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INTRODUCTION




PRINCIPAL MBTABOLIC PATHWAYS OF CATECHOLAMINES ,

Tho discovery of ardrenaline and its pharmacologicel
propartiez goes back to the end of the last century.

In 1895, OLIVER and SCHAFFER obsapved that the injec-
tion of the extracts from gdronal glands increased arterial
blood prossure and caused the resulting vasoconstriction
[OLIVER 1895], The same year CYBULSKI roported that, oaspo-
cislly under stress, the adrenal vein blood countained a sube
stance responsible for the vasopressive activity [ CYBULSKI
1895] . During the next few years, many investigetors tried
to purlify and to isolate the "activeo principle®™ of the adre-
nal medulla [ABEL 18993 TAKAMINE 1901]. Finally, in 190),
STOLTZ succeeded in synthesizing adrenaline, the first hore
mone obtained chemically, and its non-mothylated homdslogue:
nor-adrenaline [STOLTZ 190)4].

BLLIOTT, in & serioes of experiments, used & small dose
of adrenzline and e¢onfirmed ths results obtained by OLIVER,
Also, the physiological effects of adrenalins were found to
be similar to those observed following the stimulation of
syapathetic nerves [ELLIOTT 1905] . Thus, he identified adre=
naline with the chemical transmitter.

BARGER and DALE also tried to identify adrenaline.with
the sympathetic transmitter and advanced the hypothesis that
the single methyl group on the nitrogen is a basic factor in
the balance between the excitatory and inhidbitory actions 6r




¢atecholamines [ BARGER 1910].

Twonty yoars after, however, the observations of
ELLIOTT were contested by CANNON and ROSENBLUETH. These au=-
thors provided evidence that adrenaline and synpathin did
not act in the same way. They postulated the existence of
two various, ective substences which, when liberated by adre-
nergic nerve fibres, possessed differont propertiess

(1) Inhibitory - Sympathin I3

(2) Excitatory - Sympathin E (CANNON 1933).

Tho Sympathin I was identified hypothetically with
adrepaline, and Sympathin E with noradrenaline (BACQ 193L).

The discovery of iproniazid, en inhibitor of monoamine
oxidase (MAO) (ZELLER 1952), advanced the study of this en-
2yme and its role in the metabolism of catecholamines.

SCHAYER and SHMILEY obgerved that the use of this in-
hibitor increased the amount of adrenaline labeled in mathyl
position excreted in urine, This compound was also found to
be very active in VITRO (SCHAYER 1953).

liowover, the inhibition of this enzyme did not increase
the duration of action of endogenous or exogenous catecho-
laminos (BURN 1954).

Por many years the oxidative deaminetion was considered
to be tho most important step in the metabolism of catecho-
lamines (BLASCHKO 19523 1953 SCHAYER 1953).

SCHAYER found that, the conjugation with sulfuric or

3




glucuronlc acld, insignificant undor Physiological condi-
tions, bocame important when a large quantity of catechol-
amine was ingested. _

The discovery of Owmethylation (ARMSTRONG 1957) was
& very important.step in the study of the metabolic rathvay
of catecholamires. The identification by ARMSTRONG ot al. of
3=mothoxy-li-hydroxymandelic acid, as a urinary motabolite of
edrenalins, directed later research towards the O-methyla-
tion. That same year, AXELROD demonastrated the importance of
Oemethylation in the motsbolism of catecholamines and
PELLERIN ot gl, showed that catecholacids are also O~mothy-
lated (AXELROD 1957; PELLERIN et al. 1957). In 1958, AXELROD
isolated an enzyme from rat liver responsible for this reace
tion,

The inhibition of MAO increased twofold the excretion
of metanephrine, suggesting that monoamine oxicdase deamlnztes
& congiderable amount of motanephrine to 3=nethoxy=-li~hydroxy=-
mandelic acid, and that O-methylation of catecholamines
occurs beofore deamination (AXELROD 1958; KOPIN, AXELROD,
GORDON 19613 LABROSSE, AXSLROD 1961).

Thoe inhibition of catechol~O-mothyl transferase blocks
the mothylation of adrenalins (XOPIN 1961) . But the combinsd
bloclage of both enzyme systems results in the formation of
4 new motabolite of adrenaline (XIRSHNER 1960), and in the

increased production of acldic; mainly conjugated catabolites,




unidentified (DESCHAEPDRYVER, KIKSHNER 1961).

Recently, KOPIN and his colloagues demonstrated that
binding plays an important role in the inactivation of ca-
techolamines. In rat and mousoe, tho injected adrenzline or
reradrenaline diséppears from the whole animel and is oxere-
tod in two phasesgt

1/ in the first pbaso, the major route of metabolism
is O-msthylation;

2/ in the socond phase, after several hours, the bound
catecholamine is slowly released, and it seems that
it is metabolized by monoamine oxidase (KOPIN et
al, 1962).

In 1954, VON EULER and his co-workers advanced the hy-
pothesis that adrenaline is probably not metabolized beforo
it is roleased into the circulation, so that injected adra-
naline may follow tho same metabolic pathway as the ondoge=
nous hormone. (KOPIN 1963). Hevertheless, noradrenzline may
bo formoed and metabolized in the tissue without reaching the
circulation,

Tho deviation of the metzbolism of adrenzline, resul-

ting in tho formation of adrenochrome or of its autooxidation,

was considered by certain resecarchers %o be involved in

schlzophrenia (HOFFER 1957)., However, SZARA and AXELROD could

not detect any formation of adrenochrome in VIVO (SZARA et al
1958) .




Using the hallucinogopic drugs and various inhibitors
of catechol-0O-methyl transferasse in VITRO and in ViV0, we

triled to verify the oxisting hypothesis, in comnection with
the action of these compounds, on the metabéliam of injected
adrennline in a rat, in tho light of the rocent findings.
It is useful to roview shortly the difforent patinays
of the metabolism of catecholamines, and tﬁe role played by
various enzymatic systens,
The mochanism most often involved in the catabolisa
of catecholamines aro as follows
1/ Oxidative deamination by monoamine oxidase {1140);
2/ Conjugation of catecholamines and their O-methyla-
ted metabolites with glucuronic or sulfuric acids
3/ Methylation by catochol-0-nsthyl transferase
(coxT);
i/ Binding of exogenous anines.
Flge 7 prosents the metabolic pathway of injected opi~
nephrine in a rat, such as proposzed by KOPIN, and based on
the most rocent experiments (XOPIN 1961).

MONOAMINE OXIDASE,

A new approach to tho study of catecholamines came
with tho discovery by HARE of an enzyme able to desminate
oxidatively tyramine. In this reaction, ammonia is rolsassd

and the corresponding aldchyde is formed. The highest acti-




vity of this enzyme was found in the mitochondria fraction
of liver (HARE 1928).

Several inveatigators have tested the oxidative deami~
nation‘of adrenaline and other amines using rat liver and
brain cortex slice techniques (PUGH 1937; QUASTEL 19333
BLASCHKO 19373 19333 1937 a3 1937 b). 4s a result, two new
enzymes were discovereds aliphatic amine oxlidase and adrona-
line oxidase. Shortly after, it was shown that all three en-
zymes described above are similar in the chemical reactions
they catalyse, their behaviour towards inhibitors apd their
distribution (KOHN 1937; BLASCHKO et al. 1937). Experiments
of GADDUM and KWIATKOWSKI ashowed that the same enzyme may
also oxidize adrenaline in VIVO, since its effects are po=-
tentiated by ephedrine (GADDUX 1938). In 1941, ZELLER pro-
posed to name these enzymes monoamine oxidase (MAO), because
all of them act upon aliphatic and phenylethyl amines, which
have an amino group attached to a terminal carbon atom.
(BLASCHEO 1953), and are semicarbaszide resistant. This would
differentlate it from diamine oxidase (DAO), acting upon
short aliphatic diamines, and affected by semicarbazide
(ZELLER 1941).

it was shown that about 2/3 of the enzymatic activity
of HAO is present in the mitochondria, snd only 1/3 is asso-
ciated with the microsome fraction (HAWKINS 1951) of the
liver (HAWKINS 1952), The occurence of monoamine oxidase in




all tissues was demonstrated by BLASCHKO, However, the same
author could not find any activity of this enzyme in blood
{BLASCHKO 1952) . |

The work of SCHAYER and his asscciates proved conclu-
sively that MAO plays an 1mpq;tant role in the motabolism
of adronaline in VIVO (SCHAYES 19513 19523 1953), Using
adrenaline-g-C and adrenaline methyl-clh, these authors
wore able to demonstrate that, in the inactivation of adre-
naline, the g and the methyl carbon follow different mota=-
bolic patterns. About 90% of B-clh'uas present in urines
however, at the same time only 607 of methyl-clu was excre-
ted. This fact indicated that tho molecule was split between
those two carbons. |

The potentiation of édrenaline-like action is suggo-
sted to be due to monoamine oxidase inhibition (BLASCHKO
1954) .

. Oxidative deamination is considered to be a naturally
occuring process in animals., PELLERIN and D'ICRI0O and .ARM-
STRONG and SHAW found the deaminated acidic compound, 3-homne
vanillic acid, exereted in urins after injection of 3,L~di-
hydroxyphenylalanine (DOPA) (PELLERIN 19555 1957; SHAW 19563
1957) . Also, ARMSTRONG and MCMILLAK 1solated the 3-methoxy-
li-hydroxymandelic acid from the urine of a patient with
pheochromocytomr. This acid was recognized to be & metabolite

of both adrenaline and noradrenaline, since both catechol~




amines are substrates for the same enzyme - monocamine oxi-
dase (ARMSTRONG 1957). Then, ARMSTRONG propozed the hypo-
‘thesis that 3-methoxy-l=-hydroxymandelioc aoid {VMA) might be
formed by the action of monoamine oxidase (MAO) upon adrena-
line or noradrenaline followed by methylation of the resule
ting 3,4~dihydroxymandelic acid (DHMA) {ARMSTRONG 1957). The
occurence in urlne of DHMA was supported by VON EULER
(1958).

The oxidative deaminatlon was especially studied by
ZELLER (1958). He observed that the potentiation and the
protection of catecholamines by iproniazid is strong evi-
dence in favour of the theory that the catecholamines are
attacked firat by monoamine oxidese, . . - : The lack of
potentiastion is an indication that methylation is involved
in the process of inactivation (ZELLER 19593 ZELLER, BLANK=
SMAR et sl. 1959)., However, by protreating animals with
iproniazid, there was & twofold incresse in the urinary ex-
cretion of metanephrine. These results support the hypothesis
that in VIVO O-methylation of adrenaline occurs befors the
deamination (AXBLROD 1958); ZELLER, BLANKSMAN et 21.1959),
and that the injected adrenaline retains the methyl group
in the chain, In man,91% of the infused adrenaline g-cLU
was recovered from urine, while this recovery only amounted
to 32% when the hormone was labeled in the methyl position.
These results suggested that approximately 2/3 of the mole-
cules of infused adrenaline lose the N~methyl group during




the metebolism (RESNICK 1959).

In 1960, KOPIN and AXELROD identified 3,4~dihydroxy-
phenyl glycol as & compound derived from the deamination of
adrenaline and noradrenaline,; and which was supposed to-
serve as a procursor of 3=-mothoxy-li=hydroxyphenyl glycol. .
AXSLROD demonstrated that iproniazid doss not affect the rate
of disappearence of catecholamines. It blocks only the dea-
mination of their O-methylated products (AXELROD 1960), and
reduces tho radioactivity in 3emethoxy-l-hydroxymandelic
acid and its non methylated amalogue (GOODALL 1958) ., KIRSHNER
confirmed these results (KIRSHNER 1960). The results obtained
by BACQ and hls asaoclates suggested that the minor fraction
of catecholamines, which is deaminated before it is O-methy-
lated, is totally inactivated in the first reaction {BACQ et
atq 1961).

BRURJES and his colleagues reviewed the metebolism of
catecholamines and concluded that when oxidative deamination
is ti:e £irat step, the intermediate metabolite formed from

‘adrenaline is 3,lj~dihydroxymandelic acid, which in turn may

be metabolized by O-methylation to yield 3-methoxy~li~hydroxy-
mandelic acid. This engyme is also required for the conver-
slon of motanephrine 1to 3-methoxy=l~hyiroxymandelic acid
(BRUNJES 1963).

The experlments reported above wore performed mostly
by us.tné the inhibitors of MAO, so that the physiclogical
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condltions were generally modified. The results observed
wore sometimes contradictory, and they do not help in an
evaluation of tho real importance of the role played by this
enzyme in the motabolism of catecholamines in VIVO.

However, the diacovery of the O-methylatibn contributed
to the generally accepted opinion that monoamine oxidage
(1440) plays only a minor role in the biological inactivation
of catecholamines.

CONJUGATION.,

It is known that conjugation iz involved in the deto-
xification mechanism in VIVO, and that it takes place in
the integtine and the liver (PELKAN 1922; LUND 19513 BEYER
1956) « The liver is also very effective in conjugating cir-
culating adrenaline (ELLIOTT 19053 TRENDELENEURG P. 19293
HARTUNG 1946) In VIVO under physiological conditions, the
conjugation of a simple phenol is gonerally incomplete and
a portion of it may be eliminated in unchanged form (NOVELLO
1925).

In man, after ingestion of a large dose of adrenzline,
the combined adrenaline is excreted in urine within 5 hours
(RICHTER 1940). The same investigator obtained evidence theot
conjugation may be more rapid than oxideflion by monoamine
oxldase (MAO); he also suggested that this catecholamine may
be inactivated by esterification with sulfuric acid (RICHTER
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1941; HARTUNG 19463 BACQ 1949), or,; by combining through one
of its phenolic hydroxyl group with glucuronic acid {CLARK

1951). Thus, by conjugation adronaline may loso 1ts pressor
activity. Howover, moro rocently, it was reported that both
in mon and rats adrenaline is not conjugated with glucurconic
ecid {(AXELROD 1957; SCHHIDT 1958).

