In: Molecules and mental health.
Ed.by: F-AtGibbSc 1959, pl 77""99

EXCRETION AND METABOLISM OF
EPINEPHRINE AND NOREPINEPHRINE
IN MAN*

FrRED ELMADJIANT

H. Hoacrann, Chairman. The next paper will be presented by Dr.
Elmadjian.

This is a progress report of u co-operative study betwcen the Worcester
Foundation for Experimental Biology and the Worcester State Hospital,
which involved the active participation of Drs. Justin M. Hope, Harry
Freeman, Oscar Resnick and Mr. Edwin T. T.amson. Our objective was to
study stress physiology, especially with respect to the sympathico-adrenal
systemn, and to add to our knowledge of the excretion and the metabolism
of the neurohormones epinephrine and norepinephrine.

Responses of the adrenal gland to stress have been the subject of much
research.! Unlike the adrenal cortex, where emphusis is on the response to
the nonspecific stress, the adrenal medulla, as part of the sympathetic nerv-
ous system, is intimately connected with specific emotional expression.®
Another characteristic of the sympathetic nervous system is the various levels
of integration represented by structural and functional components involving
the cerebral cortices, the midbrain and the hypothalamus, as well as the
peripheral effector components. Studies were undertaken to determine the
excretion of epinephrine (E) and norepinephrine (NE), the neurohermones
of the sympathico-adrenal system, involving stimulation at these various
levels of integration. Two pgeneral types of stress experiments were con-
ducted: (1) the administration of agents known to stimulate the sympa-
thetic nervous system and (2) stress studics on normal and psychiatric
patients in experimental and life situations. Examples of the former included
the administration of insulin and the psychotomimetic agent, lyscergic acid
diethylamide (LSD). The latter included the data obtained from (1) normal
subjects in anticipatory states, (2) professional hockey players and their
coach, before and after the game. (3} amateur boxers. before and after the
contest, (4) psychiatric paticnts on whom mental status and Malamud-
Sands rating scale were obtained during the collection period, (5) psychi-
atric patients appearing at staff conferences and (6) on both therapist and
patient during psychotheripeutic nterviews.

* Aided in part by grants from Mrs, Henriette Durham; the Army Medical Re-
search and Develupmem Bourd, Contract No. [DA-29 007-MI>-438; the Ford Foun-
dation: and the Scottish Rile Committee of Research for Dementia Praecox of the
National Association for Menta! Health.

+ Worcester  Foundation for  Experimental  Biology, Shrewshury., Muss., and
Dementia Praccox Research Project. Worcester Stale Hospital, Worcester. Mass,

7T



78 Epinephrine and Norepinephrine in Man

The excretion rates of E and NE were studied after graded doses of E
and NE were infused. Data will be presented on the metabolism of E con-
taining C'* in 8- and methyl position in man, as well as control data indi-
cating diurnal variation of E and NE excretion. These latter data will be
used as control values to estimate the secretion of amines in the various
stress conditions studied.

METHOD

Urine was extracted by the alumina-adsorption method of von Euler and
Hellner.* The maximum cfficiency of this method is 70 to 80 per cent, based
on recovery data. The bio-assay was performed by a modification of the
method described by Gaddum and Lembeck.' This method consisted of
testing the sample on the rat colon for NE and on the rat uterus for E.
The bio-assay is based on the quantitative inhibition by the catechol amines
of the contractions induced in vitro in a 2-cc. bath with acetylcholine.? ®
The inhibition of NE and E is approximately equal when tested on the
colon; but when tested on the uterus, E is 75 to 300 times more potent than
NE. The colon assay was used when rapid estimates of total NE | E were
desired.

DIURNAIL VARIATION
In Table 10, Study A, are prescnted data on the NE and E excretion
during slecping and waking states on 10 normal subjects. Night samples of
urine were collected during a period from approximately 10:00 p.M. to
6:30 a.m., and day samples were collected from 6:30 A.M. to noon. All
subjects had breakfast and conducted their usual activities, which consisted

TaBrLE 10. DIURNAL VARIATION OF NE AND E EXCRETION IN

E
SAMPLE PERIOD (ng./hr.) (ng./hr.)
Study A (10 subjects)
Sleep: 1.2 0.02
= 0.12 * 0.002
Morning: 29 0.40
+ 0.48 +0.10
Study B (6 subjects)
Sleep: 1.2 0.02
=+ 0.14 = 0.01
Morning: 2.3 0.10
+ (.49 = 0.02
Day: 24 0.21

= 0.60 + 0.07
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of laboratory routines. Study B contains additional data on a group of 6
normal subjects consisting of physicians and laboratory personnel who were
conducting their usual daily activitics.” Each collected u sumple representing
the period of sleeping. a second sample from the time of waking to about
10:00 a.M. and a third sample from 10:00 a.m. to the time of retiving at
night. There was an increase in the excretion ratc of E und NE during
morning and day samples over that observed during sleep. The NE increases
‘were not as large percentagewise as for E values.

