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SUM MARY

When pisemsoxvbenzaminne (20 mg/kg) was administered to rats for 2 connsecutive days,

a 2-fold inscrease ins trvosine hvdroxylase relative to corstrohs was observed in adrennal and
heart lnonnogennates. A 4-6-fold increase in tine inncorporation of label frons ‘4C-L-tyrosine
unto catechnolamimnes was observed following 2 days of pinennoxybenzaminne treatment, in
coinnparisomn to a 2 -3-fold increase folhowinng a single dose of tine alpha-adrennergic blocking
agemst. Tine adnsiniistrations of a gansghionsic blockimng agerst 2 mr prior to the administration
of m4C-L-tyrosimse completely prevented thse increased incorporation of label unto catecho-
lamimies following 1 day of phsennoxybenzammnse treatmcnst, but caused only a partial reduc-
tiomn its tine accelerated rat.e of conversion of tyrosinne to catecholamines observed after 2

days of i)InemsoxYbemmZmtminne treatmenst. These data are consistent witin the concept that the
inscreased t.vrosimse hsvdroxvhase activity measured inn tissue homogenates expresses itself
pin vsiologicahhy mis mimiaccelerations of catecholamine symnthesis inn tine inntact annimal.

I NTRODUCTION

\Iamnv laboratories have msouv demons-

stratedl that procedures whicis increase svm-

pathetic mservous activity, such as exercise,
exposure to cold, a/pha-receptor blockade,
tinyroidectomy, amid electrical stimulation
of sympatlnetic nerves, result ins ann almost
inimediate mscceleratiomn jun tine rate of cate-

cinolminsiine synthesis as a result of increased
tvrosinie lnvdroxvlase activity (1-11). The
increased rate of catechnolannine synstinesis

occurs su-itinout an imncrease in tise amount of

enszyme, arid evidemnce has beers presensted
tinat thus phennonsemnons results from release
of tyrosine inydroxylase from end-product

inhibitions (12, 13).

Recemntly, Mueller et at. (14) reported in-
creased tvrosinne lnvdroxvlase activity ins
hsomogemsates of rat adrenal glansd following

the admininn istratiom i of (i-hydroxvdopa mine.

Thus agent disrupts tine peripheral synspa-
tinetic nerve ensdings but does riot have the
same effect ois tine chnromaffimn cells of the
adrersal medulla (15). More recently, Thoe-
non et at. (16) arid Mueller et at. (17) re-
ported increased amounts of tyrosine hy-
droxylase activity ins homogenates of adre-
nahs arid sympathietic gaisghia after chronic
adminsistration of reserpinne or pinenoxybenz-
amine. Thus elevations of adrenal tyrosine
invdroxyhase levels could be prevenuted by

severing tine sphannchnic nerve (16, 18).
Thnoeneni et al. (18) proposed that a cisroniic
increase in splansciinic nerve activity results

iii mini increase in tine tyrosine hydroxylase
conntent of tine adrenal. Thus uvould, thiere-

fore, comprise a second mecinanism for regu-

latiois of catecholamine syntinesis.

Tine elevation of tissue tvrosine invdrox�-l-

ase levehs could be tine result of ann innduc-
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tive process, ans activations of pre-existinng
enzyme, or a decreased degradations of en-

zvme. Mueller et a!. (19) have presented
evidennce that increased amounts of enzyme
proteins are responsible for tine inscreased

tvrosimne hnydroxybase levels arid that this is
tine result of an increase ins tine rate of en-

zvme synstinesis.

The purpose of tine present study us-as to
determine us’hsetiner the increase in tyrosinse
hnydroxylase activity, measured ins tissue
inomogensates, expresses itself physiologically

as an acceleration of catecinolaminse svnutine-
sis ins tine intact animal.