In dog, the conjugats 1solated from urine, after in-
gostion of a large quantity of adrensline, was found to beo
a glucuronide (BEYER 1945). Howevor, adrenaline injected
intravenocusly was inactivatéd and eliminated as sulfurlc
oster (BACQ, PISCHER 1949). From similar cxperinents, DOGSTON
and co~workers concluded ﬁhat iIn rabbits, after oral inges-
tion of d-adrenaline, only an ingignificant amount of sulfo-
conjugaete was excroted. At the same fime the glucurcnide reo=-
presented 21% (DOGSTON 1947; CLARK, DRELL 1954). Previcusly,
it was observed that l-adrenaline supressed glucuronic acid
conjugation in liver slices (LIPSCHITZ 1939).

. The evidence cbtained by TORDA, demonstrated that co-
calne inhibiltg tho estorification of phenols in VIVO, and of
tke phenol sulfur esteragse in VITRO., Thusg, 1t potentiates
the actlon of adrenaline, and mey be regarded as indirectly
supporting the theory of RICHTER, that adrenalinc is inacti-
vated partly by osterification of the phensl ring (TORDA
1943)(a), (b).

More recontly, 1t has boen observed that sulfates of
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adrenaline and noradrenaline are present in the urine of men
and rabbits, and they are conjugated by cell-free extracts
of rat liver (GREGORY 1961).

The amount of the conjugated hormone, excroted in
urine under physiologiocal conditions, is amall. It‘was shown
that after an acid hydrolysis the conjugated adrenaline or
noradrenaline was liberated, increasing the level of biolo=~
gically active amine (VON EULER 1951). Also, it was pointed
out that between 1 and L% only of the intravenously injeoted
catecholamine is excreted in unchanged form (HOLTZ 19473
ELMADJIAN 19563 VON EULER 19543 BACQ 1961). Morsover, SCHAYER
found no significant increase in the free adrenaline laevel,
following acld hydrolysis, of urine from rats 1njected intra-
venously with a small dose of this hormone., This observation
favours the opinion that conjugation is a minor pathuay of
inactivation of catecholamines undor physiologicel condi-
tions. Nevertholesse, its role increases significantly when a
large dose is involved (SCHAYER 1951). Confirming this,
AXELROD found & large amount, 21%, of conjugatod metane-
phrine glucuronide in the urine of rats injected intraperi-
toneally with 5 mg of epinephrine bitartrate (AXBLROD 1958).

In 1959, the same resesrcher obtained evidence that
the enzyme responsible for conjugation of metanephrine is
present in the microsomal fraction of rat liver (AXELROD
19593 1960) .However, DESCHAEPDRYVER and KIRSHNER found that
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that in man, metanephrine is not conjugated with glucuronide,
but with a sulfate, since incubation of urine with glucuroni-
dase did not give metanephrine (DESCHAEPDRYVER 1961).

O-METHYLATION ,

MACLAGAN and WILKINSON first showed that phonolic

groups ocould be methylated in man. After ingestion of 3,5=
diiodo=l~hydroxy benzoate, they isolated from urine the core
responding compound methylated in 3-hydroxy position (MACLA~
GAN 1951).

A fow years later, ARMSTRONG, SHAW and WALL studing
humar urine of patients with phenylketonuria foung a wide
varlety of phenolic acids methylated .in meta position
(ARMSTRONG 1956). In the following year, the isolation of
3=methoxy-li~hydroxymandelic acid from the urine of patlents
with phsochromocytoma was reported, and this acid was iden-
tified as 8 major metabolite of adrenaline and noradrensline
(ARMSTRONG 19573 1959).

PELLERIN and DYIORIO found homovanillic and dihydroxy-
phenylacetic acids in the urine of rabbits previously given
a large dose of DOPA, 45 well, from tho urine of rats injec-
ted intraperitoneally with DOPA-CLY, these investigators
A separated, by chromatography, four compounds including DOPA,
DOPAMINE, 3,l-dihydroxyphenylacetic and 3,4~=dihydroxyphenyl-
pyruvic acids (PELLERIN 1955).
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In 1957 and 1958, two groups of researchers showed
the oxlstence of an onzymatic system capable of methylating
catecholacids (PELLERIN 1957), and catecholamines (AXELROD
19573 1958)'in VITRO. This enzymo was found to be present
in the soluble fraction of rat liver and kidnoy homogenate,
and to requiroe mothionine; ATP and Néff; further. that it
18 inhibited by sulfhydryl (SH) binding group roagents
(AXELROD 1958b). The enzyme described above was named cate=-
chol-0-methyl transferase (AXELROD 1958), and was ohsorved
to act on any compound that had two hydroxy groups adjacent
to one another {AXELROD 1960 ¢). lMotanephrine and normeta-
nephrine were found to be methylated motabolites of adre~-
nsline and noradrenaline respectively (AXELROD 1957), and
wore present in urins as free and.conjugated compounds.
Their excretion in urine is increased twofold after pre-
treatmont with iproniazid, suggesting that under physiolo-
glical conditions, a considerable amount of O-methylated
aﬁine is deaminated by moncamine oxidase to give 3-msthoxy-
li-bydroxymandelic acid (AXELROD et al,. 1958), Thess results
support the hypothesis that methylation precedes oxidative
deamination of adrenaline, Furtiaeormore, metanephrine and
normetanoephrine weEe found in normal, human urine,indice-
ting that O-methylation was & major pathway of the metabo-
lism of catecholamines in man (LABROSSE 1958 ;KIRSHNER et
al. 1958).

The iphibitors of catechol-O-mothyl transferase were




15

shown to prolong the physiological effecte of adrenaline
probably by competing for this onzyme (AXELROD et el, 19%59).,
AXELROD and KOPIN {(1959) demonstrated that, in rats, the
3-mothoxy«li~hydroxyphenyl glycol sulfate is an important mo=
tabolite of adrenaline and is found in urine; howover, in
man it represents only a small fractlion of tho methylated
metabolites (AXELROD, KOPIN 19593 KOPIN 1960) e« 1t 1s poasi=-
ble that MHPG might be partly formed by prior deamination of
the catecholamines to DHPG, since only a part of MHPG is
formed by the deamination of the methylatod catecholamines
(AXELROD ot al, 1960 b).

The conversion of metanephrine to normeta_nephrine was
observed in VITRO when metanephrino was incubated with an
engyme from & microsome fraction of rabbit liver, Similaye
1y, conversion could not bo demontrated in VIVO (AXELROD
1960 b). While, the ensymatic O-demethylation of metaneph-
rine to adrenaline occurs only in VITRO, {AXELROD, SZARA
1958) ,BACQ does not excluds the possibility that this ro-
action, to a smaller extent, may occour also in VIVO {BACQ et
ale. 1961).

In cats, the ;ftistribution of urinary motabolites of
adrenaline differs from that found in man (KIRSHNER 1960).

in man, the administration of metanephrine resultsd
in oexcretion of VMA and MHPG sulfate, indicating that a
large portion of it is deaminated.
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GOLDSTEIN and co-workers (19603)using the double lae
beling technique studied the N~mothylation of noradrenaline
to adrenaline in rats. They demonstrated that this reaction
ig irreversiblo, and that no demethylation of epinephrine
occurs in cets (GOLDSTEIN, FRIEDHOFF ot al, 1960)., However,
more rocently, VERLY, KOCH et ol. demonstrated that in ecat,
13% of radioactivity after intravenous injection of adrena-
Iine-33 was found in plasma a3 noradrenaline. Thus, thoso
authors provided evidence that demethylation of adrennlinc
occurs in VIVO VERLY 1962).

The experiments of KOPIN, AXELROD and GORDON (1961),
KIRSHNER ot &l. (1961) and LABROSSE ot al. (1961) confirm
the results obtained previously by KOPIN (1960) and by
AXSLROD (1959), that O-methylation of adrenaline to meta=-
nephrine, which is then deaminated and conjugated, or deami-
nated and oxidized, constitutes the principal pathway of
metabolism of this catecholamine, O-mothylation is aléo con~
sidered as a primary factor for the biological inactivation
of sympathetic mediators (BICKEL ot al. 1961),

BINDING OF EXOGBNOUS AMINES,

In 1959, AXELROD proposed the theory that methylation
of adrensline in VIVO occurs in two phases. One part of the
hormone ls immediately mothylated; but soms of it is bound
to the tissue from which it is released and then methylated.




17

AXELROD and TOMCHICK then suggosted that this binding to the
tissue prevents enzymatic alteratlon of the aminos (AXELROD
ot al, 1960), and potentiates the sympathomimetic effocts
of the catecholamines BLASCHKO 1954). IVERSEN and WIITBY
supported the theory of AXELROD, and demonstrated that tho
rate of disappearance of adrenalino is slower when low do=
ges aroe used, than is the case with high doses. In 1961,
HERTTING observed that blockago of the blnding sites should
accelorato the rate of metabolism of catecholamines, which
becoms more accessible for the enzyme action., Therefore 1%
seems that the binding into the tiasuoe conatitutes & very
important step in the metabolism of both hormones.
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IHE EFFECT OF h-HETH!LTROPOLONB, AN 0~-METHYL TRANSFERASE
INHIBITOR OF THE METABOLISM OF ADRENALINE iN Vivo,

A/ INTRODUCTIONS

It 1s well kmown that O-mothylation (ARMSTRONG 1957;
AXELROD 19573 PELLERIN 1957) together with oxidative deamie
nation (BLASCHKO 1953) 1s involved in the metabolism of
catecholamines, and the énzyme responsible for this is cge
techol-0-methyl transferase,

It was found that in VIVO 4 compound such &8s pyrogallol
inhibits this énzyune reversibly and blocks the J-methylae-
tion of adrensline (BacQ 19363 AXELROD," LAROCHE 1959).

More recontly it wag demonstrated that a compouna
with a tropolone ring, 2-hydroxycyoloheptatrionone (BELLEAD
1961) is a highly active competitive inhibitor of rat liver
mothyl transferase (MAVRIDES 1964) and that in VIVO it is
much more effective than pyrogallol (BELLEAU; BURBA 1961),
4 low dose of this inhibitor potentiates the action of adroe
naline on the nictitating membrane of a cat (BELLEAU, PIN-
DELL &8 cited in BELLEAU 1961), but at a dose 10 times
higher it led to g marked decrsase in the sensitivity of
E=receptors to isopropyl-noradrenaline (MUBNAGHAN. M, et a1,
1963). In rats, the urine of enimals treated with tropolone
(40 mg/kg) contained 50 to 100% more of the catechol ang
much legs of the corresponding methoxy compounds. In VITRO
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exporiments 10 mg of tropolome inhibits in 30 min. 96F of
COMT mctivity in the heart (POTTER, AXELROD 1963).

Exporimonts with mice showed that & high dose of tro-
polone 50 mg/kg or 100 mg/kg protects the animai for at
loast 2 hours against lethal doses of adrenaline. The LDgp
of tropolone in mice is 585 mg/kg. In small doses, 10 mg/kg,
1t increases adrenaline mortality (MURNAGHAN M. et al. 1963).
Those obsorvations suggosted that the in VIVO effects of
p~mothyl-tropolons are due to the inhibitlon of catechol o-
methyl transforase as woll as to the blocking of both alpha
and beta recoptor sites (BELLEAU 196l).

We were very fortumate in obtaining some of this cone
pound from Dr. BELLEAU and testing. it for inhibitory action
in VIV0 in rats,

The following peges will describe the effect of l=-
methyl-tropolone on the metabollam of adrenallns -f3 -Glh

in rats.

B/ EXPERIMENTAL PART$

For all our experiments young male rats of SPRAGUE-
DAWLEY strain, weighing betweon 150 and 200 g were used,

The rats were:divided into four groups of six animals
cach, except for Group IV which was composed of four rats
only. They wore placed 1in individual mebabolic cages. All
of them woere treated by tuwe subcutaneous injoctionss

1, of 10 mg per kg of body welght of dibenamine-HCl
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in water (pH sl:l.ghtiy acidic), to reduce the toxi=
city of sdrensline (RAAB ot al. 1946)3

2, and of 1.5 mg per kg of body weight of marplan in
¥/15 phosphate buffer. Marplan is a benzylhydrazino
analoguec of iproniazid -~ an smine oxidagoe inhibitor,
which effectively blocks the in VIVO oxidative dea-
mination of adronaline ( RANDALL ot al, 1959).

GROUP 1 - CONTROL$ received two injectlons: dibonamine

ard marplanj

GROUPS: 1X,III and IV additionslly were injected with
an O-mothyl transferase inhibitors lj-methyl-
tropolone in /15 phosphate buffer and the
pH wes adjusted to 7.4 with 0.1 ¥ NaOH;

GROUP II:received 10 mg/kg of l-methyl~tropolone;

GROUP II1330 mg/kg of this compound;

GROUP_IV360 mg/kg of the same drug. _

One hour later all animals were troated by intraperli-
toneal injectlon of adrenaline -s-c“‘ bitartrate in water
equal to lj mg/kz of adrenaline base., Its specific activity
was 1,1 uc/mH.

Urine was collected during l|8«hour periods. To avoid
the contamination of the urine by food, the animals fasted
during the experiment, but wore sllowed to drink water
"ad 1ibitun". We observed that the rats drank less water

than usual. The volume of urine was very small.
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The urine collected dﬁring a l8-hour period, together
with the washings of collecting pans with 0.01 N acetic
acid;'whs made up to a final volume of 100ml.

The percentage of total clh exereted in urine alfter
administration of B -ClY edrenaline 1s shown in TABLE I,

The urine was svaporated to dryness in a rotatory eva-
porator at u0°0 and the residue was dissolved with © ml
0.1 ¥ HCl . The insoluble matter was discarded by centrifu-
gation at low speed.

TABLE 1
% of radioactivity
Group ) rggovered in urine
Control 66.3
j-mothyl-tropolones
30 mg/kg 473
60 mg/kg 43.9

Results are expregsed as a mean percentage of adminie

sterocd dose ezcreteé.
1/ Hydrolysiss:

The hydrolysis was performed at two different concen=-
trationss 1 N HCl and 5 N HCl. To one ml of concentrated
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urine, conc. HCl was added and placed in tubes which were
sealed and heated at 130°C for 15 min. After the tubes were
opensd; the hydrolyzed urine was adjusted at pH 2.5 and the
insoluble material was eliminated by centrifugation.

