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ESPONSES of the adrenal gland 1o slress have bee,, the subject of. much research (1). Unlike the atlren'd cortex, the adrenal medulla as
a part. of the sympathetic nervous system is intimately connected with the

expression of the emotions (2). A study was undertaken to determine the
excretion of epinephrine (E) and nerepinephrine (NE) of normal and psy-
chiatric patients in v'lrious emotional slates. 1)ata were obtained on: (a)
subjects in both sleeping and waking stales, (b) professional hockey players
and their coach before and after the game, (c) amateur boxers before and

_. after the contest, (d) neuropsyt'hiatric l>alienls appearing at staff confer-

ence, (e) nornml subjects in anticipatory st:,ies, If) psychiatric patients re-
ceiving the psychotmnimetic agenl, lysergic acid diethylamide (LSD),

and (g) psychiatric patients on whom menial status anti Malamud-Sands
rating scale records were obtained during the collection period.

The excretion rates of E and NE were sludied after graded closes of E and
NE were infused. These data were used to estinmte the secretion of the
amines in the various stress conditions studied.

METHOI)S

After acid hydrolysis (3), the urine was extracted by the alumina adsorp-
tion method of yon Euler anti Hellner (4) and I)ioassayed by a modification

of the method des(,ribed by (lad(hun and Lembeck (5). The bioassay is
based on the (luantitative inhibition I)y the catechol amines of the eontrac-
lion induced with tu'e|yh'holine in an in rilro l)rel)aration of ,'at colon and
rat ut(.'rus. E and NE are approximately of equal potency in their effect

on the rat cohm, whereas E is some one hm,lred limes as l)otent as NE in
ils effect on the rat ulerus (6, 7).
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r_:sUl,'rs

l,fusion expcrimcn.ts

Figure I depicts the data of 10 E infusions and 9 NE infusions in doses
of 0.05, 0.10, and 0.20 microgr'lms per kilogram per mitotic (/_g./Kg./'min.).
Pre-infusion urine was collected from 9:00 A.M. to 10:00 A.M., at. which time

the infusion was started and continued for thirty minutes. The infusion

collect ion represen ted the period ranging from 10: 00 A.M. to approximately

11:00 A.M. Figure 1 shows the hourly excretion for each dosage rate above
its control level. In the case of E, only {)..5-1.0 per cent of the total dose

infused appeared in the urine, but in the case of NE from 3.0 5.0 per cent
of the total doze appeared in the urine in excess of the control level (8).
For the NE infusions the relationship of excretion-above-control and

dosage seemed to be essentially linear. However, in the case of E infusion,
there was a sharp change in the slope at {loses above 0.10 gg. Kg.;min.

Although there was a two-fohl increase in the excretion rate with the
doubling of the dose from 0.05 to 0.10 ttg./Kg, rain., there was a seven-fold
increase in the excretion rate on subsequent doubling from 0.10 to 0.20

ttg./Kg, rain. These data served in estimating the approximate secretion
rates of E and NE in the studies reported.

Diurnal variation

Six normal subjects consisting of physicians and laboratory personnel

who were conducting their usual daily activities, were studied. Each col-
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looted :l sample rcprcsenting the period (if sleeping, a second sample from
thc lime of waking to about 10:00 A.M., and a third sample from 10:00

.LM. to the time of retiring at night. The results are listed in Table 1. NE
cx('rction in(.re.tse(l two-fohl, and E excretion by five to ten-fold on waking.

I_ro.fvssi,,,rd t.,cl,'cy

This sport entails consideral)lc aggressive a('livily in at tack an(l (Icfensc.
The game is fast and involves markc(I physical activity and man-to-man

('onta('t. Pre-gamc samples of urine were collecte(I at ten to thirty minutes
I)efore game lime, and post-game samples were collecte(I some three hours
later. The latter samples in('hl(le(I urinc formed (luring the contest. (;amc
lime was g:00 P.M. In Tal)le 2 are listed the values for pre-game an(l post-
gqme ('ollcctions (20 samplings in nix games) of (lcfensemen an(I forwards

who do the skating. The (lata arc prcsenled in terms of treat*nine because
it was not always possil)lc to obtain timed sqmples. For samples taken fol-
lowing the Kame, there was a six-fohl in('rcase in N E excretion over the con-
trol level, with a mo(Icrale in('rease in E excretion. Two players were sam-

pled I)eforc lhc Karat, I)ul on physi('al examination by lhe trainer, the)"
were not pcrmiltcd to parli('ipate, h, the sqme tat)le arc presented the
data of thcs(, l)l'Lv(,rs, indicaling no i)osl-g'm_c incrc.lse in NE but an ap-
l)rc('ialdc in('rcasc in E. Both l)l'lycrs sal in lhc press box and watched the
g/lIlll'.

