

Oxidation of VMA or MOPEG to vanillin The method described by

Pisano gt al., (1962) was used in an attempt to convert nanogram
quantities of VMA to vanillin,

Samples containing between 100 ng and 1.0 pg of VMA in 1,0 ml
1M potassium sarbonate in 15 ml glass stoppered test tubes were

| heated in a waterbath for 30 mins at 50°C witk 0,05 ml 2% w/v sodium
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metaperiodate. After cooling the samples to room temperature,
excess metaperiodate was reduced to iodide by the addition of

0,05 ml 10% w/v sodium metabisulphite. The samples were adjusted
to pH 7.5 by the addition of 0,3 ml 5M acetic a2cid and 0,6 ml 3M
phosphate buffer pH 7.5 and any venillin formed from the VMA
extracted from this reaction mixture by shaking it for 5 mins with
10 ml toluene, After centrifugation at 2,000 g for 5 mins, 9.5 ml
of the toluene extract was transferred to another 15 ml glass
stoppered test tube and the vanillin returned to an agueous phase
by sheking the toluene extract with 1.2 ml 0.2M potassium carbonate.
The mixture was then centrifuged at 2,000 g for 5 mins and 1,0 ml of
the carbcnate layer transferred to a clean 15 ml glass stoppered
test tube and adjusted to pH 4.0 by the addition of 0.1 ml 5M acetic
acid, This solution was incubated with thiosemicarbazide and the
fluorescence estimated as previously described., The {'luorescence
produced was not proportional to the concentration of VMA in the
original sample and the reagent blank was very high.

It was found that trace amounts of toluene added to samples
containing vanillin interfered with the production of a fluorophor
when incubated with thiosemicarbazide. The estimation was
therefore modified in order to avoid the tolusne extraction step.

Samples of between 100 ng and 1 J1ES of VMA in 1.0 ml O.2M
potassium carbonate were incubated with 0,05 ml 2% w/v sodium meta-
periodate as previously described., After the addition of 0,05 ml
10% w/v sodiun metabisulphite the samples were adjusted to pH 4.0 by
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the addition of 0,1 ml 5K acetic acid and heated for 1 hour at 50°C
with 0.2 ml of a 10 mg/ml solution of thiosemicarbazide. The
fluorescence, estimated as before, was net proportional to the
concentration of VMA in the original sample, This was thought teo
have been due to the interuction of the aldehyde group of the vanillin
with the sodium metabisulphite to give a condensation compound which
was dissociatea to varying degrees by heating at pH 4.0, ‘hen
1,0 ml containing vanillin was condensed with 0,2 ml of 10 mg/ml
thiosemicarbazide after the addition of 0,05 ml 27 w/v sodium
metaperiodate and 0,05 ml 10% w/v sodium metabisulphite, the
fluorescence produced was 40% lower than when the condensation was
done in their absence., If, however, the sodium metabisulphite
was not added a yellow coloration formed on incubating the sample
with thiosemicarbazide. Adjustment of the sample to pH 4.0 before
the addition of the metabisulphite decreased the reduction in
fluorescence to 15% and no yellow coloration was observad, Vhen a
similar adjustment to pH 4.0 by the addition of the acetic acid was
made before the metabisulphite addition in the estimation of VMA it
resulted in an increase in the fluorescence produced from any one
sample but did not lmprove the reproducibility of the method,

It thus seems that the oxidation of VMA, in the range 100 ng=-
1 pg to vanillin is not reproducible under the conditions used.
A search for a more reliable method for the fluorimetric estimation

of VMA and MOPEG gave rise to the onedescribed below,
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Forric chloride method for the fluorimetric estimation

of 3~motho dro elic acid and 3=metho
henylethyl 1.

This method is a modification of that described by Sharman (1963))
for the estimation of 3-methoxy=k=hydroxyphenylacetic aeid
(homevanillic acid, HVA).

To 0.5 ml of a sample containing VMA or MOPEG in a 1,5 nl
conical polystyrenz centrifuge tube (Eppendorff *microlitre!
reaction tube) was added 0,05 ml of a freshly prepared 1% w'v ferric
chloride solution (by 4ilution of B.D.H, Analar 60% w/v ferric
chloride solution) to every 10 ml of which had been added 0,2 ml
of 2 NaOH, After exactly 2 mins in the dark, the ferric ions
were precipitated from the reaction mixture by the addition of
0,05 m1 5N NaOHe The precipitate formed was separated by
centrifugation at 12,000 g for 1 min, The supernatant fluid,
0s5 ml, was transferred to the microcuvette of a Zeiss
spectrophotefluorimeter and the fluorescence of the fluorophor
produced from the VMA or MOPEG was detsrmined from the recorded
activation spectrum at the wavelength of maximum activation of
325 P and at a wavelength of 430 mp, the maximum for the
fluorescence smission, These quoted wavelengths for the two
maxima are uncorrccted instrument values. A filter with a band
pass of between 250 and 380 mp was placed between the activation
monochromator and the sample chamber, This reduced the Ramen peak

and the scatter peak when the spectrum was recurded from 250 mp to
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RELATIVE FLUORESCENCE
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Fige 2:3
Relative fluorescence of the fluorophor derived from various

amounts of VMA and MOPEG by reaction with the ferric chloride reagent.

The fluorescence of the reagent "blank" has been subtracted from each
estimation,
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RELATIVE FLUORESCENCE
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Fig, 2:6
The effect on the fluorescence of 500 ng MOPEG of adding varying

volumes (ml) of 2N sodium hydroxide to 10 ml of 1% (w'v) ferric

chloride in the formation of the oxidising reagent. Bach column

represents the mean = the standard deviation of four estimations.
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480 mp (uncorrected values) and thus enabled the fluorescence
peak to be seen more easily. The band pass of the activation
monochromator when nominelly set at a wavelength of 325 mp was from
321 to 330 mp at a '51it width' setting of 1 mm, Because the
dispersal of the light in this monochromator was obtained by a prism,
the band pass increased continuously when the activation spectrun
was recorded from the lower to the higher wavelength,

The slit width of the snalysing monochromator was 2 mm giving
a band pass of 10 mp which remained constant at all wavelengths
because light dispersal in this monochromator was produced by a
diffraction grating,

The fluorescence produced was proportional to the concentration
of MOPEG or VMA in the original sample; the fluorescence yield

being grester for VMA than for MOPEG (Fige 2:5).

C sit of the ferric chloride re t. Fluorophor production
from MOPEG or VMA was dependent on the amount of sodium hydroxide
added to the 1% w/v ferric chloride solution (Fig, 2:6) end a
reagent producing the maximum yield of fluorophor was obtained by
adding 0.2 ml 2 sodium hydroxide to every 10 ml of 17 w/v ferric
chloride., This produced & precipitate of ferric hydroxide which
formed 2 dark reddishebrown colloidal solution on mixing and
standing for about 10 mins, The reagent could be used either before
or after the formation of the celleidal soluticn with no detectable

difference in the fluorescence intensity.
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RELATIVE FLUORESCENCE
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Fige 2:7

The effect on the fluorescence intensity of MOPEG of carrying
out the fluorophoreproducing reaction at different temperatures,
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Temperature of the reaction with the ferric chloride reagent,

Alteration of the temperature at which the reaction of VMA or MOPEG
vith the ferric chloride recgent was carried out markedly changed thg
fluorescence yield from both of the compounds (Fig. 2:7)s The
reaciion was normally done at room temperature (approx. 2000) except
on hot sumner days when the anbient temperature could rise as high
as 2700. On such occasions all reagents were cooled in running

tap water (approx. 11..°C) and the fluorcphor from VMA or MOPEG was
produced in the 1.5 ml polystyrene reaction tubes eooled in a metal

block through which tap wator was circulating .

Centrifugations The reaction of the VMA or MOPEG with the ferric
chloride reagent was terminated by precipitating the ferric ions
with 0,05 ml 5N NaOH, The ferric hydroxide thus formed was
removed by centrifugation. The fluorescence intensity, as
measured in the fluorimeter, was dependent on the efficiency of this
centrifugation stepe

Standard solutions of 200, 500 and 1,000 ng of MOPEG in 0,5 ml
deionized distilled water were roacted with the ferric chloride
reagent as described sbove, After the addition of 0,05 ml of 5N
NaOH the solution was centrifuged at 2,000 g for 1 min and the
fluorescence of the supernatant estimated at an activation
wavelength of 325 m: and a {luorescence wavelength of 430 mp
(uncorrected values)e The solution was then placed in a 1.5 ml

polystyrene reaction tube, centrlifuged at 12,000 g and the




9l.

fluorescence of the supernatant estimated as before, A resgent
blank, consisting of 0,5 ml deionized distilled water, was
treated in the same way as the standards,

The fluorescence was markedly increased by recentrifugation of
the reaction mixture at the higher acceleration (Table 2:1), This
increase was thought to be due to a reduction in the particulate
matter in the supernatant from the first centrifugation, causing a

reduction in the internal reflection of the fluorescence light,

Stability of fluorophor. The fluorcphor produced from VMA or
MOPEG was stable, after the removal of the ferric ions from the
reaction mixture, for up %o 30 mins when kept in the dark, If
exposed to light producing maximal activation of the fluorcphor
(325 mp) the intensity of the emitted fluorescence diminished very
rapidly.

Because of the findings regarding the stability of the
fluorophor the following routine was imposeds The mumber of
samples treated concurrently was restricted to six, The reaction
with the ferriec chloride reagent was carried out under subdued
lighting conditions i.e, in the absence of sunlight or direct
illumination from artificial light. After precipitation of the
ferric ions and centrifugetion, the supernatant fluid was kept in
the dark until fluorimetry could be performed not more then 20 mins
later.. For each sample, the activation gpectrum was recorded

twice; the relative fluorescence as measured from the second
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Table 2:]

The effeoct on the fluorescence of MOPEG by centrifuging the

reaction tube at 2,000 or 12,000 g to remove the preeipitate of

ferric hydroxide.

Concentration of Relative fluorescence
MOPEG Centrifuged Rqcentrifuged
(ng/0.5 ml) at 2,000 g at 12,000 g % increase
200 96 176 83
500 232 422 82

1000 465 850 83




93.

Fiﬁ 238.

rroposed fluorophor from:-

OH QH
CHy | N \OCH3
Z NF
o THa
COOH COQH
w2V =dihydroXy=3=3"=dine thoxy-
biphenyl=5=5'=diacetic acid

HVA

HNOPEG

HO=CH HO—IH
HO-(’:H2 HO=CH

2
2=2'=dihydroxy=3=3'=dine thoxy-
biphenyl=-5-5'=diethyleneglycol

HO—?H HO-?H
COCH COOH
2=2'=dihydroxy=3=3'=dimethoxy-
biphenyl-5-5'=diglycollic acid
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spectrum recorded was elways slightly less than that from the first.

Specificity of method. The method for the estimation of VMA and
MOPEG will produce a fluorophor, with the same activation and
fluorescence characteristics, from other O-methylated catechol
derivatives such as metanephrine, normetanephrine, 3-methoxytyramine -
3-methoxy=4=hydroxyphenylacetic acid (homovanillic acid, HVA) and
3-methoxy=4=hyiroxyphenylethanol (MOPET), The relative
fluorescence of 500 ng of these compounds taken through the method
is shown in Table 2:2,

Ngturg of reaction. The nature of the reaction for the production
of a fluorophor from VMA and MOPEG is not altogether understood.

It is very probably similar to the reaction for the production of a
fluorophor by the oxidation of HVA with ferricyenide (Andén, Roos
and Werdinius, 1963a) or with ferric chloride (Sharman, 1963).
Corrodi and Werdinius (1965) have isclated a fluorophor formed by
the oxidation of HVA and have established its structure as
2,2'=dihydroxy=3, 3'~dimethoxybiphenyl=5,5'~diacetic acid (Fig, 2:8),
A similar oxidation reaction would produce 2,2'«dihydroxy-

353" ~dimethoxybiphenyl=5,5'~diethyleneglycol from MOPEG, and
2,2'=dihydroxy=3,3'~dimethoxybiphenyl=5,5'=diglycollic acid from
WA (Fig. 2:8).
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TABLE 2312

The fluoreccence developed at an activation wavelength
of 325qp and an emission wavelength of 430mp by taking
500ng of some O-methylated catechol derivatives through
the ferric chloride method for the development of a
fluorophor from 3-methoxy-4-hydroxyphenylethyleneglycol,

CH3O
g
HO l—*R2
H
Relative
R1 R2 3=methoxy=4=hydroxy=- Fluorescence
OH  =CH,O0H -phenylethyleneglycol (l0PLG) 100
FH -CH,0H ~phenylethanol (MOIET) 14
+OH  =COOH -mandelic acid
(vanillin mandelic acid, VIiA) 172
pH ~COQ0H =phenylacetic aeid
?homovanillic acid, HVA) 228
»OH -CHQNHEZLII3 ~phenyl=Nemne thylethanolamine
metanephrineg 58
»OH ---CHENH2 =phenylethanolamine
normetanephrine) 52
35t -CH2HH2 =phenylethylamine -
3-methoxytyramine) 277
CH30

; =benzaldehyde
H CHO  (vanillin 0
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RELATIVE FLUORESCENCE
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Fige 2:9