2/ Chromatographys:
Among the various methods for separation of urinary

motabolites of adrenaline one of the most commonly used is
descending papef chromatography. Wo tested several varieties
of paper and solvent. We observed a poor resolution when
catecholanines and catecholacids possessing very close Rg
values were run on Whatman # 1, In order to obtain bettor
separation of urinary matabblites of adrenaline ion exchange
papers wore tested, This technique 5as the adwantage of eli=~
minatling neutral and acidic compounds from cation exchange
papers, and amines from anion exchangers.

Among the lon exchange papers tested by us weres .car-
boxy-methylcellulose, cellulcse phosphate PC-20 and Amberlite
papors WA-2 and IRC-50, all in cation form; diethylamino-
othylcellulose DE-20 and aminoethylcellulose AR-30 were in
anion form.

Amberlite paper, cellulose impregnated with resins,
wes used with acetate buffers at pH L.6 and 6.0. The separa-
tion was unsatisfactorys the catecholamines appeared to bo
absorbed too completely.

With PC-20 satisfactory separation of catecholamines
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and their metabolites was obtained in the buffer system as
well as in the organic solvent system normally useds BusHAcs
wator (73132) end {431s1).

In tho buffer the resolution was very rapld, but the
spots were qulte large., ButHActwater solvent mixture gave
sharpor spots. The pH of the sample influences the rate of
migration., When the pH was too acldic the amines were re-
tained on the starting line. A good rate of migration was
observed when the sample to be spotted was adjusted at pH 2.5,

During one experiment we notlced that there was a mar-
kod differencs between the two batches of PC~-20 we ussd. The
faster papsr was 1 meq/g; the slower 2.2 meq/g._

In our case, to obtaln better partition of the catechol-
amines in urine, the chromatograms were carried on PC=20
for 36 and, depending on the paper used, 60 hrs. and the
solvent front and all acid derivatives {if any) ran off the
papor. All chromatograms wWere made in duplicate. In & ‘pre-
liminary experimert adrenaline was added to urine and chroma=-
tographed in parallel with a normal {control). We have found
that in urine thore 1s & tendency for the amines to flow
slightly faster than they do in a purs solutlon.

We obgorved 1ln the synthetlc mixture that tho spois
were regular, but that the same synthotlc mixture added to
hydrolyzed urine gave the spots in V form. These anomalies
are easily explained by the presence of an axcess of salts
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in the sample. The Rp value 1s influenced by the high con-
centration of salts.

Papers AE-30 and D2-20 were used for the separation of
acldic catabolites of adrenalline.

TABLE II gives the Rg values for the difforent catochol

amines and catecholacids in BusHAciwater system (7:1:2) using
Whatman I, (&), PC-20 (b), DE-20 (c), and AE-30 (d).

TABLE II
PURE_SOLUTLON MIXTURE |
COMPOURND
Al B | ¢l p{ai s | ¢
r-ADRENALINE Y/ |0.24 | 0.05 [0.32 | 0.46
HCL
DL-NORMETANE- 0.35 0.10 [0.46 | 0,58 |0.35 0.45
PHRINEHCL
DOPAMINE JHC1 0.33] 0.06 |0.}40 | 0.55
HCI
DL~ 3METHOXY~}j~HY~
DROXYMANDELIC [0.69| 0.85 [0.16 | 0.12 [0.69 0.17
ACID
3-4-DIHYDROXYPHE-
ACID
3-}4-DIHYDROXYMAN=~ [0.51 | 0,65 {0.05| 0.03 |0,51 0.06
DELIC ACID ‘ !
27 1 . ] 0.l O.IL7
1 0.0
ARANEPHRINE 0.197 0,196
ANEPHRINE 0.220 0.250

1/ PC~-20 1 meq/g;BusHActwater 7:ls2
2/ PC-20 1 meq/g;ButHAciwater L3131
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Between 10 and 25 lambdas of hydrolyszed urine woro ap-
plled on peper cut into strips 2 cm wide and 56 om long. To
locate the motabolites on rapor the control chromatograms
were porformod on urine to which was added the synthetic
nixture of catocholamines,

After the nocessary perlod of tims for chromatography,

which varied according to the solvont systoem, pH of samplo,
temperature and nature of the paper, the papers were removed
from the chambors and suspended in a current of air and
alloyed to dry,

The spots cn the control chromatograms were detected by
spraying the drled strips with & freshly prepared solution
of 0.1% p-nitroaniline in N HC1 mixed with 0,2% Ho nitrite
and 10% E;003 (10310:25) at 5°C (as in SMITH I.). This color
reactlon gives an lntense yiolot color with 3-methoxzy=l=hydro-
zymandelic acid and motanophrine, blue~violet with parane-
phrine, pink-violet with adremaline and pinkegroy wii:hl
H-methyl-adrenaline (mothadron) and 3,l-dihydroxymandelic
acld,

All chromatograms were cut into small strips one em
long, on which the radioactivity was measured,

¥/ BRadioactivity measuremont:

At the boginning of this szeries of experiments radio-
activitj was measured with low background counter, The rae-
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dicactive material was aluted from oach: contimeter of chro-
mtogmpm.c strip with 0,01 N HCL into srall metal planchoets
and ovaporated to drynoss under an infra-red lamp. Wo aban-
donod this method for two reascnst

1. It was very difficult to wash out all radiomcti-

vity Lfron PC-203

2. Tne radioactivity measured with thls countsr re-

prosonted only 307 of the total, so the sarples
with low radiocactivity could not bs proclsoly
countod.

Lquid seintillation wethod appearcd to be rore sa-
tisfactory. Tne smell pleces of paper wero placed dirsctly
in viels containing toluene, PPC and POPOP (Bull. Hucloar
Chicago W.ll1) and counted for 10 min. in & Huclear Chicagd
Saintillation counter.

Tho distribution of radicactivity among urinary meta~
tabolites of adrenaline~p-Cr* in morrel rats and in enirals
protreated with L-methyl-tropolone is ghown in tho following
tableos.

TABL? III and Plig. 2 show the average values for ra-
diocactivo adreneline.and fts roetabolltes in concontrated
urine beforse hydrolysis.

PP0 « 2y5~diphenyloxazele
POPOP « 1yl=bigeZ=(l-nothyl=5=phenyloxazolyl=~benzene
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TABLE III
' % of totel radioactivity
Group
Conjuzate|Adrena~| HMethae~ | Mota-
line droen nephrine

Control 65 ol 10.9 1.8 1’.\. 9
Tropolone 10mg/kg 64,8 14.8 3.3 97
Tropolone 60mg/kg 53.1 23.6 5.3 6,0

it appears that in case of treated animals:

1. The amount of adrenaline excreted in urine is
higher than in the COntzfol group;

2. The valuec for metanephrine is lower and repre-~
sents only 40% of the metanephrine found in
normal urines

3. The free catocholamines represent only 30% of
the total radiosctivity.

i/ Conjugatet

The hydrolysis in N HCI did not furnish the expected
results., The con;]ugatp represented a high percentage of the
urinary radioactivity in Control as well as in tropolone
treated animals., The spot of conjugated catabolites was sub=-
mitted to a second and more vigorous hydrolysis as follows.

One ml of urine hydrolyzoed with 1 N HCl was chromato=-




Distribution of radioactivity in urine after

hydrolysis with 1 N HCl.
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graphed on paper 23 om wide (AE-30) in BusHAc:iwator system
for 39 hrs. The distribution of the radiocactivity on a strlip
1.0 em wide, cut from the centre of the paper, 1s shown in
Pig. 3. The peak X, corresponiing to tho conjugate, contal-
nod 66.5¢ of total radicactivity counted on the paper. From
the rest of the paper the zone corresponding to the conju-
gate was cut into strips 2 om wide and eluted with 0,01

¥ HCl. The eluatos combined wore concentrated to ono ml. 25
jambdas of it was used to determinec radloactivity. The ro-
maining volume was divided into two parts for hydrolysis

in 5 N HCL for 15 min, at 130°C in a sealed tube undor ni-
trogen. The hydrolyzed sample was adjusted to pi 2.5 and

25 lambdas of it were used for chromatography oﬁ PC~20 in
BusHAciweter system, Control chromatograms with synthetic
mixture were run at the same time, Aftor the papers uere
dpied, the controls were sprayed with p-nltroaniiine rea-
gent to localize the principal aminea. The chromatograms
containing radiocactive compounds wers cut into small strips
and their radioactivity was counted as described above.
Fig. lj represents tho distribution of radloactivity
in "conjugate” fraction of control urine and of the tropolone-

treatod animls after hydrolysis.
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TABLE IV
The distributlon of radioactivity in conjugate fraction af-
ter hydrolysls.

% of radioactivity

Conmpound
Control Tropolone 30 wmg/kg
Unhydrolyzed conjugate 17.5 21l .4
Adrenaline 13.1 11.2
Metanephrine 51.8 33.1

PABLES ¥ and VI record the results obtained with hydrolyzoed

urines

1/ TABLE V as well as Fig. 5 show the urlnary metabo-

lites of B-clhhadrenaline after hydrolysis with U HC1j;

TABLE ¥
% of radicactivity
Group
Conjugete | Adrenaline | Metansphrine
Control 45 .9 53 31l.6
Tropolone 10 mg/kg 2.7 9.4 26,9
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2/ TABLE VI shows the distribution of urirary metabo-
13tes of adronaline after hydrolysis witk 5 N HC1,

TABLE VI

¢ of total radicactivity

Group
Conj.| B c D E P G H
Cortrol - Tl | 749 | 849 30.6 . | 25.2 | 8.8
Tropolone
0 mg/kg 6.9 11.8 6.8 6.2 13.7 13 9116 N 1{«2

From TABLE ¥V it appears that thero 1s an important
reduction of metanephrine (60%) in.the urine of animals troea-
tod with tropolone, and that in the same group the conjugato
represents & higher percentags of total radloactivity.,

The hydrolysis with 5N HC1 caused some destructlon. In
bofh urines, control - and tropolome-treated animals, the
conjugate is totally hydrolyzed. In general the separation
lacks uniformity, and many peaks in the control group are
composod of a mixture of two or more metabolltes, The peaks
involved are C-D and E-F,

In tropolone-treated animals the separation of peaks
E and P seems to be better. We have some evidence for belie-
ving that these peaks correspond to N-methyl-adrenaline and
parancphrine .respectively. Synthetic paranephrine added to




. Chromatography of the synthetlc mixture added to
the radloactive urihes after acld hydi‘olysis with_‘
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hydrolyZed‘urlﬁé givés a oolbr spot which corresponds to
radioactive peak F (Fige 6). Here again the radloactivity
corresponding to peaks G and Fi of metanephrine and of an
unldentified metsbolite is higher in the control groupe. The
radioactivity of sll unidentified metabolites represents
nearly 40%. - ’

In TABLE VII we have assembled some of the Rg values
for urinary metabolites of adrenaline, calculated on the
basis that Rf adrenaiine is equal to l.

TABLE VII
Re values
Peak
Control Tropolone
: 60 mg/kg

A 0,05 0,06

B 0.22 0.18

¢ 1093 0.92
Adrenaline| 1,00 1.00

E 1.09 1l.12

F 1.15 1l.12

G 1,23 1,21

H 1.39 1.39
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5/ Extraction of methylated compounds from hydrolyzed

rige
The extraction of methylated metabolites was ocarried

out sccording to the BELLEAU method (B_ELLEAU,_ BURBA 1961).
By this method after three repetitions only 40 % of the
metanephrine ocould be extracted.

One ml of hydrolyzed urine adjusted to pH 10.0 with
0.5 ¥ borate was eitraoted 3 times for 30 min. with 10 nl of
eth&lene diohloride. The organlo phase was evaporated to
dryness at 50°C, using nitrogen. The residue was theh dia-
solved 1n 031 ml of the same solvent amd 50 lambdas were
used for chromatography.

COntrol extractions were performed at the same tinme
on synthetic compounds of adrenaline, N-methyl-adrenaline,
_paranephrine and metanephrine. Only metanephrlne and para-—
nephrine after extraction could be detected by chromato-
graphye

TABLE VIII shows the presence of two or three methy-
lated metebolites extracted from urine. These results must
be consideresd as qualitative only. Nevertheless, there is
evidence that urina:y 0-methylated metabolites of adrenaline
Séc;“,followingvthe'tropolone injection represent much lo-
wer radlioactivity than_in the contrpl groupe
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TABLE ViIX

% of total radloactivity

. Group
Metanephrine |Mothoxy-x| Hothoxy-y
Control 12.8 1.1 5.2
Tropolone 30 mg/
kg 9.2 1 ou -
Tropolone 60 mg/
kg 2,9 1.0 1.9

Fron these experiments 1t may be concluded that
l-methyl=-tropolone secms to act on O-methyl transferase in
rats and to inhibit to a certain extent the O-mothtlation
of injected adrenaline in VIVO.

DISCUSSION,

Using clh labeling, the matabolism of injected adre-
naline was studlied in normgl and in-tropolone-trsated fats.
The results show a distinct difference in the metabolic
product of exogenous catecholamine betwesn thr *+wo guoupas
of animls. In the control group the O-methylated metabo-
lites of adrenaline represent a mich higher percentage of
radiocactivity than in the tropolone group.

The techniquoas adopted in this work permitted a sa-
tisfactory separation of satechoclamlnes. The use of ion ex-

change papers for thls purpose proved much more satisfacto-
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ry than tho use of the common Whatman #1 paper.

Chromatography of the urine on PC~20 paper in buta-
moliacetic acldiwater and subsequent determinatlon of ra-
dicactivity ind4cated the presonce of at least three radio-
active éonipoundé, containing about 90% of tho excreted ra-
dioaétivity. One corresponds to 2 conjugate, ono to adree
naline, and the last spot to free metanephrine.

After chromatography on PC-20 of acid hydrolyzed
urine, we were able to obtain more radioactive zones than
aro usually found on Whatman # 1.

Tentative ildentificatlon has besn achlovod and thes
two zones E and F (in TABLE Vi) correspond to H-methyl-
aedrenaline and paranophrine respectively. |

N-methylation of adrenaline and the natural occurronce
of Nemethyl-adrenaline in adrenal glands was already repor=-
ted by AXELROD (AXELROD 1960a) After an intravenous injectim
of this compound ho found in the urine large quantities of
H-methyl-metanephrines free and conjugated.