The f_ml h'nd('r _k'd('s very lillh, I)ul is in cowslanl vigilance in fronl
of lhc w(,l r(,'tdy Io d_,fi.v.I lhc goal. The co..'h remains on lhc bench direc.l-
iwl_ sl r:d('Ky, l)'Ha .l_lain('d on the goal tcvxdcr in thv'ec games, and on the

_'.a('h in six g.lm(.s '_v'e i)r(,scwt(,d in Tahlc 3. "l'lmrc was a m'u'kcd increase
in b.th Nl': and E cxcv'_.lion in lhe Iz,_mlh'mlcr, I)ul on the average lhcrc
u_.v'_,tm sil_niti..nl _'lmnK('s in Ihe excv'clion or cilhev..ratine in the coach.



TAIILE 2. EXCRETI()N OF NE AND ]': IN MEMIIEIIS OF A I'It()FI,:_IONA[, II()flkl,_ '11.%M
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Nund.'r ! i
N I,: i J,]

ITri;m of h.ckey i

(,olh,ction I)layers (_. !00 ,rig. (/_I_./II)l) _,,_
samlde d treat(nine) ,.re:Hinil,,')i

•I rtirr hockr!l pl.yvrs (dqfrnsr m_'...,I f.r.,.rds)*

Pre-ganu, 20 2.7 +0.-13 l). 36 4 0.07
Post-game 20 15.3 + 2.20 0. !)5 + I). 2 I

i /=5.lift t =2.6._

I) = less than .001 I) = less than 0.05. _reat,,r
tim. 0.01

Two players who did not imrticilmte i. tl., g"'"'T

Pre-game #l S 2. '2 0.23

Post-ganle 3.3 O.75

Pre-game #I0 5.6 0.7,_
Post-game 5.3 I.42

* The approximate hourly excretion is I()0_ less than tit(, figure given in terms .f 100
rag. treat(nine when corrected by (.teat(nine eoeflicientJ

T Due to their physi(..d condition.
] Data in terms of gg., IO0 rag. of ('teat(nine may t)e eoml)uted in terms of #g. hr. if

the weight of the subject is known. Sin(,e the weight of tim atltletes is highly ('.rrehlted
with muscle mass, and (.reatinine ex(,retion is del)en(ient on mus('le nv_ss, the (,oml)uta-

tion of the formula for ereatinine (.oeflieient wmfid fiu'nish the erezttinine excretion l)er
unit time for a particular weight (24).

.%Ig.treat(nine l)er 24 Itrs.
('teat(nine ('oeffi('ient (l _ 32 for nudes) =

Body wt. in Kg.

For example, using a treat(nine coefficient of 2fi, it was (.:d(.ulated that the sul)ject weigh-
ing 200 pounds would excrete al)l)roximately 100 rag. hr. Sim'e the average weight of
the hot'key players was l S0 i)ounds, tit(' estimate in terms of gg. hr. would be l0 per cent
less than that presented in terms of #g. '100 rag. of ere:ttinine.

"FAILLE .'}. F_XCItFTION OF in AND E IN I)ROFE_;.-;ION.*.I, tlO('KEY" PI,AYEII_, -

GOAL TI.iNI)Elt AND ('OA('U

: - - i Numl)cr I NE E

of i [Trine (big./ I()() II1_, {#g. I|)0 IIl_,

salullh,s I ('olle('tion i,relttinille) rl'elltinhll')

(foal tender 3 |)re-I_ltllle :l. :l _ I). 7 ()..I;') t |). _l)

[ I)ost-_aloe 9.2 + I .,_ I. 3(l +0. _ I
i
!

('each (; l)re-ganm I . N, + O. ,5 O. :|N t O. 0!1

l)l,st-_aln( • 3.7 + 0.9 O. 13 t 0.521
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.'l Illal(.'Hr boJ'i Hg

Six anmteur boxers were san_ple(I in the, finals of a n-tti0nal tournament.