METHODS

Sprague-Dawley female rats, obtainsed
fiom Carsvorths I’arms, Xeuv City, N. V.,
ansd useighing 160-200 g, us-crc used. ‘4C-L-
Tyrosinne (uniformly labeled, 376 �mCi/

.mmole) us-as obtained from New Enngland
Nuclear Corporation . Phnensoxybenszamine
hydrochloride (20 or 25 mg/kg), penstohins-
ium tartrate (5 mg/kg), or 0.9 % sodium

chloride was administered intraperitoneally.
Tine animals us-crc routinely fasted for 16 mr

before they uvere killed to eliminate varia-
tionis due to tue intake of dietary tyrosinse.

Rates of incorporation of isotope insto cate-
cholamines from labeled tyrosinse us-crc meas-
ured as described previously (20). Tracer
doses of ‘4C-L-tvrosinse (25 j�Ci) us-crc adminsis-
tered imstravcnsously 1 hr before tise animals
us-crc killed. Norepirsephrine arid epiiscphrine
were isolated from tissues as described pre-

viously (21), ansd tyrosine uvas isolated by
the method of Leusandcr aisd Joinsson (22).
Norepinnephrinse ansd epirsephnrinne uvere as-

sayed by a modifications of tine trihsydroxy-
insdole procedure (23). Tyrosinne uvas deter-

mused according to the methiod of Waalkes
arid Udenfriennd (24). Adrersal tyrosinse
iuvdroxvlase activity us-as determined by tine
method of Nagatsu et at. (25) on adrenal
pairs homogenized irs 2 ml of 0.13 Yl potas-
sium phnosphatc buffer, pH 7.0, arid ennzy-

matic activity of tine heart svas estimated by

the method of Levitt et at. (26). Tritium arid
us-crc counted ins Bray’s solutions (27),

uvitis ann efficiency of 20 % for tine tritiated
arid 90 % for tine ‘4C-labeled catecinolaminnes.
The 14C-tyrosinse fractiorss were made 0.5 N

with respect to HC1; 0.5-ml ahiquots of this

solution ins 10 ml of Bray’s solutiorn reduced
the counting cfficienncy to 75 ‘7�.

Statistical analyses uvere performed using
Student’s I-test. Those valuses founnd to be
significantly different at the 0.05 probability
level or losver arc so designated ins tine tables.

RESULTS

All three agennts sshnichn Thoensenn et at. (16,
18) hnave shouvn to be capable of inscreasinsg

tissue tyrosine hnydroxylase-i.e., reserpinse,
6-inydroxydopaminne, arid phnensoxybenza-
mi,se-decrease tissue catecholamine levels.
Tine first tus-o result ins almost complete de-
pletions of catecholamines, so that they cars-
not be used to estimate rates of catechola-

mime synthesis based on tine conversion of

TABLE 1

Effect of 2 days of phenoxybenzamine treatment in

the rat on tissue tyro.sine hydroxyta.se activity

Rats were givemi pheunoxybeuizaniimne (20 mg/

kg) or 0.9 % NaCl intraperitouieally. Tweuity-

four hours later the imnjectiouis were repeated.

Tweuntv hours after the last adnniunistration of

phenoxybenzaminne or 0.9% NaCl, the animals

were killed, and the adremnals amid hearts were

removed and assayed for tyrosine hydroxylase

activity

Tissue
Tyrosine hvdrox vlase activity’

Control Phenoxvbenzamine

Adrenals 5.1
6.0

± 0.49 (6)b

± 0.40 (5)
9.6c ± 1.1

1l.9e ± 1.1

(6)

(5)

Heart 411 ± 104 (6) 896c ± 96 (7)

a Adrenal tyrosiunc hydroxylase activity is

reported as mnamiornoles of tyrosine converted to

3, 4-dihydroxyphemnylalani mne per adremnal pair per

10 mini (meani ± stamndard error). The low enzy-

matic activity of rat heart does unot permit dilu-

tion of tine radioactive tyrosinne with carrier for

measuremeuit of activity imunder conditions of

saturating amounts of substrate amid with a sub-

strate of kniownn specific activity. The values for

the heart hydroxylase activity are therefore

relative amid are reported as couusts per minute of

tritiated water liberated fronn 3, 5-#{176}H-L-tyrosine

(2 X l0� cpm) per 40 �l of heart press juice in 15

nun (meamn ± standard error).