The gccurrence of para=O-methyletion in VIVO is 38511l
a8 controversial subject. Our results, unfortunately, have
not been directly canirmed by other workers.

In VITRO, both adrenaline and noradrenaline form para-
and meta~0-nothyl ethers. However, the para-compounds ro-
present only 10 to 15% of the mothylation mixture (DALY,
AXELROD and WITKOP 1959).
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Recently, (MASRI 196L4) it was reported that O-methyl
transforase from rat liver may selectively O-mothylate in
the mota=- as well as in tho para~ positicn. In a serles of
experiments with tri-hydroxy and dihydroxy-phenolic aclde,
these investigators have shown that in the case of a caffelc
scid (3,4-dihydroxycinnamic) both pars- and mote«-O-methyla~
tion occurrod. In the case of 2,~3,-li-trinydroxybenzoic
acid only meta-O-methylation took placs, but in the case of
3,4;5=trihydroxyphenolic compound the mothylation oceurred
in the para-position. This group of workers has suggested
that phenolic substrate, having three adjacent hydroxyl-
groups, is nmothylated on the middlie hydroxyl group,regard=
less of whether this group is in thp para or mota-position.

Para-O-methylation of adrenaline in VIVO could not be
demonstrated by DALY, AXELROD and WITKOP with or without
MAO inhibitors. This study showed no detectable paranophrineo,
On the other hand, the intraperitoneal administration of
meté.nephrino and paranephrine to rats does not lead to the
interconversion of these compounds. In both cases the ro~-
coveries were the same (DALY, AXELROD, WITKOP 1959). How-
ever,; thosse in VIVO experiments cannot be regarded as de~
finitive on this poiﬁt;

From & recent obsorvation of MASRI and co-workers, it
now appears probable that the animnl preparation of O-methy-
lating 6nzyme contains two O-methyl transferasess meta- angd
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para~ with varying spocific activities toward different
substrates (MASRI 196L).

From our experiments it may be concluded that l-me=-

thyl-tropolone seems to act on O-methyl transforase in rats

and to inhibit to a certaln extent the O-methylation of
injected adronal ine-s -cu* in VIVO,
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METABOLISM OF EPINEPHRINE-.B*—OIh BITARTRATE JN A NORMAL RAT.

'In the following expsriments two separate groups of
control rats were injected with radiocactive adrenaline,

The Control for lysergic acid dlethylamide, megcaline
and adrenochrome was periormed on a group of nine male rata

of the Sprague~DAWLEY strain, each weighing between 160 and

180 g. All rata received pretreatment with dibenamine HC1
one hour prior to the intramuscular injection of adrenaline-
p-olk,

Urine was collected for I8 h. and adrenaline and its
motabolites were isolated from it, using KOPINt!'s method
(KOPIN 1961), slightly modiﬁad by us.

The Control group for rats iﬁjected with cocaino were
treated in a way simllaer to that described above, the only
difference consisting in the mode of administration of the
adrenaline. In this group (four rats only) radioactive adre-
naline was administered intraperitoneally. In the experi-
ments reported here, an attempt has bsen made to differen-
tiate between the metabolism of adrenaline injected intra-
mascularly and intraperitoneslly inte a normal rat.

From the following TABLES, TABLE IX and X it appears
that the maln difference in the metabolism of adrenaline
injected in the two ways 1s in the metanephrine fraction.
The total qetanaphrine, free and conjugated, in both axpe~

riments remains the same.However, the proportion between
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TABLE X

- Excretion of the intraperitoneally injected ad.renatline-ﬁ-cllF
and its metabolites in rats pretreated with dibehamine. The
reSuits are expressed as a percentage of radioactivity excreted

in the urine.

. : Rat #
Compound ' Average SD .
}
1 2 3 b4
Adrenaliﬁé
free 2.03 | 3.69 | 1.57 | 3.03 2.58 + 0.98
conjo 521 | 5.65]| 6.35 | 5.55 5.69 + 0.48
DHMA + DHEG |
free 0.52 | 0.54 | 0.22 | 0.48 044 + 0.15
conj. 3.36 | 4.50 | 1.46 [ 1.50 2.70. + 1.49
Metanephrine
free 4.28 4.50 | 3.25 | 3.02 3.83 + 0.82
conj. Li 45 [41.58 | 44,78 - L3.,60 + 1.76
vMA 4,16 | 4.20 | 7.71 - 75436 4+ 2.04
MHPG . .
hydrolyzabie |14.70 [17.15 ] 17.10 - 16.35 + 1l.40
unhydrolyzabkl9.4b4 |18.84% | 13.79 - 17.36 + 3.10
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freo and conjugated catecholamine varies significantly.
After iptraperitaqaal injection there is less of the free
metanephrine and mora‘of the conjugated conmpound. On the
contrary, after intramuscular admin;strétion the level of
free matanaphr;no is about ﬁhrée\timas as high as in the
urine from animals injected 1ntraperitoneally. Both values
for adrenaline, free and‘conjugated,’ara slightly lower in
the case of the intraperitoneally injected rats.

From this observation it seems that the intraperi-
tonea1 in19ct1on of adrenaline affects the conjugation of
catechplamines, but has no significant effect on their to~

tal amount,
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THE EFFECT OF THE PSYCHOMIMETIC DRUGS ON THE METABOLISM
OF B -clU. ADRENALINE IN RATS.

A/ INTRODUCTIONS ,
. It is well known that & number of naturslly ocourring

compounds are capable of inducing toxic psychoses and ho-
llucinations in man. These compounds are charasterigzed by
the predominance of their effects on mental a&nd psychlc
functions (JACOBSEN 1963) and are classified in threc main
groupsas

1. The lysergic acld group;

2. The mescaline group;

3. The tryptamins group. N

Because of the similarity of.ﬁhe syndromses caused
by hallucinogenic compounds to that of schizophrenia, they
are quite often used as research tools in psychiatry
(BECKMAN 1961)., All Jmown hailueinogens are readily absor-
bed from the intestinal tract, and no major difference was
found between the effective oral, subcutaneous and intrave~
nous doses (JACOBSEN 1963).

in our research we tested only the first two groups
and their effect on the metabolism of adrenaline in VIVO,
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LYSERGIC ACID DIETHYLAMIDE = LSDoc.,

.'}_.'he lysergic acld diethylamido, LSD2g is a synthetic
derivative of lysergic acid, one of the principal alkaloids
of ergot (STOLL, HOFMANN 1938). Its psychic effocts wore
discovered guite accidentally by HOFMANN.(HOFMANK 19:59).
This compound was revealed to be the most potent of pre-
sently known halluecinogens, and to cause mental intoxica-
tion, changes in behaviocur and visuai and auditory hallu=-
cinations (FREDERKING 19553 ROTHLIN 1957a; ISEELL 1955). On
the other hand, durlng experlimental psychosis contact with
reality is not lost (HOFMANN 1959). Since then many inve-
stigators have confirmed ﬁGFﬁANN 's observations and have
produced "model psychosis" and mental disturbances in nor-
mal subjects (ROTHLIN 1957 b).

In 1953 a group of workers studled the clinical and
blochemical effects of LSD oz and metamphetamine given
intravenously to patients with mental disorders (LIDDELL
1953) . It was found that after administration of both drugs
the level of the peripheral plasma adrenaline was increased.
HMore recently HOLISTER compared the clinical syndromes of
a drug, induced pajchoa:ls with schizophrenic reactions and
observed certain baslc differences(HOLISTER 1962).

The sim.ﬂ..arit;y of effects between LSDo5; and l-nor-

adrenaline in man was observed by RINEEL and his co-workers.
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This group suggested that the action of LSD25 may be related
to its interference with adrenaline metabolism (RINKEL 195)).

The action of LSDaS in chronic schizophrenic patients
and in subjeots with maniac-depressive psychosls was studied
by ELMADJIAN and his colleagues. It was observed that all
patients except the schigophrenics, showed poslitive respon-
se8 with & dose 100 - 150 ug of LSD25: anxiety, rapid res-
piration and hallucinations. Urine analysis indlcated an
increase in adrenaline and noradrenaline excretion. However,
to get similar response in schizophrenic patients, it was
necessary to increase the LSD25 dose up to 300 ug. Never-
thelass urine analysis showed insigniricant changes in the
catecholamine level {ELMADJIAN 1958). ‘

The observation of GADDUM in VITRO that LSDpg is a
potent antagonist of serotonin on smooth miscle led to the
hypothesia that the hallucinogenic agent produces its ab-
berant mental effects by interfering with the normal func-
tioﬁ of serotonin in the brain (GADDUM 1953). This hypothe-
sls was extended by the suggestions of WOOLLEY and SHAW
that mental disturbances following the administration of a
small amount of LSD25 may result from the antimetabolic
act;on of this compoﬁnd on serotonin and most probably from
its decremse in the brain or from its increase by cormpeting
for MAO (WOOLLEY 195k a). The same authors postulated that
clinicai psychoses may have their origin in an accumulation
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or in & decrease of gerotonin level ln the brain,

In 1954 GRAHAM and KHALDL found that in VITRO lyser-
gic acid diethylamide inhibits the stimulating action of
adrenaline and noradrenaline on smeoth muscle preparations
(GRAHAM 1954). A fow years later, experiments with thoe per-

fusad ear of 2 rbbit demonstrated thats

1. At low concentration (10~7 ¥) LSD antagonizod se=
rotonin without altering the response to adrenaline; but
] 2. The higher concentration (10"8 M) caused slight
vesoconstriction and increased the response to adrenaline
(GADDUM 19573 GINZEL 19533 SAVINI 1956).

i1t was observed that lysergic acid diethylamide at
a dose of 1 ng/kg does not induce mentel changes in man
by direct action upon the brain, but probably by a metabo-
1lite produced by & primary disturbance of the metabolism
in the liver (ROTHLIR 1957 b).

This discovery by COSTA (COSTA 1959) that LSDpg 1s
ﬁnt an inhibitor of serotonin but that it potentiates the
serotonin contractlons of the rat uterus could not bo con-
firmed by other workers (CERLEPTI 1958). Work with homo-
genateg of rat brain furnlished some evidence to support
WOOLLEY's point of view that LSDZS inhibits the destruction
of serotonin (CERLETTI 1958) by competing with it for MAO
(SLOCOMBE 1957).

 Experiments with animals showed that the "“maximum"




43

dosge of LSDog tolerated by animals varied according to spe-
cies. In a rat LDy was 16.5 mg/kg and the "maximum" tole-
rated dose was 3.2 mg/kg. In a mouse LDgg was 46 mg/kg, but
in a rabbit it was as low as 0.3 mg/kg (ROTHLIN 1957 b).
Following the intravenous injJection to rats, moat of LSD25
disappeared rapidly from blood circulation (STOLL 1955;
LANZ 1955). In & mouse the biological half life of LSD,g
after intraperitoneal administration of 2 mg/kg was 7 min.
The drug 1s very rapidly bound to the plasma proteins but
somehow it 18 released later because it i1s found in various
organs, The liver seems tc be the only tissue where the
drug is metabolized and converted to 2-hydroxy-LSD, biolo=-
gically inactive compound. Most of this compéund is excre-
ted into the bile but nevertheless is reabsorbod from the
intestine (AXELROD 1957).

More recently it was rcported that the increase of
the serotonin level in tho brain depends on the amount of
the drug administered. In an albino rat tho dose of 100 mg/
kg of LSDzS did not produce any significant effect, but a
dose a little larger, such as 130 mg/kg, showed a statis-
tically aignificgnt augmentation of serotonin in the brein
(FREEDMAN 1962). It was also obaserved that this psychomime-
tlc drug stimilates the repletion of the serotonin follo-
wing the reserpine releaso.

For several years LSD25 was believed to produce its
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halluecinogenic and other central effects by interferencs
with the action of the brain serotonin (WOOLEY 1954 b; GAD~
DUM.1954). Present evidence indicates that the central ef-
focts of the drug have nothing to do with its anti~serotonin
action (COSTA 1959) and that the main action is the stimm- |
lation of the central adrenmergic receptors {COSTA 1962).

B/ EXPERIMENTAL PART:

Some promising evidenco obtained by LEDUC (LEDUC i959)
thet psychomimetic drugs such as mescalins, LSDaS and adre-
nochrome have a visible effect on the metabolism of adrena~
line-lS-clh {n VIVO were the starting pont of the present
work, '

Among the various existing methods for separation of
catecholamines and their metabolites (XIRSHNER 1960; SCHA-
YER 1953), the most satisfactory, though very long and ola-
borate appeared to be that of KOPIN (KOPIN 1961). His met-
‘hod consists of the use of alumina absorption and ion ox=-
change colums, followed by extraction in an organic gol-
vent (Fig.8), and finally determination of the radioactivity
in a liquid scintlllation counter.

For the first experiment with hallucinogenlc drugs
wo used lysergic acid diethylamlide, the vost potent of the
psychomimetlic agents.

A group consisting of six SPRAGUE-DAWLEY rats, the male
weighing between 150 and 180 g received two injections:
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one subcutaneous of 0.2 mg/kg of body weight of LSDES in
saline and the second intramuscularly of 10 mg/kg of body
woight of dibenamine-HCl. One hour later all animals were
1njeéted with li mg/kg of body wéight of adrenaline-p ~Cly
in water, (apecific acfivity 1.1 pe/m¥). Immedimtely after,
the rats were placed in separate metabolic cages and only
drinklng water was given to them. Urine was collscted for
a poriod of 48 hours in the same way as in the case of the
tropolone-treated animals, as described in the provious
section. The quantity of urlne was very small, It was dif-
ficult ©o know whether this was due to any offcct of LSDzs
on diuresis or simply to the fact that the fasting animals,
dreank less wator.

The sams experiment was répeated with a smaller group
of animsls, using only L rats.

In TABLE XI the separation of urinary mebtabolites
of adrenaline~ ﬁ-clh is shown in rats injected with 0.2 mg
‘of lysergic acid dlethylamido (LSD25).

