
ME,'TABOLISM OF 7-H3-El'INE'HRI1 NIE-d-BLITAiTRltA''ATE IN
NORMNALYOUNGMEN

By ELWOODH. LABROSSE, JULIUS AXELROD, IRWIN J. KOPIN AND
SEYMOURS. KETY

(From the Laboratory of Clinical Science, National Institute of Mental Health, National In-
stitutes of Health, Bethesda, Md.)

(Submitted for publication August 25, 1960; accepted September 30, 1960)

Because of the numerous and important physio-
logical and biochemical actions of epinephrine, the
inactivation and metabolism of this and other
catechol amines have been the subject of consider-
able interest, especially in recent years. In 1951
Schayer demonstrated in the urine of rats the
presence of four metabolic products of injected
C14-epinephrine, but these remained unidentified
(1). As recently as 1957 the major pathways and
products of catechol amine metabolism were un-
known, although it was assumed that the primary
route of disposition was mainly by way of oxida-
tive deamination (2, 3).

In 1957 Armstrong, McMillan and Shaw iden-
tified 3-methoxy-4-hydroxymandelic acid as a
major nietabolite of epinephrine and norepineph-
rine (4). Considering the possible routes of me-
tabolism of the catechol amines in the light of this
report, Axelrod sought and demonstrated a new
pathway of epinephrine metabolism by 3-0-
methylation (5). He showed that 3-0-methyl
epinephrine (metanephrine) was formed in vitro
when a nonparticulate fraction of rat liver was
incubated with epinephrine and S-adenosyl-methi-
onine (5), and that metanephrine was excreted in
the urine of rats, both under normal conditions and
after the intraperitoneal administration of l-epi-
nephrine bitartrate (5).

The magnitude of the 0-methylation pathway in
rats was estimated by Axelrod, Inscoe, Senoh and
Witkop, They concluded that about 70 per cent
of epinephrine was 0-methylated (6). In 1958
a preliminary report was published by LaBrosse,
Axelrod and Kety, which indicated that 0-methyl-
ation was also the principal route of metabolism of
epinephrine in man (7).

Earlier studies on epinephrine metabolism in
man (7-10) were necessarily limited by insuffi-
cient knowledge of the nature of the metabolites,
lack of adequate methods for their quantification

or incomplete accountability of the excretion of the
infused radioactivity, and accurate evaluation of
the alternate pathways was not possible.

The recent identification of an additional metab-
olite of epinephrine, 3-methoxy-4-hydroxyphenyl-
glycol, by Axelrod, Kopin and Mann (11), the
use or development of improved methods for the
separation and estimation of this and other me-
tabolites, and the advantages associated with the
use of tritium-labeled epinephrine of high specific
activity have warranted a further examination of
the metabolites of epinephrine in man.

METHODS

Materials. dl-Epinephrine-7-H8-d-bitartrate (specific
activity 5.0 mc per mg) was used.1 When developed in
both the phenol: 0.01 N HCI-SO2 (80: 20) and the
n-butanol: acetic acid: water (4: 1: 1) systems, chro-
matograms of this tritium-labeled epinephrine showed
one peak of radioactivity corresponding to authentic epi-
nephrine-d-bitartrate. The tritium label (7-H3) of epi-
nephrine did not exchange with the hydrogen in the
water of aqueous solutions of this compound when stored
in 2 per cent sodium metabisulfite solution for several
months at 40 to 8° C.

Administration of epinephrine. dl-Epinephrine-7-H'-d-
bitartrate, alone or with added unlabeled l-epinephrine-d-
bitartrate, was infused intravenously at rates of approxi-
mately 0.3 jug of l-epinephrine base per kg per minute
or 0.18 lxg per kg per minute for 30-minute periods to 12
normal young men, 18 to 22 years of age, weighing from
59.4 to 79.1 kg. The total dose ranged from 311 to 1,101
jug of l-epinephrine (free base), and specific activity
ranged from 342 to 971 ,Lc per mg. The details of its
administration and the results of physiological (12) and
psychiatric studies (13) on these subjects are reported
elsewhere.