The unumbers iui parentheses refer to the nuni-

ber of animals imsed.

Significauntly different from controls (p <

0.05).
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a Numbers imu parentheses refer to the niumber of animals used.

“Significantly different from controls (p < 0.05).

radioactive tyrosinse to epinnepisrimse arid

norepinephrine in vivo . Phenoxybenzamiisc
can be used for such estimates because it
lowers rat adrenal catecholaminses less than
30 % arid heart nsorcpirsephirne less than
50-60 %.

Effect of phenoxybenzamine on tissue tyrosine

hydroxylase activity. We have previously
shous-n that a single dose of pinemnoxybersza-

mine (25 mg/kg) does hot alter tine level of

tyrosine hydroxylase activity in rat adrenal
homogenates 1 day follouving its adminsis-
trations (2). Tine administration of tuuo sepa-
rate doses of phensoxybenzamine 1 day apart
resulted in a 2-fold increase ins enzyme levels

observed 1 day after the last dose of tine
alpha-adrersergic blocking agent. This con-
firms the findings of Thoenems et at. (16, 18).

A similar increase in tyrosine hnydroxylase

activity uvas observed in the heart press
juice of rats dosed uvith phenoxybemszamiise
for 2 consecutive days (Table 1).

Effect of phenoxybenzamine on conversion

of radioactivity from 14C-L-tyrosine to cate-

cholamines. It has beens demonsstrated that
within 3-24 hr followimsg a sinsgle dose of
phenoxybenzamine tine incorporation of

radioactivity from ‘4C-L-tyrosine inito cate-
cinolaminses is markedly accelerated ins the
intact rat (2, 28). It has beers proposed that

tine mechanism for this inscreased synthesis
irsvolvcs ann increase ins reflex synspathnetic
nservous activity and reieasc of tyrosinse hy-

droxylase from end-product insinibition (2,
29). If dosage uvith phcnoxybenszamirsc for 2

consecutive days results in tine formations of

additional enzyme, one should observe even
greater incorporation of label from ‘4C-tyro-
sinsc into catecholamines than is seens 1 day

follouvinsg a single dose. Furtiscrmore, the

increased catecholaminc synthesis observed

1 day follousing a single dose of phennoxybenz-
amine, being entirely dependeist on in-
creased nscrve activity, should be senssitive to
tine effects of gangliomsic blockiisg agents, in
contrast to that component of catecinolamirse
synthesis due to increased enzyme, which is
seen after 2 days of phenoxybenzamine
treatment. As shousis ins Table 2, 1 day of
phenoxybenzamine treatment resulted in a
2-3-fold stimulations of incorporatioms of

label from �C�tyrosinnc into tine catechola-
mimics of adrensals aisd hearts, while 2 days of
treatment resulted ins levels of incorporatioms

TA14LE 2

Effect of ganglionic blockade on conversion of tyrosine to catecholamines in rat adrenal-s and heart following

single and multiple injections of phenoxybenzamine

At zero time, 10 rats were dosed with phcnoxybenzamine (20 mg/kg), and 16 rats, with 0.9% NaCl,

all intraperitomneally. Twenty-foimr hours later, 10 of the 0.9% NaCl-treated groump (1 day) received

phenoxybemuzamine (20 nug/kg) intraperitoneally. Those rats originally given phenoxybenzamine re-

ceived a second injectiomn of this agent (2 days) (20 mg/kg), arid the remaining six animals of the 0.9%

NaCl-treated group received 0.9% NaCI a second time. Twenty hours later, five rats fronn each phenoxy-

benzamine-treated group were given pentolinium tartrate (10 mg/kg) intraperitoneally. Two honmrs

later, all animals received 25 /hCi of ‘�C-L-tyrosine intravenously and were killed after 1 hr. The data

are reported as means ± stamndard errors.

