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SUMMARY

In this study both hydrocoltisolme and insulin were shown to increase time uptake of

a nonmetabolizabie amino acid!, a-amiflOiSOl)utyric acid (AIB), by time isolated per-

fused rat liver. DNA-dependent RNA syntimesis was inimibit.ed by actinoimmycin D to

determine wimether the effects of these hormones on transport were independent of

timeir actions on time transcription of genetic information. Actinonmycin D inhibited enzyme
induction by hydrocortisone approximately 90% without affecting the increase in AIB
transport. However, approximately half of the insulin effect on AIB transport was

blocked by actinomycin D. The effect of hydrocortisone on the uptake of AIB was com-
p!etely inhibited by pimenoxyhenzaimmine (PBZ), an adrenergic 1)locking agent. The action

of insulin on AIB uptake was not affected by PBZ. Hydrocortisomme and insulin togethem-
exerted an additive effect on the hepatic uptake of AIB. Botim lmornmones act directly

(but apparently at different sites) to incr�ase tile AIB uptake by time liver. Most of
the steroid action and approximately half of the insulin action appears to be independent

of any effect timese horimmones have on DNA-dependent RNA synthesis in tile liver.

INTRODUCTION

Althougim a nunmber of the normal immeta-
bolic functions of mammalian tissues can

be modified by hormones, the complexity
of the intact animal is such timat it is fre-
quently difficult to determine time exact site

or nature of time action of a imormone. A

case in point is time apparent stinmulation

of hepatic amnino acid uptake by Imydro-
cortisone or immsulin. Hydrocortisone, ad-
mmministered in vivo, enhances time rate of
protein catabolism in muscle (1-4) and in-

creases the concentration of amino acids

in plasma (4) and in liver (1, 5). The

extrahepatic effects of the steroid have been
considered to be of major importance in
this transfer of aimmino acids fromn muscle

to liver (1, 2). Recently, Imowever, the in-
creased uptake of a nonmetabolizable

amimimmo acid, a-aimminoisobutyric acid (AIB),
was demonstrated to be time result of a

direct action of the steroid on the liver
(6) . The evidence diti not indicate whether
time mci-eased uptake repmesented a direct
action by imydrocortisone on the anmino acid
t.m-ansport system or was only a secondary
response to time steroid’s effect on amino

acid utilization. Hydrocortisone is known

to increase protein syntimesis in the liver
(1, 3). Sonic of the increased protein re-

suiting from hydrocortisone adnministration
represents an increase in the concentration

of cemtain enzynmes, and it is possible that
time steroid mci-eases AIB transport by in-
ducing time fornmatioim of an enzyme or
enzynmes immvolved in amnim�o acid transport.

Greengard et a!. (7) have suggested that

Imytlrocortisone induces enzyme formation
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by stinmulating time production of time mnes-

senger RNA involved in time synthesis of

the enzymes. These authors imave shown
that actinomycin D, which blocks the for-
mnation of RNA, also blocks the induction

of enzymes by hydrocortisone.

In these studies we have attempted to
determine wimether the steroid-enhanced
transport is dependent on increased en-

zyme synthesis. The effects of the steroid on
transport of amino acid have been sepa-

rated from its effects on enzyme induction

by the inhibition of that induction with

actinomycin D.
Insulin has been reported to mci-ease time

concentration of cyc!oleucine, anotimem- non-

mnetabolizab!e amino acid, in time rat liver

in vivo (8, 9) . The data suggested, imow-

ever, that timis action of insulin is not

directly on time liver, but is nmediated
largely througim epinephi-ine released fm-onm
the adrenals in response to insulin-induced
hypog!ycenmia. We have emimployed time iso-

hated perfused i-at liver to study time direct

effects of insulin and epinepimrine on he-

patic anmino acid uptake.
Insulin increases time syntimesis of RNA

in mammnaiian tissue, and timis action lmas

been suggested as a possible basis for many
of the known metabolic effects of timis imor-

mone (10). RNA syntimesis was inhibited
with actinomycin D to determine whethei

the action of insulin on RNA synthesis is
involved in the action of the imormimone on

amino acid transport.
Data obtained utilizing time isolated pci--

fused rat liver indicate that both imydro-
cortisone and insulin increase time ul)take

of AIB by direct action on time liver. Ap-
parently, the effect of hydrocortisone on