INFUSION EXPERIMENTS

Figure 23 depicts the infusion data of 10 E infusions and 9 NE infusions
at doses of 0.05, (.10 and 0.20 ug./Kg./min." Preinfusion urine was col-
lected from 9:00 a.Mm. to 10:00 a.m., at which time the intusion was started
and continued for 30 minutes. The infusion collection represented urine col-
lection runging from 10:00 a.m. to approximately 11:00 a.m. The data in
Figure 23 presents the hourly excretion of each dosuge rate above its control
collection. In the case of E, 0.5 to 2 per cent of the total dose infused appears
in the urine, while in the case of NE, from 3.0 to 6.0 per cent of the total
dose appears in the urine in excess of the control sample. In the NE infusion,
it appeurs that the relationship of excretion above control and dosage is
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Fic. 23. Excretion of E and NE above control levels after 30-minute
infusion of E and NE in doses of 0.05, 0.10 and 0.20 ng 7Kg ‘min.
(Elmadjian. F.. er af.: 1. Clin. Endocrinel. 17:608)
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cssentially lincar. However, in the case of E infusion, there is a sharp change
in the slope at doses above 0.10 pg./Kg./min. While there is a twofold
increase in the excretion rate with the doubling of the dose from 0.05 to
(.10 pg./Kp./min., there is a scvenfold incrcase in the excretion rate on
subscquent doubling from 0.10 to 0.20 ug./Kg./min, These data will serve
us in estimating the approximate secretion rate of E and NE in the studies
reported.
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Fic. 24, Structures of isotopic epinephrine used.
{Resnick, 0., and Elmadjian, F.: 1. Clin, En-
docrinol.18:28)

As indicated from these experiments, only 0.5 to 2 per cent of the E
infused could be accounted for in the 1-hour postinfusion urine, and 3 to
6 per cent of the NE in a similar experiment. This posed the question regard-
ing the fate of the unaccounted-for material. Dr. Oscar Resnick of our labo-
ratories has undertaken the study of the metabolism of E labeled at the beta
position with C', as well as with E labeled at the methyl position with C!4
(Fig. 24).® As indicated in Figure 25, the excretion of radioactivity is rap-
idly increascd in the urinc for the first few hours after the onset of the in-
fusion. In the 7 subjects infused with the 8-C'i-dl-epinephrine-d-bitartrate,
91 - 3 per cent of the total radioactivity could be accounted for within 30
hours after the infusion. In the 3 subjects infused with methyl-C-dI-
epinephrine, 34 =+ 3 per cent of the total radioactivity could be accounted
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Fio. 25. Average cumulative hourly urinary
excretion of total radioactivity. The top linc
(salid dots) represents the averupe vulues tfor 7
infusions with g-laubeled cpinephrine. The bot-
tom line (open circles) represents the average
values for 3 infusions with methvi-labeled
cpinephrine. (Resnick. O., and Elmadjian, F.:
1. Clin. Endocrinol. 18:28)

for in the urine, The infusion of both types of isotopicully labeled E resulted
in the increase in the urinary excretion of nonmetabolized biologically active
E. This increase was demonstrable only during the first 2 hours after the
onset of the infusion. after which the urinary excretion of biologically active
E returned to the control levels. These observations are in agrecment with
the previous data just shown following the infusion of nonlabcled E in
human subjects. The increase in biologically active E in these cxperiments
ranged from approximately | to 2 per cent of the infused E. 1t should be
mentioned that the bio-assays of the urine extracts mcasured biologically
active E in the form of its faevo isomers. On the other hand, the radioactivity
recovered in the urine wus due to the metabolites derived from both dextro
and laevo isomers of the isotopically labeled E and the nonmetabolized
d-l epinephrine.

These results indicated that the metabolites of E are excreted over a



82 Epinephrine and Norepinephrine in Man

30-hour period. While the E, measurable by the bio-assay, appears in the
first few hours (0.5 to 2% ol the dose infused)., the radioactivity excreted is
30 to 40 per cent (B-C'ecpinephrine) of the count given during the same
period. In addition, 65 per cent of the metabolized E loses the methyl group
during this process. This latter finding scems to support the hypothesis that
oxidative deamination does take place in man.

Chromatography studics of g-labeled L indicated a major radiouctive
metabolite. which was found to be a phenolic acid having the same Rf
values as authentic 3-methoxy-4-hydroxy mandelic acid, generously sup-
plicd by M. D. Armstrong.” Very little or no phenolic amines, such as
methoxy-cpinephrine, could be extructed from the urine of these patients;
34 -+ 3 per cent of the radioactivity contained in the methyl-labeled E
infused could be accounted for in the urine. While under iproniazid therapy,
3 patients were infused with methyl-lubeled E:'" 65 + S per cent of the
infused radioactivity was recovered in the urine. Two of the patients were
again infused with methyl-lubeled E, 2 to 3 weeks following the termination
ol ipreniazid treatment: SO per cent and 43 per cent of the infused radio-
activity were recovered in the urine of these 2 patients, respectively. The
urine of iproniazid-treated patients contained o major radioactive metabo-
lite, which was found to he a phenolic amine having the same Rf values as
those reported for methoxy-cpinephrine by Axelrod.' These data clearly
demonstrate Q-methylation of B in man. Iproniazid treatment in man was
observed to tnhibit oxidative deamination of E. without influencing the
process of O-methylation.

ADMINISTRATION OF AGENTS KNOWN TO STIMULATE
THE SYMPATHICO-ADRENAL SYSTEM

Hypoglycemii is known to cause stimulation of the sympathico-adrenal
system. The level of integration involved is principally at the midbrain and
hypothalamic level. Using insulin as the hypoglycemic agent, a study was
undertiaken to evaluate the sympathico-adrenal responses of male subjects
by meusuring the excretion of E and NE. Lysergic acid dicthylamide was ad-
ministered to psychiatric patients to evaluate the accompanying sympathico-
adrenal responses which also involve the higher centers such as the cercbral
cartex.