1., Extraction procedurs.
A portion of 48 hour urine, diluted to 100 ml with

N/100 acetic acld, was used for the determination of cate-
chols, froe mataﬁephrine(ﬂﬂ) and 3-methoxy-l~hydroxymande-
lic acid (VMA). The conjugated catechols were separated
after acld hydrolysis of a portion of effluent from an
glumina colurm; the conjugated O-methylated metabolites =




Fig. 8

Urine adjusted to pH 8.4

' )

Aluming umn
Effluent _Eluate
Total conjugated Adrenaline +DHMA

catechols + MN + VMA + DHPG

Ethyl acetate

Dowex column extraction: DHMA + DHPG

Effluent Eluate

Elhyl acoetate
jextraction: VMA HC1 hydrolysis (pH 1)

Alumina column

Effluent }' Eluate

Conjugated

Adrenaline
DHMA + DHPG

Glusulase hydrolyzed urine

Eﬁhyl acetate
extraction: DHMA
Alumina column 4+ DHPG

Effluent

Dowex column

) Effiuent Bluate

Ethyl acetate 4]
extraction: MHPG Total MN

Flow sheet of extraction proceedings
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MN and NHPG (3-methoxy-l-hydroxyphenylglycol) ~ after hy-
drolysis of diluted urine with glusulase. We roportod a
fow minor modifications, especially concerning the extrac-

tion and the final determination of radloactlvity.

a/ Sevaration of adrenaline, 3-li-dihydroxymandelic

acid and 3-li~-dihydroxyphenylglycol.
A 15 ml portion.of diluted urine, adjusted to pH 8.l

with IN NeOH and 0.5M NayCO3 using the pi-meter, was pas-
sed through a column containing 0.7 g of washed ¥oelm, non
alkaline alumina (WEIL-MALHERBE and BONE 1952) buffered at
pH 8,4 with 0.2 ¥ sodium acotate solution, After absorption
of the sample the colurm was washed with 5 mL of 0.2M so-
dium acetate followed by 5 ml of distilled water. The ef-
fluent combined with washings was used to estimate tho
conjugated catechols, VMA and fres M, .
Adrenaline and DiMA + DIIPG were then sluted from the
~alumina column with 25 ml of 0.2¥ HC1l, For the mogt part
thls step was extremely slow, and in soveral cases we were
obiiged to apply pressure. The radiocactivity of the free
catechols was measured on 50 lambdas of the eluate, and
those of the non-amine catechols after oxtraction with an
organic aolvent.:A 10 ml aliquot of the eluate was acidl-
fied with 2 ml of 6N HCl1 and saturated with ¥aCl, then
DHVA + DHPG were extracted into ethyl acetate. Three suc-

cessive extractlons with 1,5 volume of ethyl acetate were
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carried out by shaking mechanlcally for 15 min. each time.
Tho combined organic phases were centrifugated and ovapora-
ted to dryness in a water bath at 40°C under stream of ni-
trogen., The residus was dissolved in 0.2 ml of ethyl ace=-
tate and 50 lambdas of it was used to determine the radio-
activity. Tﬁis fraction contained both DHMA and DHPG. We
were able to separate these compounds by paper chromato-
graphy. The method used for this purpose will be deseribed
later in this sectilon,

Radiocactivity due to adrenaline was calculated by
subtracting the non-amine catechol radiocactivity from the
total catechol radioactivity.

b/ Conjugeted catechols.

The conjugated catechols were detormined after acid
hydrolysis of 10 ml of the combined effluent and washings
from the alumina column., Thils sample was aclidified to pH
1.0 with 6 N HC1 and hydrolyzed in a boiling water bath
for 15 min, After cooling, the sample was readjusted to
pH 8.4 and passed through an alumina column, as described
above., The released catechols wore first absorbed on the
alumina and then eluted with 0.2 N HCl. The radioactivity
of the total conjugated cateéhols was measured on 50 lambdas
of the eluate, the conjugated non-amine catechols were de-
tormined after extraction into ethyl acetate, and the ra-

dioactivity due to the conjugated adrenaline was calculated
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by the diffoerence,

o/ Freo metancphrine,

- The geparation of free metanephrine (MN) was porfor-
med by using a Dowex 50 CG (Xl) column propared by suspen-
ding the resin in 3 N NHMQH overnight followed by washing
with distilled water until the pH of the effluont was nou=-
tral.

An aliquot of 10 ml of the effluent from the alumina
colurm adjusted to pH 6.5 was passed through the Dowex co-
lumn &nd the resin was washed with 20 ml of water. The MN
was eluted with 15 ml of 3 N KHMQH. 50 lambdas of the eluate
was used to determine the radiocactivity.

-Mothoxy-li-hydroxymandelic acid (VHA..

VHA was oxtracted from the combined effluent and
washings obtalned from the Dowex 50 columm., A 10 ml sample
was adjusted to pH 1.0 and extracted 3 times with 1.5 vo-
lumes of othyl acetate. The organic phase was ovaporated
to dryness and the residue was redissolved in the same
golvent. One portion of it was tosted for radioactivity.

e/ Totel MH and 3-methoxy-l-hydroxyphenyl glycol

(MHPG) »

The O-mothylated derivatives were isolated after

enzymatic hydrolysis. To an aiiquot of 10 ml of diluted
urine, 10 ml of 0.5 M sodium acetate buffer pH 6.0 and 0.2
ml of glusulase (Endo) wero added. The pH of the sample was
adjusted to 5.2 and the mixture was incubeted at 37°C for
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24 hrs. The glusulase used in our experiments was a come
meroial preparation (ENDO) of B~glucuronidase and sulfatase
and it contained per mi 100,000 units of the first and
56;000 units of the second enzyme. The optimum pHi for B-glu-
curidase is about 5.0, and that for sulfatese is close to
pH 6.0, Maximum activity for sulfatase in 0.5 M acetate
buffer is at pH 6.1 (FROMAGEOT * in "THE ENZYMES" by SUMNER
and MYRBACK). Because the acldity of all diluted urines
was not the same, we decided to control the pi of samples
for enzymatic hydrolysis, keeping them constant in all our
exporlments.

The MN was isolated by successive absorption of the
sample on alunina and on Dowex columms. Both free and con-
jugated amines were eluted with 15ml of 3 N ammonia. The ra-
dicactivity of the eluate was determined.

VHPG was lsolated after extraction with othyl acetate
from Dowex column NaCl saturated effluent and washings.
"Its radicactivity was measured as above,

The conjugated MN was calculated by subtracting the
free MN from the total,

T/ Determination of radioactivity.

Prior to being counted in a Nuclear Chicago Scintil-
lation counter, all samples wore spotted on & small strip
of filter paper, dried from solutlion and then immersed in

& vial containing 10 ml of scintillation solvent (toluens,
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added 0,3 % PP0 (&) and 0,01 % POPOP (b). We found this paper
counting method quite satisfactory. As the radloactive spotsa
were insoluble in tolusne (very alight varietions in ratio
Ch1/Ch2)we could count sll our semples with the same effi-
ciency. We controlled all changea in channel ratio very 010~
sely. Uniform drying of the paper was found to be very im-
portant, because the moisture content or &8 sample couid lead
to quenching,. As some of our'aamplea vere slightly colored
¥e made a quench correction ourve for aﬂrenaline spotted on
per. The addition of 10 lambdas of nonpradioactive conoen=-
trated urine. (yellow color) had no noticeable effect on the
quanch curve, Fig. 9 shows such a ourve for adrensline ob-
tained with different qugnching agents. The working conditions
adopted were &s follows: counts on channsl 1 were from
Ch 1 = bagse = level 13 counts on channel 2 were from Ch
level 1 - level 2§ voltages Data 1050 v§ Gate 1150 vj and
. temperature of the counting chamber 14°7, Under sich con=-
ditions the counting effiociency for ci¥ varied between 55
and 60%.

{a) PPO =~ 2,5-dlphenyloxazole
(b) POPOP = 1 4-bis-2~-(k-methyl-5~phenyloxazolyl-benzene
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g/ Separation of 3.lL-dihydroxymandeiic acid and

Hyued roxyphe col b 1 chromat HYo

Separation od DHMA and DHFG from & mixturs presents
serious difficulties, On Whatman # 1 those compounds couid
be separated only after previous enzymatic conversion to
corresponding O-nethylated acid and glycol (XOPIN 1561).

Trying the different lon-exchange papers snd solvent
systens, we waere sble to separate both radioactlve com-
pounds from alumina column eluate extract without having
vecourse to methylation prosedure, We found that two typez
of paper, Whatman AE-30 and.DEAE-ZO give very good sepa-
ration. On PC-20 the”fesolution wag very poor,

The solvent system previoﬁsly.adopted for the sepa~
ration of catecholamines was used in this case also, The
chromatograms were run in BuiHAcewater (%¥:l:l) for 15 hra,
The chromatograms of the extract added to the synthetic
mizture composed of DFMA, DHPG, VMA and MHPG were perfor-—
med parsllel to the control which contained only synthetic
compounds, Under such conditions the colored spotg of DHPG
and DEMA corresponded to the radloactive zones.




Re values of DHMA, DHPG, VMA and MHFG on Whatman AE-30

TABLE XII

and DEAE-20.
R Re
Compound AE=30 DEAE=20
DHMA - 0,04 0,07
" VYMA 0.12 019
DHPG 035 0,45
' MHEG 0.65 077

The solvent system ﬁsedz BuibAciwater

?unning times 15 hrs.
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MESCALINE .

Mescaline ie another psychomimetic drug (KETTY 1957)
of increasing interest to psychiatrists (HOCH 1951). Stru=-
cturally it resembles catecholamines. Those compounds like-
wise possess certain functional similarities. Because of the
abllity of mescaline to produce symptoms analogous to those
of schizophrenis, (HOCH 1951}, OSMOND (OSMOND 1952) sugge-
sted that a disturbance in adrenaline metabollism might load
to the formation of a toxic amine responsible for causing
mental disorders and psychoses.

Chemically synthesized (SPAETH 1919) mescaline is a
3,45~ trimethoxyphenylethylamine., This compound occurs in
nature in the "mescal buttons of Mexican cactus Anhaloniunm
Lewinil Hennings and in Trichocereus Trescheckil Parmentier.
For ages, dried tops of thls plant were used in religious
rites of North American Indiasns (XLUVER 1928) and are well
known as having hallucinogenic (CLAUDE 193)j) and certain
curative properties (SLOTKIK 1956). In man, the administra-
tion of mescaline causes visual and auditory hallucinations
(PISHER 19513 SOURKES 1956). But &s a psychomimetic agent
it 1s much less effective than LSD25.

Studles of the metaboliam of mescaline have demonstra-
ted that this compound is metabolized in the body into its
corresponding aclds, which are biologically inactive (SLOTA
1936) . Experiments with animals showed that mescaline is
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tolerated by rabbits in doses many times larger than a dose
which 1s toxic in man (SLOTA 1936). In VITRO, it was shown
that monoamine oxidase from guinea-plgs! liver attacks mes-
caline slowly (BLASCHKO 1937; PUGH 1937). But BERNHEIN
(BERHHEIM at al, 1938) obtained evidence that preparations
from rabbit liver contained an enzyme system which readily
oxidized mescaline, Differences between the oxidative dea-
mination of mescaline (which is inhibited by cyanide) and
a typical substrate of monoamine oxidase suggest that two
different enzymes are involved (BLASCHKO 194}).

In the rat, the intraperitoneal LDSO of mescaline
sulfate for an unfasted animal was found to be 370 mg/kg
(SPECK 1957). The dose 4ll mg/kg caused death in less than
30 min, But the same animal may tolerate a dose as high as
53 mg/kg when injected subcutaneously {(HOSHIKAWA 1962).
In man, the dose normally used is 6 ng/kg. This dose comdired
with insulin might therefore kill a rat (PISHER 1958).

it was demonstrated that a single inJection of mesca-
line causes peripheral vasoconstriction, slows heart ratc
and produces hypoglycemia (SPECK 1958), Fasting or a pre-
vious injeetion.of adrenaline has a protective action on
the animal by réducing the degree of hypoglycemia and bra=-
dycardia produced by the mescaline (SPECK 1957). But when
adrenaline was given one-half hour after the mescallne was

administered, the hyperglycemic action of adrenaline was
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partially blocked.

The routes of metabolism follbwed‘by mescaline in
man end in experimental animals are different (HARLEY-MASON
1957). In man, its hallucinogenic action is probably due
to the formation of an acldic metsbolite (HARLEY-MASON
1958). In the dog, after oral administration, the deamina-
tion of moscaline led to the formation of 3,l,5-trimethoxy-
phenylacetic acid, which is excreted in the urine (SLOTA
1936) ., But a quite significant percentage of unchanged
drug is also excreted (SPECTOR 1961).

The inactivation of mesceline in VIVO maey follow
three different pathways:

1/ Through a monoamine oxidase (HAO)#

2/ Through a dlamine oxidase (ZELLER 1958);
or 3/ Through ~demethylation (DALY 1962).

The potentiation of the effects of mescalins may bo
induced by blocking oither MAO with ipronimgid, or DA with
a semicarbazide (ZELLER 1958).

In micse, mescaline is mostly (in 80%) excreted in
unchanged form (BLOCK et al. 1952). In rats, after intrape-
ritoneal administration of radiocactive mescaline, 72% is
oxcreted in urine as 3;lj,5-trimethoxyphonylacetic acid
end only 9% as unchanged mescaline (BLOCK 1952).

_ In 1962 a group of workers (FRIEDHOFF, GOLDSTELN
1962) found 3,l,5-methoxyphenylethanol in the urine of rats
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after the administration of mescaline. Normally, mescaline
is converted primarily to 3,4,5-trimethoxyphenylacetic acld,
and very 1little 3,l4,5-trimethoxyphenylethanol 1s formed.

These authors suggeated that mescalline is at first
metabolized to aldehyde and then oxidized to scld by alde-
hyde dehydrogenase (PELLMAN 195%), or roducod to alcohol.
They obtained certain evidence that mescaline itself is not
& hallucinogenic drug and that, rather, alcohols or perhaps
aldehydes are toxic.