Collection of urine and determination of total radio-
activity. Urine was collected without preservative for

1 Prepared by the New England Nuclear Corpora-
tion by the reduction of adrenalone with lithium alumi-
num tritide; labile tritium was removed, and the dl-
epinephrine-7-H'-d-bitartrate was obtained as a grayish-
white powder.
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54 lhours following the infusion and was promptly re-
frigerated until analyzed or stored in the deepfreeze if
the analysis was delayed. The total radioactivity in each
of the urine specimens was determined by a modification
of the method of Okita, Spratt and Leroy (14) by add-
ing 0.1 ml of urine to a mixture of 4 ml of ethanol and
10 ml of 0.4 per cent 2,4-diphenyloxazole and 0.01 per
cent j-bis(2-phenyloxazole) benzene in toluene ("ethanol-
fluor"). Radioactivity was assayed in a liquid scintilla-
tion spectrometer. Duplicate portions of urine were used
throughout in these studies. With all samples, correction
for quenching was made by counting before and after the
addition of tritium internal standard, and correction for
partition was made by using authentic compounds in the
respective extraction procedure. Since difficulties are
usually encountered in obtaining complete urine collec-
tions, the values for total urinary radioactivity which
were obtained are probably underestimates.

Estimation of metanephrine. Free metanephrine was
determined in duplicate 2 ml portions of the urine speci-
mens, by adjustment to pH 10 with 6 N NaOHand 0.2
ml of pH 10 borate buffer (0.8 M), followed by extrac-
tion with 10 ml of isoamyl alcohol. After centrifugation,
a 4 ml portion of the isoamyl alcohol phase was trans-
ferred to vials containing the ethanol-fluor solution and
the radioactivity was assayed in the scintillation spec-
trometer.

Metanephrine glucuronide was determined by adding
0.2 ml of pH 6.5 acetate buffer containing 1,400 U of
bacterial 6-glucuronidase (Sigma) and 6 drops (0.3 ml)
of chloroform to 2-ml portions of the urine. The urine
was incubated for 3 hours at 370 C. After the incuba-
tion, 1.8 ml of borate buffer (pH 10, 0.8 M) was added
and the solutions were extracted with isoamyl alcohol.
Four-ml portions of the isoamyl alcohol extract were
counted for radioactivity as above. This isoamyl ex-
tract obtained following glucuronidase hydrolysis con-
tains the initial free metanephrine and metanephrine re-
leased by the enzyme. Therefore, radioactivity in the
metanephrine glucuronide was calculated by subtracting
that in the free metanephrine from that obtained after
p-glucuronidase hydrolysis.

Metanephrine sulfate was determined by acid hydroly-
sis followed by extraction at pH 10 as follows: Six N
HCl, 0.4 ml, was added to 2-ml portions of the urine and
the solutions were kept at 37° C for 48 hours in a water
bath. The hydrolysates were adjusted to pH 10 with 0.4
ml of 6 N NaOHand 0.4 ml of pH 10 borate buffer (0.8
M). After extraction with 10 ml of isoamyl alcohol and
centrifugation, two 4-ml portions of the organic phase
were taken for determination of the radioactivity. Un-
der the conditions of acid hydrolysis, a negligible amount
of the metanephrine is freed from the glucuronide; there-
fore, the radioactivity which is extracted at pH 10 after
the acid hydrolysis arises from free metanephrine and hy-
drolyzed metanephrine sulfate. Subtraction of the "free"
metanephrine gives the value for the metanephrine sul-
fate. When corrections were made for the aliquots which
were used, authentic metanephrine carried through these
procedures gave recoveries of 80, 76, and 70 per cent for

the procedures for estimation of free metanephrine, meta-
nephrine glucuronide, and metanephrine sulfate, re-
spectively. These recoveries were used in calculating
the amount of radioactivity represented by each of the
metabolites.

