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SUiIiIA RI

Dopanmimme �-iiydroxylase activity mm time adrenmal medulla is decreased 1 week after imy-

popimysectomy. This activity canm be restore(I by t rent menmt wit ii cit imer adrenmocort icot r( pinm

or dexanmet hasone. Adrenal denmervat ionm also decreases adrenmal dopaminme f3 - imydroxy lase

activity arid prevenmts (‘levatiOlm of thus emmzyme iii response to inmnmobilizationm. Inutact pi-

t uit arv -adrenmal and nmeuronal syst ems are required to nmairmtainm mmornmal adrenmal dopa m i nit’

�-imvdroxylase levels mi nmonmimmobiiized rats anid to raise time levels mm inmnnobilized rats.

INTRODUCTION

Dopanminme �3-hydroxylase, time enzyme

presemmt iii time adrenmal meduhlary storage
vesicles which catalyzes coniversion (if

dopamine to niorepinephirine, appears to be

released durinig the stress immduced by time

immobilization of rats amid to be repienishmed
by new syntimesis durinig time 6-hr inmterval

followinmg immobilizatiomi (1). Intact immmmerva-

tiomi of time adrenmal gland is reqtmired to

mainmt aiim dopamine � -hydroxylase levels imm

nonmimmobilized animals amid to elevate

dopamimme �-hmydroxylase levels after inn-

mobilization (1). Both tyrosine imydroxvlase

(2) and pimenmylet haniolanminme N-nmet imy 1-

tranmsferase (3) activities are inmfluenmced by
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hmypopiiysectonmy. A decrease mm atirenmal

dopaminme /3-imydroxylase act iyity after imv-

popiuysectomy imas beeim noted (1), and time

huornionmal influences on cImanmges of levels

of this enmzynme durinmg stress imave beemm

exanmimmedi.

it ETHOI)5

Hypopiuysectonmized, t imyroidect onmized,

amid appropriately simam-operated male rats

weigiminmg 1SO-250 g were imurcimased fronm

Flornmonme Assay Laboratories, Immc., (‘imicago.

Time amminmals were killed by decapitation;
time adrenmal glanids � rapidly renmoved,

cleamied, weigimed, anid imomogenized iii 1 .0

nml of ice-cold 0.25 in sucrose. Anm aliquot

(100 Ml) of time huonmogenmate was assayed! for

cat ecimolanminmes (4), ammd time memmmainmimmg

honmogenmate was cemmtrifuged at 26,000 X q
for 20 nun. Time supermmatant. fractions (Si)

was renmoved, nmnmd a 50-Ml aliquot u��ts

assayed for dopanmimme (3-imydroxylase. Time

sedinmenmt � resuspended mm 500 /.Ll of cold

water anmd cenmtrifuged as above. Ahiquots

(50 /21) of time superniatammt fraction (82) and
of time sedinment (P2) suspended mm 500 /21
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a Not significant

of cold water were also assayed for dopamine

�3-imydroxyIase.

Dopaminme �3-imvdroxylase \��5 assayed iii

time S�, S�, alm(1 P2 fractionms by the technique

of F’riedmanm and Kaufmamm (5) , as modified

by Viveros el al. (6), usinmg p-chmloromercuri-

l)hmen�lsulfonmic acid irmstead of Cu+± or
p-imydroxymercuribenmzoat e t o inact ivat e time

nuattmral inhibitors of dopaminme �3-hydroxyl-

use. To determinme time variability of time
inuhmibition of time emmz�’me wimen adrenmal

weigimts varied from 14 mg/pair (as iii time
imypophysectomized rats) to 60 mg/pair

(a.s in time adrenmocorticotropini-treated rats),

purified dopaminme f3-hydroxylase was added
to representative samples from the various
groups, wimicim were assayed with p-hydroxy-
mercuribenmzoate. In time simcrose supernat ant
fraction (S3) inhibition varied from 10 to