A normal male subjeet was given an insulin-tolerance test for 5 consecu-
tive days. Monday through Friday. A control urine was collected before
insulin administration. Two samples of 90 minutes cuch were collected after
msulin administration, representing a 3-hour postinsulin urine.

A sccond type of study consisted of a total ol 16 sumplings obtained from
3 psychiatric patients receiving insulin treatment (Fig. 26). All urine repre-
sented collections from 7:00 A, to about 11:00 A.M.; the former was the
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Fic. 26. E and NE in 16 samples from 3 patients
treated with insulin. (Elmadjian. F.. er «af: Rec,
Progr. in Hormone Res. 14:5t3)

time of insulin administration. the latter the termination time of the treat-
ment. Subject La was in a coma in each of the samplings: Da was receiving
the standard insulin treatment, and patient EIl was in the initial phase of
the insulin-shock treatment, but in none of the samplings was the patient in
coma.

The results obtained on the subject receiving the insulin-tolerance test
for 5 consecutive days may be scen in Table 11."* We observe that by
Thursday and Friday there is a decrease in the E excretion, even though the
blood sugar levels at the 30-minute period from the injection of the insulin
show no significant differences, The more interesting finding is the successive
decrease in the E excretion in the sccond postinsulin collection, which
decreases on the fifth day about 10 per cent of that found on the first day.
The subjective report and the clinical observations were consistent in the
conclusion that the insulin reaction was markedly reduced at the end of the
week when compared with the first day.



hEs fpinephrine and Norepinephrine in Man

Tasry 11, Nornar Susdrctl RECEIVING INSULIN-TOLERANCE TEST
FOR S CONSECUTIVE Daysg!Hs

Broon Giucoss

NF K o BEE
Day SAMPLES (pg./hro {pg./hr) 0 30 min.
Monday e 13 .10 94 58
() 260 n 0.507
(21 2.3 % 0.54
Tuesday (C) 82 0.03 79 45
(1) 2 0.08
L2y 24 (.36
Wednesday () 2% (.06 5 94 34
{h 21 b 0.064
(2) E .24
Lhursday () 1Y g 0.03 91 42
(1 X 4 0.34
(1) 2.9 014
Friday (C) 26 0.03 471 102 44
(1 24 0.30
2] R 0.05

Y Male subject: weight, 70 K insulin dose. 0.1 unit per Kg.. intravenously.
) = premsalin-test collection: (11 = 90-minute insulin-test collection; (2)
= Y-mintte postinsulin-test vollection.

There was w marked variability in the vilucs obtained from the insulin-
treated paticnts. In general. there was o marked clevation of E excretion.
When 16 samples obtained from the 3 patients were plotted on graph, where
the ordinate indicated the rate of E exerction and the abscissa the NE,
Figure 26 was obtained.'™™ We observe an inverse relation of NE to E in
those samplings. The saumple obtained on Ell which induced an elevated
NE excretion was readily explained by the fact that the patient became
extremely agitated during the course of the morning and was emotionally
disturbed, For the sumple obtained on La, which lies outside this distribu-
ton, there was no explanation, This tendency for the reduction in NE excre-
tion with markedly elevated E values was also abserved in previous studics
m several subjects during the insulin-tolerance tests, '

LyserGio Ao DIy LasMior (LSD) ADMINIS IRATION
Fourteen psychiatric subjects were given from 150 to 300 g, of L.SD
orally.® Seven were chronie schizophrenics, 4 were manic-depressive pa-
uents, and 3 were involutional-depression cases (Table 12). The control
collection was made from 10:00 am. to 2:00 p.a, at which time the [L.SD
wits administered. The 1S collections were made from 2:00 p.av. ta 10:00
s In this series the chronic schizophrenies showed no reaction to the
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TABI.E 12 LSD ADMINISTRATION TO PSYCHOTIC SUBJECTS!

No. oF NE I
PSYCHOTI STATY SHHH( I's (pe/hro tug./hr.)

A Mwm ACTORS
Chronic Schizophrenics:

Control 7 2.3 014
104 = (.02

1LSD 7 2.0 (0,20
(0.8 + .03

3. Reacrors
Manic-depressives:

Control 4 28 021
+ .3 009

LSD 4 104 1.38

i [ = (L.65

Invalutional-depressives:

Controi 3 5.6 21
02 (.05

LSD 3 | P I

x4 2 (.84

LSD in mood. affcct or perception. They alse showed no changes in NE
and E excretion. On the other hand, in the manic-depressive patients and
in those with involutional depression there was a marked increase in E exere-
tion. In the manic-depressive group there was also an increase in NE excre-
tion; in the involutionul-depression group there was no change in NE values.
In contrast with the schizophrenics, the other two groups manifested marked
psychiatric changes following administration of 1.5D.

