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Maclagan and Wilkinson (1954) first showed

that phenolic hydroxyl groups could be methyl-

ated in man. Subsequently, Axeirod (1957)

demonstrated methylation at the 3-hydroxy

position of epinephrine and norepinephrine in

eritro and in vivo, and later (1958) that the amines

undergo oxidative deamination only after they

have been methylated. The m-0-methylnorepi-

nephrine (normetanephrine) formed by methyla-

tion possesses only �oo of the activity of nor-

epinephrine, suggesting that this metabolic

process is the means of inactivation of these

amines (Evarts el at, 1958).

An 0-methyl transferase (OMT) inhibitor

would prolong the activity of epinephrine and

many substances have been reported to do this;

Bacq, for instance (1936a, b), described augmen-

tation of epinephrine effects by polyphenols. As

polyphenols of the catechol type are also methyl-

ated at the 3-hydroxy position (Booth et at.,

1955; Archer at at., 1960) it occurred to us that

the augmentation observed by Bacq could re-

suit from competitive affinity for the same en-

zyme system (Wylie et at., 1959).’

METHODS. In vitro. The 0-methylation of

epinephrine was estimated by the procedure of
Axeirod and Tomchick (1958). The procedure

depends on the incubation of 1.5 pmol of l-epi-
nephrine-D-bitartrate, 50 ,imol magnesium

chloride, 1.5 j�mol of S-adenosyl-methionine (Cal.
Found. for Biochem. Res.), 50 imol phosphate
buffer (pH 7.8), enzyme and water to 5.0 ml at

37#{176}C.Inhibitors were preincubated in the system
prior to the addition of epinephrine and S-adeno-

syl-methionine for 10 minutes. At the end of the
incubation period of 30 or 60 minutes, the reaction
in a 1.0-mi aliquot was stopped by the addition of

0.5 ml of borate buffer (pH 10.0). The formed
metanephrine was extracted into 20 volumes of

ethylene dichioride-isoamyl alcohol (2%) and

extracted, in turn, into 2.0 ml HCI (0.1 N). The
metanephrine was estimated fluorimetrically2 at
335 mz after activation at 285 �

In vivo. Spinal cats were prepared by sectioning
the cord at C2 and destroying the brain by means
of a rod introduced through the foramen magnum.

Following destruction of the brain the animals
were allowed to recover from the anesthesia. The
blood pressure was recorded by catheterization of

the carotid artery. One hour following destruction
of the brain, graded submaximal doses (0.5 to
4.0 jLg) of epinephrine and norepinephrine were
administered intravenously and an appropriate

submaximal dose was repeated until it produced
equal pressor responses consecutively. The OMT
inhibitors were given either before or with the

amines and the pressor effects compared.

Supramaximal stimuli were applied to the pre-
ganglionic sympathetic nerve trunk so that equal

contractions of the nictitating membrane were
obtained. Following intravenous administration
of the inhibitor, the same stimulus was applied

and the height an(l duration of the contractions

compared with the controls.

White male rats of 80 to 100 g were used for
intravenous toxicity determinations. The animals
were observed for 24 hours for death. The calcu-

lations of the LD5O were made by the Miller and

Tainter method (1944).
l-Epinephrine bitartrate and l-norepinephrine

bitartrate monohydrate were used in all experi-
ments and the doses reported are of the base; the

solutions contained 0.01% ascorbic acid and were
kept cold. Fresh solutions were made every 4
hours.

RESULTS. Under in vitro conditions we found

that a series of polyphenols markedly inhibited

the rate of methylation of epinephrine (table 1),

and there was approximately a 16-fold difference

in their activities. Cocaine, which powerfully

augments epinephrine effects on smooth muscle

2 Aminco-Bowman spectrophotofluorometer.



Epinephrine ISO
Inhibitor Molar Conc. Estimated

Catechol
Adrenalone

Arterenone

Pyrogallol
(allic acid
Cocaine

5 X 10�
5 X 10-1

6 X 10-1

3 X 10_I

5 X 10_I

Inactive

TABLE 2

Inhibitor
Dose Inhibitor

mg/kg iv.