In a series of experimente, using enzyms-blocking
agents, it was demonstrated that the metabolites of mesca-
1line-methoxyphenylaldchyde and methoxyphenylsthanol - pro-
duce an extremely potent biological effect at doses much
lower then are required for mescaline itself., A dose of 50
mg per kg of body weight of mescallne produces very moderate
effects and changes in a rat (FRIEDHOFF 1962).

A few years ago, AXELROD (AXELROD 1956) reported that
mescaline undergoes deaminatlion in VITRO.

In connection with the findings that O-methyl trans-
ferage fronm rat liver mothylates one of the OH groups of
adreneline (AXELROD 1957), FISHER proposed the hypothesis
that mescaline ﬁiﬁh three methoxy groupsa may inhibit the
methylation of noradrenaline in the brain. Then the resul-
ting incréaae in the brain of this hormone level may be

résponaible in part for the psychoses caused by mescaline
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o o TABLE XIV

Effect of mescaline (100 mg/kg ) on the excretion of intramuscular-
ly 1njected adrenallneéﬁ—clu and its urinary metabolites in rats

pretreated with dibenamine.

Rat # :
Compound . ‘ Average 8D
1 2 3
Adrenéiiﬂ;j" 1 : .
free - 3.90 8.96 | 5.62 6.16 + 2.57
conJe. 737 12.72 10.31 10,09 + 2.68
DEMA + DHPG
free 0.4k 0.78 0.32 - 0.51 + 0.24
' conj. 0.86 1.08 1.52 1.15 + 0.34
Metanephrine : .
free | 11.27 7.96 8.82 9.35 £+ 1l.72
conje. 33.50 23.08 28.29 28.29 + 5.21
VMA 775 7.45 8.2l ' 7.81 + 0.40
MHPG
hydrolyzable | 28.1 27.26 18.63 24,68 + 5.25
unhydrolyzably 5.64. 0 7.35 . k.33 = 3.85
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(FISHIR 1958).

From more recent stﬁdﬁes on enzymatlc O-moethylation
.and O-demethylation of this drug (DALY 1962}, it may be
conciﬁdéd thet the main metabolic product of mescalineo in
2 rat is Lj-O-methylated amine: 3,5-dihydroxy~i-methoxyphenyl-

ethylamine.

EXPERIVENTAL PART.

Experiments were performed on two groups of animals.
One group was composed of six male rats, weighing between
160 and 189 g, the second group of four rats of smaller
veight. To reduce the toxic effect of adrenaline the rats
were pretreated one hour beforo with dibenamine iCl, At the
same time as the first group received 50 mg/kg~of moscaline,
the second group was administered with 100 mg/kg of the
same drug.

The urine was collected as describod above for LSDES
treated rats, and the metabolites of injected adrenalins
were separated according to the KOPIN method.

In TABLE XIIX the separation of urinary metabolites
of labeled adrenaline is shown in rats injected with 50 mg/
kg of mescaline while TABLE XIV showsa similar results for
animels treated uiﬁh 100 mg/kg of mescaline,

ADRENOCHROME®

In 1952 a Sasketchewan group (OSMOKD 1952; HOFFER
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1954) reported that adrenochrome and adrenolutine are the
substances which, when injected into normal subject, pro-
duce psychoses. Adrenolutine, immoediediately derived from
adrenochrome, is the more stable of the two compounds.

The same group of workers suggested the following
possibilitiess

1/ that in the CNSof achizophrenic patients
the adrenaline was not completely oxldlzed;
and, 2/ that the resulting accumlation of abnor-
mal metabolites, due to a certain defect in enzymatic break-
down of adrenaline, might be the cause of the mental distur-
bance.

A few years later, the presence of adronochrome in
the plasma of normal subjects,in an amount of 50 micro-
grams per litre, was reported (HOFFER 1958). This investi-
gator observed that the administration of lysergic acld
d;ethylamide increased the blood level of adrenochrome.
From these findings he concluded that adrenochrome plays
an important role in "experimental™ schizophrenisz.

This hypothesis was not generally accepted. Many
workers have been unable to confirm HOFFER's resultis
(RINKEL 1954; SZARA et al. 1958) . |

It is well known that in VITRO adrenaline ray be oxl-
diged to.adrenochrome (GREEN 1937) in two different ways:

| A/ By different enzymatic systems:
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(1). cytochrome oxidase (GREEN 1937);
(2). eatechol oxidase (BLASCHKO 1940)3
(3). phenolase (BACG 1949)3
(4). ceruloplasmin (HOLMBERG 1951)3
(3). catecholamine oxidase from the cat salivary
gland (AXELROD 1964),
or

B/ By automidation on standing in solution.

In the resction of formation of adrenochrome; three
pogaibilities may be involved:

1. The formation of adrenocerythrine as intermediate

(BALL 1933); v

5., The formation of leuco-adrenochroms before adre-
nochrome itself (GREEN 1937);

3., The existence of a semiguinone as intermedilate
(HARLEY-MASON 1948), because the adrenochroms
jtself is very unstable (BRACONIER 1943). ‘

The. second reaction (above) is catalyzed by the cyto-
chrome indophepol oxidase system present in all tissuoes
(GREEN 1937).

In 1940 MANN and QUASTEL showed that a number of
amines including adrenaline compete with one another for
amine oxidase in the brain, and thet aberrant amine nme-
tabolism may be involved in mental disease (MAKN 1940).

The oxidation of adrensline in VITRO is often compared with
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oxidation by catechol oxidase (BACQ 1949).

In VIVO, the autooxidation of adrenaline and the for-
mation of adrenochyrome are very uniikely. The varlous re-
dueing agonts, such as ascorbic scid and glutathlone, nor-
mally present in the tissues, protect the catecholamines
against autooxidation (BLASCHKO 1940). Neverthelsss, BACQ
has obtained certain ovidence that adrenaline may be meta~
bolized in VIVO by indolization to adrenochroms by pheno=
lases (BACQ 1949). But this point of view is in complete
disagreementwith the views of BLASCHKD (BLASCHKO 1940).

The experimental results of SCHAYGR obtained with
radicactive sdrenochrome are in agreooment with generally
accepted opinion thet adrenochrome does not play any role
in the metabolism of adrenaline in VIVC (SCHAYER 1953).
Recently, AXELROD observed that in YIVQO the formation of
adranochrbme in the salivary glaend 1s negligible (AXELROD
1961) «

Experiments performed on animals have shown that in
dog the intravenously injected adrenochrome passed into the
urine ard was eliminated in 45 min. after injJectlon. How-
ever, in a rabbit the sams compound was not oxcreted after
administration (LE&OMTE 1959), Certain investigators consi-
der sdrenochroms as a blologlcally inactive compound
{ ISSEKUTZ 1950).

In this experiment we used five male rats, welghing




TABLE XV

~ Effect of adrenochrome on the excretion of injected adrenaline-

B—Clu and 1ts urinary mefabolites in rats pretreated with di-

_ benamine., -
: Rat # -
Compound . Average - SD
‘1 2 3 L 5
Adrenaline ST '
free 6.11| 7.58| 8.33| 4.90} 5.39 6.48 + 1.45
conj. 7622 6.77 6.69 7.68 6.80 7.03 + 0.42
DHMA + DHPG
- free o.4h4 0.47] 1.08] 0.50 0.41 0.58 + 0,28
. conjde 1.80 1.14] 1.,14) 1.18] 1.16 1.28- + 0,40
Metanephriﬁe : .
conje. 32.38 | 28,72 | 32.52| 34.18]| 34%.15 32.39 + 2.22
VMA | 6.39| 6.78| 5.85| s.24| 6.66| 6.18 + 0.64
MHPG
hydrolyzable [16.80 ] 13.68| 12.23| 15.61 ] 19.34 15.53 % 2.76
unhydrolyzobélelk .68 17.90§ 20.33| 15.53 12.83 16.25 + 2.93
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between 145 and 160 g. All of these were injected with di-
bepamine JiCl and with an aqueous solution of adrenochrome
(pH 7.4) 25 mg/kg of body welght. One hour later radloactive
adrenaline ﬁaa adminiatered.

Urine was‘collocted over a period of 48 hours and
the separation of adrenaline and 1ts radioactive motabolltes
was performed, using KOPIN'a (KOPIR 1961) method, previously
described.

TABLE XV shows the distributlon of radioactivity in
rat urine, following injection of adrenochrome and radio-~

active adrenaline,

DISCUSSION,

AR

TABLE XVI summarizes the affects of psychomimetic
drugs on the metabolism of injected adrenaline- &clu. To
roduce the toxic effect of adronaline dibenamine.HC1 was
administered one hour prior to injection of the sdrenaline.
In all our experiments in this section we used the sams
group of control animals.

The average recovery of injected radioactivity in our
experiments is lower than that found by SCHAYER (SCHAYER
1953) and ELMADJIAﬁ (ELMADJIAN 1956 ), but is in falrly
cloge agreement with results reported by KOPIN (KOPIN 1961).

in LSDZS and mescaline (50 mg/kg) treated anlmals

the average amount of adrenaline was the same or slightly




TABLE XVI v o
Excretion of the intramuscularly injected adfenﬁllne-ﬁ-clu and -

J i1ts metabolites in the urine of rats pretreated withi:
‘ LRSS ‘ ' W e

A/ dibenamine;

0 IR NN

B/ dibenamine and LSD-25; _
C/ dibenamine and mescaline (50 mg/kg);f

mg/Kg) » ‘
tﬁé percentage

D/ dibenamine and adrenochrome.

E/ dibenamine and mescaline (100
The results are expressed as average values O

of radloactivity excreted in the urine.

FL)

} . . .
A B . o D E
Compound :
Av. sD |Av. SD | Av. SD | Av. SD AV
§ ) { \ o
Adrenaline
free 3.61 + 0.90| 2.46 + 0.74| 2.77 + 0.47] 6.48 & 1,b5 6.16 A
~conj. 8.60 % 1.31| 7.66 * 1.31| 7.05 % 1.06] 7.03 + 042 10.09 4
IDEMA + DHPG | | o =
free 0,52 + 0.22] 0.55 + 0.26| 0.90 + 0.25 0.58 + 0.28 0.51 1
conje 1.73 * 0.67| 2.52 * 1.44| 2,75 % 0.50] 1.28 X 0.40, 1.15 4
Metanephrine " ; 149 35
free 1144 + 2.69 9.80 + 1.37| 8.13 & 1.09|11.04 + 1.35 2°52 3
conje 36.49 * 3.03|33.16 ¥ 3.20| 36.66 * 2.54]| 32.39 % 2.25 28429 4
VMA 6.48 + 1.67 7.3% + 0,61 7.78 + 0.53] 6.18 0.64 781 4
IMHPG . e t
hydrolyzable | 15.84 + 2.08{22.36 + 1.84| 16.70 + 2.68| 15.53 + 2.76 2‘;'68 3
unhydrolyzablp 13.24  3.25| 9.29 ¥ 3.21| 14.51 X 2.98/16.25 x 2.93 »33 -
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TABLE XVI

icretion of the ihtramuacularly injected adfenéllne-a-clu and - -

gt .
PO N ) . L AP

. A/ dibenamine;

is metabolites in the urine of rats pretreated withs
3:’\3“ LA 4
B/ dibenamine and LSD-25; .
C/ dibenamine and mescaline (56 mg/kg);f

D/ dibenamine and adrenochrome.

: E/ dibenamine and mescaline (100 mg/k‘g). :
e results are expressed as average values o the percentage

F radloactivity exoreted in the urlne.

! )
A B - C D B
Compound . _
Av. SD Av, SD Av, SD Av. SD
} ) { y
renaline .
free 3.61 + 0.90| 2.46 + 0.74| 2.77 + 0,47 6.48 + 1. o
conj. 8.60 ¥ 1.31| 7.66 ¥ 1.31| 7.05 * 1.06| 7.03 * 0% *
MA + DHPG |
free - 0.52 + 0.22] 0.55 + 0.26 «90 + 0.25 0,58 + 0.28 x
conj. 1.73 * 0.67| 2.52 % 1.44]| 2,75 * 0.50| 1.28 % 0.40 =
tanephrine ;
free - | 1l.44 + 2.69| 9.80 + 1.37| 8.13 + 1.09|11.04 + 1. =
conj. 36,49 + 3.03|33.16 * 3.20| 36.66 + 2.54{ 32.39 + 2. =
A 6.48 + 1.07| 7.3% + 0.61| 7.78 + 0.53 6.18 + 0.64 7-B1 %
PG R ;
ydrolyzable | 15,84 + 2,08]/22.36 + 1.84| 16.70 + 2.68| 15.53 + 2. L 2425
nhydrolyzable 13.24 ¥ 3.25| 9.29 * 3.21| 14.51 & 2.98/16.25 2. k305
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lower than in the control group. While in the adrenochrome-
treated rats this value was twice as high as in the control.
In sach group the values for different metabolites were very
mach the same from rat to rat.

Because the specific activity of adrenaline~ﬁ-clu is
very low (1.1 mc/mM) we were obliged to inject the animals
with a very high dose of radioactive catecholamine, It is
generally known that the metabolism of endogenous and of
Bxogenous amine, when injected within physiological 1imits,
follow identical metabolie pathways. In our experiments
very high doses of adrenaline were injected so that the uri-
nary metabolic pattern is not necessarily that of endogenous
adrenaline,

From the data in this TABLE, asbout 8L of radioacti~
vity found in urine appears as O-methylated compounds: both
free and conjugated. The conjugated metanephrine represents
1/3 of it. The value of the free rmetanephrine varies between
8% in the case of mescaline (50 mg/kg) treated rats and
9.8 to 11.5¢ for other groups, lncluding the control., The
difference betwesn these figures is highly significant
(P <.001) and indicates that O-methylation of adremalins to
motanephrine (free) is inhibited by nearly 30%.

The reported results show also that in the case of
mescalipe (50 mg/%g) the wvalues for the fraction contalning
DHMA and DHPG are higher than for the control group (PL001).
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However, the degminated catechols represent only a very
small portion of the excreted'radioactivity.