I reatment
Dura-

tion

Adrenal epinephrine Heart

Specific

activity

norepinephrine
-___________

Total

radioactivity
Specific

activity

-�----- �--

Total

radioactivity

days cpm//2g cpm/adrenal pair cnzp’)�g cpm/g

Control 80 ± 7 (6)’ 1705 ± 87 (6) 709 ± 75 (6) 340 ± 25 (6)

Phenoxybenzamimue 1 261 ± 25” (5) 4722 ± 309” (5) 1896 ± 214” (4) 970 ± 43” (4)

Phenoxybenzamine 1 119 ± 23 (4) 2352 ± 276 (4) 607 ± 33 (5) 367 ± 36 (5)

+ penntolinium

Penoxybenzamine 2 456 ± 31” (5) 6220 ± 33P (5) 3053 ± 212” (5) 875 ± 43” (5)

Phenoxybenzamine 2 351 ± 41” (5) 5421 ± 451” (5) 1663 ± 251” (5) 567 ± 75’ (5)

+ pentohiniunn
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TABLE 3

Specific activity of tyrosine in heart and adrenal-s following ganglionic blockade after single and multiple

injections of phenoxybenzamine

Counditions were the same as described for Table 2. Data are reported as the meamus ± standard errors.

Treatment
Dura-

.
tmon

Specific activity of tyrosine

Heart Adrenal Plasma

days cprn, ‘jag cp,n/j.ag cpm/i.ag

Control 370 ± 30 (6)a 272 ± 17 (6) 941 ± 52 (6)

Pheusoxybenzamine 1 326 ± 15 (5) 305 ± 15 (5) 842 ± 42 (5)

Phenoxybenzamine + pen- 1 306 ± 25 (5) 313 ± 7 (4) 815 ± 54 (5)

tolimuium
Phennoxybenzamimse 2 345 ± 15 (5) 279 ± 18 (5) 802 ± 42 (5)

Phenoxybenzamine + pen- 2 389 ± 26 (5) 335 ± 26 (5) 900 ± 62 (5)

tohinitmm

Numbers inn pareintheses refer to the nnunnber of animals used.

TABLE 4

Effect of various conditions which increase sympathetic nervous activity on rat and guinea pig adrenal

tyrosine hydroxylase

Phenitolannine (5 mg/kg) or 0.9% NaC1 wa.s adnsinistered intraperitoneally to rats, amnd the animals

were killed 2 hr later. Rats were exercised in a large, motor-driven, rotating drum divided into indi-

vidual cages (1). The rate of rotation was 7 rpm. Rats and 300-g female Hartley guinems pigs were kept

at 50 imi individual nnetal cages having wire fronts and bottoms.

Treatment Duration
Tyrosine hydroxylase activitya

-�--�----- -- -- -

Control Experimental

hr ,njamoles/adrenal pair/JO mm

Rat
Phentolanuine, 5 ring/kg 2 7.7 ± 0.82 (4)” 8.0 ± 0.53 (4)

Exercise 3 13.4 ± 1.96 (3) 10.1 ± 0.71 (3)

Exposure to 5#{176} 23 11.8 ± 0.91 (4) 11.1 ± 0.59 (4)

Guinea pig

Exposure to 5#{176} 53 17.2 ± 1.11 (5) 21.9 ± 3.08 (5)

Expostmre to 5#{176} 192

Them shaved amnd cx- 48 25.2 ± 2.5 (7) 20.4 ± 0.87 (7)

posed to 50

#{176}The results are expressed as nanomoles of tyrosine converted to 3,4-dihydroxyphenylalanimne

(means ± standard errors) per adrenal pair in 10 mimi.