AIB uptake is independent of the actiomm
of the hormmmone on enzyme iimduction. Time

action of insulin on transport may be
related in pam-t to time effect of insulin on

RNA synthesis, but is apparently immde-

l)efldent of any action of epinephrine. Epi-
nephrine alone did not significantly affect

AIB transport in the isolated rat liver.

METHODS

Isolated pci-fused livers from mmmature
male Spraguc-Dawley rats, weigiming he-

tween 250 and 300 g amid fed ad libituimi,

were used in these studies. While the rats

were under ether anestimesia, the liver was

exposed by nmeans of a large U-shaped
incision in the abdomen. Two hundred

units of imeparin was injected into the

hepatic vcna cava to prevent clot forma-
tion. The portal vein was cannulated, and

oxygenated saline (0.85%) was passed
through the liver for the duration of the
operation. An exit cannula was placed in

the timoracic vena cava, and the bile duct
was cannulated for collection of bile. The

liver was timen freed from the surrounding
tissue and placed in an enclosed perfusion

system ( 1 1 ) maintained at a constant

temperature of 37#{176}.Total time for the

operation was approxinmately 12 nun. Time

perfusion media consisted of 40 mmml of
defibrinated rat blood, 60 ml Krebs-Hen-
seleit buffer (1)11 7.4) (12), 1 mmmlheparin
(1000 units) , and 250 mng glucose. Flow of

the perfusate timrough time liver was main-

tamed at appmoximnately 2.3 mi/mm per
grammi of liver. At the end of a 30-mm equi-
libration period, 12 nmg of AIB (contain-
ing 2 �c of � was added to time

perfusate. After timorougim mixing for 3 mm,

a 2-mimi sanmple was renmoved from the per-
fusion fluid and sanmphing was continued

at 15-mmmin intervals during the first Imoum
of time experimmient and at 30-mm intervals
for time next 2 imr. A 1-rn! aliquot of eacim

saimmple was treated witim 4 mmmlof absolute

alcoimo! and centrifuged for 15 nmin. Of the

supernatant, 2 in! was then transferred to
glass vials containing 10 ml of an alcohol-

phospimom- solution.2 These vials were placed
in a Tracerlab LSC 10 B liquid scintillation

countem-, and time radioactivity was (leter-
nmined.

Time disappeamance of counts I rommm the
perfusate, with appropriate cormectioims for

time counts removed by sampling, was usetl

as a measure of time uptake of AIB by the

a-Anminoisobutyric acid, MB-i-C; New Eng-

land Nuclear Corporatioim, Boston, Massachu-

setts.

“Phosphor” scintillation fluid 7 tiil toluene,

3 nml absolute ethanol, 3.5 mg �-bis-2(5-phenyl-

oxazolyl) bemmzene, 21 mg 2,5-diphenyloxazole.
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hi�-em#{149}.AIB is not mlietal)ohize(l by the liver(S13 ; timerefome, time ra(!ioactivity mmieastmmed
accurately 1e1)Ieselmts time conceimtmation of

time AIB i)Iesent. To fuitimer vahi(!ate time
use of the clisappeamance of ra(!ioactivity
fmomn time perfusate as a measure of AIB-

uptake by time liver, 4 livem-s (2 coimtmols and
2 imvt!rocomtisone-imm fimsed ) wem.e perfused

for 120 nun witim imiet!ia coimtaiiming AIB.
Time hivems were then carefully �veigimed and
a 1-g portion was imonmogemmizetl in ice �vatei.
Time protein in time hommmogenate was pmecipi-

tatet! witim bamiunm hydm-oxide ant! zint sul-

fate ( I 4) . Aftem centmiftmgatiomm, a I -mimI

aliquot of time stml)erlmatant was traimsferred

to the ttlCoimO!-pimOsl)hOl scintillation fluit!