On the other hand, in the case of animals injected
with 100 mg/kg of mescaline, the most noteble change was
observed in excreted adrenaiine: froe and conjugated, also
conjupgated metanephrine, The value for the free adrenaline
was twlce that of the control group; the conjugated adre-
naline was 20 % higher, but the conjugated mstanephrine
was about 25 % lower than in the control.

Because of the limited numbsr of animals used and
because of the individual variations, the roported values
are mors qualitative than quantitative in nature. Neverthe-
leas, the results suggest that the inhibition of COMP takes
place and that the degree of this ihhibition depends on
the dose of the drug used.

In the case of LSDZS-treated rats, we noticed an
increase in the hydrolyzed fraction of MIPG (P ¢ .001)..
Howéver, the total radioactivity of this metabolite, inclu-
ding both hydrolyzed and unhydrolyzed MIPG, presont the
same percentage of excreted radiocactivity as does the con-
trol group. This lncrease in the hydrolyzed fraction of
MHPG may be due to the fact that we used different batches
of glusulase for the hydrolysis. It could be that the acti-
vity of this enzyme varied from batch to batch, and in
consequence, this difference in the MHPG level betweon
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Test and Control groups is due to incomplete hydrolysis.
Metanephrine, Iree and conjugated, is slightly lower,
and the value for conjugatod DHYA and DHPG I8 higher in
the LSDZE group. The difference for free motanephrine is
not aignifiecant;however for conjugated metanephrine the
P value is small (P<LOl). P is of the same order of reg-
nitude in the DHMA and DHPG,
This study is not conclusive; however. it leaves
no doubt that LSD,g, given in an amount of 0.2 mg/kg to
a fasting rat, has not a very marked effect on inhibitlon
of COMT, However, the possibility that higher doses of
this drug may inhibit O-methylation in VIVO is not exclu-
ded, Also it is possible that under cortain phyéiological
conditions or in the case of using labeled adrenaline of
higher specific activity in smaller doses, the quantity
of I‘SDZS usod in these experiments may be sufficient to
change the metabolic pattern of catecholamines in the rat.
For adrenochrome~treated rats, the most striking
diffesrsnce aaide {rom that in tho frsc adrenaline level
(twice as high as in the control group) was the slight
decrease of conjugaped metanophrine. The inhibltion in
conjugation was of fha ordsr of 12 to 14% only; howovor,
the P value was quite significant (P «.002).
Keverthelesa, from the data presented herse it has

bean difficult to demonstrate marked differences in thse
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metabolism of exogenous adrenaline following injection of
adrenochrome.

In this group the rats recelved adrenalineﬁs-clu
bitartrate one hour after the administratlion of adrenochrome.
Meanwbile 1t was noted that part of the injJected adreno-
chrome was already eliminated in the urine. So, at the timo
of the injection of adrenaline, adrenochrome was present in
the circulation in much smaller concentration than was ex-
pected. Thus, we consider it probable that its effect was
partially reduced and that our results do not present a
true picture of the effect of this compound on the metabolism
of injected adrenaline in VIVO. In consequence, the present

results should be interpreted with that point in mind.

DISCUSSION OF METHODS.

The separation techniques used in our experiments,
both column and paper chromatography, have proved to be
adequate and reproductible. |

The method deseribed previously for separation of
DHMA and DHPG is not only confined to these two compounds.
Under the same conditions all catecholacids may be distinc-
tly separated. The catecholacids are more strongly retailned
on papers AE-30 and DEAE-20 than their phenylglycol analo-
gues., The radioactivity and colour reactlons for each of
these compounds, coincided in one spot, which migrated exac-

tly as did the authentic reference compounds.
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The tint and intensity of the colours obtained by
spraying the chromatograms with p-nitro-aniline were found
to depend, to some extent, on the presence of the OGHB
group in catechol ring in meta-or para-position. 3-methoxy-
l=hydroxymandelic acid, 3-methoxy-l-hydroxy-phenylglycol,
metanephrine and paranephrine glve the strongest color
reaction of all the metabollites of adrenaline.

The use of cation exchango papers has already been
discussed in a previous section.

The alumine and the Dowex 50 colum separation methods
(XOPIN 1961); WEIL-MAIHERBE, BONE 1952), wers found to be
as satlasfactory as expected. However,; a few minor modifi-
cations would be advisable., At the present the édsorption
and the elution of adrenaline and free catechols from the
alumina columm demand several hours and even then are
ofton incomplets. Thae recovery of adrenallne varles from
colurmn to colurm or from sampls to sampls. The use of °
batch process for this purpose (as in the photofluorometric
method) instead of that of WEIL~-MALHERBE and BONE may save
much time and give better rocovery of free catechels and

adrenaline,
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EFFECT OF 3,5-DI1I10D0~h-HYDROXYBENZ0IC ACID AKD 3,5-DII0D0-H-

QH-PHENYLPYRUVIC ACID ON THRE MBTABOLISM OF INJECTED ADRE

HALINE IN RATS,

Alregdy it hag bean shown that DIHBA acts as an inhi-
bitor of COMT (D!IORIC, MAVRIDES 1962). More recently the
same group of investigators roported that both lodophenols,
DIlBA and DIHPPA produce an inhibition of COHT in VITRO
(D*I0RIO 1963).

It was folt that both these compounda should be tesg-
ted for their in ViV0O action,

The experiments with DiHBA were performed, using two
different concentrations of this compound. Group'"A" recel-
vod 30 mg/kg of body weight and Group "B" 15 mg/kg of this
drug dissolved in M/15 phosphate buffer, adjusted to pH T.h.

Tach group conalatod of slx mals, Sprague-DAWLEY rats,
weighing between 160 - 190 g. and 175 - 200 g, respectively.
All. rats rocelved Dibensrine at the same time as DIHBA; and
& halfl hour later were injected wlth rediomctive sdrenslino.
The rats injected with 30 mg/kg of body weight of DIHBA
stood on thelr hind legs, imwobile for savoral minutes, Afe
ter the injection of labeled adrenalline, transitory tachy-
cerdie and hyperventilation was noted., After a short period
of times the animals fell agein into inactivity and catonia
and remained motionless for several hours, Durlng this tims

they did not drink any water and 2h-hour specimens of urine




TABLE XVII

Excretion of the intramuscularly injected adrenallne-ﬁ-Clu and its
| metaboliteé in urine of rats pretreated witht

TA/'dibenamine;

dibenamine ands
B/ 3,-S;di1odo-u-hydroxybenzoic acid (15 mg/kg);
¢/ 3,5-d1iodo-4~hydroxybenzoic acid ( 30 mg/kg);
D/ 3,-5-dilodo-4-Gipherylpyruvic acid (30 mg/kg) .
The results are expressed as average values of_the percentage
of radioactivity excreted in the urine.

1 ! i 1

i A "B C D
Compound
‘Ave - SO} Av.w. 8D Av."v. SD | ZAv.'v. SD
Adrenalinéu _
free 3.07 + 0.51 | 3.15 + 0.80 | 4.99 + 2.48} 3.66 + 1.12
conj. | 8435 £ 1.53 5.82 + 1.41] 8,35 + 2.20| 4.78 + 0.96
DHMA + DHPG ’
free” Oi7 + 0 2& 0,46 + 0.50| 0.84 + 0.55| 0.62 + 0.3k
conj. - 1.33 + 0.34 ] 2,30 £ 0.34| 3.24 + 1.38{ 2.81 + 0.24
Metanephrine )
free 11.16 + 2.91| 7.08 + 2.78| 8.63 + 1.37[10.62 £ 1.72
| conJ.: 37.50.3 1.77 137.71 + 3.72{31.25 + 5.25|31.75 % J.41
VMA fon 6.9% + 0,70 | 7,07 + 2.,26| 7.24 + 104 7.41 + 1,00
MHPG '
hydrolyzable | 16.24 + 2.44 [23.15 + 3.44 (28.81 + 2.04(20.82 + 3.10
unhydrolyzah1814.55 F+ 2.41 [13.00 % 3.55] 9.40 + 2.03|13.57 + 3.87
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were extrorely small,

The reaction of rats injected with s lower dose of
DIHBA (15 mg/kg) was normal. The volume of urine collected
for a perlod of 48 hours wes twice as large as in the pre-
vious experiment.

In the case of DIHPPAwe used only one group of six
rats. The animels were injected with & dose of 30 mg/kg of
DIHPA in phosphate buffer, at the same time receiving di-
benarmine, A half-hour later ths rats wers given labeled ad-
renaline Iintramiscularly.

The separatioh of adrenaline and its metabolites was
performed by using KOPIN's method, already described (KOPIN
1961).

TABLE XVII represents the mean values for adronaline
and 1ts urinary metabolites for all groups of rats describved
above. The control group used here is composed of six rats
instead of nine as for other expariments.

. The results obtalned with iodophenols show a reduction
. in the metanophrine level. The rats treated with 15 mg/kg
of DIHBA show the greatest variation of free motanephrine,
In the group receiving the higher dose of this drug, both
free and conjugated metanephrine are decreased by 18%; but
in the case of animals given DIHPPA only the amount of
conjugated catecholamine is diminished, At the same time

we noticed an increase in DHMA and DHPG fraction and, in
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the case of injoction of 30 mg/kg of DIHBA, alsc an increase
in froe adrenalino.

These findings prosent support to a limlted extent
the in VITRO observations on the inhibition of O-msthylation,

However, the mean value for VMA is surprisingly con-
stent in all groups, inciuding the control. In rats treated
with iodophenol compounds the most striking difference is
observed in the MIPG fraction, total and hydrolyzablg.Calcu-
lation from our data reveals that this increase represents
254 4n the case of rats injected with 30 mg/kg of DIHBA,
and 17% in the case of those receiving 15 ng/kg of this
arag.

These results suggest that there 1s a disturbance in
the normal metabolic pathway of adrenaline., A largo amount
of adrenaline was probably first deaminated and then fol-

lowed the metabolic route as follows:

Adrenaline ————s=DHMAIdohyde —=>DHPG ———>MHPG
instead of:

Adrenaline E:-(11:"-1‘9'!!Ie't:zaune:p}:u'i.ne

In the case of DiHPPA this evidence 1s less noticeabls,
nevertheless a decréase in the conjugated metanephrine
level is also observed.

Our findings seem to bé in full agreement with results
obtaixied by D'IORIO and MAVRIDES (D'IORIC 1963) in ViTRO




69

and confirm that DIHBA, deppnding on the dose used, can
act as an inhibitor of COMI in ViIVO.
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FFPECT OF COCAING ON THR MRPABOLISM OF ADRITALINT,

A/ INTRODUCTION:

Cocaine was 3solated in 1060 by NIFMMAN, In 1887 von
ANREP, studying theo pharmmecological action of this alimlolid
obporved that aftor suboutancous injection the skin over-
lying the infiltrated area beconos insensitive. Cocaine con-
utriots the blood vassels and therefore provents lts own
absorption. it has a powerful action on the central norvous
systom (GOODMAN 1958).

In 1910 FROMLICH obmerved for the first time that co-
caino 18 & atrong potentiator of the action of adrenaline on
blood progsure and on certaﬁn syrpathetically enervated of-
foctor srgansg. Since then xauy hypo.thesea havs booen proposod
and many investigators have tried to olarify the nature of
this potentiation.

Studying the inactivatlon of adrenallne by blood and
tisguos (BAIN 1937) BAILN observed that the addition of co-
caire did not produce potentiating actlon on the effocts
of catecholamines. The experimentel results of gevoral wor-
kors (ROSINBLONTH st al. 19323 BACQ 1936), using the nlcti-~
tating membraene of & cat, demonstrated that cocalne incroea-
sce tho gction of adrenaline, Tho sawe invesbigators {CAR~
HON 19373) suggoated, & fow years later, that cocalno might

prevent the destruction of injected adromaline or of a trang-
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mittor substance released from the adrenergic nerves. This
hypothesis was supported by TRENDELENBURG (TRENDELENBURG
1959).

Two explanation of the potentiating action of adre-
naline and noradreonaline on s nictitating membrane by co-
caine have basen suggested:

1, that cocaine increases the sensitivity of the
smooth muscle to adrenaline and noradrenaline and
causes an effect similar to that of denervation,
often referred to as "pharmacologlcal denervation"
(FLECKENSTEIN 1953) 3

and 2. that cocaine delays the inactivation of catechol-
amines (TORDA 1943). |

The potentiating action of cocaine depends on the
dosage.

GADDUYM introduced the hypothesis that the potentie-
tion of adrenaline responses by ephedrine is due to the
inhibitory offect of the latter on the oxldatlon of cate~-
cholamine by monoamine oxidase (GADDUM 1938). This hypothe-
sis was oxtended to include the action of cocaine (MACGRE-
GOR 1939). The experimentsl evidence of PHILPOT that co-
calne inhiblts MAO 15 VITRO favors the sexplanation that
cocaine may prevent the destruction of injected adrenaline
(PHILPOT 1940), and that this inhibitory effect depends onthe

degros of saturation of the enzyme,
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However, this hypothesis has not boon gonorally ac-
coptoed., Cocaine not only potentiates the responses to adro-
naline but also the responses to other sympathomlmetic
auines, which are not oxidized by monoamine oxidese.

The most conclusive evidence agalnst the theory of
inhibition of HAQO by cocaine comes from the work of SCHMITT
and his co-worker. These authors demonstrated that ipronias-
zid, a potent inhibitor of MAO, does not potentiate the
effeots of adronaline and noradrenaline on the nictitating
nembrane of a cat. GCocaine augments the effects of these
aminos even after the administration of iproniazid, And so,
it has been concludsd that the effect of cocaine was not
dus to the inhibition of MAD (SGHM;TT 1956), 1t ia quite
possible that this potentiating effect may have been caused
by an inhibition of some other enzyms whish very rapldly
inactivetes adrenaline (FURCHGOTT 1955),

Discovery of O-methyletion (ARMSTRONG 19573 AXELROD
1957; PELLERIN 1957) and the role it plays in the metabo-
lism of catecholamines suggested that the inhibition of
thls enzyme might explain the phenomenor of potentiation,
But this hypothesis, attractive though it may be, cannot
be accepted, Recentiy many investigators (BACQ 19363 AXEL~
ROD 1960) in VITRO conditiona have found that & series of
polyphenols (Catechol, Pyrogallol, Adrenalone) inhibit the
rate dr methylation of adreraline, Cocaine, which atrongly
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potentiates the adrenaline effocts on smooth muscle prepa-
ration, did not, however, affect methylation (WYLIE 1960).
Previously it had been reported that cocaine produces supor=-
sensitivity to amines, which are not substrates of COMT
(eg. phonylephrine) (AXFLROD et al. 1958), and that pyro-
gallol does not produco supcrsensitivity to adrenaline and
noradrenaline.