Relation between relative flucrescence intensity and the
quantity of DOPEG (ng/sample) after reaction with ethylensdiamine,
The fluorescence of the reagent blank has been subtracted in each
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RELATIVE FLUORESCENCE
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Relation between relative fluorescence intensity and the quantity |

of DOPEG (ng/sample) after reaction with ethylenediemine, The ﬂuorenc&,mo
fpr the reagent blank has been subtracted in ecach case.
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THE FLUORIMETRIC ESTIMATION OF 33 44=D THYDROXYPHENY LET HY LENE GLY COL
The method used for the estimation of 3,4~dihydroxyphenylethyl=

eneglycol (DOPEG) was a modification of that described by Rosengren
(1960) for the determination of 3,4=dihydroxyphenylacetic acid
(DOPAC),

To & 0,5 ml sample containing DOPEG in deionized distilled water
in 2 1.5 ml polystyrene reaction tube with & snap closure was added
0.2 ml of a.freshly prepared ethylene diamine: ammonium chloride
mixture (twice distilled ethylene diamine: 4M ammonium chloride,
1:123 v/v) and the resultant solution heated in a heating block
(Eppendorff 'microlitre' apparatus) at 56°C for 30 mins, After
rapid cooling to room temperature, 0,5 ml of the solution was
transferred to the microcuvette of a Zeiss spectrophotofluorimeter
and the fluorescence of the fluorophor produced from the DOPEG was
determined from the recorded activation spectrum at the wavelength
of maximum activation of 410 mp end at a wavelength of 510 mu, the
maximum for the fluorescence emission. These quoted wavelengths
for the two maxima are uncorrected instrument values. The band
pass of the prism activation monochromator when nominally set at
410 mp was from 405.4 mp to 415 mp (0.5 mm slit width) and that of
the grating fluorescence monochromator was 10 mu for all wavelengths
( 2 mm s1it width), The fluorescence developed was proportional to

the concentration o DOPEG in the original sé.mple over the range
5 to 500 ng in the 0,5 ml of deionized distilled water (Figs. 2:9 and

2:10). Above 500 ng there was slight self quenching of the




99.

fluorescence of the fluorophor from DOPEG, The sensitivity of the
method, taken as the amount of DOPEG required to produce a
fluorescence equal to the 'reagent blank' was, in "pure' solution

in deionized distilled water, 2 ndO,&_nl sample.

Stabil re The fluorescence of the fluorophor
produced from DOPEG was stable for at least 1 hour if kept in the
dark, Vhen, however, it was exposed to its activating light at
410 mp the fluorescence at 510 mp decreased rapidly.

Specificity of reaction, This reaction is not specific for DOFEG
as other compounds with a catechol grouping will react with
ethylene diamine to produce a fluorophor. These include adrenaline
and noradrenaline (Weil-Malherbe and Bone, 1952), dopamine
(Weil-Malherbe and Bone, 1957), DOPAC (Rosengren, 1960),

3, b=dihydroxymandelic acid and 3,L=dihydroxyphenylethanol
(Asheroft, Crawford, Dow and Guldberg, 1968).
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APPLICATION OF F TRIC THE ESTIMATION OF

G DY F S T .

As the fluorimetric methods for the estimation of DOPEG and
MOPEG are not specific for these compounds and will form fluorophors
from other substances present in biological extracts, it was
necessary to effect a partial purification of the two glycols prior

to their estimation.

DOFEG are polar compounds they are unlikely to be easily extracted

from aqueous solution by organic solvents. They also contain no
easily ionizable groups and their extraction might therefore be
expected to be unaffected by the pH of the aqueous phase, provided
it is below that required to ionige the phenolic groups.

In order to reduce the polarity of MOPEG and DOPEG, Sharman
(1969) 'formed theéir acetyl derivatives which he extracted into
methylene dichloride. The same method was used in the present study.

Samples containing MOPEG end DOPEG in 5,0 ml deionized distilled
water in 30 ml glass stoppered test tubes were acetylated by the
addition of 0,35 ml acetic anhydride and 0.7 g sodium bicarbonate
to each samples The reaction was allowed to proceed, with
frequent shaking of the reaction mixture, for 10 mins when a further
0¢35 ml of acetic anhydride and 0.7 g sodium bicarbonate was added.

After a further 20 mins, during which time the reaction mixture was
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Relation between the time of incubation (min) of acetyl MOPEG
at roon temperature in 0,1N NaOH and the percentage hydrolysis,.
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again frequently agitated, the acetylated glycols were extracted from
aqueous solution by shaking for 5 mins with 15 ml of methylene
dichloride (B.D.H, laboratory reagent; distilled twice). The
phases were separated by centrifugation at 2,000 g for 5 mins aend as
much as possible of the bottom organic layer was passed through &
siliconed filter ‘paper (Whatmen IPS) into a 100 ml round-bottomed
flask and the filter paper was washed with approximately 2 ml
methylene dichloride. The extraction was repeated with a further
15 ml of the organic solvent and the methylene dichloride from the
second extraction, after filtration, pooled with that from the
first, The combined extracts were blown to dryness at room
temperature under a stream of nitrogen. The residue was dissolved
in 1.0 ml deionized distilled water and transferred to & 1.5 ml
polystyrene reaction tube for the estimation of MOPEG and DOPEG,

As the method used for the estimation of MOPEG does not produce
a fluorcphor from acetyl MOPEG, the latter substance had to be
deacetylated before oxidation with the ferric chloride, A 0,5 ml
portion of the extract was made alkaline by the addition of 0,05 ml
1N sodium hydroxide, Hydrolysis occurred at room temperature and
reached a maximum after 10 mins (Fig, 2:11), After the addition
of 0,05 ml 1N HC1 the semple was adjusted to between pH 6.5 and 7.5
(glass electrode) with 0,1N HCl or 0,1N NaOH. If the pH of the

sample was outside this range the fluorescence yield was very much

reduced, Af'ter the deacetylation and pH adjustment, the fluorophor
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was developed in ths_usual waye

There was no necessity to deacetylate the acetyl DOPEG as it
was estimated, with the same molar fluorescence yia;d, by the method
used for DOPEG, Deacetylation of the acetyl DOPEG probably ocours
on heating it at 56°c for 30 mins with the ethylene diamine:
ammonium chloride mixture,

Of the 500 ng of MOPEG in the original semple, 80 = 2%
(mean = standard deviation: &4 estimations) was recovered in the
final aqueous extract, and of 500 ng of DOPEG, 72 - 3% (mean =
standard deviation: 4 estimations) was extracted by the methylene
dichloride. The reagent blank, obtained by taking 5.0 ml of

deionized distilled water through the method, was very large in both

cases, very severely limiting the sensitivity of the method.

method used for the estimation of acetyl MOPEG or of acetyl DOPEG
is specific to that acetylated glycol and will npt produce a
fluorophor from the other acetylated glycol. It should thus be
possible to estimate either of the glycols when they are both present
in the same sample. This, however, would reduce the sensitivity of
the method of estimation as the final extract containing the two
glycols would have to be divided into two portions; one for the
estimation of acetyl MOPEG and one for the estimetion of escetyl DOPEG,

For this reason and also in an attempt to reduce the high reagent
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blank cobtained from the acetylation procedure, it was decided to
examine the practicability of the chromatographic system described
by Sharmen (1969) for the quantitative separation of these two
substances, as a desirable preliminary to their estimation,.

Sharman (1969) separated acetyl MOPEG and acetyl DOPEG on
Whatman No 50 paper which had previously been washed with sodium
| hydroxide and distilled water., Shortly after starting this work,

W & R Balston Ltd, ceased production of Whatman No 50 chromatography
paper and so another similer acid hardened paper, Whatman No 542, was|
used in its place,

Pieces of Whatman No 542 chromatogrephic paper, 23 cm wide and
S4cm long, were rolled up and placed in approximately 1 litre of 2N
sodium hydroxide in a 1 litre measuring cylinder, which was covered
with paraffin film (Parafilm) to prevent the entry of dust, After
3 days, during which time the contents of the cylinder were
occasionally mixed, the sodium hydroxide was decanted off and the
paper rinsed in the cylinder with six changes of deionized distilled
water, The cylinder was left full of deionized distilled water which
was changed every working day for the next two weeks, after which
time the peper was transferred to a chromatography tenk where it was
subjected to descending chromatography in deioniged distilled water for
at least 7 dayse On the day before it was to be used, the paper was
removed from the chromatography tank, dried for 1 hour at 40°C in an

oven and cut in 1.0 ecm strips as shown in Fig, 2:12,
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Samples conteining MOPEG or DOPEG in 5 ml deionized distilled
water were acetylated and extracted with methylene dichloride as
previocusly described. The residue in the 100 ml round bottomed
flask, obtained after evaporating the methylene dichloride extract to
dryness, was dissolved in C.3 ml methanol and transferred by
replicate applications of the sclution to the centre of the origin
line of the chromatographic strips (Fig. 2:12). The application
was made, under a stream of nitrogen, tc an area less than 1 cm
in diameter. Care was teken to avoid emtension of the spot area
to the margins of the paper strip,as The substance ran unevenly if
in contact with the edges of the strips, The round bottomed flask
was washed out with a further 0.3 ml of methanol which was applied
to the same spot as the first methanol extract, Samples or
‘extraction blanks', which were obtained by taking 5 ml of
deionized distilled water through the acetylation and extraction
process, were applied to strips 16 (Fig. 2:12) and markers of
authentic acetyl MOPEG and acetyl DOPEG were applied to the marker
strips (M in Fig, 2:12), The markers were prepared by acetylating
a solution of 10 mg of MOPEG or DOPEG in 5 ml deionized distilled
water and extracting the acetylated glycols with methylene dichloride|
as previously described. The residue left after evaporation of the
methylene dichloride extract to dryness. in the round bottomed flask
was dissolved in 1.0 ml 50% v/v methenol, Approximately 1 pl of this
| solution (about 10 pg of glycol) was applied to each marker strip.
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Arrangement of the contents of the chromatography tank used for the

chromatography of the acetylated glycols,

A = Trough containing aqueous phase of solvent system
B = Trough for organic phase of solvent system. .
C = Anti-siphon rods.
D = Sheet of Whatman No 1 filter paper soaked with aqueous
' phase of solvent system.
| E « Sample chromatogram,.
F = Lining paper (Whatman No 1 filter sheet) scaked with the
' organic phase of the solvent system. .
G = Organic phase of the solvent system,
H = Trough to catch aqueous phase dripping off the bottem of D,
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Marker solutions were stable for up to 30 weeks if stored at =20°C,

The chromatogram was equilibrated overnight in an all-glass
chromatography tank with both the organic and aquecus phases of a
modified (Sharman; 1969) Bush "C" solvent system (Bush; 1952).
The solvent system contained toluene: ethyl acetate: methanol:
water, in the proportions 10:2:5:5 by volume which were shaken
together in a 1 litre separating funnel and the two phases sllowed to
aeparato.. The upper organic phase was run down the sheets of filter
paper (Whatman No 1) lining the tank (¥ in Fig., 2:13) and formed a
layer of solvent at the foot of the tank (G in Pig, 2:13)¢ The
lower; aqueous, phase was placed in a trough at the top of the tank
(A in Figs 2:13) from which was suspended a sheet of Whatman No 1
chromatography paper 50 cm long and 23 cm wide (D in Fig, 2:13).
The sample chromatogram (E in Fig, 2:13) was suspended from another
trough at the top of the tank (B in Pig, 2:13), The glass cover of
the tank was sealed on with a paste made by hsating 20 g starch in
70 g glycerol, end was held tight with screw clamps.

Af'ter equilibration overnight the chromatogram was developed for
5 hours in the descending direction in the organic phase of the
modified Bush "C" solvent, The door of the room in which the
chromatogran was being developed was kept closed in order to prevent
draughts producing an uneven temperature across the tank, as this
caused the substance on the strips near the edge of the tank to flow

mors slowly than those in the middle., Vhen the chromatogram had been
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developed it was removed from the tenk, dried in a stream of air_ in a
fume cupboard for 30 mins and the strips containing the samples cut
from the rest of the chromatogram. The acetylated glycols on the
marker strips were visualised by spraying with 5% w/v sodium _
hydroxide in 50/% methanol, and, after the strips had dried,
diazotised penitroaniline, The alkali deacetylated the compounds
and allowed the free phenolic glycols to react with the diazotised
p-nitroaniline, The diazotised penitroaniline was prepared by adding
5% w'v sodium nitrite to a saturated solution of penitroaniline in
0.1N HCl, until & colourless solution was obtained. Acetyl DOPEG
gave a blue-green spot the centre of which was epproximately 4.5 cm
from the origin while acetyl MOPLG produced an intense purple colour
approximately 6.5 em from the origin (Fig. 2:12).

The parts of the sample chromatesrams corresponding to acetyl
DOPEG and acetyl MOFPEG in the marker strips were cut out, rolled into
a cylindrical spiral and eluted by shaking them for 30 mins with 0,7 nl
deionized distilled water in a 5 ml glass stoppered test tube. The
acetyl DOPEG or acetyl MOPEG in a 0.5 ml portion of the appropriate
eluate was estimated as previously described.

Knovm amounts of acetyl MOPEG or acetyl DOPEG applied to the
origin of & chromatogram on alkali washed Whatman No 542 paper and
developed in the organic phase of the modified Bush "C" solvent gave
a greater than 95% recovery for acetyl MOPEG and a greater than 92%

recovery for acetyl DOPEG when they were eluted and estimated
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RELATIVE FLUORESCENCE
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Relation between the relative fluorescence intensity and the
amount (pg) of 3,4-dihydroxyphenylethyleneglycol (DOPEC) in 5 ml of
water when taken through the acetylation procedure, chromatography
and fluorophoreproducing reaction. The fluorescence of the reagent
blank has been subtracted in each case,
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Relation between the relative fluorescence intensity and the |
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as described above (Table 2:3).