20 %, but ins time particulate fractionm (P2)
it. was about 30-45 #{182}�. Time distribution of

time enzyme did imot appear to vary betweemi
groups. Time degree of imihibition was similar

mi all groups except for time hypophysec-
tomized animals, time adrenials of which

displayed less inimibitiomm. Sinmce adrenmals of
hypophysectomized rats hiad less timan

normal amounuts of dopanmmmme �-imydroxylase
activity, correct iou for immimibit iou would
have inicreased the already sigimificammt differ-

enices, ItIi(l such correctmonms therefore were

mmot nmade.

lIt some experinmemmts each amminmal was
treated with ACTH (5 international unmits,
subcutanmeously; ACTHar-Gel, Armour

Pharmaceutical Corn panmy, Berkeley Heights,

N. J.), dexametha.somme 21-phosphate (9a-

fluoro- 1 1�, 17a , 21-trihydroxy-1�-methyi- 1,

4-pregnadiene-3 , 20-diomie 21-phosphate) (1

mg, subcutaneously; Decadroim, Merck
Shmarp & Doimme, West Point, Pa.), L-thmy-
roxinie (10 mg, subcutammeously), or 0.9%

sodium chloride (0.25 ml, subcutaneously)
daily for 6 or 7 days, as indicated. Detmerva-

tionm of the left adrenal was performed by

section of the splanciinic nerve. Time splanucim-
mmic nerves were exposed through a midlimie
incision; the left side was cut, and the right
side was exposed but imot severed. Time rigiut

adrenal served as a commtrol for time demmer-

vated left.. The demmervation procedure
required ommly 2-3 mini, but Penmtotimal

ammesthesia lasted for a total of 1 hr. The

operation was perfornmedl 2-3 days after

imypophmysectomy. Time animals were killed

15 days after hypopimysectomy.

Iii otimer exl)erimenuts amiimals were mm-
mobilized itt a iromme Positiomm for 2.5 hr

daily by inuserting thmeir imeads thiroughu two

parallel conmcentric steel wire loops fixed on a
metal plate and fastetming their limbs with

adlmesive tape to four specially mounted

metal strips. Time animals were killed either
24 imr sifter time sixtim immobilizationm or 6 hr

after the seventh immobilization.

RESULTS

Effect of /iypopliysecloniy on ad renal

dopamine 13-h y(lroxylase activity. By 7 days
after imypophysectomy, dopaminue 13-hy-

droxylase activity was decreased by 25-30%
over control levels (Table 1). Time enzyme

activity remained depressed for up to 180

days after hypophmysectomy. However, 2 or

4 days after imypophmysectomy, dopamine

13-hmydroxylase levels were nuot yet signifi-

cantlv different. front control levels.

TABLE 1

Effect of hypophy.sectoiny on adrenal dopamine

�5-hydroxylase actirity

Emmzyme activity is the sunu of the dopanmimme

$-hydroxylase found imm the Si, S2, amid P2 fractions.

Commtrol levels ranged from a nmeanu ± standard

error of 1.91 ± 0.14 mmmuits (namuomoles of octop-

anuimme-3H formed per hour per pair of adrenuals)

mm rats sham-hypophysectomized 2 days previ-
ously (body wemght, about 200 g) to 3.18 ± 0.19

ummmits in rats sham-hypophysect.onmized 180 days

previously (body wemght, about 400 g). Results

are therefore expressed as percemit age change

fronu the dopanuinme $-hydroxylase level found in

rats sham-hypophysectonuized onu the sanue day.

Each group comutaimmed at least six rats.

1)ays after hyp�
ophysectomy

Change in dopamine
�-hdroxiase activity ‘�

2 -11.8 ± 9.1 NS’

4 +4.0 ± 9.3 NS

7 -26.6 ± 9.5 <0.02

21 -23.3 ± 8.9 <0.05

28 -29.7 ± 6.7 <0.01

40 -35.9 ± 8.0 <0.01

180 -42.5 ± 7.6 <0.01
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Effect of ACTH, dexamethasone, or thy-
roxine treat inent on adrenal dopannine /3-
Ii ydroxylase activity in hypoph ysectoinized
rats. Treatment witim ACTH for 7 days

significantly imicreased time adrenal dopa-
mine /3-hydroxylase activity of hypophysec-

tomized rats (Table 2). Treatment witim

dexamethasonue startinig 5-10 days after
hypophysectomy also significantly elevated
adrenal dopamine $-iiydroxylase activity,