Estimtation of 3-mlcthoxy-4-hy3,droxymandelic acid
(VMA). VMAwas estimated in 2-mil portions of urine
by adjusting the urine to pH 1 with HCl and extracting
with 20 ml of isoamyl alcohol. Fifteen ml of the isoamyl
alcohol phase was shaken with 3 ml of 5 per cent sodium
bicarbonate. Two ml of the sodium bicarbonate extract
was adjusted to pH 1 with HCl and extracted with 10
ml of isoamyl alcohol. Radioactivity in two 4-ml portions
of the isoamyl alcohol was determined as above. Au-
thentic VMAgave a recovery of 80 per cent when car-
ried through this procedure. Corrections for quenching,
aliquoting and partition were made as above for the
metanephrine metabolites.

As a check on the extraction procedure, VMA was
also determined by chromatography on silica gel. Silica
gel columns were prepared by adding 2.5 ml of 0.5 N
H2SO4 to 4 g of dry silica gel. This acidified silica gel,
a free-flowing powder, was suspended in chloroform and
poured into a column 1 cm in diameter to a height of 5
cm. A 1 ml portion of urine was acidified with 0.1 ml
of 10 N H.SO4, mixed with 2 g of dry silica gel and
added to the column. The column was topped with a
snug-fitting filter paper disc and washed with 20 ml of
chloroform. The VMAwas eluted with 80 ml of 5 per
cent n-butanol in chloroform. Recoveries of authentic
H3-VMA added to urine were 90 to 95 per cent. De-
termination of VMA by the extraction procedure and
by chromatography on silica gel showed good agreement
(respectively, 41.2 and 40.6 per cent average of the
radioactivity in the urine).

The specificity of these procedures is shown by the
presence of one peak of radioactivity which corresponds
to the position of authentic compounds on paper chro-
matograms of these fractions (see Figures 1A and 1B).

Estimation of free epinephrine in urine. Free epi-
nephrine in the urine was determined by chromatography
of 10-ml portions of the urine on alumina columns (15).
Dry nonalkaline alumina (Woelm) was poured into col-
umns 1 cm in diameter to a height of 4 cm, and washed
with 10 ml of 0.5 M borate buffer, pH 8.3, followed by
20 ml of glass-distilled water. One ml of 1 per cent so-
dium ethylenediamine tetraacetic acid (EDTA), 1 mg of
nonradioactive l-epinephrine-d-bitartrate, and 1 ml of pH
8.3 borate buffer (0.5 M) were added to 10-ml portionc
of urine. The urine was adjusted with 3 N NaOH to
pH 8.3 (measured with a glass electrode), and poured
through the column. The column was washed with 50 ml
of glass-distilled water containing 0.1 per cent EDTA,
and the epinephrine was eluted with 20 ml of 1 N acetic
acid. Aliquots of the acetic acid eluate were concen-
trated by lyophilization; 0.2 ml of distilled water and 10
ml of the ethanol-fluor were added, and the radioactivity
was assayed as above. The recoveries of added epineph-
rine were 100 + 5 per cent, measured by direct fluorimetry
of the acetic acid eluates, and specificity of the eluted
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FIG. 1. RADIOGRAMSOF EXTRACTS OF URINE, COLLECTEDAFTER 7-H8-EPINEPHRINE INFUSION, SHOW-
ING SPECIFICITY OF THE EXTRACTEDMATERIAL. A) Metanephrine = 3-0-methyl-epinephrine; B) VMA
= 3-methoxy4-hydroxymandelic acid; C) DHMA= 3,4-dihydroxymandelic acid; D) MHPG= 3-
methoxy-4-hydroxyphenylglycol.
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radioactivity was demonstrated by the presence of a
single peak of radioactivity corresponding to the locations
of authentic epinephrine on paper chromatograms in n-bu-
tanol: acetic acid: water (4: 1: 1) and in phenol: 0.01 N
HCl-SO2 (80: 20) systems.