STRESS STUDIES ON NORMAL AND PSYCHIATRIC PATIENTS
IN EXPERIMENTAL. AND LIFE SITUATIONS

NORMAL SUBJECTS IN ANTICIPATORY STATES

Urme collections were made on 11 normal subjects before they under-
went the usual tolerance test and the Mecholyl test deseribed by Funken-
stein.'® The subjects consisted of laboratory personnel and students. There
was a varying degree of knowledge and understunding as to the nature of
these tests among the group. Note in Table |3 the variability of the excre-
tion rates obtained. Those subjects who were familiar with the nature of
the tests und the hospital setting were quicet and waited putiently. These
subjects showed normal excretion rates of I and NE. On the other hand,
the students and the personnel who were unfamiliar with the tests and the
setting were restless, asked muny guestions of the attending nurse and the
physician and were quite anxious about the experiments, Subjects Gioand
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Tant e 13, PREVEST NE anb E EXcrReTION OF NORMAL SUBJECTS'™

BEFORE INSULIN TEST Brrori MeCHOLYL TEST

NORMALL NE E NE E

SUBJECTS p./hr. pe.Shr. po./hr. wg./hr.
Bu 3.4 0.35 1.7 0.13
F1* 3.2 0.16 49 0.17
EI* 4.1 0.17 — —
Fo 0.9 0.02 == ge==
Ma 12 0.10 2.4 0.18
Sp 1.5 0.08 1.0 0.20
Zi 1.9 0.15 3.2 0.51
Gi 3.7 0:22 7.7 0.17
Dm B == 89 .07
Ms 4.2 0.52 3.2 0.80
Sm 9.0 1.82 3.3 0.96
Pa s —_ 3.2 0.07

# Same subject tested on different days.

Dm showed very high NE excretions with normal E values, while Ms and
S show high values for both amines in cach instance.

Provessional. HOCKEY PLAYERS

This sport entails considerable uggressive activity in attack and defense.
The game is fast and involves marked activity and man-to-man contact.
Pregame samples of urine were collected at 10 to 30 minutes before game
tine, and postgame samples were collected some 3 hours later. The latter
samples included urine formed during the contest. Game time was 8:30 P.M.
In Table 14 arc listed the values for pregame and postgame collections of
defensemen and forwards who do the skating.? The data are presented in
terms of creatinine becuuse it was not always possible to obtain timed
samples. For samples tuken following the game, there was a sixfold increase
in NE excretion. Two players were sampled before the game, but, on
physical cxamination by the traincr, were not permitted to participate. In
the same table are presented the data on these players, indicating no post-
game increase in NE but appreciable increase in E. Both players sat on the
hench and watched the game. Both were quite concerned about their injury.

Table 14 also gives the datu on Player No. 16 who showed a ninefold
increase in NE and a twentyfold increase in E. He skated his regular turn
but did not play an outstanding game. At the end of the second period,
however, he got involved in a lively fist fight with an opposing player and
was cjected from the game.

The goul tender skates very little but is in constant vigilance in front of
the net, ready to defend the goal. The coach remains on the bench directing
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TABLE 14, Excrrerios ob NEoaNim BN MEMBIRs oF A PRODESSION AL
Hoekey Tiasi—Ieepnskairs annh Forwarns v,
NONPARTIIPATING P1ayirs?

NUMERR

a1 Howek ey ~1 b
Ukine PrLayiRs (g JO0 e, Cag 100 My,
Corercims SaMPLED CHEATINIST ) CREATININE )
AcTive HOCKEY Pravers (DEFENsMES anD BPora arps)
Pregame 20 27 Al 36 - 007
Postganic T 153 0 200 HUs (n2]
i l Fh0 l 268
I ARSI P ons SNl

Two Pravirs WaHo D Noo Parnwore v s i Grasan o

Pregame P INa i) Ha2 023
Postgame 33 Fn
Pregame LMo i0) S 1IN
Postgame 5.3 [
Piavea Isvarven s bBisi bione
Pregame I {Ne. 16 2 (.15
Postgame 494 380

* The approximate hourly exeretivn s 10 per can dess than the firure given in erms
of 100 Gm. creatinine when corrected by creatinine coetficient.
i Due to their physicat condition,

strategy. Data obtained on the goal tender in 3 gimes wmd on the coaeht
6 games are presented in Table T35 There was aomarked increase in both 1
and NE c¢xcrction in the goal tender. but. on the average. there were no
significant changes in the excretion of either amine i the coach. However,
there were individual games where the coach showed marked increases in B,

Aviarrer Bosegrs

Six amatcur boxers competing 1o the finals of the Amatear Athletic Union
baxing champivnship were stucdied @ Added signiticance wis placed on these

TasLre 15, Exenrros oF N asn Uoas Gove Trsoewr avn Coacie

Nt I
No, oF Liki~Nd (oo LU0 iy (g S100 mg.
SuBarcT Cramil s COril CEios CREVEININT ) CREATINING )
Goal tender 3 Pregume 33 by H4s 020
Posigane L B |3 - %)
Couch H Pregame T TR B IRID

i
Posgoanie LD UM 043 - 2l
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linuls beciuse the tichiers who were to win ubtimately would also qualify
for the fimal Olympic trvouts, Enthusiasm and a high state ol expectancy
characterized the attitudes of the fighters, This was retlected in the clevated
E eacrenion rates vbserved mnomost of the prefight samples. Table 16 shows
the dita obtained on @l lighters and the outcome of the fights,

Tagrr 16,0 Pacrrvos o NE anp E N AMaTEUR BOXERST

[N NP E=
Boxt r Cotrrenos {ue) L) QuiIcoME
Ch Prefighe |79 | .64 Winner by decision
Posttivhi — — in the third round
Sm Prefioht AN 78 Winner by TKO in
Iosttigzht ixd 0.07 the third round
Pe Prefight 07 (.22 Winner by decision
Postlivht 18 vl in the third round
Hr E’rctil__'_m ol 340 Winner by decision
Posttivhe 0 (87 i the third round
Wh Prefieht & 1.67 Winner by TKO in
Fosthivht . the second round
ra Prefight : 1L.oser by decision
Pastlight 154 1.70 i the third round

Microgriums per 190 my, creatinine.