Effect of Inhibitor on Toxicity of Catecholamines
iv. LD5O ± S.E. pg/kg

Epinephrine Norepinephrine

iv. LDSO ± S.E. Inhibitor
mg/kg

(‘ate(Ilol

Adrenalone

Arterenone

Pyrogallol

Gallic aci(l

Cocaine

5.0
10.0

20.0

0.5

0.5

20.0

40.0
80.0

400.0

0.1

0.2

95.0 ± 12.3

98.4 ± 16.0

48.0 ± 11.2

63.0 ± 7.0

63.0 ± 7.2

100.0 ± 3.2

45.0 ± 7.5

27.5 ± 4.1
19.5 ± 2.1

19.5 ± 2.1

21.0 ± 7.0

22.0 ± 6.2

46.0 ± 10.3

22.0 ± 3.4

25.5 ± 7.7

29.0 ± 6.5

18.8 ± 5.8

95.0 ± 15.4

42.5 ± 5.4

100.0 ± 23.0

565 ± 59.0

>2000

12.5 ± 1.1
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preparations, did not, however, affect methyla-

tion.

Adrenalone (cc- [N-rnethylamino}- 3 , 4 dihy-

droxyacetophenone) and arterenone (cc-amino-

3,4 (lihydroxyaeetophenone) are inhibitors of

OMT (Udenfriend, personal communication)

and it is interesting to note that under in vitro

conditions these ketone analogs of epinephrine

and norepincphrine had a much greater affinity

for the enzyme than (lid their hydroxy counter-

Parts. While catechol was indicated by Axelrod

TABLE 1

OM’l’ inhibitory activities of polyphenols using

3 X JO� M epinephrine as substrate

Relative
Activity

Catechol = 1

10

8
16

10

nd Tomchick (1958) to be methylated somewhat

more readily than epinephrine, it may be seen

from table 1 that the trihydroxy phenols, pyro-

galiol and gallic acid, appeared to be considerably

more sensitive to methylation than was epi-

nephrine, since they markedly interfered with

the formation of metanephrine.

Luduena et at. (1959) reported that intrave-

nous epinephrine, in doses of 50 to 100 �.ig/kg,

caused pulmonary edema and death in rats. The

data in table 2 show that simultaneous adminis-

tration of polyphenols augmented this toxicity

considerably.

Intravenous norepinephrine also caused pul-

monary edema and death in rats, but it was not

as toxic as epinephrine. Pyrogallol, at twice the

dose which augmented the toxicity of epinephrine,

did not alter the toxicity of norepinephrine;

catechol, adrenalone and arterenone showed po-

tentiating activity but less than was seen with

epinephrine (table 2). Thus the differences in

LD5O’s of the two amines and their differing de-

gree of augmentation by OMT inhibitors do not

appear to be related to differences in their mecha-

nisms of action in causing death. Furthermore,

Effect of polyphenols on intravenous toxicity of epinephrine and norepinephrine in rats*

* Twenty rats were used at each dose level and a minimum of three dose levels were tested for each

agent or combination of agents.
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II G. I , Effects of catechol and pyrogallol on the (lurat ion of pressor effects of i nt ravenous epinephrine.

the (lata in tal)lt’ :� .lu)�V that tl�t’ toxitit-v of

epinephrine, when augmented by an ( )MT in-

hiibitor, was still adrenergit in nsethianism, as the

same (lose of thlorproniazine Prote’t(d the

animals from epinephrine plus inhil)itor as from

epinephrine alone. ihese results shioulil lx cx-

jeeted as the same amount of tpinephrine was
administered when give!! alone an(l when given

with inhibitor ; doubling the (lost of epinephrine

made it necessary to increase the dose of adreno-

lyti(.