Estimation of free 3,4-dihydroxymnandelic acid
(DHMA). One-tenth vol of 1 per cent EDTA and
0.02 vol of freshly prepared 2 per cent ascorbic acid solu-
tion were added to an aliquot containing about 1 Iuc total
radioactivity in the urine. The pH was adjusted to 8.4
by the addition of 1 N NaOH (using a glass electrode),
and the final volume was adjusted to 120 ml by the ad-
dition of glass-distilled water. The solution was centri-
fuged and 100 ml of the supernatant solution was poured
through a 3 cm high, 0.4 cm diameter column of alumina
(Woelm, nonalkaline). Ten ml of 0.2 M sodium acetate
solution (pH 8.4) and 10 ml of glass-distilled water were
also passed through the column in that order. The free
catechols (epinephrine and DHMA) were eluted from
the column with 30 ml of 0.2 N H2SO4. The sulfuric
acid eluate was extracted with 5 vol of ethyl acetate.
No epinephrine is extracted under these conditions, but
45 per cent of the DHMApasses into the ethyl acetate
plhase. The ethyl acetate extract was evaporated to dry-
ness in vacuo, and the residue dissolved in 5 ml of ethanol.
Four ml of the resulting ethanol solution was added to
10 ml of the toluene-fluor and the radioactivity was de-
termined as mentioned above.

Estimation of conjugated DHMA. The conjugated
DHMAwas determined in the combined effluent and
washings from the alumina column used for determina-
tion of free DHMA. The combined solution was ad-
justed to pH 1 with HCl and heated on a steam bath for
1 hour. After cooling, 0.1 vol of 1 per cent EDTA, 0.02
vol of freshly prepared 2 per cent ascorbic acid solution
and 10 ttg of authentic DHMAwere added, and the re-
sulting solution was adjusted to pH 8.4, chromatographed
on alumina, extracted, concentrated and counted as de-
scribed above for free DHMA.

The specificity of the procedure for DHMAwas in-
dicated by the finding of a major peak (85 per cent of
radioactivity) at Rf 0.58 which corresponded to authentic
DHMAon paper chromiatogranms developed in n-butanol:
acetic acid: water (4: 1: 1) (see Figure 1C). A second
smaller peak at Rf 0.81, increased after storage of the
extract in the refrigerator for 1 day, indicating that it
was a breakdown product of the DHMA.

Estimation of 3- methoxy-4-hydroxyphenylglycol
(MHPG). One-tenth vol of the combined effluent and
washing from the alumina column used in the determina-
tion of the free DHMA(see above) was adjusted to
pH 11.5 with 3 N NaOH; solid BaCl, was added and
the precipitated phosphate and sulfate were centrifuged
until well packed at the bottom of the tube. An aliquot
of the supernatant solution was adjusted to pH 6.5 with
3 N acetic acid, sulfatase (Glusulase, Endo Products,
N. Y.) was added to a final concentration of 1,000 U per
ml, and the mixture was incubated at 370 C for 24 hours.
The solutions were centrifuged and an aliquot of the
supernatant solution was poured onto a 7.5 cm column

of Dowex-50 ion exchange resin.2 The column was
washed with an equal volume of water. The effluent and
washings were combined, saturated with sodium chlo-
ride, and extracted with 5 vol of ethyl acetate. About
85 per cent of the MHPGwas extracted under these
conditions. An aliquot of the ethyl acetate extract con-
taining at least 60 m/c of radioactivity was evaporated
under a current of warm air in a scintillation counting
vial,3 the residue was dissolved in 14 ml of the ethanol-
fluor mixture and counted. The specificity of this pro-
cedure was indicated by the presence of a single peak
of radioactivity corresponding to authentic MHPGin
the n-butanol: acetic acid: water (4: 1: 1), isopropanol:
7 N ammonia (4: 1), and n-butanol: ethanol: water
(4: 1: 1) systems (see Figure 1D).

RESULTS

The infused tritium was almost quantitatively
excreted in the urine within 54 hours; the median
value of excretion was 94.5 per cent. Water was
distilled from several specimens of the urine col-
lected after the H3-epinephrine infusions and was
assayed for tritium content. No measurable
amount of radioactivity was found in the water
of these urine specimens. It has also been estab-
lished that the methods described above for the
quantification of the individual metabolites do not
result in measurable loss of the tritium label.