Fron all these cbservations it wmay bo concluded that
supersensitivity, after denervation as well as after admi-
nistration of cocaine, cannot be attributed to inhibitlon
of catechol O-methyl transforase.

According to PLECKENSTEIN's theory cocalne causes
suporsensitivity to all catecholamines. The sensitizing
gction of this alkaloldd is highly sélective; gdrenalinoe and
noradrenaline are potentiated, and it socems that the action
of sympathomimetic amines possessing the OH-group in mete-
position are most susceptible to the actlon of cocalne.
(FI;ECK?E!STEIN et al. 1953; INNES et al. 19543 HOLTZ et al.
19603 TRENDELENBURG 1961).

BURN (BURN 1932) firat advanced the ldea that norve
torminals wmight also functlon as a site for uptake of sym-
pathomimetic andnes: More rocently WHITBY (WHITBY ot al.
1960) using the labeled H3-noradrenaline studied the effoct
of cocaine upon it. They observed that cocalne markedly
reduoeé the uptake of circulating noradrenaline into cer-

tain tissues, probably by binding the hormone (MACHMILLAN
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1959). This interference with the uptake increases the
quantity of clrculating catecholamines, but does not affect
tho endogenous concentration of adronaline and noradrena~

1lino in the organs (MUSCHOLL 1961).

In view of more rocoent experiments tho potentistion
is oxplainod on the basis of the blocking by cocaine of
nonspecific binding sites and the inhibition of a rapid
uptako of catecholamines (AXELROD ot al. 1960; TRENDELEN-
BURG 1959), This comes as & result of an incroase in the
concentration of these hormones, Such a point of view may
be supported by the following obaervations:

1. That cocaine decreases the uptaks of cgtecholamines
by various tissues (BURN 1961; HERTTING ot al.1961:
¥USCHOLL 1961) and delays the disappearance of in-
jected catecholamines (TRENDELENBURG 1963a);

2. That cocaine potentiates the responses to catochol-
amines of innervated tissues only (XUROVETDZ 1961);

3. And finally, that the uptake of catecholamines oy
denorvatod offector organs was less than that by
innorvated (STROMBLAD and NICKERSON 1961).

During the lagt twenty years certain important points
rogarding the machanism of potentiation of catecholamines
by cocaine hava bson clarified. Of many controversial hy-
pothesss only a few are still valid. In viow of recent fin-
dings, neither MAO nor COMT plays an important rolo in the
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corpliceted phenomenon of potentistions it ray easlly be
the binding and inhibition of uptake of the catecholamines
to the site stores which takes on this role.

B/ EXPERIMENTAL PART:

Two facts markeé the starting point of this lnvostl-
gationt

1. A large nurber of experiments on cocalne are phy-
siological and pharmacological, and little is
known from the biochomical point of view;

2, And the ovidence obtained by LEDUC (LEDUC 1959)
indicating that in a rat, cocaine inhibits
O-mothylation.

Lxperiments wore performed on two groups of animalg,
One group was composcd of elght male rats SPRAGUB-~-DAWLEY,
and the socond of seven. In both groups the body welght
varied between 190 and 220 g. The animals were kept in seo-
parate cages for a few days prilor to the experiment.

Group ons received cocaine in ths form of subcutanoaus
injection (50 mg of cocaine base in phosphatse buffor W15
adjusted to pH 6.5 por kg of body woight) for twelve dmys.
In spite of the fagt that during this time food and drink-
ing water wero allowed, we did not observe any changa in
body woight, It is well known that the local action of
cocaine ig striking, and that especlally after suboutaneous
administration rultiple abscessos develop at the site of
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the injection (GOODMAK 1958)., All our experimental animals
devaloped such abscessges, which most probably resulted
from tﬁé prolonged ischemla due to vaseconstriction caused
by the acticn of the alkaloid.

With the f£inal injection of cocaine the rats received
dibenamine, 10 mg/kg, and one hour later they were injected
intraperitoneally with labeled adrenaline bitartrate (Y4 mg
per kg free base). The specific activity of the amine was
1.1»nq/m/M. The animals wore then placed in special mota-
bolic cages and urine was collected for a period of 48 hrs,.
in one ml of 0,1 N HCl., During this time only drinking wa-
ter was permitted.

As prolonged treatment with cocaine has been shown
to cause abscesses, wo decided aslso to investigate the ef-
fects of a single doss of coceine on the metabolism of ca=-
techolamine. For this reason the second group of rats was
g;ven only one injection of cocaine, this at the same time
as wes debenamine, Adrenaline-s-clh was injlected as for
the previous experiment, intraperitoneally, and urine, froe
from food and feces, was collected over a periocd of 48 hra,
undsr the same experimental conditions as described above,

Control expcfimonts were performed et the same tims,
Four rats were injocted with dibenamine sand adrenalinoe~
B-clh only., Urine was collected in the usual manner.

The separatlion of adrenalinoe and 1ts urinary meta-
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TABLE XX

" Exoretion of the intraperitoneally injected eml::'enallms-ﬁ--cll+

and 1ts metabolites in rats pretreated with. i

A/ dibenamine (Control group);

B/ dibenamine and cocaine - one injection only;

C/ cocaine = 12 injections and dibenamine.

' The results are expressed as average values of the percentage

of the rad;oactivity excreted in the urine.

-

Compound A B C
) , . u
Average - 8D Average SD | Average SD
Adrenaline .
free 2.58 + 0.98 3.51 + 1.25 1.82 + 0.29
conj. 5.69 + 0.48 4.83 + 0.98 7.64 + 2.52
DHMA + DHEG | |
free O.4l4 + 0.15 0.51 + 0.18 0.22 + 0.07
conj. 2.70 + 1.49 4,60 + 1.37 1.44 + 0.54
[Metanephrine
: free 3.83 + 0.82 5.35 + 1.49 4,00 + 0.62
conje 43.60 * 1.76 | 38.66 + k.75 40,27 + 3.90
MHPG. _
nydrolyzaéle 16.35 + 1.40 8.88 + 2.29 | 13.08 + 1.98
unhydrolyzable| 17.36 + 3.10 | 25.44 * 3.38 | 19.95 + %.10
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bolitee was performed, using alunina absorption (WEIL-
MALHERBE 1952) and lon-exchange columm methods (KOPIN 1961)
as described in the previous section.

The distribution of radicactivity among the various
metabolic products of adrenaline, expressed as the percentam
of the total found in urine, is shown in the following
tables,

TABLE XVIII shows the urinary metabolites of adrens-
line—ﬁiclh excreted during & period of 48 hrs. following
its intraperitonesl injection in rats pretreated with cocaine
for twelve days.

In TABLE XIX we have summarized the effects ol a single
dose of cocalne on the metabolism of Clu-labeled adrenaline
and the results obtained in the control group, without any
further pre- treatment with cocaine, are presented in TABLRE
XX, Finally, Fig. 10 shows the distribution of urinary me-
tabolites of adrenaline- &clh in the control group &nd in

rats pretreated with cocaine,

DISCUSSION,

The results pressnted in TABLE 18- group of rats in-
jected with a dose of 50 mg/kg of cocaine for a pericd of
twelve days -~ do not indlcate any significant differences
in the metabolism of injected adrenaline-g-ClY¥, from those
observed in the control group.

The mean value obtained for conjugated metanephrine
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in this group, as woll as in the control, pretreated with
diﬂenamine bafore receiving an intraperitoneal injection of
labeled adrenaline, varied only slightly. Also, marked sta-
bility in the free metanephrine level was observed.

In two cases only, the total metanephrine presented
a slightly lower level than for the other anirmls in the
same group.

However, the data obtained with cocaine-treated rats
showed that there ars quite wide wvariations in conjugated
adrenaline from rat to rat. The mean value in this fractlon
is a little higher in the test than in the control groug.
This increase in the conjugated sdrenalins fractlon coinéi—
ded with the slight decresso, in the total mebénephrine in
the two rats mentioned above. The 3,h—d;hydroxymandelic
acid and 3,ljj-dihydroxyphenyl glycol were low,

Under experimental conditions, apparently ldentlcal
with dose described by LEDUC (LEDUC 1959) we have been un-
able to prosent any positive results to confirm his findinpgs.
Nor have we obtained valid evidence to support his sugges~
tion that cocsine inhibilts O-methylation in VIVO under the
conditions used above.

On this scoré our results are rather in agrecment
with the recent opinion of AXELROD that “cocaine does not
affect the metaboliam of catecholamines in the intact
animal® (AXELROD 1962; WYLIE 1960).
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It is poasible that the use of dibenomine modified
tho picture of the nmetabolic effects normally expected after
the injeotion of cocaine, It is known that diboenamine pro-
vides a marked protection against the offects of adrenaline
(NICKERSON 1947) and that it inhibits local vasoconsiric-
tion, permitting adrenaline to be more rapidly absorbed, On
the other hand, dibanamine does not affect the destruction
of adrenaline, and the adrenergic blockade produced by it is not
overcome by cocaine (NICKERSON 1949).

TABLE 19 presents the effect of a single injectlon of
50 mg/kg of cocaine on the metabollism of exogenous adrena=-
line,

in this group the results varied from aniﬁal to anl-
mal. In threo rats we obgserved an increase in both the free
and in the total adrenaline level; at the same time a mar-
ked increase in conjugeated fraction of catechols: DHMA and
DHPG, However, & slight decrease in the conjugated and in
the total metanephrine was observed.

These changes in the metanephrine level are insigni-
ficant, and woe did not observe even the slightest changes
in the remalning animals of the same group.

Nevertheless,.the mear. value for the total adrenaline was
the same in the group recelving cocaine during a period of
tuelve'daya; 80 there was no significent variation from the

control group results, The value for the total metanephrine
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was also similar in both groups.

It should be noted, howover, thet the results with
one injection of cocsine appear to differ a llttle from
those obtained after twolve injoctlons,ospecially in:

1, the slightly highor level of DHMA and DHPG (con-

jugated);
and 2. the noticeable dacrease of hydrolysed fraction of
MiPG (about 30%).

The P value for this last compound was very small but
significant: P{001l. We are not certain, however, whether
thoe use of a new batch of glusulase for hydrolysis was res-
ponsible for this decrease.

In closing, it is possible that the number of rats
used in our experiments in both groups - control and co-
cailne-treated - was not large enough to permit us to draw
a definite conelusion., Eowever, our results are such as to
support the observatlon of AXELROD, mentioned above. And
our observations indicate that in tho cocalne-treated group

only the conjugation is slightly affected.
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SUMMARY

1. In the present work, the metabolism of adrenaline-ﬁ-clh
.in a normal rat pretreated with dibenamine only, and
in a rat injocted with a serlies of various drugs is
described,

2. An attempt to differentiste betwsen the metabolism of
adrenaline injected intramscularly and intraperl-
toncally has boen mmrde. The mpln difference has beon
observed in the free and conjugated metanephrine
fraction, Also, 1t seems that the intraperliioneal
injection affects, to a certain extent, ths conjuga-
tion.

3, The techniques for the partition of catecholamines and
catecholacids by paper chromatography, using ion cE-
chango papers and dcparation on columms have besn |
described and discussed. , .

L. The separation of 3,lji~dihydroxymandelic acid (DHMA) and
3, L4~dihydroxyphenylglycol (DHPG) by paper chromto-
graphy was carried out successfully and has been
described.,

5., The mothod of dotermination of radioactivity in a liquild
scintillation counter and in & low background counter
has been described.

6. It has been shown that l-methyl-tropolons actz &s an




7. 1t

8. It

9. 1t
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inhibitor of catechol-O-mothyl transforaso in VIVO,
and that the degree of this inhibition deponds on the
dogoe used,

has been shown that:

psychomimetic drugs, such as lysergic acid dilethyl-
amidae, msscalince and adrerochrone have only & slight
offoct on the metabolism of the labeled adrenaline in
the rat. However, in the case of adrenochrome-troated
rats the value for froc adrenalinoe was twice as high
as in the control group; in the case of rats injected
with 50 mg of mescaline, an almost insignificant de-
crease in the free matanephrine level and a correspon-
ding incroase in the level of conjugated 3,lj-dihydro-
xymandelic acid and 3,L-dihydroxyphenyl glycol was
observed; and, in the case of lysergic acid diethyla-
mide-treated rats, a slight lincreasse in the hydrolyzed
fraction of 3-methoxy-l-hydroxyphenyl glycol and con=-
jugated DHMA and DHPG was observed.

has been confirmed in ViIVO that 3,5-diiodo-li~hydroxy-
benzolc andfgggﬂ;ic acids can act, depending on the
dose used, as inhibitors of catechol-0-methyl trans-
feraseo. ‘

has beon dermonstrated that in cocaino-treated animals
the metabolism of adrenaline is similar to that of conm-
trols. Only the conjugation mochanism was slightly
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affected. The metabolic pattern of adrenaline obaer-
ved after twelve injections of cocalne differed very

1ittle from those observed after a single injection.
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APPENDIX

" Abbreviated forms of some biochemical terms

conr - cateohol-O-mathyl t:anéterase
DEMA = 3,-b-dihydroxymandelic moid

DHPG = 3yl= dihydroxyphsny; glycol
DIEBA = 3,=-5-d1lodo--hydroxybenzoic acid
DIBPPA —v3,-S—dliqdo-u—hydroxypnenylpyruvic acid
DOPA = 3,-4-&1hxﬁrnxjphehsla;anins_

KAOQ - monoarine 6x1dase ;
ﬁHPG - 3-@9thoxy-b-hyﬂrﬁxyphenyl glycol
MN - metenephrine

Lsnzs - lysergic acid dlethylanids

VEA = 3-methoxy-l-hyiroxymandells acld
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