E'wh I)oxer was engaged for three roun,ls, or a total of fifteen minutes from

the beginning to the end of the contest. The results in this case were also

expressed in terms of creatinine because of the difficulty of obtaining timed

urine samples. In Table 4 are presented the results for each boxer studied.

TABLE 4. EXCRETION* OF NE AND n IN AMATEUR BOXERS

NE E

Fh,xer [+rine (/_g./ 100 rag. (t_g./100 mg.
enllection cre.Ltinine) <.reatinine)

('h Pre-contest 17.9 l . 64
I'ost-<,ontest

Sm Pre-contest 3,_. l 1.7,_
Post-contest 32.4 0.67

Br , Pre-contest 4.2 0.40
l)nst-contest 7.0 0. S7

!

Pe = Pre-contest 6.7 0.22

Post-contest 2._ 0.41

Why i Pre-eontest I.7 l. 67
Post-contest -- __

Bra Pre-cnntest --
i
1 Pnst-contest " 15.9 l. 70

* The approximate hourly excretion is 25 l)er cent less th.m the value given in terms
of 100 mg. of ereatinine when corrected hy the ereatinine eoefllcient.

Unlike the pre-game E values for the hockey players, the pre-contest E

values for the boxers were elevated, with or without further elevation after

the contests. The NE excretion was varied; elevated values were observed

both before and after the eontest. The pre-contest E values in this study

were the highest obtained in the so-called "control" samples of all our
studies.

Neuropsychiatric patients during staff interview

The conditions of the interview were in marked contrast to those en-

countered by the athletes. The patient sits across from the psychiatrist

doing the interviewing in the presence of some 20 members of the hospital

medi<.al st, aft. All partieipants art; seated and the exehange in lhis ease is
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strictly verbal. The setting is serious .rod to the patient it, is very important,
because on the basis of his performance decisions are made by the staff
which affect his immediate future. Eh_vcn subje(gs were studied, or, _i

of whom control samples were ol)tained. The interviews took place on

Thursday mornings and the control s.mq)le was obtained at, the same time

TABI,E 5. EXI?ItE'I'ION OF N E AND U I)URIN(; STAFF' ('()NFEREN(:E

INTEItVIEW OF J J NF;UItOP_Y(!|IIATRI(' I'ATII'iN'I',_

XUlllller of N n I'_

saml)les (/sg./hr.) ! (/sg./hr.)

Interview day 11 2.6 +-0.4 0.50 + 0.14

Control day _ 2.3 +_0.2 0.27 +_0.12

P = less than .001

on the next day--Friday. The results are listed in Table 5. There were no

changes in NE excretion when the interview day was compared with the
control. However, in every subject on whom a control was obtained there
was an elevated excretion of E during the interview. As might be expected,

there were marked individual variations in this increase. The subjects in

general were self-effacing and on their best behavior with no aggressive or
active emotional display.

Normal subjects in anticipatory states

Urine collections were made on 11 normal subjects before they under-
went the usual insulin tolerance test and the methacholine (Mecholyl)

test described by Funkenstein et al. (9). The subjects consisted of labora-

tory personnel and students. There was a varying degree of knowledge and
understanding as to the nature of these tests among the group. In Table 6,
the variability of the excretion rates may be seen. The subjects who were
familiar with the nature of the tests and the hospital setting were quiet and

waited patiently; they had normal excretion rates of E and NE. On the
other hand, the students and personnel unfamiliar with the tests and the

setting, were restless, asked many questions of the attending nurse and
physician, and were quite anxious about the experiments. Subjects Gi and
Dm had very high excretions of NE with normal values for E, and Subjects
Ms and Sm had high vahms for both amines in each instance.

Administration of lysergic acid diethylamidc (LSD)

Fourteen psychiatric subjects were given from 150 to 3(X) micrograms of
I,SD orally. Seven were chronic schizophrenics, 4 were mani,'-del)ressiv_,
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TAU, I.E t_. PRE-TE.'sT "s_],_ANI) }:, EXCRI.VrlON OF i l NORMAL _,UBJEC'I._*

lh'f.reinsu'.in test i Befin'c' metharholine test
N_,rmal

svhjeet,_ i Nl" E NE E

! (gg.hr.) (Ug,hr.) (gg./hr.) (Ug./hr.)