An average of 97 per cent (SE + 4.0) of the
tritium in the urine has been accounted for by the
metabolites which were measured in this study
(see Table I). The catechols, constituting 8.4
per cent of the tritium in the urine, are made up of
epinephrine (6.8 per cent) and total DHMA(1.6
per cent). The 3-methoxy compounds totaled
89.2 per cent: these were free and conjugated
metanephrine, 40.8 per cent; VM\A, 41.2 per
cent; and MHPG, 7.1 per cent.

DISCUSSION

In 11 of the 12 subjects listed in Table I, dl-H3-
epinephrine was used; therefore, the urinary tri-
tium came equally from the d- and i-isomers. At
considerable cost in material a small quantity of
l-H3-epinephrine-d-bitartrate was obtained by

2 The Dowex-50 resin was prepared by soaking over-
night in 3 N NHOHand washing until the effluent was
neutral when tested with pH paper.

3Low potassium, No-sol-vit glass liquid scintillation
spectrometer vials, 20 ml capacity, with polyethylene
snap-cap, were obtained from the Wheaton Glass Com-
pany, Millville, N. J.
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TABLE I

Urinary metabolites following infusion of H3-epinephrine in normal young men *

Metabolites expressed as per cent of tritium in the urine

Per cent ME DHMA Total
Total dose of inf. of

tritiunm Total metab-
Subjects I-E pi. d-Epi. excreted Free Gluc. Sulfate ME VMA Epi MHPGFree Conj. Total olites

no. Yig JAc jig /Ic
2 R. A. 1,101 178 367 178 78 6 4 22 32 38 9 8.4 0.61 0.96 1.57 89
4 D. G. 1,012 173 337 173 84 6 4 24 34 41 7 5.4 0.76 1.10 1.86 89
6 R. C. 930 200 310 200 93 4 6 19 29 28 7 4.5 0.00 0.04 0.04 68
8 P. G. 1,064 182 355 182 100 6 6 34 46 36 7 6.1 0.77 1.00 1.77 97

10 R. B. 453 211 453 211 99 6 5 42 53 51 4 7.2 0.52 0.49 1.01 116
12 M. V. 393 216 393 216 88 4 8 46 58 36 6 7.9 0.31 1.26 1.57 109
14 D. H. 445 207 445 207 96 7 5 27 39 59 5 5.9 0.81 1.31 2.12 111
16 M. D. N. 403 188 403 188 89 4 7 20 31 39 7 7.5 0.52 1.20 1.72 86
18 D. S. 311 158 23 158 100 4 8 21 33 48 7 7.6 1.14 0.65 1.79 97
20 L. S. 399 228 0 0 96 5 6 30 41 40 9 7.9 0.94 0.80 1.74 100
22 D. S. P. 410 199 410 199 103 6 5 31 42 34 5 9.1 0.66 1.22 1.88 92
24 D. W. 321 156 321 156 86 5 8 38 51 45 8 8.2 0.94 1.16 2.10 114

Mean 92.6 5.2 6.0 29.5 40.8 41.2 6.8 7.1 0.66 0.93 1.60 97

SD 7.7 1.1 1.5 9.0 9.5 8.4 1.5 1.4 0.31 0.38 0.57 14

*1-Epi and d-Epi =I- and d-epinephrine (free base); Inf. =infused; Gluc. =glucuronide; ME=metanephrine; VMA=3-methoxy-4-hydroxy-
mandelic acid; MHPG=3-methoxy-4-hydroxyl)henylglycol; DHMA=3,4-dihydroxymandelic acid; Conj. =conjugated.

resolution of the racemic material.4 The I-H3-
epinephrine was used for the infusion of Subject
20 shown in Table I, in a schizophrenic patient in-
fused in part of the study (12, 14), and in two
subjects used by Kopin (16). In all four of these
subjects in which the l-H3-epinephrine was used,
the distribution of the tritium among the epineph-
rine metabolites did not differ significantly from
that found after the racemic H3-epinephrine. This
finding in man is in agreement with the finding of
Schayer, Smiley and Kaplan in rats that the uri-
nary chromatographic pattern of excretion was
not significantly different after the d-and i-,8-C14-
epinephrine (17).