TABLE 2

Effect of treatment of hypophysectomized rats with

ACTH, de.ramethasone, or thyroxine on adrenal

dopamine �9-hydroxyla.se activity

Results are expressed as nmeans ± stanmdard

errors and are the smmmu of the dopamimme $-hmy-
droxylase activities imm the Si, 52, and P2 fractiomms.

Each group comitained at least six rats. I)aily

imiject ions of ACTH, dexamethasomme, or thyroximme

were begun either 8 or 40 days after hypophysec-

tonmv amid comit.inmued for 6 days.

Days
after

hvpo-

physec-

Treatnuent
Dopamine

fl-hvdroxvlase
activity

tom�

�,i12,,iol#{128}s 0(10 pa-
,nine-311 formed/
hr/adrenal pair

8 Sham-hypophysec-

tomized control

Hypophysectonmized
control

Hypophysectonmized
(ACTII)

Ilypophysectomized
(dexamethasonme)

Ilypophysectomized

(thyroximme)

2.99 ± 0.11

2.14 ± 0.11’

2.57 ± 0.14b

3.06 ± 0.16’�

2.34 ± 0.09d

40 Shmanm-hvpophysecto-

nnized control

Ilypophysectonmized
comutrol

Hypophysectonmized

(ACTII)

3.40 ± 0.26

2.18 ± 0.08a

3.41 ± 0.22

a p < 0.01 compared to sham-hypophuysecto-

nuized control.
p < 0.05 compared to hypophysectonuized

control.
p < 0.01 conmpared to hypophvsectonuized

control.
ci Not significammtly different from hypopimv-

sectomized commtrol.

but no increase iii thus enzyme was founud

mm thyroxine-treat ed, iuypophysectomized

rats.

I�ffect of repeated immobilization on adrenal

dopamine /3-In ydroxylase activity in hypo-

ph ysectomized rats and Inypophysectom ized
rats treated with ACTH or dexainethasone.

After sevenu daily periods of immobilizatiomu

there was a marked inicrea.se in adremmal
dopamine /3-hydroxylase levels iii sham-

huypopimysectomized animals (Table 3). lii

hiypopimysectomized rats significant increases

in adrenal dopamine f3-hydroxylase were

also found after immobilization, but time
levels were much lower thuan those founmd
iii time immobilized sham-hvpophmvsectomized

T.&BLF: 3

Effect of repeated immobilization on dopamine

fl-h ydroxylase levels in h ypoph yzectom ized rats

Results are expressed as nueamms ± stammdard

errors and are the sum of the dopaminme fl-hydrox-
ylase activities mu the Sm, S�, and P2 fractions.

Each group containmed at least six rats. Hats were

killed 6 hr after the seventh daily immohiiizationm.

ACTH or dexamethasomme was adnminuistered 1 hr

prior to the onset of each period of inunmobilizationi.
Rats were hypophysectonuized 30 dnmys pri��r to

the first imnmobilizationu.

Doparnine fl-h�-
Ireatment aroxvtase actmvmtv

Shmani-hypophmysectonnized N)nm-

trol

Flypophysectomized control

Shanmu-hypophysectomized, inn-

nmiohilized 7 timnes

I-Iypophvsectonmized, i nummuo -

hilized 7 times

Hypophysectomi zed, inmmmu(

bilized 7 times (ACTII)

Hypophysectonmized, inunu
bilized 7 tinmes (dexammuetha-

,,zMrnoles oclopa-

;nine-311 Jorrned/hr/
adrenal pair

somm) 2.97 ± 0. 23d

a p < 0.05 conupared to sham-hmvpophvsecto-

muuized coimirol.
p < 0.01 compared to shanuu-hypophysec-

tommuized commtrol.

p < 0.01 conmpared to hypophysectomized

coat rol.

d p < 0.01 conupared to hmypophysectonnized-
inmnmobihized 7 times.
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animals. In hypopimysectomized rats given
ACTH 1 hr prior to each immobilizatioim,

adrenual dopamine /3-hydroxyiase levels

reached those found in the control immo-

bilized rats. Dexamethasone was not so
effective as ACTH in restoring the effect of
immobilization on adrenal dopamine /3-

hydroxylase.