On 3 fighters only 1 saniple was ebtained; on Ch and Wh the sample
wits @ precontest collection. Both boxers showed celevated B excretion. Each
showed ample evidence of tenseness and apprehension in the prefight inter-
view. After the imerview. Ch went to the corner of the dressing room and
shadow boxed for about 5 minutes, while Wh sat guictly on w bench with
his trainer and refrained from shadowboxing before entering the ring. It
nry be observed that Ch showed an elevated NE exerction, while Wh's NE
vardue was Tow,

The high NEprelight salues were noted an fighters: who engaged in
shadowboxing betore the contest. The highest prefight & excretions were
found in the fighters who showed the gecater degree of anticipation preceding
the fight. Finally, increase in the postiight samples over the prefight samples
of Fowere observed i those lichters who had to fight the distance for deci-

sion i close contests,

Psyormnrie Sepanors oN Woost Map asitn-5anps Ra11wG-ScaLE
Ricorns Wirr Onriaisen
fn 10 psyehiatric patients o study was made of the relationship between
pesubts ol Malamud-Sunds rating-scule tests and the exeretion of E and NEF
I hix seale rates the patient i 22 catepories. and the data is recorded on a
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check sheet. On the rating scale each item scored appears on the left-hand
side. A designated base line appears through the center of the rating seale,
Going from the base line to cither the left or the right. the deviations are
obscrved. In the preliminary analysts of the datas motor wetivity and hos-
tility reactions were abstracted. and a composite score including these two
items was computed. In Figure 27 is shown the relationship of this score
to NE excretion; those with passive self-effacing emational display had nor-
mal levels of NE. In Figure 27 when a line appears through the circles, it
. indicates that these subjects also had o high exeretion of E. The subject
indicated by an asterisk had normal NE ¢xerction, but the excretion of B
wits 2.75ug. per hour, which is extremely high. This subject showed periodic
bursts of excitement with expressions of fear and guilt,

NEUROPSYCHIATRIC PATIEN 1S APPEARING AT STAFE INTERVIFWS
The conditions of the interview were in marked contrast with those of
the athletes or the patients on the psychiatric wards, The patient sits across
from the psychiatrist who is doing the interviewing. in the presence of some
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Fia. 27. The relation of NE to emotional stutes of neuro-
psychiatric paticnts. The abscissa depicts the composite
score lor the functions of motor activity wnd hostility reac-
tions from the Mulamud-Sands rating scale. The ordinate
represents the excretion of NE in micragrams per hour
during the observation period. (Flmadijian, F.etal: ). Clin.
Endncunol 17:608)
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20 members of the hospital medical staff. All participants are seated, and
the exchange in this cuse is strictly verbal. The sctting is serious, and to the
patient it is very important because, on the basis of his performance, deci-
sions are made by the stafl which affect his immediate future. Eleven sub-
jects were studied. on 8 of whom control samples were obtained. The
interview took place on Thursday morning, and the control sample was
obtained at the same time on the next duy—Friday. The results are listed
in Tuble 17.7 There were no changes in NE excretion when the interview

Tasrr 7. STAFF CONFERENCE INTERVIEW OF
NEUROPSYCIHTATRIC PATIENTST

NE E
No, 0F SUBJECTS {pg./hr.) (ug./hr)
Interview Ll 2.6 0.50
+ 0.4 =014
Control 8 2.3 0.27
& {).2 +={.12
NS P = <0.00l

day was compared with the control. However, in every subject on whom a
control was obtained there was an clevated excretion of E during the inter-
view. As might be expected, there were marked individual variations in this
increase. The subjects, in general, were self-effacing and on their best be-
havior with no aggressive or active emotional display.

THERAPIST AND PATIENT DURING INTERVIEWS

In the course of psychotherapeutic treatment, samples were obtained from
both therapist and patient.'* The therapeutic interview took place between
8:00 a.M. and 9:00 a.M. Samples were obtained before and after each
therapeutic session, as well as on control days during the same hours when
ncither subject was involved in a psychotherapeutic interview. Six psycho-
therapeutic sessions and 6 control days were studied. Urine samples ob-
tained were analyzed for NE, E and 17-hydroxycorticosteroids. ' Figure 28
contains the data on both therapist and patient which was obtained during
the therapy interview. Along the abscissa are indicated the control values
for both therapist and patient. During the interview we ohserve that both
putient und therapist showed normal values during the first psychothera-
peutic session as compared with their control. In the second session a slight
clevation is observed in the NE and 17-hydroxycorticosteroid excretion for
the therapist, with the patient still within normal limits for these determina-
tions, In the third session the resuolts indicate that all values are within
normal limits, In the fourth psychotherapeutic interview the samples indi-
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Therapist Potient
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cuted a twofold increase in the [7-hydroxycorticosteroid exeretion, with
marked elevations for both E and NE for the therupist, Fhe patient still
showed normal values. In the fifth psychotherapeutic session we abserve
clevated | 7-hydroxycorticosteroid values for the therapist accompanicd by
high values in NE, but It values retrned to norpal. However, we now
observe the patient showing a marked increase in NE exeretion with con-
siderable clevation in |- oxeretion, especially for this pitient with no increitse
in 17-hydroxycorticosteroid exeretion. In the sisth interview we note again
a highly clevated | 7-hydroxyearticosteroid excretion for the therapist. with
a moderately high NI value and normal E excretion. The patients value
shows an elevated N1 but E s back 1o normal,