Since Axelrod's demonstration of the 0-methyl-
ation pathway of epinephrine metabolism in rats

4 The resolution was accomplished by adding 5.1 mg of
nonradioactive l-epinephrine-d-bitartrate to 4.6 mg of d,l-
H'-epinephrine-d-bitartrate and dissoliving in 15 A.l of
water plus 90 Al of absolute methanol. After standing in
the freezer at - 100 C for three days, the vial wvas
brought to room temperature and the slightly brownish
solution was treated with charcoal. The tube was centri-
fuged, the supernatant solution was decanted into a 5 X
50 mmtest tube, and the solvent was removed by distil-
lation in vacuo. As the solution became concentrated,
crystals formed in the slightly brownish, syrupy liquid
on the sides of the tube. The crystals were washed with
methanol and dried in a vacuum desiccator. The dry
crystals weighed 0.88 mg (12 per cent yield). The small
quantity of this material made optical rotatory meas-
urements impractical; however, bioassay by rat blood
pressure measurements indicated that it contained > 90
per cent l-epinephrine.

(5), the question of the presence and quantitative
importance of this pathway in man has been of
increasing interest. Resnick and Elmadjian (9)
have reported that 34 per cent of the radioactivity
of infused N-methyl-C14-epinephrine was excreted
in the urine of human subjects. This result indi-
cated that approximately one-third of infused epi-
nephrine did not lose its side chain. Since only
1 to 5 per cent of the infused epinephrine was ex-
creted unchanged, the remaining 29 to 33 per cent
must have been a metabolite with the side chain
intact. Later studies by Resnick, Wolfe, Freeman
and Elmadjian (18), Kirshner, Goodall and Rosen
(10), and LaBrosse and co-workers (7), have
shown that this metabolite is metanephrine, the
0-methylation product of epinephrine. Kirshner
and associates (19) have stated "that monoamine
oxidase plays an important role in the inactiva-
tion of epinephrine at least in the short period of
time after an infusion when it has physiological
activity." This conclusion is difficult to accept be-
cause of the general lack of potentiation of the
physiological effects of epinephrine by monoamine
oxidase inhibitors. Furthermore, Kirshner and
co-workers (19) base this conclusion on the find-
ing that the radioactivity in the epinephrine frac-
tion of the urine is doubled as a result of ipronia-
zid treatment. However, calculation from their
data reveals that this increase represents a change
from 2.0 to 3.6 per cent of the infused epinephrine,
and this change was found only during the initial
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collection period. This small and evanescent dif-
ference in the excreted epinephrine, in view of the
numerous variables involved, does not seem to
merit the broad conclusion drawn. In contrast,
the following evidence in the present report con-
firms previous reports from this laboratory (5-7)
indicating that 0-methylation is the principal
pathway in the metabolism of circulating epineph-
rine. Following an infusion of /8-H3-epinephrine
to a total of 12 human subjects, 40.8 per cent of
total 54-hour urinary radioactivity has been found
to be free and conjugated metanephrine. An indi-
cation of the proportion of metanephrine which is
further metabolized to VMAand MHPGcan be
obtained by studying the excretion of these me-
tabolites following infusion of labeled metaneph-
rine. When 7-H3-metanephrine was infused in-
travenously, 50 per cent of the radioactivity in the
urine was found to be free and conjugated meta-
nephrine and 25 per cent was found to be VMA.
If it is assumed that the ratio of VMAto meta-
nephrine, excreted after metanephrine is infused,
is indicative of the manner in which endogenously
formed metanephrine is metabolized, then it can be
calculated that half of the VMA(or 20.6 per cent
of the total urinary radioactivity) would have been
formed via metanephrine after the 7-H3-epineph-
rine infusion. In the present study an additional
3-methoxylated metabolite, MHPG,has been quan-
tified. Kopin (16) has shown that about half of
the latter metabolite, MHPG, as well as VMA, is
formed by 3-0-methylation prior to deamination.
Therefore, of the 7.1 per cent of the total urinary
tritium which is H3-MHPGin the study reported
here, 3.6 per cent probably had undergone
O-methylation to metanephrine prior to deamina-
tion to MHPG. Therefore, of the total urinary
radioactivity, 40.8 per cent (free and conjugated
metanephrine), 20.6 per cent (VMA formed
from metanephrine) and 3.6 per cent MHPG
formed from metanephrine) or a total of 65 per
cent of the urinary radioactivity was in metabolites
formed from the tritium-labeled epinephrine by
3-0-methylation as the first step in its metabolism.
This finding agrees well with the 67 per cent
0-methylation obtained in a definitive study by
Kopin (16) in which 1-7-H3-epinephrine and
1-3-methoxy-C14-metanephrine were administered
simultaneously to human subjects.