The fluorescence produced in the final eluate from the
chrometogram was proportional to the amount of DOPEG (Fig. 2:14) or
MOPEG (Fig. 2:15) in the original 5 ml deionized distilled water.
The recovery of DOPEG through the method was 61 2 3 (mean percentage
recovery - standard deviation: 4 estimations) and for MOPEG was
63 . L (mean percentage :?eeavery-: standerd deviation: 16 estimations).
The recoveries for both alcohols were consistent over the range
100 ng-1 p& per sample,

The method described above was considered to be both too long
and complicated for the routine estimation of DOPEG and MOPEG in
human lumber ce.s.f. It was therefore decided to concentrate on
the estimation of just one of these noradrenaline metabolites.

As MOPEG is the major cerebral deaminated metabolite of noradrenaline
(Glowinski, Kopin and Axelrod, 1965) and has been shown to be present
in human c.s.f. (Schanberg, Breese, Schildkraut, Gordon and Kopin,
1968) it was decided to devise a method for its extraction from

c.s.fs, which was suitable for routine use.

f'or the c f
2=methoxy=L-hviroxvphenviethvieneslveol
In the estimation of MOPEG in urine, Wilk, Gitlow, Clarke and
Peley (1967) used an anion exchange column to separate it from
compounds likely to interfere with its estimation. Unlike the

carboxylic acids, the phenolic alcohol is not strongly bound onto the
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Table 2

The percentage recovery of acetyl DOPEG and acetyl MOPEG applied
to the origin of a chromatogram of alkali-washed Whatnan- Nos 542
chromatography paper, developed in the organic phase of a modified
Bush "C" solvent system (Sharman, 1969) and eluted in deionized
distilled water.

Amount of MOPEG percentage recovery
1’1““(:;)"""5"“ Acetyl MOPEG Acetyl DOPEG
200 96 5
500 97 96

1000 100 93
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resin, but its flow through the column is retarded, due presumably
to a low affinity of the weakly acidic phenclic group for the |
strongly basic functional groups of the resin, and it can be eluted
from the column with water., It was decided to examine this method

in an attempt to develop a relatively fast and simple technique for

the estimation of MOPEG in c.s.f.

from the anion exchange column. A solution of 1.0 pg HOPEG in 1 ml
of water was placed on the top of a column of AG 1 with 4% cross

linkage, 200-400 mesh (Bio=Rad) 4 cm long and 4 mm in diameter.
The resin was in the chloride form and, before use, was washed
repeatedly by decantation with water to remove the fines. The 1,0 ml
sample was run onto the column and the effluent collscted in a
1.5 ml polystyrene test tube. The resin was then washed with ten
separate 1.0 ml portions of water, each eluate being collected in a
1.5 ml polystyrene test tube. An aliquot (0.5 ml) of each of the
eleven samples was taken for the fluorimetric estimation of MOPEG as
previously described (page 85).

The pattern of elution of MOPEG from the column is shown in
| Fig. 2:16. In subsequent experiments the 1.0 ml sample containing
| MOPEG was run onto the column which was then washed with a further |

1.0 ml of water, The MOPEG was then "eluted" from the column in

8.0 ml water which was collected in a 30 ml test tube fitted with a
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standerd joint and evaporated to dryness under reduced pressure at
40°C. The residue in the tube was dissolved in 0.6 ml water,

care being taken that the whole of the inside of the tube was
wetted with the solvent. For the fluorimetric estimation of MOPEG
as deseribed on page 85, a 0.5 ml portion of the solution was used.
The recovery of MOPEG through this method was 75 = 9 (mean percentage
recovery - standard deviation: 2, estimations) end was consistent
within the range 100 ng=1 pg per sample.

This method was both quicker and geve better recoveries than thT
paper chromatographic method previously deseribed. It was decided
to use this procedure as part of the technique for the estimation of
MOPEG in c.s.f.

In the majority of biological tissues so far examined as well
as in human lumbar and ventricular c.s.f., MOPEG exists as its
sulphate ester (Schanberg, Breese, Schildkraut, Cordon and Kopin,
1968), It was necessery to hydrolyse the conjugate before the
alcohol could be extracted and estimated.

Organic sulphate esters in solution can be hydrolysed either by
heating them at a low pH value or by the use of a sulphatase enzyme,
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Relation between the optical density at 405 mp and the
iconcantration (n moles/5 ml sample) of p-nitrophenol after the additio

of 0.5 ml of 205 NaOH,
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Hydrolysis of pe-nitrophenyl sulphate when heated at 100%¢ for
15 min ( 8 ) or 30 min (A——A ) at different pH values,
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Acid hydrolysis. In the absence of any MOPEG sulphate another
organic sulphate ester, p=nitrophenylsulphate, was used to monitor
the degree of hydrolysis obtained when it was heated for different
times at different pH values., There was no reason to suppose that
the degree of hydrolysis of the latter substance should differ from
that of the former under similar conditions,

Solutions of 100 n,moles of pe-nitrophenylsulphate in 5 ml of |
water in 15 ml glass stoppered test tubes were adjusted with 5N and
1IN sulphuric acid to a pH within the range 1.0-=3.0 and were heated
in a boiling waterbath for 15 or 30 mins after which time they were
rapidly cooled. The degree of hydrolysis of the sulphate ester was
estimated by determination of the liberated p-nitrophenol, To
the reaction mixture was added 0.5 ml 20% (w/v) sodium hydroxide and
the extinction of the solution at 405 mp measured in a Unicam SP 500
spectrophotoneter., The instrument was set to give 100%
transmission with a sclution of 100 n.mecles pe-nitrophenylsulphate
to which the sodium hydroxide was added without any prior treatment
of the ester solution. In a strongly alkaline medium, p-nitrophenocl

but not the sulphate ester, gives a yellow solution, the extinction |
of which is linearly related to the amount of p-nitrophenol present _
(Fige 2:17). |

Total hydrolysis of the sulphate ester was only obtained when
it was heated for 30 mins at a pH of 1.4 or lower (Fig. 2:18),

The use of acid hydrolysis to obtain free MOPEG from its sulphate
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incubated for 30 min at 100°C in solution at different pH.
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ester would necessitate heating the liberated MOPEG at a low pH, |
It was thus necessary to determine the stability of the glycol under I
these conditions, :

Four solutions each containing 1 pg MOPEG in 5 ml water in 15 ml
glass stoppered test tubes were adjusted to pH 1.0, 1.5, 2.0 and 2.5
respectively with 5M and 1M sulphuric acid.,  For comparison purposes
four solutions each contpining 100 n.moles p-nitrophenylsulphate in
5 ml water in 15 ml glass stoppered test tubes were adjusted to the
same pH values with sulphuric acid, Both series of tubes were
heated in a boiling waterbath for 30 mins., After the solutions
had been cooled rapidly to room temperature, the degree of hydrolysis
of the p-nitrophenylsulphate was estimated as described above,
In the other set of tubes MOPEG was estimated by the method of
acetylation, extraction with methylene dichloride and chromatography
as described on page | 03,

When heated for 30 mins at pH 1.5, the highest pH used which
geve 100% hydrolysis of the p-nitrophenylsulphate, more than 30%
of the MOPEG was destroyed (Fig. 2:19);at pH 2.0, a pH which only
destroyed 5% of the MOPEG under the conditions of the experiment,

p-nitrophenylsulphate was only 75% hydrolysed (Fig. 2:19).

8 hydro « The enzyme preparation "Helicase" obtained from
Industrie Biologique Francais, was a mixed sulphatase and

glucuronidase containing 1 x 106 Fishman units of /g =glucuronidase
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and 1.5 x 107 Roy units of sulphatase per gram, and consisted of a
lyophilized preparation of the gastric juices of Helix pomatia., The
pH optimum of the sulphatase action was stated by the mamufacturers
to be pH 5.0,

To monitor the degree of hydrolysis, the sulphate ester of
p-nitrophenol was not used as it had been in the experiments on acid
hydrolysis because it was thought quite probable that this substance
would have a different affinity for the sulphatase than did MOPEG
sulphate. Instead tritiated MOPEG sulphate was used as substrate.
This was prepared biosynthetically from 3H-metanephrine as
described in the Appendix,

Samples conteining epproximately 25,000 disintegrations per
nimite (11,25 nCi) of ~H-MOPEG sulphate in 5 ml water in 30 ml glass
stoppered test tube‘;r(zijusted to pH 5.0 by the addition of 1I.0 ml
1M acetate buffer pH 5.0 and 0,2 ml of the solution was taken for
the determination of tritium by liquid scintillation counting. To
each sample was added 20 mg of the enzyme in 0.5 ml water and, in
order to prevent the growth of bacteria during incubation, 2 drops

of chloroform. Nitrogen was slowly bubbled through the solutions

for one minute. The tubes were stoppered and placed in a metabolic |
shaking waterbath at 37°C for 16 hours. After incubation the |
contents of the tubes were cooled to room temperature, saturated with
sodium chloride and the free 3]-[-1(01’36 extracted from agueous solution

by shaking with 10 ml of ethyl acetate. After centrifugation |
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at 3,000 g to separate the layers, 8.5 ml of the top organic phase
was transferred to a 100 ml round bottomed flask, The extraction
was repeated twice with further 10 ml volumes of ethyl acetate,

10 nl of the organic phase from each of the second and third
extractions being pooled in the round bottomed flask with the 8.5 ml
from the f&st. Of this 28,5 ml of ethyl acetate 2 ml were taken
for the determination of tritium by liquid scintillation counting.
The percentage of the original activity extracted into the ethyl
acetoete was compared with that from an identicel semple which had
been incubated in the absence of any enzyme and to which the enzyme
had been added after salt saturation,

The percentage of the BH-HOPEG- sulphate hydrolysed and extracted
into the ethyl acetate was 87 = 9 (mean percentege - standard
deviation: 12 estimations).

In the estimation of MCPEG in c.s.f. the sulphate conjugate
of the glycol was hydrolysed by engyme hydrolysis,

It was found however that the use of the enzyme as supplied by
Industrie Biologique Francais gave high background fluorescence in
the estimation of MOPEG, An acetone powder of the "Helicase"
prcparatio‘:i;(zhereforc, prepared,

One gram of the "Helicase" powder was dissolved in 20 ml of water
and was added dropwise to 300 ml of ice cold acetone. The
precipitated protein was separated by centrifugation at 1,000 g for

5 mins and the acetone supernatant decanted off. The precipitate
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was washed twice with ice cold acetone which had been previously
dried over anhydrous sodium sulphate. The acetone powder was
dried in a desiccator under vacuum.

This acetone powder of "Helicase"™ was used in all the estimations
of MOPEG in c.s.f, and was found to give a lower background

fluorescence than the crude "Helicase" preparation.

Cerebrospinal fluid (c.8,£.). Lumbar c.s.f. was obtained from
patients with affective disorders at the Royal Edinburgh Hospital,
The c.s8.f. was removed and stored as described on page | /. The
patients had not received any drugs for at least 24 hours before the
removal of the c.s.f.

Estipetion of MOPRG in o.s.f« A sample of lumbar c.s.f. (5 ml) was
placed in a 15 ml glass stoppered test tube and its pH adjusted to
540 by the addition of 1.0 ml 1M acetate buffer pH 5.0, The
sulphatase-containing enzyme preparation "Helicase" (20 mg) in

0e¢5 ml water was added to this solution and in order to prevent the
growth of bacteria during incubaticn, 2 drops of chloroform were
introduced into each tube. After slowly bubbling nitrogen through
the solutions for one minute the tubes were stoppered and placed in a

metabolic shaking waterbath at 37°C for 16 hours. After incubation
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protein in them precipitated by the asddition of 0,2 ml 407 W'v

zine sulphate followed by 0.15 ml of 20% v sodium hydroxide.

The tubes were centrifuged at },000 g for 5 mins and the supernatant
fluid transferred to a 30 ml glass stoppered test tuba_. The
precipitate was resuspended in ;.0 ml of water and the tubes were
again centrifuged at 3,000 g for 5 mins. The supernatant fluid
was pooled with that from the first centrifuga.tinn_. The pooled
extracts were scturated with sodium chloride and the free MOPEG
extracted from agueous solution by shaking it for 5 mins with 10 ml
of freshly redistilled ethyl acetate. After centrifugation at
3,000 g for 5 mins to separate the layers, 8.5 ml of the top organic
phase was transferred to a 100 ml round bottomed f‘las];. The
extraction was repeated with a further 10 ml of ethyl acetate, 10 ml
of the organic phase being pooled in the round bottomed flask with
the 8.5 ml from the first extraction. The pooled ethyl acetate
extracts were evaporated to dryness at room temperature under reduced
pressure.

The residue in the flask was dissolved in 1.0 ml water and the

solution was run onto the top of a 4 cm long by 4 mm in diameter
column of AG 1 x 4 200400 mesh (Bio-Rad) in the chloride form.
The flask was washed with a further 1.0 ml of water which was also

added to the top of the column, |

Any MOPEG was then eluted from the column in 8.0 ml of water

which were collected in a 30 ml glass stoppered test tube and

. evaporated to dryness under reduced pressure at 40°C.  The residue
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' in the tube was dissolved by washing the sides of the tube with

0.6 ml of water, care being taken to wet the whole of the inside of
the tube with solvent, The MOPEG in 0.5 ml of the solution was
estimated fluorimetrically.