Information obtained from the therapist indicated that in session 4 the
therapist was severely criticized by the paticut, and the interview got “out
of hand.” The therapist was aware ol his predicament subjectively and did
admit unpleasant emotional expericnce. In the ifth session, during the
course of the psychotherapeutic interview the patient cried, showing con-
siderable emotional expression. The therapist was quite coneerned about
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the turn of events. which had now tuken an unexpected course with regard
to the therapy. This aspect is again shown with the sixth session, where the
therapist again shows high values in 17-hydroxycorticosteroid and an ele-
vated NE excretion. These data indicate that there is a possibility to study
by means of these measurements the emotional exchanges between the
therapist and the patient during o psychatherapeutic process. From the
physiologic point of view, it may also be noted that the cxcretion of those
substances during such an interview apparently reaches levels which are
identificd with stressful tasks. such as participation in athletics. These results
again show that NI exerction under certain circumstances in the therapist
or the paticnt increases without an elevation in E. which further emphasizes
the fact that these hormones may be differently seereted, possibly depending
on the nature of the emotional stress and the accompanying sympathetic-
adrenal responses.

SUMMARY

The excretion of epinephrine (E) and norepinephrine (NE) was deter-
mined (1) after the administration of agents known to stimulate the
sympathetic-udrenal nervous system und (2) in stress studies on narmal and
and psychiatric patients in experimental and life situations, The results sup-
port the hypothesis that active apgressive emotional displays are related to
increased exeretion of NE, with or without excretion of E, whereas, tense,
anxious. but passive. cmotional displays are related to increased excretion
of E in association with normal excretion of NE.

From infusion studies it was found that under the foregoing conditions
of stress, seeretion rates of NE rose to levels comparable with those during
infusion of 0.2 gg. of NI per Kg. per minute, whereas the highest E levels
were comparible with those during infusion of 0.1 ug. of E per Kg. per
ninute.

Metabolism of C'-cpinephrine indicates that oxidative deamination may
be one of the pathways of E metabolism. The isolation by Armstrong of
3-methoxy-4-hydroxy mandelic ucid as a metubolite of NE and the tentative
identification of the latter compound as a metabolite of E, as well as
J-methoxy-cpinephirine, further supports this view. Data obtained from
patients treated with iproniazid is interpreted as indicating inhibition of
oxidative deamination without change in O-methylation mechanism,
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Discussion

Hoacranp.,  Dr. Elmadjiun’s paper is now open for discussion.

Resnick. 1 would like to make o few comments on the Marsilid studics
that were carried out on 4 female schizoplhrenic subjects, According W the
clinical report, 2 of these patients showed marked psychiatric improvement.
and 2 showed no signs of psychiatric response to the Marsidid treatment.
Nevertheless, all 4 patients showed a remuarkably similar alteration in the
metabolism of exogenously administered epinephrine. both with respect to
the rate of excretion und the type of metabolites found in the erine. When a
Schizophrcnic paticnt or a normal control, not under Mursilid therapy. was
infused with labeled epinephrine. very little rudioactive methoxy-cpinephrine
could be extracted from the postinfusion urine sumples. However, these
uring sumples consistently contained u radioactive metabalite, which was
a phenolic acid having the sume RY values as authentic 3-methoxy-4-hydroxy
mandelic acid. When schizophrenie patients were pluced under Marsilid
therapy for several months, 150 mg./day, and then infused with labeled
epinephrine, the postinfusion wrine samples contiined very little radioactive
3-methoxy-4-hydroxy mandelic acid but contained large amounts of a
radioactive phenolic amine having the sume Rt values as methoxy-cpineph-
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rine. Approximately half the effect of Marsilid on monamine oxidase activ-
ity, as reflected by the metabolism of exogenously administered epinephrine,
was still evident 2 10 3 weeks after cessation of Marsilid therapy. Following
infusion of labeled cpinephrine into these patients, the methoxy-epinephrine
in the urine began w diminish and 3-methoxy-4-hydroxy mandelic acid
began to reappear in the urine. On the basis of this very limited number of
experiments, one may tentatively conclude that no relationship was found
ta exist between psychiatric response to Marsilid and its eflect on the over-
all metabolism of cxogenously administered epinephrine. However, these
experiments do not shed any light on possible actions occurring in the
central nervous system.' Recently. Udentriend et wl? reported that iproni-
azid treatment in ammals had no cffect on the metabolism of exogenously
administered scrotonin or tyramine and had little effeet on the peripheral
depots of serotonin. However, there was a large increase in the stockpiling
of scrotonin in the brain. Whether such a stockpiling of catechol amines
occurs in the brains of human subjects under Marsilid therapy is not at
present definitely known. Some workers explain the central actions of
Mursilid and other compounds on the basis of their effects on serotonin
storage or metabolism, others on their effects of catechol amine storage or
metabolism and still others on their effects on other amines found in the
brain. This greatly colors the views held concerning the action of Marsilid
and other drugs in psychiatric patients.
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Kerv. I would like to express my great admiration for these studies
which Dr. Elmadjian and Dr. Resnick have done in the metabolism of
epinephrine in normal man under ¢motional states and their studies in
schizophrenia, With regard to the studies with the C'*-tagged epinephrine,
I think that their group is the first to have undertaken a study of the in vivo
metabolism of epinephrine in man. Dr. Elmadjian referred to the work of
Dr. Axelrod, and, lest the group here get the impression that at the National
Institute of Mental Health we do nothing but try to disprove everybody clse,
1 wonder, Mr. Chairman, whether it might be possibie for Dr. Axelrod to
spend a few minutes clucidating some of the contributions, positive contri-
butions, which he has made to this ficld.