‘Ihe relative attiviti(s of the polVplleIIolS as

inhil)itors of the methvlation of epinephrine were

different in the rat experiments from those oh-

t:tinetl ill the in vitro studies. Adrenalone and

arterenone possess �, 0 to � �o of the activity of

TABLE 3

1 olreno!ytie �‘#{176}��‘j�!/ of (hloIpromozinc

(uJainst lv. epinephrine alone (10(1 ii’itli

(aterhol (OuT inhibitor)

Dose Epinephrine I)ose of Cate- Adr�nol�tic l’ot�nc’
(hlorpromazine�g g .�. & �o mg g LV. EDSO ± S F� �g kg

2(X) - 40.5 ± :�.s
41$) - 108.0 ± 23.5

I 20 I 42.5 ± 7.3

* ‘I’o determine adrenolvtic potency the drugs

were aolnunist ered sitnult aneouslv. Four (loses of

chlorpromazi tie were used in each test , 10 rats

J)erdoe ( Luduena, l�59

their respective hvdruxvlate I amines, so that

augmentation may I �e partially the effects of

summation of svni )at ho )minwtio effects, The

adrenergic action of the ketones was further

tonfirme I lw the finoling that they caused death

III a manner similar to epinephrine and that rats

could 1 e protecte( I from 3 X LD5O (lose of

:tdrenalone by the adrenolvtic rhlorpromazine

ill a manner similar to the l)rotection from epi-

net))! ri ne toxicity 1)v cli lorpromazine. The (loses

of adrenalone and arterenone us(d to augment

the toxi(itv of ())ill(J)hlriIIe were well below their

respective L1).50’s, and, thus, in view of the

enzyme results, their action would appear to l)e

synergistic rather than additive.

The other poi��1i�tio1s alone, unlike adrenalone

atu I a rterenone, (lit I In )t (‘ause epinephrine-like

effects and the animals were not proteete(l from

their various actions by adrenolytic agents.

(‘atecl i d when given ali iie caused marke( I twitch-

ing, hyperreflexia am 1 to)llie convulsions followed

by death. The appearance was identical to that

Plodliced by strychnine. lwitching and hyper-

reflexia were also noted in the spinal oat, sug-

gesting action at the spitial level. These re-

51)0115(5 were ullaff((’t(o 1 by ch lorpromazine given
either simultaneously with the eateehol at 16

mg/kg iv. or 40 minutes before the eateehol at

64 mg/kg s.c. (‘hlorproniazine is cent-rally acti�’e

and has a lrenolvtie properties; it was therefore

unlikely that- the central effects of eateehol (Ic-

scril )�( 1 a) ove were olue t-oi an accumulation of
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Fiu. 2. Aiignueiit at ion (If ��)i iio’phriuo’ and norej)inej)hrine by pyrolgalholl in the same eat.

svllll)atlloniiIfl(’tir aIluilics oltie to) iluhiil)itio)l1(If

OMT.

In the spinal (‘at pl’e� )aratio Ill, we 6 tint 1 that

�tll 0)f the po)l\] )hIo’no)ls ill tal )lo’ 1 piolo uuge I the

1)l’(’ssol’o’ffects t f epi1u’� )hrine (fig. I ) iii agl’eo-

flielit ��it-h the o Iata pl’(’sellted 1 v Bacq (1936a)

1�vrogallol an� I (‘ate(’hol, \Vhell gi \‘(Ii sinuult-ane-

ousl� ��it-h e� )in(’phll’ilu’, cause( 1 in)’ro’as(O 1 dura-

t-i()l1of act-iou. LaI’gel’ doses (.5.() tug) had p1’tssoi’

effects hut if the a(Inhiliist-l’atioui o�f the (pinephrin(

was olelaveol until tli(’ Idolool ))l’esstire haol it’-

ttIl’lIed to flo)l’lflal the (‘ffo’(’ts of the o’�uneplii’iiio’

�veu’e st-ill pl’(Ilillugeol.