The fluorescence in the final extract due to the reagents was

| determined by processing 5.0 ml of deionised distilled water through

the method, Recoveries of MOPEG of between 100 and 500 ng in
5.0 ml of water or, in certain cases, where 10 ml of the original

c.s.f, sample was aveilable, from ¢.s8.f.,were also processed through

the method.
Result
| Recoveries. The recovery of 100, 200 or 500 ng of MOPEG when added

to 5 ml of water or 5 ml of c.s.f. prior to incubation with the
sulphatase preparation "Helicase" and extraction into ethyl acetate
as desoribed ou page  was 50 S 5 (mean percentage recovery
standard deviation: 12 estimations). The recovery of MOPEG was
the same from c.s.f. as from water and was more consistent within a

series of estimations than it was between series,

3 vit ethod. The methed as deseribed could estimate
down to 50 ng of MOPEG in 5 ml of deionized distilled water. In

c.8.fs, however, the background fluorescence was greater and the

- linit of sensitivity was about 100 ng in a 5 ml sample,
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71 relative
fluorescence

a

The figure shows an activation spectrum of (2) 5 ml of cerebro-

spinal fluid (b) 100 ng of 3-methoxy-i=hydroxyphenylethyleneglycol

in 5 ml of water and (¢) 5 ml of water, processed through the method i

for the estimation of j-methoxy-i~hydroxyphenylethyleneglycol in c.s.f,

The activation spectrum was recorded from 250 mp to 500 mp with

the fluorescence monochromator set at 430 aje
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The substance

which was present in the c¢.s.f. after it had been incubated for
16 hours at 37°G with a sulphatase preparation "Helicase", was
similar to MOPEG in several respects. It was extractable into

ethyl acetate from a salt saturated agueous solution at pH 5.0 and

its flow through the anion exchange AG 1 x 4 column was retarded
in a way similar to that of MOPEG,
' Furthermore the fluorescence characteristics of the fluorophor
‘ formed from the substance present in the final extract from c.s.f.
were the same as those of authentic MOPRG taken through the method
(Pig. 2:26).

Ideally the substance estimated in the c.s.f. should have been
further characterised by paper or thin layer chromatography in order
to determine whether it had the same chromatographic mobility as

authentic MOPEG, This was not attempted because of the difficulty

in obteining sufficient c.s.f. for this purpose.

The method was applied to the estimation of MOPEG in human lumbar

| Ge8efe

The ces.f. (10 ml) was withdrawn from patients with various

| neurological disorders and was stared as described on page | 7.

| An aliquot of the ¢.s.f. (5 ml) was used for the estimation of MOPEG

and the remainder used for the estimation of 3-methoxy=-4~hyiroxyphenyl=
 acetic acid (homovanillic acid, HVA) and 5-hydroxyindol-3-ylacetic
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acid (5-HIAA), The results are shown in Table 2:4)

DIS 10 i

The biogenic amine, dopamine, is catabolised within the central!
acetic acid (DOPAC) and 3-methoxy-4=hyiroxyphenylacetic acid
(homovanillic acid, HVA) vhile the major metabolites of its

/@ ~hydroxylated derivative, noradrenaline, are the neutral phenolic
glycols, 3,4dihydroxyphenylethyleneglycol (DOPEG) and 3-methoxy=-
4=hyaroxyphenylethyleneglycol (MOPEG) (Rutledge and Jonason, 1967;
Breese, Chase and Kopin, 1968; Breese, Chase and Kopin, 1969).

Both DOPAC and HVA are present in cerebrospinal fluid (c.s.f.)
(Andén, Roos end Werdinius, 1963b; Asheroft, Crawford, Dow and
Guldberg, 1968) and estimation of their concentrations has been used
by many workers to indicate changes in the turnover or metabolism
of dopamine within the central nervous system brought about by
neurological diseases or by drug treatment., That changes in the
concentrations of these acid catabolites can reflect changes in the

metabolism of the parent amine has been discussed by Guldberg,

nervous system predominantly to the phenolic aecids 3,4dihydroxyphenyl=

Asheroft, Turner and Hanieh (1969) and also in this thesis (page 6.5)

There are as yet few data concerning the glycol metabolites of
noradrenaline, DOFEG and MOPEG, in c.s.f. The presence of MOPEG,

. as a conjugate, probably the sulphate ester, in human lumbar c.s.f.

was demonstrated by Schanberg, Breese, Shildkresut, Gordon and Kopin



The concentrations (ng/ml) of 3-methoxy-4~hydroxyphenylethylene-
glycol (MOPEG), 3-methoxy-i=hydroxyphenylacetic acid (HVA) and
S5=hydroxyindol-3-ylacetic acid (5«HIAA) in the lumbar c.s.f. of
patients with various neurological disorders.

Patient

1

2
3
I
5
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Table 23k

Diagnosis
Depressive illness
Depressive illness
Depressive illness
Depressive illness

Manic-depressive
(depressed)

Manic-depressive
(depressed)

Manic=depressive
(manic

Mani ressive
(manic

Ha?mmsain

Manic-depressive
(mani:g

Manic-depressive
(manic)

Post=traumatic
perkinsonism

Parkinsonism
on 3 g L=DOPA/day

Age
45
51
51
57
62

60

64

66

62

52

62

51

MOPEG

7l

17
30

170

52

33

33

51

HVA

17

12

23

27

36

13

43

2

5-HIAA
12
10

15

26

10

19

12

27

13
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(1968), who estimated its concentration to be between 50 and 200 ng/ml.
There appears to have been no repoart on the presence of DOPEG. |
The more extensive study of the concentrations of the
noradrenaline metabolites in c.s.f. has been prevented by the
absence of a method which was both sensitive yet simple enough to

be used for routine estimations, The estimation of MOPEG by

converting it to vanillin and estimating the wvanillin by its
absorption at 360 mp as described by Ruthven and Sandler (1965) |
far the estimation of this phenolic glycol inuine, is not aenaitin‘
enough to allow its application to c.s.f. analysis., Gas
chromatographic methods described by Wilk, Gitlow, Clarke and Paley '
(1967) and Sharman (1969) for the estimation of MOPEG and DOPEG are
very much more sensitive, and that of Wilk et al., (1967) was used
by Schanberg, Breese, Schildkraut, Gordon and Kopin (1968) for the
estimation of MOPEG in human lumbar c.s.f. and ventricular c.s.f.

Both these gas chromatographic methods émploy electron capture
detection, Because of the high risk of contaminstion and long
recovery time of the electron capture head, together with the
unduly high sensitivity and consequent likely proneness to errors by
the presence of contaminants, they aro not altogether suitable, in
their present state of development, for routine analysis.

It seemed probable, prior to the advent of the gas chromatographic
methods mentioned above, that methods of sufficient sensitivity and
specificity foar the routine estimation of the glycols in low

concentrations would be dependent on a fluorimetric method of assay.




estimation of DOPAC, The fluorescence intensity of the derivative

DOPEG as ethylene diamine will condense with many compounds

| Weil-Malherbe and Bone, 1957; Rosengren, 1960; Asheroft, Crawford,

' Sandler, 1965), It was found, however, that the method, as

1324 |

It was with this in mind that the development of the fluorimetric
techniques described in this section of the thesis was embarked upon.
DOPEG was found to give a fluorophor on reaction with ethylene

diamine under the conditions used by Rosengren (1960) for the

was such that DOPEG could be estimated, in solution in water, in a

concentration as low as 4 ng/ml. This method is not specific for

containing a catechol grouping (Weil-Melherbe and Bone, 1952;

Dow and Guldberg, 1968) to give a product with similar fluorescence
characteristics, Specificity must therefore depend on prelimimry
adequate separative procedures as discussed later.

The first attempt to develop & fluorimetric method for the
estimation of MOPEG was based on a method described briefly by
Goldenberg and White (1962) for the estimation of the major
per:lphqml metabolite of noradrenaline 3-methoxy-i=hydroxymandelic aci
(vanillin mandelic acid, VMA). The procedure involved the oxidation
of VMA to vanillin by reaction with periodate, follaved by the
condengsation of the aldehyde group of the vanillin with

thiosemicarbazide to give a fluorescent thiosemicarbaiong. This
method should have been directly applicable to the estimation of

MOPEG as it is also oxidized by periodate to vanillin (Ruthven ami

.d
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described, was unsuitable for the estimation of nanogram quantities
of VMA or MOPEG., #ith modification of the procedure it was found
that the condensation of nanogram quantities of vanillin with
thiosemicarbazide could be achieved to give a product with
fluorescence proportional to the concentration of vanillin in the
original solution. Unfortunately no suitable reaction conditions
were found to give consistent conversion of nanogram amounts of VMA
or MOPEG to vanillin in the first stage of the proposed procedure,
The method used eventually for the estimation of MOPEG was a
modification of that described by Sharman (1963) for the estimation
of HVA, The procedure involved the oxidation of the MCPEG, with
colloidal ferric hydroxide and the precipitation of the ferric ions
with sodium hydroxide, The fluorophor thus produced had a high
fluorescence intensity enabling the estimation of MOPEG, in solution
in water, in concentrations as low as 25 ng/ml, This reaction was
not specific for MOPEG as it also produced fluorophors with the seame
activation and fluorescence characteristics from other O-methylated
catechol emine derivatives, (Table 2:2). Of the compounds tested,
3-methoxytyramine, HVA and VMA all gave a fluorophor with a greater
fluorescence per unit weight than did MOPEG. A side chain with
at least two carbon atoms seemed to be necessery as no {luorescence

was obtained from 3-methoxy=i=hydroxybenzaldehyde (vanillin) when

it was taken through the fluorophor-producing reaction (Tahle 2:2),

The method did not however produce a fluorophor from catechol-
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containing compounds.

As the fluorimetric procedures for the estimation of DOPEG and
MOPEG are not specific to these compounds, specificity must be
achieved by adequate preliminary separative technigues.

Two methods for the partial purification of the phenclic glycol
metabolites of noradrenaline have been investigated. The first
involved the acetylation of MOPEG and DOPEG, the extraction of their
acetyl derivatives into methylene dichloride and their separation
by descending paper chromatography an alkali-washed Vhatman No 542
chromatographic peper. In model experiments starting with aqueous
solutions of 100 ng-lpg of the compounds this procedure gave a
recovery of 60 = 3(mean recovery = standard deviation: L4 experimen‘Ja)
for DOPEG and 63 = 47(mean recovery = standard deviation:

16 experiments) for MOPEG, It had the advantage that it separated
the two phenclic glycols thus eliminating the necessity to divide the
sample into two portions; one for the estimation of DOPEG, the other
for MOPEG, The phenolic glycols were present in eluates from the
chromatogram as their acetylated derivatives. This was of no
disadvantage in the estimation of DOPEG because, under the reaction
conditions, ethylene diamine produces a fluorophor from the
acetylated derivative as readily as from the parent glycol.

Oxdidation of acetyl MOPEG with ferric chloride does not produce

a fluorophor and so this compound had to be hydrolysed prior te
estimation. This was done in alkali and necessitated the
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adjustment of the reaction solution to between pH 6.5 and 7.5 before
the addition of the ferric chloride reagent,

This separation technique, including the time required for
preperation of the paper for chromatography, was considered to be
too time consuming to be really suitable as a routine method for the
estimation of these glycols in human lumbar c.s.f. and a simpler
procedure was therefore sought,

In the development of an alternative procedure, attention was
concentrated on the separation ov:d estimation of MOPEG, the major
netabolite of noradrenaline in the central nervous system
(Clowinski, Kopin and Axelrod, 1965). The seperation technique was
a modification of that described by Wilk et al., (1967) and involved
the extraction of MOPEG from agueous solution into ethyl acetate and
its further purificaticn on an anion exchange column., The recovery
of between 100 ng and 1 pg of MOPEG wes 75 2 9%(mean recovery =
standard deviation: 24 estimations). This procedure was both
simple and quick and was used for the extraction, prior to estimation,
of MOPEG in human lumbar c.s.f. Theoretically, the method should
also be suitable for the extraction of DOPEG,

In human c.s.f, MOPEG exists as a conjugate, believed to be its
| sulphate ester (Schanberg, Breese, Schildkraut, Gordon and Kopin,
1968), and it was necessary to hydrolyse this conjugate before the
MOPEG could be extracted into an organic solvent,

Two methods of hydrolysis of the MOPEG conjugate were studied,
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hydrolysis with acid and hydrolysis with a sulphatase-containing
preparation, It was found that with acid hydrolysis, the conditions
of pH and temperature which were required to hydrolyse a typical
phenolic sulphate ester (p-nitrophenysulphate) destroyed free MOPEG,
This observation is consistent with the findings of Wilk gt al.,
(1967) thet aecid hydrolysis of urine ylelded only 8% of the MOPEG
which could be liberated from the urinary conjugate by an enzymatic
method,

In order to monitor the hydrolysis of the MOPEG conjugate when
it was incubated with the sulphatase-containing preparation
"Helicase", experiments were carried out using, as substrate,
labelled MOPEG conjugate which had been prepared biosynthetically
from tritiated normetanephrine, Af'ter incubation with "Helicase",
for 16 hours at 37°C, 87 = 9% (mean percentege = standard deviation:
12 experiments) of the radiocactivity in the original solution could
be extracted into ethyl acetate. This compares with less than 2%
extractable when the conjugate was incubated in the absence of the
sulphatase-containing preparation, The radicactivity present in
the ethyl acetete extract of the hydrolysate had the same
chromatographic mobility as authentic MOPEG (page /88), It thus
seems that there was little or no destruction of the free MOPEG
liberated during the period of incubation with the enzyme

preparation, This method of hydrolysis was used for the estimation
| of MOPEG in human lumbar c.s.f.
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The evidence that the conjugate of WMOPEG is the sulphato ester
is not conclusive and is based on the observation that it will only
give a substance with the same chromatographic mobility as authentic
MOPEG when it is incubated with the sulphatase-containing preparation
"Glusulase" (Endo products N.Y.) and not when incubated with pure
glucurcnidase or phosphatase-containing preparations (Schanberg,
Schildkraut, Breese and Kopin, 1968). "Clusulase", which is similer
to "Helicase", is a orude preparation of the gastric Juice of Helix
pomatia and contains many enzyme activities. It is thus possible
that it is not the sulphatase activity but some other, unspecified,
enzymé activity which is responsible for the hydrolysis of the MOPEG
conjugate.