HoaGLann.  Yes, by all meuns.

AXrLron.  For the past 20 years, the catechol amines were considered
to be metabolized primarily by oxidative decumination; however, recent
studics from Zeller's group! and others have indicated that there are other
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pathways in the metabolism of the catechol antines. Armistrong. last Feb-
ruary. reported that a major metabolite of norepinephrine= is 3-methoxy-34-
hydroxy mandelic acid. This suggested to us that this compound may arise
in 3 ways: (1) by oxidative deamination followed by methylation, or (2)
methylation followed by deamination or (3) both pathways occurring simul-
tancously. Armstrong favored the first pathway. that 1s. oxidative deamina-
“tion followed by methylation. We examined rat urine for the presence of
3-methoxy-4-hydroxy metabolite of epinephrine, which we numed “meta-
nephrine™ and the corresponding congener “normetanephrine.” We found
present in the rat urine both metanephrine glucuronide, which was reported
in Science about 8 months ago,” and normetanephrine glucuronide. We then
administered epinephrine and measured the exeretion of the methoxy com-
pounds. We conclusively identified the structure of these compounds found
in the urine (Table 18). After the administrition of cpinephrine to the rat,

TasLE 8. O-MrrH

YLATION OF EPINEPHRINEI IN THE RAY

(OLUCLRONIDI

(IF'etk FORM) Form ) Toran
METANEPHRINIG MUuTANEPHRING NMETANE PHRING.
COMPOUND EXCRETED Excritrn EXCRETED
ADMINISTERED (%) () (¢
Epinephrinc A 2 25
Metanephrine ] 27 15
Epinephrine -|-
Iproniazid 4 LY 55
Metanephrine +
Iproniazid Lo Ol) 70

we found about 3 per cent metanephrine exercted in the free form and
22 per cent as a glucuronide. Total excretion of metanephrine was 25 per
cent. This amount does not nccessarily represent the total amount of
epinephrine which is mcthylated. Some of the methylated metunephrine
could, in turn. be further metabolized. In order to correct for the further
metabolism of metanephrine, we administered authentic metanephrine and
found that 35 per cent was excreted. indicating that about 65 per cent of
any metancphrine which is formed is further metabolized. Thus. we caleu-
late that about 70 per cent of epinephrine is methylated. Then we admin-
istercd iproniazid to rats. This compound inhibits the deamination by
monamine oxidase. Aflter the administration of iproniazid, we found that the
excretion of metanephrine hud incrcused more than twofold, indicating that
epinephrine is first methyluted and then deaminated 1o yield Armstrong’s
compound. After the administration of metanephrine. we observed that the
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excretion of metanephrine also increased twolold or threctold. Figure 29

TO 200
S

EPINEPHRINE " METANEPHRINE 7 METANEPHRINE
GLUCURONIDE

4
v
A-METHOXY-4-HYDROXY MANDELIC ACID

Fii. 29, Pathway for the metabolism of epinephrine in the rat,

indicates the possible pathway in the rat for the metabolism of epinephrine.
About 70 per cent of epinephrine is O-methylated to metanephrine; 20 per
cemt of metanephrine in turn 18 conjugated us a glucuronide and the re-
mainder metabolized, presumably deaminated to 3-methoxy-4-hydroxy
mandelic acid. Normetanephrine follows an analogous pathway. We have
also found targe amounts of normetanephrine present in the urine of man
with pheochromocytoma tumors.

We also found an enzyme which can carry out the O-methylation of
catechol amines. This enzyme requires the presence of S-adenesylmethionine
as a methyl donor, as well as a divalent metal {Table 19). We found that

Tasrr 1Y, ExzyMATIC O-METHYLATION OF EPINEPHRINE

MiTANEPHRINE FORMED

(‘U,MOLS)
Complete system 1.059
Ale omitted 0.000
Mg+ -+ omitted 0.004

Epinephrine was incubated at 37" with rat liver, S-adenosylmethionine
(AMue) magnesium chloride

Taste 20, Sercies DISTRIBUTION OF O-METHYLATING ENZYME

METANEPHRINE FORMED

SPLOIES EMOL/GM./LIVER
Monkey 10.0
Rat 5.0
Cow 3.3
Pig ] 2.9
Mousce 2.3
Guinea pig 1.0
Man® 0.4
Cat 3