.�ll of the ()M’l’ inhtilitors test-coI (‘aus(’OI sonic

pressor effects vs Inn givo’n alum’, as will be ohs-

(‘usse( I later, I lilt tho’ (‘ff(’(’ts were small or not

apparent at the dose levels use 1 to) augment

(‘l)inePhil’ine ao’tivit-y, Howev(’r, a(lrenalone ami

art-erenone hao I sufhcient pressor activity to)

make interpretation of the results difficult.

Augmentation (If the pressor effects of nor-

epino’phirino’ was not readily prodtio’ed l)y pyro-

galloll :ino 1 catechol. A total of 7 cats have been

useol am I tho’ results mt licate that- iii 11(1 iuistauice

was it po)ssil)le to) prolong tiI(’ p1’0’5s011’ (‘ffe(’ts (If

in)l’epiln’phll’in(’ ill as (‘ffe(’tive a- manuel’ as was

))0155i1)l( with o’pinophrino’ (fig. 2).

Large doses (If p�’rog:t1lol increaseol the dura-

t-ioti (If o’ontractioln of the cat flictitatilig uiiem-

h)I’auie ill l’�5JXIfl5(’ to supraniaximal stimulation of

the preganglionie sympathetic nerve (fig. 3).

‘l’his has beeuu repeated in 12 cats. Iii (‘very o’a-se

tho’ co)liti’act-ioll folIo�ving thio’ iuutu’aveuuous ad-

liuiliistratiolu o�f I 6() �ng pvrogallol \vas of longer



FIG. 3. Effect of pyrolgahlol on the co)nt ractioln of the nictitating nuemllrano’ following stimulatioln of

the preganghionic sympathetic nerve. ( I )oi rat 1(111 (If st i muhat 1(111 30 sees. Frequency 24/sec V = 5.
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ohuration thian the controhs, :01(1 for 3() minutes

following tIn’ nuo’dit’ation subsequent responses

to StiIlluihttiOfl were also prolonged. After the

second administration of pyrogallol, however,

augmentation of the contraction was not so

marked.

Burui (1958) showed that the tonus of t-hio’

blood vessels Was prohal)ly maintain(’(l by con-

stant production of sympathiomimetic amines at

the nerve endings. �\Iaintenanc(’ of a sufficio’nt

1)100(1 level of an OMT inhibitor, therefore,

should cause some pressor effect awl it can be

seen from fig, I that a single injection of pyro)-

gallol had slight pressor effects. l�oI1owing re-

peate(1 single adnuinistrations of pyrogallol, the

general level of the 1)100(1 presslirt u’ose at first

followed 1w tachivphivlaxis to further administra-

tions.

DIsCUsSION. \arious POlYPh10’I)Ols are methyl-

:tte(1 at tIn’ 3-hvdroxv position in the sanue way

as o’pinephuriiue, and it is probable that the poly-

phenols reported lucre have ro’duo’et I methylation

of epine))hrine by acting as (‘ompetitivo’ stub-

strates for the enzyme system.

‘l’lue data we have ol)taino’ol suggest- that the

augnn’ntation (If O’pili(’flhi 1’�no’ effeo’ts hw poly-

phu(’llOls is probably olue to) an increased life-span
of the epinephurine because (If this reduced rate

(If nuet-hyhution.

The o’ffects of circuhat-i ng noro’pm nephirine in rats

and oats were not augmo’nted by pyrogahlol or

cat-o’o’hol as effectivo’lv as the o’pino’phrino’ re-

5))01i5(’s, W’huilo’ tull(I(’l’ ifl vitro (‘Oll(litiOflS those

polyphenols inhibited methivlation (If 1x�thi :tniiui(’s.