ant! the radioactivity was tleteimimmet!. Time

AIB content of time livem- deteimmminetl fiommm

the I -g portion of tissue was then comlmpame(l

�vitim the AIB content of time liver calcim-

hated frommi mmmeasumemnent of time (!ecmease in

mat!ioactivity of time l)emftmstlte. Mote timan

95(/(� of the counts timat t!isappeam-ed fm-ommm

time perfusate were mecovemet! fmommmtime liver.

Time concentmatiolm of AIB in time 1)ile was

also measured. An aliquot of time total bile
was tirieti on a imietal l)lancilett, whicim was

timen placed in a i3airtI Atonmic l)roi)omtional

gas flow countem ; time ma(!ioactivity was

(!eternmined. Time l)ile contained less timan

1% of time total AIB.
Tue activity of t1yptO�)hlaIi �)yImolase, a

hepatic enzynme wlmicim can i)e induceti by

imydrocortisoime (15-1 7), was (letermmned! by
time metimoti of Knox ant! Auerhacim (1 7)

Portions of time liver (1 g each) were

quick-frozen by immimersion in alcohol ant!

dry ice ant! stom-ec! at -18#{176} until analvzetl

fom enzyme activity.

In time iimfusion expemimmments 5 mug of hy-
t!m-ocortisone was adc!ed to time pemfimsate

30 mm hefoi-e addition of AIB and a con-

stant infusioim of hydrocortisone (15 nmg/

1mm) was continued foi- 2 hr. Since imvc!ro-

cortisone is m-apidlv Imietai)olize(! by time
isolated liver (18), infusion of relatively

large ammmotmmits of time steioid was imecessary

to iimaintaimm an effective concentration. TIme

� Hvdroort isOlit sOdiuIfl suc(iiial i ‘�olu-(or-

/ ef ; Fpj oh n Corn I any, Kalamazoo. �\ I it igait.

insu!ini or glucagoim-free iimsuiimm5 ( 1 unit

h)e1� 100 1mm! pemfusate) was ad!ed to the
peifusate simultaneously witim AIB . Gin-

cagon� was infused into time l)erfusate at

time mate of 2 �tg5 imi throughout time expeii-

inent. Epiimepimriime was infused into time

i)elftisate foi 3 imr, eitimem- at the i-ate of
0.6 mmmg/imr ill time l)mesemmce of phenoxy-
benzamimme ( PBZ) , om at time rate of 0.06
immg/imm witimout tile 1)lOcking agent. The
lo�vei infusion concentm-ation was insuf-

ficie�mt to significantly affect time flow of time

perfusate timroughm time liver. PBZ8 (0.5 ing)

was atimmministemed to time reservoir of time

l)erfusiOn systemmi at time end of time equi-
hibration l)eriod.

Time almtil)iotic actinomimycin D9 was emmm-

l)l0�’ed! as an inlmibitom of RNA synthesis
in timese studies ( 19( . A saline suspension of

actinommmycin D (1 immg/kg) was adimminis-

tered intraperitoneally to time iivei- donom

�-ats 4 imr pmior to sacrifice.

RESULTS

Time infhmence of imvtlmocomtisone on time
uptake of AIB by time isolated liver is

simown in Fig. I . Aftem 90 mm peifusion,
contmol livers imat! taken up 18% of time

total AIB in time svstemim. Time concentration

of AIB in time liver was a�)prOXilmmately

twice time concentmation of AIB in time pei-
fusate. Following time infusion of hyc!ro-

comtisone, time i-atio of concentmation of AIB

in time iivem to that in time perfusate was

a�)�)roximlmately 3 : I

In initial experimmients, it was obsel-ved

that time timmme of a(!(htiomm of imvdrocortisone

Insulin front zinc insulin crystals; Merck.