Nummbers in parentheses refer to the number of aninnals used.

of radioactivity w-hicis us-crc 4-6 times tine
control values. Administration of the gan-
ghionic blocking agent pentolinsium tartrate
prior to the administration of the n4Ct��ro

sine completely prevented the increased in-

corporation of label seen after 1 day of
phscnoxybenzaminse treatmenst. However, af-

ter 2 days of phensoxybenzamine treatment,
ushsen the level of enzyme had increased,
garsglionsic blockade resulted ins onsly a partial

reductions in tine incorporation of label from

4C-L-tyrosine into the catccholamines. We
have previously demonstrated that the ad-
ministration of penstolinium alone does not

reduce tine relative rate of catechsolaminse

syntinesis in hearts or adrenals of control

animals when measured by the tecisniques
used ins this study (29).

Ins order to establish tinat tine observations
presented in Table 2 were not due to alter-
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atiomns ins tissue levels of tine precursor, ‘4C-L-

tyrosinne, its specific activity us-as determined.
Tue results presented ins Table �3 shosv that

treatmennt with phenoxybenzaminue arid/or
penstolinnium tartrate did mnot significantly

affect tine specific activity of ‘4C-L-tyrosine
ins either hneart, adrennals or plasma; tissue

levels of tyrosine us-crc nnot altered by tinese

experimenstal procedures.

Effect of phentolamine, e.rercise, and cotd

exposure on adrenal tyrosine hydroxylase. It
us’as of interest to determine whether other

conditioins under ss-hicin sympathetic nerve

activity inscreases amid catecinolamimne svn-
thesis is accelerated svould lead to increased
tissue levels of tyrosimne hydroxylase. Tine
effects on adrensal tyrosine hvdroxylase of

acute a/pha-adrcnnergic blockade (pinenstola-
mine), exercise, amid cold exposure uvere

studied ins tine rat, arid thnc effects of acute

and chronic cold exposure us-crc investigated
in the guinea pig. None of these conditions
led to any significant increase in adrcrsmtl
tyrosinse hnydroxylase activity of adrennal
homogenates (Table 4).

DISCUSSnON

Tine procedure for comparinng relative rates

of nsorepinepinrimue synnthesis frons ‘4C-tyro-

sine inas been used for several years (1, 12,
20). Whiie tine use of a single imnjection of
m4Ctyrosine does riot permit tine calculation

of rates of catecinolamirne synthesis, it does
allosv changes in the rate of catecinolamimse

synthesis to be estimated if thnc procedure is
used as originally proposed (20). The cons-
elusion that pinenoxybeiszamimse increases

the rate of catechnolaminne synthnesis, origi-
nally reported in thus laboratory (1), us-as

comifirmed by Reid et at. (30), svino followed

the decline us the specific activity of incart
msorepimsephriisc after tine administrations of

radioactive nnorcpinepinrinsc, amid also by

Bigelow et at. (2S), us-ho demomnstrated ann
increase ins tine urinary excretion of nsorcpi-

nephrine amsd metabolites after phennoxyben-
zamimne administration.

Tine finding tinat after 2 days of phenoxy-
benzaminsc treatment the inscorporations of
radioactivity into iscart norcpirsephnrimnc us-as
increased over tine 1-day value, on a specific

activity basis, bust riot svhens tine data are

calculated per gram of tissue (Table 2), rc-

fleets the ability of phuemnoxybennzaminne to
louscr cnndogenous levels of heart nsorepi-
nuepinrimne (31, 32). This probably results inn a

decrease in tine reteintioin of ‘4C-norepi-
nephurinne. Thins, ins terms of specific activity

as svell as u4C..norepinuephrinse per gram of
lncnsrt, gamsghionic blockade only partially

reduced thne phenoxybcmnzaminne-mediatcd
increase ins incorporation of label from ‘4C

tyrosirne after 2 days of treatnnent, but com-

pleteh� abolished tine inscreased synntinesis
observed follosving 1 day of’ trcatnnenst svith
tine atpha-adrennergic blockimsg agemut. Be-
cause it can be completely prevented by the
adminnistration of a gamngliomnic blocking
agent, tine imicreased inscorporatioms of label
from 14C-tvrosimne into catcchnolaminnes ins