Rabbu {1

“ Liver wus heplat  HE for 3 months before enzyme assay.
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this enzyme can attack only catechols. For example. catechols such as
dopamine, dopa, norepinephrine and 3.4-dihydroxy mandelic acid are also
methylated, This enzyme is widely distributed in w number ol mammalian
species, including man (Tuable 20). The enzyme is widely distributed in
many tissues (Table 21). All tissues which we examined. exeept skeletal

Tasrr 21, Tissvue DIstrisuTion of O-Mprnuveating Fxzyae

M TANEPHRINE FoRMID

ORGAN (MO /GMLTISSL
Liver 70
Kidney 24
Spleen n.s
Small intesting 1.3
L.ung (.3
Brain .2
Hearnt .1

Sketetal muscle (.01

muscle. contained the enzvme. | meant to point out that we found meta-
nephrine and normetanephrine present inthe adrenal glands o rats amd
normetanephrine present in the spleen of rats. After the administration ol
iproniazid we found normetincphrine present in the brain. We found an
enzyme in the brain w hich can mcthylate normetancphrine and an cnzyme
which can deaminate normetanephrine. This deamination is blacked by
iproniazid.
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REesnick.  Dr. Armstrong very generously sent me o sample of authen-
tic dihydroxy mandelic acid. In our work we extract urine ol patients
infused with beta-labeled epinephrine for phenolic acids, according to the
methods of Armstrong ez al.' 3-methoxy-4-hydroxy mandelic acid s the
only radioactive phenolic wcid detectahle by our counting technics, 1. how-
ever, we place our paper chromatograms on x-ray film and keep them in
the durk for 25 weeks, another phenolic acid appears when the radioauto-
graphs arc developed. Thus, this phenolic acid is present in the urine in
very small amounts and could very possibly be dihvdroxy mundetic acid
1 might add further that the in vitre and the in vivo studies of Dr. Axelrod
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on the metabolism of ¢pinephrine in the rat and mouse correspond beauti-
fully to the results obtained in this laboratory in man.
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GAUDETTF.  Armstrong’s observations with cases of pheochromocytoma,
which he presented at the Federation meetings, prompted us to investigate,
like Dr. Axelrod, the metabolism ol ¢pinephrine in liver homogenates, for-
tificd with the Cantoni methylating system. We also were able to show the
presence of both VMA, ic.. 3-mcthoxy-4-hydroxy mandelic acid and
3-methoxyepinephrine. In our current investigations we find that the extent
of methylation is dependent on the methionine concentration. Paper chro-
matograms of our incubited mixtures give rise o a fast-running metabolite
which we believe to be dimethoxylated, i.c., 3,4-dimethoxy mandelic acid.
However, if the amine oxidase system is blocked by Marsilid, the pre-
dominant metabolite 1s believed 1o be 3.4-dimethoxyepinephrine. The inter-
esting aspect of these studies concerns the metabolic pattern found in
stressed rats. By stressing rats in o rotating cage, and incubating liver
homogenates therefrom in our fortified system, the predominant metabolite
is again believed to be the 3.4-dimethoxyepinephrine. In view of the psy-
chotomimetic action of such compounds as mescaline, these findings permit
mteresting speculation. A more complete study will be presented at the
spring Federation mectings!
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Kery. This morning Drs. Resnick and Elmadpan indicated that they
had some data relevant to the possible presence of adrenochrome as an
abnormal metabolite in schizophrenia. 1 wonder if the sensitivity of the
isotopic technics which they have used is sufticient to exclude the possibility
of stgniticant quantitics of adrenochrome being formed from epinephrine in
schizophrenies?

ZELLER. 1 am guite interested to hear about using iproniazid as a tool
in the study of the metabolism of catechol amines in human subjects. In this
connection. 1 would hke to ask first if anybody has used iproniazid as well
as isoniazid. It s an cusy way to check whether monamine oxidase is
involved, since isoniazid has no action whalsoever on monamine oxidase.
Sccond, T wonder if by using iproniazid we do not disturb the system under
investigation. Da we get more methylation by blocking monamine oxidase,
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since obviously more catechol amines remain avadable for methylation?
Thus we might get a distorted picture about the relative amount of oxidi-
tion and methylation tuking plice i an inhibited situation.

AXELROD. | do nat know whether you recall Schaver’s work where he
found two major metabolites. Peak Fand Peak T, Peak T irom the RE values
was metanephrine, whercas Peak 1 was VMAand they were both excreted
to about an cqual extent, and this subject wis given physiolovic amounts
of epincphrine. When he was given Mursilid, Peak T rose at the expense of
“Peak 11, which would expluain our resulrs and Dr. Elmadjian’s, That is, what
is happening is probably several things: tirst, epinephrime is methylating and
~deaminating, the deaminating product is methvlated, and the methylated
product is being deaminated. AV of these things are occurring simultanc-
ously.

Ecnmavpgian, May | answer Dr. Ketv? Whether our methods are sensi
tive enough, I cannot say. Dr. Resnick has tried. and Dr. Schayer tricd
before him. Both have come up with negative answers to the guestion @
whether adrenochrome is o metabolite of epmephrine. That is all we ¢
say at the present time. It is not too often that an interesting and startlin
finding 1s reported in the literature and found to be confirmed. as Dr. Ket
has indicated by the NIH group. § want 1o state that in this particular matte
of the metabolism of epincphrine, NIH was first: we were in the positio
af confirming results as they applied w humans, since Dr. Asclrod’s pap
appearcd some months ago. 1 belicve Dr. Resnick's results will be publishe
this month.