Ba 3.4 o.3.) I .7 0.13

I.:l_ :_.2/ 0.i. / . 4.:_/ 0._7/
Icl] 4.1/ 0._7: : - /
F(, 0.9 0.02 --- --

Ma I .2 O. I0 2.,g 0.IN

Sp } .5 0.05 I .0 0.20
Zi I .9 0.15 3.2 0.51
(;i 3.7 (}.22 7.7 0.17

I)m -- -- ,_.9 0.07
._l.t 4.2 0.52 3.2 0._0
Sm 9.0 1._2 3.5 r 0.96

Pa -- -- 3.2 O.07

* Adapted from data of Ehnadjian et al. (19).

patients and 3 had involutional depression. The control collection was

nmde from 10:00 A.M. to 2:00 P.M., at which time the LSD was admin-

istered. The LSD collection was made from 2:00 p.M. to 10:00 P.M. In this

series, the chronic schizophrenics showed no reaction to the LSD in mood,

affect or perception. As seen in Table 7A there were no significant changes

TABLI,: 7. EFFECT OF ADMINISTRATION OF LSI) (_N NE AND E EXCRETION

t N 14 NEUROPSYCIilATRI(? ._UBJECT_

I

I Number.f ! NE E

i samples (9,g. ,'hr.) (t*g./hr.)

A. .Vo_-reaHors

I

('hmniv sehizol_hrenia: I

Control ! 7 I 2.3_+0.4 0.1-1_+0.02

l,Sl) ! 7 i 2.0-+0.S 0.20+_0.03

B. Reactors

Manic d(,pr_,ssi_e state:

('ontrol .1 2.S-+0.5 0.21 _+0.09

LSI) 4 16.7_+3.7 ! .54 -+0.5S

1t_VOIIItiOllltl delH'esSiOll :

('.ntr,_l 3 5.6-+0.2 0.21 +--0.05
LSI) 3 3 2+ 1.5 1.24-+0.78
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in either E or NE ex(.relion. ()n lhe olher hand, in lhe ni:lllic-,h'l.'f's:iv('
patients and lhose wilh involutional (lel)ression lhere was a marked iN-
crease in E excl'etiOll (Tat>le 7B). In the mani(,-depressive gr-ul) there, w:*_

also an increase in NE excrelion, I>ul in the involutional d_pression I_r,up
there was no change in NE values. In conlrasl 1o lhe schiz, q)hrenics, lhe
other two groups manifested nmrked psychiatric changes following ad-
ministration of LSD.

Psychotic subjects on u horn Malamud-Sands rahng scolc records u'vrc obtaim,d

tn 10 psychiatric patients a study was made of the relalionshil) helween
results of Malamu(l-Sands rating scale tests and the ex(.relions of E and

NE. This scale (10) rates the patient in 22 categories and the data are re-

TABLE S. PORTION OF THE PSYCHIATRIC 'gATING SCALI': OF

._IALAMUI) AND SANDS (10)

FUNCTION 6 5 4 3 2 1 ' B_,SE LlUZ I 2 3 I 5 6

hYPltaltaNClt Bilarc¢ Decorative Over- I Nma_ CAR_- Slovenly Untidy hlcontim, nt Smearingmeticulous L_SS

ilOlUau Excited AKitated I{e_tleas ac_tvr, qca_:7 Under- Retarded Stupor_nis
ACTIVITY I active

I
MIMICTIC Incongru- Dramatis- Exag- ANI- [ aE- Stiff Wax)'- Mask-like
IgXPItI_,ION 0118 ing gerated MATEa SrRAISZD flexibility

RIsro_- AnaMitic Suggestible Dependent [ rLI_Xt- I RIGID Stub_)rn Resistive Negativistic
RbE iSlVlTY i ,

IIOIfl'II,ITT D_ttuetlve Combative Belligerent : ^o(]ul_s- ] sEI,F- Self-dt_ Self- Suicidal

RlaC'rlONS , SlVg [ EFFACING preeating mutilating

The ratialla obtained for the flmctions, "motor activity" attd "hostility reactions." were added in computing the total scale. Wtnn a

subject was rated as being agitated and combative the total score would then he 8 to the left of the Imm, lira,. On the .ther hand, a sulp

ject rated u calf-deprecating and retarded would have a score of 5 to the tight of the base line.