Effect of denervation on adrenal dopamine
13-h ydroxylase activity in hypophysectomized
rats. Following denervat ion there was a

significant decrease in dopamine 13-hydroxyl-
ase activity in sham-hypophysectomized

rats (Table 4). The difference in levels on the

TABLE 4

Effect of denervation of adrenal gland on adrenal

dopamine fi-hydroxylase levels in hypophy-

sectornized rats

Results are expressed as means ± standard
errors amid are the sum of dopamine $-hydroxylase
activities in the Si, S2, and P2 fractions. Each

group contained at least six rats. The innervated
adrenal gland (right) of each rat served as a con-

trol for the denervated gland. Rats were dener-
vated 5 days after hypophysectomy and were
killed 15 days after hypophysectomy.

Dopamine fl-hydroxylase

Treatment activity

Sham-hypophy-

sectomized comu-
trol

Hypophysecto-
mized

Sham-hypophy -

sectomized, im-

mobilized 7

times

Denervated Innervated

mpmoles octopamine-311
formed//zr/adrenal pair

1.20 ± 0.lla.d

Hypophysecto-
mized, immo-

bilized 7 times 0.17 ± 002”

TABLE 5

Effect of thyroidectomy on adrenal doparnirre

fi-hydroxylase levels

Results are expressed as means ± standard
errors and are the sum of the dopamimue iI-hydrox-

ylase activities in the Si, S2, and P2 fractions.
Each group contained at least six rats. Rats were

killed 24 hr after the sixth daily immobilization.

The rats were 21 days post-thyroidectomy at the

time of killing.

Dopamine
Treatment fl-hydroxylase

activity

nz�.anoles
octopamine-3/f

formed/hr/adrenal
pair

Sham-thyroidectomized 2.86 ± 0.16

Thyroidectomized 3.38 ± 0.24#{176}
Sham-thyroidectomized, im-

mobilized 6 times 4.78 ± 0.24
Thyroidectomized, immobi-

lized 6 times 5.07 ± 0.356

“Not significantly different from sham-thy-

roidectomized animals.

Not significantly different from rats sham-

thyroidectomized and immobilized six times.

two sides was not due to an inucrease on the
ininmervated side, since levels in the iimnervated

adrenals were normal (Table 2). In hmypo-

physectomized rats the decrease in dopamine

$-hydroxylase was more marked in the

denervated adrenal than in the inmnervated

one. After immobilization there was only a
small increase in dopamine /3-hydroxylase

1.39 ± 0.07 activity in the denervated adrenmals of sham-

imypophysectomized rats arid no increase in

the denervated adrenals of hypophysec-
t.omized rats. Enzyme activity increased in
the inunmervated glands of both groups.

3.75 ± o.4o� �ffect of thyroidectomy on adrenal dopamine
13-h ydroxylase activity. There were no cimanges

immadrenal dopamine /3-hmydroxylase activity
0.52 ± 0.07 us rats thyroidectomized 3 weeks previously

(Table 5). Similar increases in dopamine
#{176}p < 0.01 compared to immmmervated gland of

same group.

p < 0.01 compared to demmervated sham-hy-

pophysectomized conmt rot.
p < 0.01 compared to imummervated sham-hy-

pophysectomized control.
d p < 0.05 compared to denmervated sham-

hypophysectomized control.

13-hydroxylase levels were induced by six

daily immobilizationms mu thvroidectomized
rats anud their controls.