The analytical procedure, as detailed for the estimation of
MOPEG in 5 ml of human lumbar c.s.f., allowed the estimation, in
model experiments, of down to 50 ng in 5 ml of water: In the extraqt
from 5 ml of c.8.f. however, the nonspecific "blank" fluorescence was
greater and the limit of estimation was about 100 ng in the 5 ml
sample of ceS.f. (20 ng/ml). Although not as high as might be
considered desirable, this level of sensitivity has proved adequate
for the estimation of MOPEG in the several c.s.f. samples analysed.

Of the 13 estimations of MOPEG in human lumbar c,s.f. (Table 2:4)
only four lie within the range of 50=-200 ng/ml quoted by Schanberg,

Breese, Schildkreut, Gordon and Kopin (1968). However, i should be

pointed out that in the present study the c.s.f. was from patients |




138,

with neurological disorders and not from "control®subjects.

The estimations of MOPEG have been carried out on samples from
an insufficient number of patients with the same neurological disease
to enable any definite conclusion to be drawn regerding the relation
of the MOPEG concentrations to the clinical state. However, it is
| perhaps worthy of some comment that the concentration of MOPEG in
the lumbar c.s.f, of patients who had been rated depressed
(No.1-6: Table 2:4) tended to be lower than in the c.s.f. of
patients rated maniec (No,7-11: Table 2:4), This difference
however was found not to be significant (p < 0.2). If one may be
allowed to speculate in the face of an admitted scarcity of evidence,
two points suggest themselves by way of explanation of the lack of
difference in the concentration of MOPEG in the c.s.f. of depressed
and manic patients, Perhaps the MOPEG c,.s.f. levels are associated
with some more subtle differentiation in symptomatology or perhaps
any change in noradrenaline metabolism is being inadequately
monitored by estimation of total MOPEG (free and combined) only.
Extension of the method to include separate estimations in the c.s.f.
of free and conjugated MOPEG and of free and combined DOPEG, should
these be present, might be necessary to detect, and follow
adequately, changes in cerebral noradrenaline metabolism in variows

mental diseases.




The accumilation of “*C-5-hydroxyindol-3-ylacetic

acid by the rabbit choroid plexus jn _yilroe.
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INTRODUGTION

| Transport system for the removal of many substances from

the cerebrospinal fluid (c.s.f.) have been shown to exist. In

1961, Pappenheimer, Heissey and Jordan studied the removal of

|diodrast and phenolsulphonphthalein from the cerebral ventricles
‘of the goat. These workers used a technique of 'open-ended'
perfusion where the substance, in artificisl c.s.f. was pumped at
a knowvn and constant rate through a cannula into a lateral
ventricle. The artificial c.s.f. flowed through the ventricular
system and was collected from an outflow cannula situated in the
cisterna magna. Both diodrast and phenolsulphonphthalein were
found to be rapidly cleared from the perfusate by a saturable
mechanism. By altering the sites of the inflow and outflow
cannulee it was possible to show that the removal mechanism was
situated in the fourth ventricle.

This technique of ventricular perfusion was used by Davson,
il Kleeman and Levin (1962) to study the removal of p-aminohippuric
acid (PAH) from the ventricles of the cat and by Pollay and Davson

(1963) for the removal of PAH, thiocyanate and iodide from rabbit

c.8.f. These substances were rapidly cleared from the ventricles
by a mechanism which was saturable and the presence of one of the
|

anions in the perfusate inhibited the removal of another, There

proved to be a species difference in the sites of this removal.
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In the cat PAH was only transported out of the c.8.f, in the
region of the lateral ventricles (Davson gt al., 1962) whilst in
the rabbit it was removed from the perfusate in all the ventricles
(Pollay and Davson, 1963), More recently Ashcroft, Dow and Moir
(1968) showed in the dog the existence of an active transport
gystem, located in the fourth ventricle, for the removal of
Sehydroxyindol=3=ylacetic acid (5=HIAA) end 3emethoxy=l=hydroxyphen=
ylacetic acid (homovenillic acid, HVA),

Cationic substances such as hexamethonium, decamethonium and
N'=methylnicotinamide are also trensported out of the ventricular
gystem (Schanker, Proekop, Schou and Sisodia, 1962), There was
competition between these bases for the removal mechanism,

The structures implicated in this transport process are the
highly vaseular choroid plexuses, These are situated within the
ventricles , have a large surface Lo volume ratio amd have
epithelial cells that are analogous in structure to those in the
proximal tubule of the kidney (Davson, 1967), Evidence to support
the idee of the involvement of the choroid plexuses in the
mechenian for the transfer from c¢.s.f. to blood has been obtained
by in vitro studies of their sbility to accumulate certain
substances, The technique used in such studies on the isolated
choroid plexuses was essentially similer to that used by Cross
and Taggert (1950) and Despopoulous and Weisbach (1957) for the
study of the uptake of PAH and 5-HIAA by kidney slices,
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Welch (1962a,b) demonstrated the accumulation of iodide and
thiocyenate by the choroid plexuses of the rabbite The
accumulation of iodide, which was greater in the fourth ventricular
choroid plexus than in those from the lateral ventricles was
inhibited by the metabolic inhibitors, fluoride, cyanide, malonate,

iioﬂnaoetate, 2, 4~dinitrophenocl and fluoroscetate as well as by

| cardiao glycosides. Both iodide and thiocyanate appeared to be

| transported by the same system as the presence of one in the

| incubation medium inhibited the accumulation of the other,

| Robinson, Cutler, Lorenzo and Barlow (1968) confirmed the capacity
!of the rabbit choroid plexuses to accumulate iodide and also

| showed that they were capable of the uptake of sulphate and

| thiosulphate, The transport of these latter anions was by a

| separate mechanism as they did not interfere with the accumulation
of the iodide ion,

The isolated choreoid plexus is also capable of accumulating
anino acids, Lorenzo and Cutler (1969) showed that the isolated
choroid plexus of the cat could accumulate the non-metabolizable
anino acid, o(-amino-isobutyric acid, The extent of the

accumulation was very much smaller than observed for the simple

anionS, There was competition for uptake with other amino acids,
| Cationic compounds are also accumulated by the isolated

| choroid plexus. Tochino and Schanker (1965e,b) used the tissue
from rabbits to study the upteke of S-hydrexytryptamine,
noradrenaline, decamethonium, hexamethonium and
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N'emethylnicotinamide, These authors showed that the accumulation
of these substances could take place against a coneentration
gradient and that the lateral ventricular choroid plexuses
contained & more efficlent accunulation mechanism than that from
the fourth ventriele, The uptake of anyy ome of these cations was
inhibited by the presence of any of the others or of metaboliec
inbibitors in the incubating medium, The rebbit choroid plexuses
have elso been shown o be capable of accumulating morphine and
morphine derivatives (Tekemori and Stenwick, 1966; Hug, 1967).

Unionized compounds such a8 carbohydretes are aslso accumulated
by the isolated choroid plexus (Csaky and Rigor, 1964), These
authors showed that the isolated choroid plexuses of the dog could
aceumulate glucose, by a mechanism which was dependent on metabolie
energy, to give a concentration in the tissue up to twenty times
that in the medium,

There is thus evidence that both anionic and cationio
compounds cen be transported out of the c.s.,fs Fvidence in
support of a role for the choroeid plexuses in this removel is
afforded by the ability of the cells of the isolated tissue to
agounulate such ions by energy dependent processes,

The experimental work descyribed below represents an extension

- of investigetions in this leboratory by Asheroft, Dow and Moir

(1968) who studied the kinetics of the removal of 5-HIAA from a

| perfusete of the cerebrel ventricles in the conscious dog, They
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found that in addition to 'Bulk flow', part of this removal could
be accounted for by a saturable mechanism located in the region of
the fourth ventricle, I-‘fom the literature it seemed probable that
the choroid plexus might be responsible for this removal and the
experiments to be described were undertaken to investigate whether
the isolated choroid plexus is able to accumulate 5-HIAA by a

saturable, energy dependent process,

MATERTALS
Homovanillic acid was obtained from Calbiochem and probenecid

from Merck, Sharpe and Dohme, Other chemical reagents were of at
least 'Analar' (British Drug Houses) standard of purity, Deionised
distilled water was used throughout,

Inulin =- u’C-carbo:rylic acid, 1,35 pCi/mg (approx 6.75 mCi/m,
mole), was obtained from the Radio-chemical Centre (Amersham),

1l*c-s-}mue;, 25 mCi/m,

mole, was obtained as a solution in methanol from the New England
Nuclear Corporation and before use was purified as follows, The
contents of one sealed ampoule (0,05 mCi) were made up to 3,0 ml
with veter in a 15 ml glass stoppered test tube, The solution
wes saturated with sodium chloride, aecidified with one drop of

14

conce HC1l and the =~ C=5-HILA extracted by shaking the solution for

5 mimites with 6 ml ether, The two phases were allowed to
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separate and the upper organic lgyer was transferred to a 30 ml
glass stoppered test tube, The extraction was repeated twice

with further 6 ml volumes of ether (the ether used in the
extractigns was purified immediately before use by shaking it with
en equal volume of & saturated solution of ferrous sulphate,

| followed by distillation), The “C-5-HIAA was returned to aqueous
solution by shaking the combined ether extracts with 2,0 ml

041 phosphate buffer pH 7.4 and, after separation of the two
phases, the bottom agueous lgyer was transferred to a glass vial,
The residual ether.was removed from the phosphate buffer extract

by blowing a stream of nitrogen over it until no asmell of ether was
detectable, The activity of this solution was estimated on a
Packard Triecerb liquid scintillation counter (see page /50).
The conecentration of 5«HIAA was calculated from the disintegrations

per minute and the specific aetivity of the particular batch of

MC-E.-H[AA as quoted by the manmufacturers,

The scintillant

cansisted of a solution of 10,63 g 2,5«-diphenyloxazole (PP0) and
0428 g 1,4=bise(2«(4emethyl=5=phenyloxazolyl))=benzene (dimethyl
POPOP) in 2,5 litres of toluene,
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New Zeeland white rabbits of either sex were killed by the
intravenous injection of 50 ml of air and bled out from severed
blood vessels in the peck, The top of the skull was rapidly cut
off end the brain removed onto a glass plate, VWith a pair of
forceps it was split down the midline through the corpus callosum
to the floor of the third ventricle, The lateral ventricles were
opened and their choroid plexuses cut at their point of attachment
at the junction of the lateral end third ventricles, The fourth
ventricular choroid plexus was removed by gently easing it from
the roof and sides of the ventricular space, It was, however,
much more difficult to dissect than the plexuses from the lateral
ventricles and preparations obtained were not always suitable for

usc,

Sxygen consumption

In order to establish that the method used for the dissection
of the choroid plexuses from the ventricles of the rabbit gave
vigble preparations, the oxygen consumption of the tissue was
measured over a period of 45 min,

The choroid plexuses from the lateral, third and fourth
ventricles from five animals were weighed on a torsion balance
and pleced in 1,0 ml Krebs' « Ringer phosphate solution

(Cremer, 1957) in five separate Warburg flasks; each flask
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containing the combined choroid plexuses from one animel, Carbon
dioxide formed on incubation of the (issue was absorbed by 0,2 ml
€N sodium hydroxide in the centre well of the flask into which had
been placed a pleated 'fan' of Vhetmen No, 1 filter paper to
increase the surface area of the absorbing solution, The side arm of
two of the flasks contained 0,01 ml l()"2 M 2,4=dinitrophenol, Two
control {lasks with medium and sodium hydroxide but without any
tissue, and an empty flask, which served as a thermobarometer,

were also included, After gassing the flasks and meanometers with
oxygen for 10 mins and equilibrating them at 37°C for a further

15 mins, they were shut to the atmosphere and the two containing
the 2,4~dinitrophenol were tilted to allow the incubating solution
to mix with the contents of the sidearm (the final concentration of
2,4=dinitrophenol in the incubeting medium was 10™%), The

manoncters were read at zero time and at 5 mins intervals, up to and

including 45 mins,

In subsequent experiments the choroid plexuses were incubated
in the physiological selt salution described by Welch (1962a), the
canposition of which is given in Table 3:1, To obtain a pH of
7+4 the solution was equilibrated with 95% 0,% 74 {:02 for 20 mins,
An eliquot of the salt solution, 1,0 ml, was introduced into a
glass vial with an internsl diemeter of 2 cm, and to it was added
the substance under test along with any inhibitor or other
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Concentration (g/1)
of anhydrous salts