corded on a check sheet. On the rating scale each item scored qppears on
the left-hand side. A designated base line appears through the center of the
rating scale. Going from the base line to either the left or the righl, lhe
deviations are observed (Table 8). In the preliminary amdysis of lhe dala
in the 22 categories rated, motor activity and hostility re.wtions were "d)-
stracted and a composite score including these two ilems was computed.
In Figure 2 is shown the relationship of this score 1o NE excrelion, l)atiems
with active aggressive emotional display hqd higher NE excrelion._: lhose
with passive self-effacing emotional display had norm.d h, vels ()t' NE. In

Figure 2, when a line appears through lhe circles, it imlicatcs that lhese
subjects also had a high excretion of E. The sul)jecl imlicaled I)y :m :ls-
terisk had nornml NE excretion, I)ut lhe excrelion of E was 2.75 _g. I)_'r
hour, which is extremely high. This sul)jecl showed peri.dic hu,'sts of ex-
citement with expressions of fear and guilt.
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Fla. 2. The relation of norepinephrine excretion to emotional state of neuropsychiatric
patients. (The abscissa depicts the composite score for the functions of motor activity
and hostility reactions from the Malamud-Sands rating scale, and the ordinate repre-
sents the excretion of norepinephrine in gg. per hour (luring the observation period.)

DIi!iCUSSION

In our studies, three general excretion patterns were evident during
emotional states: 1) elevated NE excretion with normal E values, 2) ele-
vated E excretion with normal NE values, and 3) elevated excretions of

both NE and.E. The diurnal variation data presented in Table 1 may be
considered as normal excretion rates with which to compare excretion rates
during various stresses.

In anticipatory states (e.g., Subjects Dm and Gi, Table 6) and in hockey
players during a moderately tense game, we observed high NE excretion

with slight elevated E excretion. In the involutional-depressive patients re-
ceiving the psychotomimetic agent, LSD, and in the neuropsychiatri¢ pa-
tients during an interview, there was elevated excretion of E with little

elevation in that of NE. Finally, when an intense emotional display
was evident, such as in manic-depressive patients treated with LSD,
hockey players, amateur boxers, and disturbed neuropsychiatric patients,
both NE and E ex('retions were elevated. When increased excretion of NE
was present, there was ample evidence of aggressive, active emotional dis-

play. In eases of tense, anxious but passive display, the excretion of E was
frequently elevated.

In studies of airmen, von Euler reported that (luring the air-borne period
there was increased excretion of E, regardless of whether ground personnel
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or pilots were sampled (11). This result is similar to the ext,retion l)attcrns
obtained when subjects operated the Werlhessen-Hoagland pursuiln,_,ler
which simulates the operation of controls of a l)lane (8). As might t)e ex-
pected, the degree of increase was much sm:dhq" in the laller s! udy. Furl her
reports from yon Euler's laboratories indicate that increased NE and E
excretions are found in athletes who parti(.il)ale in skiing and running
events (12). In surgical shock, there is high NE excretion with or without
elevated E excretion (13).

The question arose during our studies whether NE excrelion could be
due to motor activity per se. This is highly unlikely, since several subjects
with marked emotional disturbances who were lying down or sitting had
high NE excretion with or without elevated E excretion (e.g., Gi, Din, Sin;
Table 6 and Fig. 2). Furthermore, in terms of physical movement (gen-
eralized exercise), the goal tender in the hockey study remained in one
place during the whole playing time, yet he manifested a marked increase
in NE excretion. To test the effect of generalized exercise, experiments
were then conducted in which Subject El raked grass for two hours; this
work involved considerable walking and movement of the muscles in the
shoulders and arms. This subject was not emotionally involved an(I, at
the end, he was physically tired. The excretion of NE was normal (2.2 gg.
per hour), but the excretion of E was elevated (0.35 gg. per hour). Two-
hour samples were obtained on 2 laborers-- 1 who worked at mixing mortar
and carrying bricks, and 1 who unloaded trucks and was a pick-and-shovel
man. The former had an NE excretion of 3.2 ttg. per hour and an E excre-
tion of 0.54 ttg. per hour, whereas the latter had an NE excretion of 5.7 gg.
per hour and an E excretion of 0.12 gg. per hour. It may be concluded that
exercise per se (that is, without marked emotional involvement) is not a
major factor in determining the high NE values observed, such as those in
the boxers or in the hockey players.