These findings present support for the hypothe-
sis that 3-0-methylation is the principal pathway
of metabolism for circulating epinephrine in man,
at several pharmacological dosage levels as well as
in the tracer dose (12.6 ug of I-epinephrine base),
which was used by Kopin in the double-labeled
experiments (16). It is of interest, that almost
identical results were obtained with 1- and dl-7-H3-
epinephrine in this and the experiments which uti-
lized the double label (16).

Considering the question of whether monoamine
oxidase or catechol-O-methyl transferase is the
more important enzyme in the metabolic inactiva-
tion of epinephrine, Griesemer and colleagues (20)
have reported that monoamine oxidase inhibitors
do not potentiate the action of epinephrine. Also,
Friend, Zileli, Hamlin and Reutter (21) have
shown that administration of iproniazid (a mono-
amine oxidase inhibitor) does not alter the blood
pressure, pulse rate, or other physiological effects
of a norepinephrine infusion in man. It has been
shown after labeled epinephrine that iproniazid de-
creases the urinary excretion of VMA, but in-
creases the excretion of metanephrine (18).
Hence, iproniazid does not inhibit catechol-O-
methyl transferase. On the other hand, Bacq dem-
onstrated many years ago that pyrogallol and sev-
eral catechols potentiate the action of epinephrine
(22). Recently, Bacq, Gosselin, Dresse and Ren-
son have shown that catechol inhibits the action of
O-methyl transferase on epinephrine in vitro, and
they suggest that this inhibition is the mechanism
for the sensitization of smooth muscle to epineph-
rine by catechols (23). Axelrod and Laroche
have shown that pyrogallol is an effective inhibi-
tor of catechol-O-methyl transferase, both in vitro
and in vivo (24). From these reports it is known
that pyrogallol and several catechols potentiate the
action of epinephrine and simultaneously inhibit
the action of the enzyme involved in the principal
pathway of metabolism of this catechol amine.
Furthermore, the 0-methylated products are vir-
tually inactive compared to the parent catechol
amine (7, 25). These findings are compatible
with the thesis that 0-methylation is involved in
the physiological inactivation of epinephrine and
norepinephrine.

Within the past three years the recovery of in-
fused, and presumably endogenotus, epinephrine
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ini termiis of lknown netabolites has increase(l from
a few per cent to 1)ractically com1)lete accountabil-
ity, as shown in the present study. An ol)portun-
ity is now provided for a more precise evaluation
of the endogenous production of the catechol
amine hormones or their abnormal degradation in
various clinical states.

SUMMARY

The metabolism of 7-H3-epinephrine-d-bitar-
trate was studied in normal young men. An aver-

age of 92.6 per cent (SD + 7.7) of the infused
radioactivity was excreted in the urine within 54
hours. The tritium-labeled metabolites were iso-
lated, and gave the following percentages (mean
SD) of total radioactivity in the urine: unchanged
epinephrine, 6.8 + 1.5; free metanephrine, 5.2
1.1; metanephrine glucuronide, 6.0 1.5; meta-
nephrine sulfate, 29.5 9.0; 3-methoxy-4-hy-
droxyphenylglycol, 7.1 1.4; free 3,4-dihydroxy-
mandelic acid (DHMA), 0.7 0.3; and conju-
gated DHMA, 0.9 0.4. The isolated metabo-
lites averaged 97 per cent (SE + 4.0) of the total
urinary radioactivity.

The relevance of these findings to the routes of
epinephrine metabolism is discussed and, in the
light of present knowledge, they support the thesis
that 0-methylation followed by deamination is
the major route of metabolic inactivation of cir-
culating epinephrine.
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