Sodium chloride - 8.0
Potassium chloride 0.2
Calcium chloride 0.1
Magnesium chloride _ _ 0.1
Sodium bicarbonate 1.0
Sodium dihydrogen orthophosphate - 0405
lucose _ _ 1.0

The solution was brought to pH 7.4 by equilibrating with
95% 023 5% 002
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compound, A choroid plexus was then placed in the vial and the

atmosphere above the incubation fluid changed to 95¢ 0,8 S co,
by passing a stream of this ges mixture into the vial for 15 secs,

The vial was sealed with a clipe~on plastic top and incubated in a

metabolic shaking waterbath,

The ability of the lateral ventricular choroid plexus to
accumulate iodide was tested as this ion had already been shown to
be actively taken up by this tissue, (Welch, 1962a; Robinson
&t al., 1968),

The lateral ventricular choroid plexuses were removed as
previously described, and incubated at 30°C for one hour in the
presence of 0.5 or 1,0 pCi/ml cerrier=free 131.[-106:1&3. After
incubetion the tissue wes blotted gently on Whatman No, 1 filter
peper, weighed on a torsion balance and placed in a glass vial,
The-lsl.[-iodide in the tissue and also in 10 pl of the medium was
estimated in a well=type ¥ =scintillation counter, The incubation

so
was Acarried. out in the presence of 2,4=dinitrophenol,

Lstimation of the quantity of a radioactive compound in a
choroid plexus after it has been incubated in a solution containing
that compound will give the total amount within the cells of the
tissue as well as in the extracellular fluid, In order to
- goncentration the volume of Lhe

extracelluler space must be known, This can be achieved by
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incubating the choroid plexus with a substance which will not pass
into the cells but which will enter the extracellular space,

Sueh a compound is imulin and the 'space' with which it comes into
equilibrium is the "inulin space',

The imulin space of the lateral and fourth ventricular choroid
plexuses of the rabbit was estimated by incubating them at 30°C in
1,0 ml of the physiological salt solution containing 82,2 ng
(04125 pCi) inulin = ul:-car‘bo:quic acid, under an atmosphere of
9% 0,3 e 002 for times ranging from 10 to 80 mins, The
plexuses were then removed fram the incubation medium, lightly
blotted on Whatman No, 1 filter paper, welghed on a torsion balance

and placed in the viel of & liquid scintillation counter, An

aliquot of the incubation medium, 0,1 ml, was placed in a separate
viel (see page /50),

Vhole choroid plexuses {rom lateral or fowrth ventricles were
incubated et 30°C or 6°% in 1,0 ml of the physiological salt
solution containing between 50 ng and 5,0 g L'C-5-hydroxyindol=3=
ylecetic acid (MC-5-I{IAA) for varying lengths of time under an
atmosphere of 95i 02: LA 002. Any inhibitor or other substance
to be added to the incubation medium was introduced in a volume of
0,01 ml prior to placing the choroid plexus in the incubation flask,

After incubation, the choroid plexus was removed from the flask,
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blotted on Whatmen No, 1 filter paper and, after weighing on a
torsion balance, placed in a vial for liquid seintillation.
counting, A portion, 0,1 ml, of the incubation medium was plaged
in a separate vial for the estimation of the “‘C-labelled 5-HIAA,
(see pege /50),

Incubations involving the lateral choroid plexuses were all
done in duplicate and in no case were the duplicates from tissue
of the seme animal, As there is only one fourth ventricular
choroid plexus per animal incubations involving this tissue were not
carried out in duplicate,
Liquid scintilletion counting

Liquid scintillation counting was used to estimate ‘n"ca-labellad
compounds in the tissue and medium.l Tisaue, prior to counting,
was digested overnight at room tempersture in 0,2 ml 2,5 KOH in
the scintillation vials, This gave a cleer, homogeneous solution
with a =light brown colouration, These aqueous semples, however,
were not miscible with the toluene scintillant and therefore 4 ml of
ethanol/methanol (3:1 v/v) was added to each vial before the 10 ml
of scintillant, By this method up to 0,3 ml of an aqueous sample
could be accommodated by the 10 ml of toluene seintillant,

The radioactivity of the. samples was estimated in a Packard
Tri<Carb Scintillation Counter, Each sample was counted over a

| period of 100 mins or until such time as 10,000 counts had been

| registered, The latter method yields a count with a statistical
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Fige 2:1
Oxygen consumption of rabbit choroid plexuses inocubeted at 37°C
for 45 mins in Krebs'-Ringer phosphate alolutim (Cremer, 1957) under
an atmosphere of oxygen.  Incubations were cerried out both in the

(e—e) (a—w
prasmcexm absence/of 2,4-dinitrophenol (DNP),
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error of 1., The efficiency of counting was determined using the
*chennels ratio' method (Baillie, 1960)s In the first channel the
lower discriminator was set at 50 and the upper at 95 whilst in the
second, which also had a lower discriminator setting of 50, the
upper was at 1000, Both chennels had an 8 gain, A graph of the
ratio of the counts per unit time registered in channel one to the
counts per unit time in channel two against the efficiency of
counting, was used to determine the efficiency of the counting 1n'
the ampiea and enabled the number of diaﬁi.ntagrationa per mimute

of the samples to be calculated, The graph felating the efficiency
of ﬁe counting to the 'cheannels ratio' had previously been
constructed for t-he toluene scintillant and that pafticular
seintillation counter, Counts due to *background® were eeti.:ﬁated
by including in every series of samples two viels which only
contained 4 ml methanol/ethanol and 10 ml of the toluene
scintillant,

RESULIS

Yanametrig
The oxygen consumption of the choroid plexuses of the rabbit

was linear over the 45 mins of incubetion (Fig, 3:1) end in that
period was 1,97 pl 0, per min/100 mg tissue. Addition of
2,/i=dinitrophenol to the medium, to give 2 final concentration of
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JD-J'IL increased the respiration of the choroid plexuses to 4,31 ul

0, per min/100 mg tissue, (Fige. 3:1).

The acoumulation of ~~‘TI-iodide by the latersl ventricular
choroid plexuses of the rabbit is shown in Table 3:2, The results
have been expressed as the ratio (T/M) of the counts per unit time
per mg (wet weight) of tissue to the counts per unit time per nl
medium and give a measure of the ability of the tissue to
concentrate the iodide ion over and above the concentration found
in the medium,

The accumulation was the same when 0,5 or 1,0 pCi of carriere
free 151.[-10&16.0 was present in the medium (Table 3:2) but it was
reduced by 4% in the presence of 10™M 2,4edinitrophol (Table 3:2).

In the above experiment the T/ retio was expressed as the

ratio of the counts per unit time per mg (wet weight) of tissue to
the counts z;er unit time per pl of medium, as this was the method
used by Welch (1962a) and a direet comparison with his results was
wented, Ideally, the T/M ratio should be & measure of the sbility
of the cells of a tissue to concentrate a substance and should be
derived fram the retio of the concentration of the free sibstance
within the cells to the concentration outside the cell,
| The quantity of the substance (x) withis the oalls of the

tissue is the total quantity of x in that tissue minus the quantity
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TABLE 232

1311 _i0dide by the lateral vemtricular

Accumulation of carriere-free
choroid plexuses of the rabbit., The T/M value is the ratio of the
radicactivity per mg tissue to that per pl incubetion medium after

1 hour incubation at 50°C.

Activity of carrier-free 1311 ioaide /M

(nCi) per ml incubation medium (Tissue/Medium ratio)
1,0 31.3 2 1.9 W)°
0.5 28,6 = 1.6 (&)
1.0 + 10~ dinitrophenol C17.8 2 0 (1)

" Jlean value = Standard Deviation (llo. of estimates).




in the extracellular space. If free diffusion of x in the
'extracellular spece is assumed then its concentration in that phase
will be the seme as that in the medium. The volume of this
extracellular space can be measured by use of a substance which can
move freely in this phase but does not enter the cells, for example
inulin, Vhen imulin is used the extracellular space is known as the
inulin space.

The quantity of x in the intracellular space can thus be
derived from:-

The quantity of x/mg (wet weight) tissue (t) = (the quantity of
x/pl medium (m) X the imilin space/mg (wet weight) tissue (i))

=%t =-mi (1)

| If it is assumed that x exists free within the cell then the volume
|oontaining it will be the volume of intracelluler water, which is:=
The weight of water/mg (wet weight) tissue - the inulin space/
ng (wet weight) tissue (i).
The weight of water/mg (wet weight) tissue was derived from the
value for the dry weight of the rabbit choroid plexus, quoted by

Welch (1962a), of 15,07 = 1.07% of the wet weight. This velue

'was not determined independently as the expenditure of rabbits for
this purpose was felt to be unjustified.

| The volume of water per mg (wet weight) tissue is thus
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0.85 pl and the velume of the intracelluler water is:=-

0,89 - i (2)

From equations (1) and (2) the concentration of x in the
intracellular water is thus

.g;.&

e85 = 1
As stated above, if free diffusion of x in the extracellular spece
is assumed then the concentration of x in that phase can be taken

as equal to the guantity of %/pl medium (m) and the T/M value thus

becomesi=

m (O%B%iﬂi)

This corrected T/M value was used in all experiments involving
L GuseHIAL,

Est . ion of i.

The choroid plexuses of the lateral and fourth ventricles of
the rebbit were incubated at 30°C in the physiological salt
solution containing inulin for periods of time ranging from 10 to
80 mins.

At equilibrium the concentration of inulin in the extracellular
fluid was taken to be the same as that in the medium, The volume

of the extracellular space per unit wet weight of tissue is thus
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Fourth ventricular choroid plexus.

Lateral ventricular choroid plexus.
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The figure illustrates logarithmic plat:s of values of (T/u)eq
ninus the values of (T/M)t for the accumlation of 5Sehydroxyindole3=
ylacetic ecid (5-HIAA) by the lateral and fourth ventricular choroid
plexuses of the rabbit vhen incube;tod at 3060 in a medium containing
200 ng/ml 11"0-5-HI.-~:1 (see Fig. 3:3). .
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90 4

- Fourth ventricular choroid plexus.

Lateral ventricular choroid plexus.

0 10 20 30 L0 50 60 70 BII] Duration of Incubation (min)

Hige 3:2
The accumulation of Sehydroxyindol=j=ylacetic acid (S-HIAA) by
the lateral and fourth ventricular choroid plexuses of the rabbit
when incubated at 30°C in a medium containing 200 ng/ml *C-5-HIAA,
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The values obtained for the imulin space of the lateral and fourth

lventrimlar _ohomid plexuses are given in Table 3:3. The imulin

space of the fourth ventricular choreid plexus was found to be

iyeater than that of the lateral ventricular choroid plexuses and

|'I:ha inulin reached equilibrium concentrations in this choroid

plexus more rapidly.

te bi

The lateral and fourth ventricular choroid plexuses of the

|
;rabbit were found to accumulate 1"’0—5—31&.& when incubated at

1"r;-s--rmw'm:r. (Table 3:4).
' The exponential nature of this process is shown by the linearity

130%C in o medium containing 200 ng

'of the graph relating the log of the difference between the T/M
velue at equilibrium, (/M) eq, and the T/M value at time t,

(/M) ¢, to the time of incubation (Fig. 3:2). The values of
(7/M) eq were obtained by extrapolation of a graph relating the
mean T/M values for the lateral and fourth ventricular choroid

iplmsoa to the time of incubation (Fig. 3:3). The T/M value at
'equilibrium, (T/M) eq, for the choroid plexus from the fourth
ventricle was found to be 1.8 times greater than that for the
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ZABIE 233

Inulin space of the lateral and fourth ventricular choroid plexuses.

Time of incubation Inulin space per mg (vot weight)

(min) tissue of the choroid plexuses from:e
lateral ventricles fourth ventricle

10 0.14 = 0,01 (&) 0426 3 0,26

20 0.16 2 0,01 () 0426 ; 0,26

40 0.16 - 0,01 () 0.26 3 0,26

60 0.17 = 0,01 (4) 0425 ; 0.26

80 0.17 2 0,01 (4) 0426 ; 0,26

* Mean value = Standard Deviation (No. of estimates).
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TABLE 3:4

Accumalation of mc-s-hydro:windd-j-ylaoetic acid by the lateral,

and fourth ventricular choroid plexuses of the rabbit, The tissue

was incubated at 30°C in a medium containing 200 nz/ml

Time of incubation
(min)

& & & 8

lateral ventricles
2.64 H 2.57
324 H 3-&
3.95 = 0.85 (12)
3436 ;3 5.19

+

MG-S-HIAA.

Tissue/Medium ratio (T/¥) for choroid
plexuses fromi=

fourth ventricle:-
24,80
416
585,

7e48

" Mean T/M ratio < Standard Deviation (No. of cstimntes),
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tissue from the lateral ventricles,.