hieart amid adrensals seen after 1 dmi�’ of phe-
nnoxvbenszamine treatmemnt appears to be en-

tirely dependent on accelerated synnpathetic
nervous activity . Sinncc tine additional inn-

corporations observed after 2 days of pine-
mnoxybenszamine administration is omslv par-

tially reduced follosvinng gmtmnghiomsic blockade,’
it svould appear that factors otiner thuans nerve

activity come innto play at this time, most

probably tine elevations ins tissue tyrosinse

isvdroxylase levels.
Tue present flmsdinsgs represeist tue first

dennonstrations that thnc elevations ims adrensal
annd iscart tyrosinse invdroxvlase produced by
tine repeated adminsistratiomn of pinemnoxybcmnz-
amimse manifests itself in viva by inncreasinsg

tine rate of catechnolannirsc svmsthiesis inn thnc
intact animal. It is probable thumtt tine ins-

creased tvrosinnc hnydroxvlase activities ob-

served irs tissue hiomogemnates follossinsg tine
adminsistratioms of (i-inydroxydoparnimse or

reserpinne (14, 16-18) also play a role in ins-

creasing tine synthesis of catecisolaminscs in

viva.
Tinerc nosy appear to be tsvo mcci mamnisnis

for regulating catcciuolaminue synntlncsis, onse

innvolvimng end-product inhibition, amid thne

There is the possiI)ility that in aninuals treated

for the lonnger period of tinue with phenoxybeuu-

zaunuine, pentohiniumnn does not evoke complete

gamngliommic blockade. This was counsidered, but no

simple experiment coimld be devised to rule it onut.

however, the dose of pentolinimnnn tartrate cnn-

ployed in these studies is twice that which has

beemi reported to produmce nuaxinnal ganughionic

blockade in the normal rat (33).
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other, ann apparent ennzyme inductions. Bothn

these mechanisms exert thneir effects ons tine
rate-limiting step irs catecinolaminne syntine-
sis, tyrosine hydroxylase (34). Regulations

through end-product inhibition is a rapidly

occurring evenst, and tine synthesis rate should
be capable of an almost imnstanstamncous ad-

justment in response to altered pusysiological
demamids for catecinolaminnes. Under niost
ensvironnmenstal conditions, this type of mccli-
ansism probably accounts for thuc bulk of tune
regulations necessary to maintain pinysiologi-

cal balance us-itis respect to catecholaminnes
in mans and amsimals.

Elevations of tissue levels of tyrosinse my-

droxylase is a relatively slosser process,
w-hicis so far unas beers evoked only by rathser

drastic procedures. Even comsditionns as
severe as acute a/pha-adrennergic blockade,
exercise, or cold exposure, usinicin niarkedly

accelerate catecholaminse synthesis in vivo
(1, 2), do not increase tine tyrosinse inydroxyl-

ase levels ins adrensal inomogemsates. The

procedures us-hichn result ins an apparent inn-
ductions of tyrosine hydroxylase are a pe-

ripheral chemical sympathectomy usithn 6-
hydroxydopaminse (14), repeated injections
of large (toxic) doses of rcserpinnc (16, 17),

or repeated administration of hnigis doses of
phennoxybenzaminse. Inn mtdditionn, prolonnged
exposure to these severe stresses is required
before an induction of tvrosine inydroxvlase
is clearly demonnstrablc. If one considers tine
relationishnip of the tss-o mecinansisnis of cnsd-
product inhibitions ansd enzyme inductions to
the fumsctions of tine synspatinetic mnervous
system, onne must comnclude tinntt tine former

is undoubtedly ins constinnuous opcratiois svinile

the latter rarely comes into play except
under unusually severe connditiomss. It is
consceivable that tine prolonged annd severe

exercise of an athlete inn trainninsg could! pro-

duce the degree of sympatinctic nervous

activity svhich appears to be necessary for

elevating tissue tyrosinse hnydroxylase levels.
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