I)ISCUSS ION

After hypophysectomy there is a decrease

ins adrenual catecholanminmes (3, 7), phenmyl-



ADRENAL DOPAM INE /3-HYDROXYLASE A ND HYPOPHYSECTOMY 167

etlmanolamimue N-methmylt ransferase activity

(3, 8), anmd tyrosinme hydroxylase activity
(2, 8). Sevenm days after hmypopimysectomy

dopaminue /3-hydroxylase activity is also
decreased (Table 1). As indicated under

METHODS, the adrenals from hypophmysec-
tomized animals contained less dopaminme

/3-hydroxylase inhibitor timan adrenals from

control or repeatedly immobilized rats. Thme
true decrease in enzyme activity in Imypo-

physectomized rats is therefore greater timan

is apparemit from time uncorrected values

shown in Table 1. If corrections are made
for this difference, time adrenals of hmypo-
physectomized animals have only about

one-half time normal dopaminue /3-hmydroxylase

activity. The minimal time required for the
decrease in dopamine (3-hydroxylase levels
observed after hypophysectomy is difficult to
determine because of the possible effect of

the poorly controlled stress of surgery arid
transportation of the rats, whmich may tend
to elevate levels of this enzyme. Thus the

decrease in dopamine /3-hydroxylase levels

might actually begini earlier than 1 week

after hypophysectomy. Thue decrease iii

adrenmal dopamine 13-hydroxylase activity

after huypophysectomy is a consequence of
decreased enzyme activity in time medulla,

since less than 5 % of dopaminme 13-hydroxyl-

ase activity is found in the cortex of normal

rats (7).

In hypophysectomized rats treatment
with ACTH or dexamethmasonme for 6 days
increases adrenal levels of dopaminue /3-huy-
droxylase, but thmyroxinme is ineffective in
restoring levels of timis enzyme (Table 2).
Immobilization of rats appears to be a
stressful procedure during whmicim the adrenual

medulla releases dopanminue /3-hydroxylase

(1, 7) as well as epinmephrinme (9). Adrenal
levels of phmenylet hanolamine N-met iuyl-
transferase and tyrosinie hydroxylase (1, 10)

amid of dopaminue /3-hydroxylase (1, 7) are
inmcrea.sed after repeated immobihizat ionu.

Phmenuylethmanolamine N-met hyltranmsferase
appears to be primarily under the control
of adrenal cortical hmormonmes. Thus conuclu-

siorm is time result of the following observa-

tionms. (a) Denuervatiomm results in only a small

decrease ins adrenmal levels of thmis emizyme

(10, 11). (b) Hypophysectomy markedly

lowers phmenylet hanolaminme N-methyltranus-

ferase levels (3, 8) and prevents the elevation
of this enzyme irmduced by repeated immo-
bilization (1, 8). (c) In imypophysectomized

rats, ACTH or (lexamethuasonme restores to

normal the levels of adrenmal phuenylethanuol-

amine N-methyltransferase (3) and its

elevat ion durinig repeated i nmmobilization

(1,8).

Adremial tyrosinse hydroxylase activity is

decreased by hypophysectomy (2, 8) arid
is increased by repeated immobilization

(10), even in hypophysectomized animals
(8, 12), but riot in denservated adrenals

(10, 12). Thus both nueuronal arid hormonal
inifluensces control adremmal t.yrosine Imy-

droxylase activity. Aithougim denervatiomu
does not lower adrenal tyrosine hydroxylase

levels (9, 13, 14), dopaminue /3-hydroxylase

activity is lower ins time denmervated adrenal

glanmd than in the intact gland of both sham-

hypophysectomized and hypophmysectomized

rats (Table 4). The levels of dopamine

/3-hydroxylase, however, are much lower in
eitluer adrenual of hypophuysectomized rats.
Deruervation depresses the levels of dopa-
mine /3-hydroxylase in normal animals arid

produces an even more striking change ins
thse levels of the enzyme ins hypophysec-

tomized animals (Table 4). It also prevents
the imucrease in adrenal dopamine /3-by-

droxylase activity seen ins intact glands

after repeated immobilization (Table 4).
Thus dopamine $-hydroxylase, as well as

tyrosinme hydroxyla�se, appears to be under
bot hi nmeuronal amid imu moral control.
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