1,

The T/M value for the accumulation of = C=5-HIAA by the

lateral ventricular choroid plexuses was dependent on the

Lioe5-HIAA in the incubetion medium, (Table 3:5).

concentration of
An inerease in the concentration of 5«HIAA in the medium from

50 ng =5 p.g/ml reduced the proportion of the 5-HIAA accumulated
by 50%, The T/M value for the accumulation of 1“0-5-HIAA by the
lateral ventricular choroid plexuses was also dependent on the
temperature at which the incubation was carried out (Table 3:6).
Tnoubation et 6°C reduced the accumulation Of 5-HIAA by 75 = 80% of
that at 30°C for three different medium concentrations of 5-HIAA.
The effect of 2,4-dinitrophenol on the eccumulation of
1, i

choroid plesuses of the rabbit

The presence of 2,4=dinitrophenol (DNP) in a concentration of

10~ in the incubation medium inhibited the accumulation of
Ukco5eHIAA by the laterel ventricular choroid plexuses of the
rabbit (Table 3:7)e The degree of inhibition was similar over
e,

a 40 fold range of concentrations of 5=HIAA in the incubating

medium end was on average 41%,

d by F= dro ic

The effect of 3-methoxy=l=hydroxyphenylacetic acid




163.

ZABLE 3:2

Effect of varying M&S—hydrwindol-}-yhca‘bic acid concentrations
in the incubation medium on the T/M values for the acocumulation of
this acid by the lateral ventricular choroid plexuses of the rabbit,

Tissue incubated for 60 mins at 30°C.

MC-E\-HIAA conceontration

in incubation medium /M value
(ng/ml)
5000 2,07 ;3 2,22
2000 | 2,17 ; 2.53
200 5,95 £ 0,85 (12)*
100 4e33 3 Lak
50 7 a5k § 4a26

* Meen value = Standard Deviation (No. of estimates).
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| Inhibition of the accumulation of 5-hydroxyindole3=ylacetic acid

| {5=HIAA)} by the lateral ventricular choroid plexuses of the rabbit
when incubated at 30°C for 60 mins in a medium containing 200 ng/al
140—5-HIAA snd different concentrations of 3J=-methoxy=i-~hydroxyphen=
ylacetic aeid (HVA), Each value represents the mean = the standerd |

deviation of four ecatimates.
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(homovanillic acid, HVA), a normal constituent of c.s.f.

(Anden, Roos and Werdinius, 1963) on the transport of 5-HIAA from
the ventricular system of the dog in vivo was studied by

Asheroft gt al., (1968). These authors found that an increase
in the concentration of HVA in the cerebr#l ventricles inhibited
the removal of 5-HIAA, These two acids may, therefore, be I
removed from the c.s.f. in vivo by the same transport system for
which they compete. The effect of increasing concentrations of
HVA in the incubating medium on the accumulation of 5-HIAA by the
latsrel ventricular choroid plexuses of the rabbit was studied in

order to determine whether it inhibited the transport of this
: vitro

latter acid in wiwveo.
hen the lateral ventricular choroid plexuses of the rabbit

were incubated at 30°C for 60 mins in e mclium containing HVA and
200 ng S=HIAA/ml (approx. 10'61(), there was no inhibition of the
accumulation of this latter acid until the concentration of HVA

in the medium was 200 pg/ml (epprox. 10™K), At this

concentration of HVA there was a2 35% reduction in the T/M value

(Pige 32L)e

Probenecid, which has been shown to inhibit the accumulation of
5=HIAA by kidney cortex slices (Despopoulous and Weisbach, 1957)

also inhibits the removal of 5-HIAA from rat brain in vive
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Inhibition of asccumulation of S=hydrexyindol=3-ylacetic acid

(5=HIAA) by the latersl ventricular choroid plexuses of the rabbit
when incubated at 30°C for 60 mins in o medium conteining 200 ng/ml
Mo 5-HIAA and aifferent concentrations of probemecid. ELaeh velue

represents the mean = standard deviation of four estimates.
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(Neff, Tozer and Brodie, 1967), and from a recirculatory perfusion
of the ventricular system of the dog (Asheroft et al., 1968).
In the present study the effect of the presence of probeneceid in

the incubating medium on the accumulation of 3

C=5=-HIAA by the
lateral ventricular choroid plexuses of the rabbit was assessed
in order to detormine whether this substance inhibited the uptake
of 5-HIAA by this tissue.

When inoubated at 30°C for 60 mins in the presence of

probenecid in a medium containing 200 ng/ml i

C=5=-HIAA

(approx. 10"6!), the accumulation of the latter substance by the
lateral ventricular choreid plesuses of the rabbit was inhibited,
(Fig. 3:5)e A reduction in the T/M velue of more than 50% was
obtained when the concentration of probenecid in the medium was

10 (28.5 pa/ml).

DISCUSSION

The concentration gradient which exists between the blood and
the cerebrospinel fluid (c.s.f.) for a large number of substances
may, in part, be due to the removal of these substances from the
c.8.f. at a greater rete than their rate of entry frem the blood
(Pollay 19663 Cutler, Robinson and Lorenso, 1963), That a
removal mechanism does exist has been shown, using the technique of
ventricular perfusion, for diodrast and phenolsulphonphthalein in




170.

the goat (Pappenheimer et al., 1961), for p-aminohippuric acid (PAH)
in the cat (Davson et gl., 1962), for PAH, thiocyanate and iodide
in the rabbit (Pollay and Davson, 1963), and for 5~HIAA and HVA in
the dog (Ashcroft et al., 1968)s The position of the choroid
plexuses and the similarity of their epithelial cells to those of
the proximal tubule of the kidney (Davson, 1967) has led a number
of workers to implicate them in this transport system and to
investigate, in yitro, their ability to accumulate various
substances = ainst a concentration gradient by a mechanism which

is dependent on metabolic energy. In particular, the isolated
choroid plexuses of the rabbit have been used and have been shown
to be capable of the active accumulation of iodide, thiocyenate,
sulphate, thiosulphate, S5e=hydroxytryptamine, noradrenaline,
decamethonium, hexagethonium, N'=methylnicotinamide, mcrphine

and morphine derivatives (Welch, 1962e,b; Tochino and Shanker,

1965 a,b; Tekemori and Stenwick, 1966; Hug, 1967; Robinson gt al.,
1968).

The method used in the present study to remove the choroid
plexuses from the rabbit gave viable preparations which had an
oxygen 'consumption of 1,97 pl 0, per min/100 mg tissue (Fig. 3:1).
These choroid plexuses were oapabl-e of accumulating carrier-free
131 I-iodide to the same extent as those used by Welch (1962:) to
give a tissue concentration up to 30 times the concentration in the

medium, Good agreement was also obtained with the T/M value of
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27 observed by Robinson gt ale, (1968) after incubating the

131

lateral choroid plexuses of the.rabbit with I-iodide for 1 hour,

When calculating the T/M value used in the present study

L GuseHIAL in the

(page /53), allowance was made for the
extracellular fluid of the choroid plexuses, The volume of the
extracellular space was measured using imulin,
| The inulin space of 0,17 for the choroid plexuses from the
lateral ventricles and 0,26 for that from the fourth ventricle
(Table 3:3) was lower than the value of approximetely 0,3 mecsured
by Welch (1962b) .for the rabbit . choroid plexuses and by Lorenzo
and Cutler (1969) for those from the cat, The reason for this
difference is .unknown but it may lie in a lack of penetration of
the inulin into the capillaries of the choroid plexuses used in the
present study,.

The lateral ventricular choroid plexuses of the rabbit, when
inoubated at 30%C for 60 mins in a medium containing 200 ng SeHIAA..
per ml accumulated the 5=-HIAA to give a final concentration in the
intracellular water 3.95 = 0,85 (S.Ds : n = 12) times the
concentration in the medium (Table 3:4)e. The mechanism for the
accumilation of 5«~HIAA was saturable for the T/M value was
docreéaed as the concentration of 5-HIAA in the medium was
increaseds The T/M value was the seme for concentrations of 5eHIAA
in the medium of 50 ng and 100 ng per ml, with a 10% reduction in

this value at a concentration of 200 ng per ml, (Table 3:5). The
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system for the accumulation of 5S5«HIAA was thus saturated when the
concentration of 5=HIAA in the incubation fluid was between 100 ng
and 200 ng/ml,

The ability of the fourth ventricular choroid plexus of the
rebbit to accumlate 5«HIAA wes approximetely 1.8 times greater
then that of those from the latersl ventricles (Fig, 3:3), This
is similer to the results obtained by Velch (1962a), who showed

that the ratio of uptake of 131

I=iodide by the fourth ventricular
choroid plexus to that by the lateral ventricles was 1l.5. It is of
interest that Tochino and Shanker (1965a,b) en studying the
accumulation of the cationic substances Se=hydroxytryptamine,
noradrenaline, decamethonium and hexaemethonium by the choroid
plexuses of the rabbit observed that those from the lateral
ventricles accumulated these compounds to'a greater extent than
that from the fourth ventricle.

The dependence of the transport mechanism for 5«HIAA in the
lateral ventricular choroid plexuses of the rabbit on ATP formetion
was shown by the reduction in T/M value produced by the introduction
of 2,4=dinitrophenol (DNP) into the incubating medium to give a
final concentration of 10™M (Table 3:7). DNP is a potent
uncoupler of oxidative phosphorylation and that it was uncoupling
oxidative phosphorylation in the concentration used in the present
study was indicated by the ability of this concentration to

increase the oxygen consumption of the choroid plexuses 2.2 times
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(Pigs 331).

There thus appears to exist in the choroid plexuses of the
rabbit a saturable mechanism capable of accumuleting 5-HIAA egainst
a concentration gradient and which is dependent on metabolic energy.
Such a system could be said to be an "active transport" system,

Homovanillic acid (HVA), the major metabolite of the biogenic
amine, dopamine, is a normal constituent of c.s.f., (Anden, Roos and
Werdinius, 1963) and has been shown to be transported from the
Cy8,f, by a saturable transport mechanism (Ashcroft gt al., 1968).
These workers also found that an increase in the concentration of
HVA in the ce.s.f. inhibited the removal of 5«HIAA from the cerebral
ventricles, The degree of inhibition observed was not however
very large eand the infusion of HVA into the ventricular system at a
rate of 135 pg/min only increased the concentration of S5<HIAA in
.the ce8.fs from the cisterna magna by 25%. In the present study
the effect of HVA on the accumulation of 5«HIAA by the lateral
ventricular choroid plexuses was also small as the addition of
HVA to the incubating medium containing 200 ng 5eHIA//ml
(approx. 10"%) did not inhibit the accumulation of the latter
substance until the concentration of HVA was 200 pg/ml
(approx, 10'3}4) (Fige 334).

In the light of these results and also of the finding that
HVA is repidly removed from the cerebral ventricles in vivo

(Asheroft gt al., 1968), it can be postulated that two transport
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systems are involved in the removal of HVA and 5-HIAA from the
ce8,f, If the system concerned with the removal of 5«HIAL also
has a slight offinity for HVA then, when the concentration of HVA
is sufficiently large in comparison with that of 5-HIAA, inhibition
of the trenspart cut of the c.s.f. would be cbserved, The
existence of mutually independent transport systems for HVA and
5-HIAA is also suggested by the results, presented eerlier in this
thesis, for the estimations of the concentrations of thess two
acids in the lumbar ¢.s.f, of parkinsonien patients treated with
L=DOPA, The adainistration of L=DOPA to these patients in some
cases raised the concentration of HVA' in the lumbar c.s.f. from
approximately 10'? to 10-5Il without causing any significant increase
in the concentration of 5-HIAA (approx. 20™M). Purther
information about the interaction of HVA and 5-HIAA could have been |
obtained by studying the effect of 5«HIAA on the accumulation of
HVA by the choroid plexuses., This experiment was not carried out
as rediocactively labelled HVA was not reedily available from
commercial sources.

Probenecid, which has been shown to inhibit the uptake of
SeHIAA by kidney cortex slices (Despopoulous and Weisbach, 1957),
alsc inhibits the removal of 5-IIAA from ret brain in yivo (Neff,
Tozer and Brodie, 1967), and from a recirculatory perfusion of the
ventricular system of the dog (Ashcroft gt al., 1968). In the
present study it has been shown that the accumulation of S5=HIAA by
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CH3-0H2—0H2.