The secretion rate levels of the catechol amines E and NE may be esti-
mated by comparing the excretion data obtained during the various
stresses with those of the infusion experiments (Fig. 1). Under certain con-
ditions of stress, such as hockey players during the game, the output of
NE is of the same orde_ as that during infusion of 0.2 gg. of NE pet" Kg.
per minute, and the output of E is of the same order as that during infusion
of from 0.10 to 0.20 ttg. of E per Kg. per minute. These data are comp'lrabh,
to those presented by yon Euler (14).

Since doubly adrenalectomized humans excrete little or no nmasurable

amounts of E, it seems safe to assume that practically "dl the E appe:lring
in the urine in normal subjects is secreted from the adrenal medulla (S,
15). NE values for subjects with the adrenals removed are within the nor-
mal range. Furthermore, in studies in which the diurnal variation of "uh'e-
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nalectonlized suhjects was determined, there was an increase in NE exere-

lion in ill(. waking slate over that in the sleeping state similar to the in-
(.re.lsc observed in normal subjects (8). These results indicate that, in all

prob'dfility, most of the NE excreted ix extra-adrenal in origin. Data pre-
senied by yon Euler on the relative concentrations of E and NE in the
adrenal medulla and peripheral postganglionic fibers of the sympathetic

nervous system indicate that there ix ten times more E than NE in thb
human adrenal, and that practically all of the neurohormone present in

the peripheral nerves is NE. The demonstration of NE secretion following
stimulation of postganglionic nerves also adds to the evidence that NE is

the peripheral neurohormone of the sympathetic nervous system (16, 17).

Qualitative differences of sympathico-adrenal discharge have been dem-
onstrated by varying the intensity of electrical stimulation of the hypo-
thalamus 08). Evidence also seems to indicate that the central sympa-

thetic representation involved with the secretion of E is different from that
involved with the secretion of NE. Hypoglycemia induced by administra-

tion of insulin selectively increases the excretion of E without concurrent

elevation in the excretion of NE (19, 20). On the other hand, during the
hypotension induced by administration of methacholine, although there is
no significant increase in E excretion there ix a distinct increase in NE ex-
cretion when compared with the NE excretion observed followihg an in-
sulin text in the same subject (20). Changes from the recumbent to the

standing position result in an increased excretion of NE with no change in
E (21). Experimental data of Gellhorn support the view that hypotension
induces secretion of NE (22).

With a brief review of experimental data available, one may speculate
as to the location of the areas of central sympathetic representation con-
cerned with NE and E excretion. Evidence that electrical stimulation of

the posterior hypothalamus induces a sharp increase in blood pressure is
well established (23). That this occurs in the absence of the adrenal has

also been noted. Hyperglycemia which is induced by stimulation of the
lateral hypolhalamic region depends on the integrity of the adrenal me-
dulla, since it does not occur when the splanchnic nerve is cut. The infer-
ence may be drawn that the posterior hypothalamus is concerned more

wilh secretion of NE, whereas the lateral hypothalamus is concerned
more with secretion of E. However, the vasomotor center in the medulla

ol)longala the region of the floor of the fourth ventricle is by far the
mosl sensitive area related to E secretion (2).

SUMMARY

The excrctio, of epinephrine (E) and nurepinephrine (NE) was deter-
mined i. athh,les (hockey players and boxers), nornml sul)jeets in anticipa-
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tory stales, an([ psychi.itrh' sul)je(.ls. In Ill(, lasl groul), menial slalus and
rating scales were also studied. The results supl)orl the hyl),)lhesis that

active, aggressive emotional (lisplays are relate(I to increased excretion of
NE, with or without increased excretion of E, whereas lense, anxiolts bu!
passive emotional displays are related lo increased excretion of F in "_ssocia-
lion with normal ex('retion of NE.

From infusion studies it. wax fouml thai, m_der the foregoing conditions
of stress, secretion rates of NE rose to levels comparat)lc 1(1 those during
infusion of 0.2 #g. of NE per Kg. per minute, whereas the highest E levels
were comparable to those during infusion of 0. I pg. of n per Kg. per minute.

The sources of the NE and E are discussed, as well as the central auto-

nomic representations controlling their secretion.
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