.\. l)ossible explanation for this oIifference 1)e-

two’o’n o’I)ino’l)hiriul(’ ant I nor(’l)iuio’lIhu’ino’ t’oulol be

that- norepino’phrine has a great-er affinity for

()-nuethvl transfo’rase than does epineph rifle and

was thus won’ oliffi(’ult to) olisplao’e by a t’oluipcti-

tive inhibitor, o’speeialhv siuieo’ bolth ontechiol-

amino’s anti thu polvj Iho’uuo Ils hiavo’ very short

(luratio)ns of act-ion. llowo’vo’u’, uno 1(1’ in vitro con-

(liti Ins 11(1 diffo’ro’nces in a fhinities of the anuines

for thio’ enzyme system (‘(1(1101 be olo’to’(’te(l, thuo’ Km

fou’ o’pinephrine was found to) be 2.3 x I0-� M

anol that for norepinephiriuio’ vs as 3.5 x I 0� M.

.�ll t�f thio’ 111010)01 p1’(’55t1�0’ (‘XJ)O’I’iIIiO’Ilts i1u\’OIlV0�d

jut l’:i veutotusly aolminist-ereol cato’chiolamino’s. Ilow-

e�’ei’, (It11’ eXl)(’l’iluu(’Iuts using tho’ cat niotitating

nieuuibrauue Pro’hIa1’:1ti�1i, shiol\vo’oI that ()\IT in-

hih )itoIl’s \V(’I’(’ also) ah)l(’ to) o Io’Ia�’ nuo’thvlation olf
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endogenously released catecholamine, Which at

this site is predominantly norepint’phrine.

Axelrod (1959) found that methylation of epi-

nephrine in vito occurred in two phases which

differed in velocity; there was a phase of rapid

methylation in which more than half (60 to 70%)

of the injected amine was methylated within 10

minutes, the remaining methylation being ex-

tended over 3 or more hours. Axelrod theorized

from his data that, although 0-methylation

started immeoliately, some of the epinephrine was

also bound rapidly onto tissues from which it was

subsequently released and methylated. Such an

immediate dual mechanism of methvlation and

binding would help account for the findings that

the physiological response to injected epinephrine

is compheted even When unchanged epinephrine

is still deteo’tahle in the animal. Our data sug-

gested that inasmuch as there is no difference in

the affinities of the two amines for the enzyme,

the difficulty in augmenting circulating norepi-

nephrine by pyrogallol could possibly be ac-

counted for by the fact that norepinephrine may

be moro’ readily bound and thus physiologically

inactivated than is (‘pinephrine. Axelrod found

independently (personal communication) that in

the cas(’ of norepino’phrine less than half was im-

mediately methylato’d, the major portion being

hound and slowly liberated and methylated. If

binding is aLso a method of physiological inacti-

vation, the differences in affinities of the two

amines for l)inding sito’s might explain the dif-

ferences oI)tained in our experimo’nts. It could be

further postulated that adrenalone anl artere-

none mighut owe their greater ability to potentiate

both amino’s to the fact that they chemically re-

semble the animes anol may compete with them

for both the enzyme aul(l 1)indillg sites.

Inhibition of 0-methyl transferase is obviously

not the only means whuerehv epitiephrine can I)e

augmented, as (‘oo’ain(’, for instan(’e, has the

latter prop(’rty to a hugh (legro’o’ i)tit is’ inactive

as an inhibitor of this o’nzvme system.

SUMMARY

A series of �olyphellols have been found to

reduce methvlation of epinephrine and nor�’pi-

nephrine by 0-methyl transferase in vitro,

probably by acting as competitive substrates.

These substances augmented the toxicity of

intravenous epinephrine in t-he rat, the aug-

mented toxicity being adrenergic in nature and

probably due to an increase in the life-span of

epinephrine. The effects with norepinephrine

were less pronounced.

The inhibitors prolonged the duration of the

pressor effects of epinephrine in the spinal cat,

but were less active in prolonging the effect of

norepinephrine.

Pyrogallol, when given repeatedly, caused a

rise in blood pressure, but this was soon followed

by what appeared to be tachyphylaxis.

Pyrogallol prolonged the duration of action of

endogenously released catecholamines at the

nictitating membrane.

Possible explanations for the difference be-

tween epinephrine and norepinephrine are dis-

cussed.
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