Eige 26,

Moleoular formula of probenecid.
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the lateral ventricular choroid plexuses of the rabbit is
inhibited by the presence of probenecid in the incubation medium
(PFige 3:7)s As probenecid is a monobasic phenolic acid (Fig. 3:6)
it is possible that the inhibition produced by it is of a
competitive nature,

The ability of the choroid plexuses from the lateral and
fourth ventricles of the rabbit to accumulate 5«/TAA is limited
as the equilibrium T/M velues are smell (4.5 and 8.0 respectively)
when the tissue is incubated at 50°C in 2 medium containing 200 ng
5=HIAA per ml, The system might thus seem of little value in the
removal of 5-HIAA from the c.s.f. in vive. The in yitro system
used here, however, gives no indication of the rate of transfer of
5«HIAA from the choroid plexuses into the blood, This réte might
be expected to bas high as the transfer of 5-HIAA from the cells of
the choroid plexuses into the bloed will be with a concentration
gradient, Under these conditions there would be no net
accumulation of 5«HIAA within the cells of the tissue., A better
index of the ability of these structures to transfer 5-llii froa
the c.s.f, to the blood would therefore be the initial rate ol ontry
of the acid into the choroid plexuses and not their T/M values at
equilibrium, The initial rate of entry of 5-HIAA into the choroid
plexuses when they are incubated in a medium containing 200 ng
5=HIAA per ml, can be calculated from the initial rise in the
T/} values shown in Fig. 3:3. These are 0.17/min for the lateral
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and 0,3%/min for the fourth ventriculer choroid plexuses. As the
concentration of 5-HIAA in the extracellular space has been taken as
being the same as in the medium (page/55) the initial rate of
entry of this acid into the lateral ventricular choroid plexuses
is 34 ng/g (wet weight) tissue/min and inte that from the fourth
ventricle is 70 ng/g (wet weight) tissue/min, In the rabbits used
in the study each choroid plexus weighs approximately 10 mg, and
if it is assumed that the choroid plexus from tho third ventricle
behaves in a similar manner to those from the lateral ventricles
thc;n the total initial rate of accumlation of 5-HIAA by all the
choroid plexuses from the one animal would be 1,7 ng/min, If the
in yiveo situation is the same as the in yitrg one then the initial
rate of removal of 5=HIAA from the ventriculer space of the rabbit
by way of the choroid plexuses will be 1.7 ng/min which will

equal Lhe abscolute rate of removal provided there is no
accumulation of the acid in the cells of the tissue, In the dog
the rate of removal of 5=-HIAA by active transport is 16 ng/min
(Ashcroft gt al., 1968). It should be pointed out that there are
difficulties associated with the above reasoning, The first lies
in drawing a close parallel between the in vitrc and the in vive
situation where no such parallel may exist. The second is in the
assumption that the 5-HIAA does not accumulate within the cells of
the choroid plexus. At physiological pH the 5-HIAA will Lo

ionized and as such may not be capable of passing easily into the
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blood. It would thus accumulate within the cells reducing the
rate of entry of the 5-HIAA from the c.s.f. The work presented
here, however, shows that 5-HIAA can enter the cells of the
choroid plexuses at physiological pH and there is no reason to
suppose that there does not exist a mechanism for its removal from
these cells into the blood, Further insight into the transfer of
S5=HIAA from the ce.s.f. to the blood by way of the choro.{d plexuses
could be obtained by perfusion of the vascular cepillary system |
of this tissue,

The experimental work presented in this section demonstrates
the point at issue, namely, that the choroid plexuses-are a likely
site for the active removal of 5-HIAA from the c,s.f. It
however gives little information about the kinetics of this

transport system.




APPENDIX

Biosynthesis of Tritiated

3-methoxy=-4-hydroxyphenylethyleneglycol sulphate
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Biosynthesis of tritiated 3-methoxy-4-hydroxyphenyle-

ethylieneglycol conjugate,

There is evidence that the major catabolite of

noradrenaline in brain is 3-methoxy=-4-hydroxyohenyle
ethyleneglycol (LiUriG) which, in some species, is
present as the conjugate, probably the sulphate ester
(S5chanberg, Sreese, Schildkraut, Gordon 2nd Kopin, 1968).
This conjugate is found in human c.s.fe. and in order

to determine the concentration of 0riLG, liberation of
the free! glycol is neceasary before its estimation, for
example, by fluorimetry. Schanberg, Schildkraut, Breese
and Kopin (1968) have demonstrated that the conjusate
is susceptible to the action of sulphatase=containing
preparations, For the development of a quantitative
hydrolytic procecure, using such sulovhatase-containing
products as 'Helicase', it is essential to have a
prepar tion of the conjugate in order to be ablc wo
monitor the degree of hydrolysis under varying
conditionse A radioactively labeslied nreparation is
preferable in such circumstances in order to allow
differentiation from endogenous material should it be
desired to meacure the extent of hydrolysis in solutions

containing the latter,.
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A biosynthetic prep ration of the conjusate of
the tritiated glycol was obtained by isolation from rat
brain after the injection of 3H+normetanephrine into the
cerebral ventricdes. This conjugate has been demonstratefl
by Schanberg, Schildkr-out, Breese and ¥opin (1968) to be
the major catabolic product of normetunephrine which had
been injected into the cisterna magna of rats.Peripheral
administration is unsatisfactory because, like the parenp
amine the O=methylated derivative does not readily enter
the central nervous system and peripheral metabolism is
mainly directed to the acid catabolite 3-methoxy=if-—
~hydroxymandelic acid. The O-methylated derivative
labelled with tfitium wos uged in preference to 146—
labelled nora§renaline, although the latter label is the
more desirable, in order to avoid the necessity of

separating the labelled U-methylated glycol from the nong
-methylated labelled glycol derivative.

Radio:octive normetanephrine Normetanephrine—T-BH (3.9

Ci/m mole) w2s obtained from lNew England Nuclear
Corporation as a solution in O.1ll acetic acid and was
prepared for injection as follows..

To one ampoule containing C.25ml 0.1 acetic acid
wag added O.lml O.1lN sodium hydroxide and 1l.15ml of
artificial c.s.f. (Table). The resultant solution had a

pH of 7. 4-




NaCl

KCGl
CaCl

aB e,

Urea

Glucose
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ZADIE

Composition of artificial c.s.f.

concentration

(&/1)
8.98
0425
0.1k
0.
0.07
0.13
0.16
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injection of normetanephrine The labelled normeta-
nephrine was introduced as described by Noble, Wurtman
and Axelrod (1967) into a lateral ventricle of six male
Wistar rats.

The animals were lightly anaesthetised with ether,
a midline sagittal incision made from the eyes to the
ears and the skin parted using gentle pressure with the
fingers. A hole, large enough to take 2 1027 gauge
needle and deep enough to penetrate the skull, was made
with a thin metal probe, l.5=2.0 mm lateral to the
crossing of the sagittal and coronal sutures, Using a
50ul Hemilton syringe fitted with a 27 gauge needle with
a stop 345-4.0 mm from its tip, 20pl of the labelled
normetanephrine solution (3.3 pCi) was injected into the
lateral ventricle, The needle was allowed to remain in
place for 5 seconds and was then withdrawn, The incision

was closed with skin clipse.

Isolation of lOPLG conjugate One hour after the injectig

the rats were killed by decapitation and the brain:
rapidly removed and weighed. Bach brain was homogenised
separately in an all glass, Potter type, homogeniser in
ice cold 0.4N perchloric acid (4 ml/g tissue) and the
protein-precipitate removed by centrifugation at 18,000g
for 5 min. The supernmatant from the homogenate wes

adjusted to pH 4.0 (glass electrode) with 5H and 1N

PIL
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potassium hydroxide and kept at -20% overnight. The
solutions were brought to about 4°C and the precipitate
of potassium perchlorate was sedimented by centrifugation
at 18,000g for 5 min at 4°C.

Unchanged normetanephrine was adsorbed from each
supernatant by passing it through a 5 cm long, 5 mm
diameter column of Dowex 50 resin, 200-400 nesh, rat form|
The effluent from th:s column was collected in a 30 ml
glass stoppered test tube and adjusted to pH 1.0 (glass
electrode) with 2N HCl, Phenolic acidic and unconjugated
glycol metabolites were extracted from the agueous
solution into ethyl acetate by shaking three times in all
for 5 min with 10 ml of ethyl acetate. The phases were
geparated each time by centrifugation at 3,000g for 5 min
and the upper organic layer discarded. The [IUFEG conjugate
remains in the aqueous phase because, being a relatively
strong acid, it remains fully ionised at pH 1.0,

The agueous solution was taken to dryness under
reduced pressure (about 0.5 mm Hg) at_40°C. The residue
from each brain was taken up in C.3 ml of methanol and
transferred by replicate applications to the origin of
a 2.5 cm wide strip of Whatman No 1 chromatography papeX.
llarkers of IOPEG and the acid metabolite of normetanephrine
vanillin mandelic acid (VMA), were applied to a separate
strip. The chromatograms were developed by descending
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Figel
Distribution of radicactivity on a chromatogram of a solution
believed to contein the conjugate of tritiated J=methoxy=i=hydroxy=
phenylethyleneglycol extracted from rat brain after the adm.tniatratim*
of mrmetaneplu-ino-'?-j H intraventricularly.
Descending chromatography on “hatman No 1 paper for 7 hr in

| chloroform methanol: ammonia (Sp.gr. 0.88) (12:7:1, vw/'v).




185.

chromatogranhy for 7 hr in chloroform: methanol:

ammonia (spegre 0.88) (12:7:1 by volume) (Sugden, Yates
and Eccleston, unpublished). The developed chromatograms
were dried in a fume cupboard in a stream of aire. To
locate the radioactive material on the chromatogram, a
strip 0.5 cm wide was cut from one edge and divided into
1l cm lengths which were placed in liguid scintillator
vials, Methanol (1.0 ml) was added to each paper segment
to elute any SH-NOPEG sulphate. After 1 hr, 10 ml of
toluene scintillant (page |4l ) was added to each vial
and the activity estimated with a Nuclear Chicago Mark I
liguid scintillation counter.

A histogram showing the distribution of radio-
activity along a typical chromatogrem is shown in Fig. 1
The radioactivity on the chromatogram gave a single pe=k
the position of which did not correspond to that of
MOPEG or of VilA on the marker strip, the position of
which had been visualised by spraying the strip with
diazotised p-nitroanaline.

The sections of paper containing the remaining
radioactivity on the chromatograms were cut out and each
stored in a 30 ml glass stoppered test tube at 4°c
until the radioactive material was eluted from them in

water.
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Identification of radioactive material from the chromatow

gram If the radioactivity on the chromatogram was
derived from MOPEG conjugate, then after treatment with
the sulphatase-containing preparation, 'Helicase', it
should become extractable into ethyl acetate and show
the chromatographic mobility of MOPEG.

The radioactive meterial in the appropriate segment

of the developed chromatogram was eluted by gently shaking

the piece of paper for 20 min with 12 ml water in a
30 ml glass stoppered test tube. An aliquot (0.5 ml) of
this eluate was taken for the estimation of tritium by
liquid scintillation counting. The remainder of the
eluate was divided into two 5.0 ml samples in 15 ml glass
stoppered test tubes. To one sample was added 1.0 ml
1M acetate buffer pH 5.0, and to the other, 1.0 ml of th
buffer cdntaining 20 mg of the sulphatase preparation
*Helicese's In order to prevent bacterial growth, one
drop of chloroform was added to each tube and the samplesd
were gassed with nitrogen prior to incubation at 37°C for
16 hr,

The incubated solutions were cooled to room
temperature and the protein precipitated from each by
the addition of 0.2 ml zinc sulphate (40% w/v ZnS0, TH,0)
followed by 0.15 ml 20% w/v sodium hydroxide. The

precipitates were removed by centrifugation for 5 min at

i




187.

3,000 g and the supernatants transferred to 30 ml glass
gtoppered test tubes, adjusted to pH 1.0 with 2N HCl and
saturated with sodium chloride. The samples were shaken
for 5 min with 10 ml of ethyl acetate and, after
centrifugation at 3,000 g for 5 min, 7 ml of the upper
organic layer was transferred to a 100 ml round bottomed
flask. The extraction was repeated twice with further
10 ml volumes of ethyl acetate which were pooled in the
round bottomed flask with that from the first extraction.
A 1.0 ml portion from each combined ethyl acetate extract
was taken for the estimation of radiocactivity by liquid
| seintillation counting.

Of the radioactivity present in the sample treated
with the sulphatase preparation 'Helicase'y, 87% was
extractable into the ethyl acetate as compared with 2%

for the sample incubated in the absence of 'Helicase'.

Chromatography of ethyl acetate extract The ethyl
acetate extract from the sample which had been incubated

with 'Helicase' was evaporated to dryness under a stream
of nitrogen. The residue was dissolved in 0.3 ml mﬁthanbl
and transferred, by replicate applications, to the origin
of a 2.5 em wide strip of Whatman Wo 1 chromatography
paper. Harker amounts of authentic MOPLG and VIA were

applied to a second strip and both were developed, by
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g 2
Chromatographic distribution of ethyl acetate extractable radio=
activity following incubation with the enzyme preparotion 'Helicase',
of a brain extract believed to contain the conjugate of tritiated
J=nothoxy=i=hyiroxyphenylethyleneglycol.

Descending chromstography on Whatman Ne 1 paper for 6 hr with

| isobutylumethylketone: 4% (v/v) formic scid (10:1 v/ v)e
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descending chromatography, in the organic phase of the
solvent, isobutylmethylketone: 4% (v/v) formic acid
(10:1 v/v) (Guldverg, 1967) for 6 hr. The develoPed chromn=
atogrenms were dried in a fume cupboard in a stream of
air. The MOPEG and VHA in the marker chromatograms were
visualised by spraying with diazotised p-nitroaniline
(page 28 )« The chrometogram containing the radioactivity
was cut into 1 cm wide strips along the direction of the
solvent flow. Each paper segment was cut into smaller
'pieces which were placed in a liquid scintillation vial.
Methanol (1.0.ml) was added to each vial to elute any
rodioactivity preaent..After 1 hr, 10 ml of toluene
scintillant wes introduced into each vial and the
radioactivity estimated using a Nuclear Chicago Mark II
liquid scintillation counter.

The radioactivity on the chromatogram was found to
be located in a single discrete area corresponding in
position to MOPEG on the marker chromatogram (Pige 2).

It would appear from its solvent extraction
characteristics and chromatographic behaviour before and
after engymatic hydrolysis that the radioacfivity in the
purified fract jon, isolated from rat brain after injection
of 3H-normetanephrine, was indeed located only in
material which had the characteristics of endogenous

HOPEG conjugates It was considered that the evidence was
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sufficient to justify the use of the material, without
further purification, to monitor the enzymatic hydrolysig
of ILIOPEG conjugate.
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