Shiarpe anti Dohrne, Philadelphia. Pennsylvania.

Glucagon-free insulin (less than 0.0003�#{176}�

glucagon) : Gift of 1)r. I. Slater and Dr. Mary

Root Eli J4illy and Co., Indianal)oliS, Indiana.

(Uucagon, crystalline : Gift of Dr. Stanley

Glasser, Vanderbilt Utmiversity.

Epinephirine bmtart rate. TJSP : Mann Research
Laboratory, New York. New York.

S Phtenoxybtnzantint hydrochloride, Dibenzy!uie

(SKF 688-�\.) ; Srnit it. Filine and French, Phila-

tielphia, Pennsylvania.

Actinomycin D: Gift of Dr. Karl Beyer

Nlerck, Shtarpe am 1 Dohtme. \Vest Point . Penn-

sylvania.
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Ftc. 1. Endocrine influence on A/B uptake by i.so!ated perfused rat livers

The uptake of AIB is expressed as the percentage of total AIB in the systenm present in tue liver

to the system was of considerable imnpor-
tance in obtaining time increased uptake of

AIB. In adt!ition to the nmethods used to

obtain the data simown in Fig. 1, otlmer
variations in the time sequence of addition

of imydrocortisone and AIB were emmiployed.

Wimen infusion of imydrocortisone began at

time same timmme AIB was added, there was

a l)eriod of approximately 1 hr before any
change in aimmino acid transpom-t w’as de-

tectal)le. However, if immfusion of time steroid
i)egan 30 nun before addition of AIB, an

increase in time rate of uptake of time amimino

acit! occurred within 30 mm after introduc-
tioim of AIB. Wimen livers were perfused

fim-st� w’itim imydrocom-tisone in time media for

1 hmr, and then with perfusate containing
only AIB (no steroid), the uptake of AIB

was compam-able to timat obtained with both

steroid and ammmino acit! in time perfusate
(in vitro induct ion witim hyt!mocortisone,
Table 1). A mmminimmiimnmof I lmr of contact

with imydrocortisone was requim-ed foi op-

timuni increase in AIB uptake. \Vimen hy-
drocortisone had been in time system for 1

hr, its effect on AIB uptake clearly per-
sisted even after time steroid bat! been re-
nmoved fromn the perfusate. Timese obsem-va-

tions suggested that time steroit! was

inducing time formation of sonme transport

intermediate, perimaps even time aimmino acid
carrier itself. Hydrocortisone is known to

induce several imepatic enzymes, aimmommg

thenm tryptopiman pyrrolase (15-17). Al-
tlmouglm tryptoplman pyrrolase is probably

not involved in tm-anspom-t, it was selected

as a m-epm-esentative iimduced emmzymime be-

cause of time simmmilaiities in time pattern of
stimulation of AIB ui)take and the indite-

tion of timis enzymime by imydrocom-tisone. Time

tinme i-equiret! fom optinmummi inc!uction of

tryptophaim pyrrolase by hydrocortisone
was approximimately time sammme as timat me-
quire(! by the steroid for time optimmmummm
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TABLE 1
EJett of hormones on A lB uptake, bile production, and tryptiphan pyrrolase activity’

.
Type of experimentb

% AIB uptake per10 g liver
Bile production

(ml/2 hr/iO g liver)
Relative tryptophan

pyrrolase activity90 nun 120 mm

Normal contrt)1 (14)c 17 . 6 ± 0.) . 8 iS . 3 ± 0 . 7 1 . 13 ± o 19 1.00

Hydrocortisone (5) 29.2* ± 1.3 29.2* ± 0.5 2. 10* ± 022 2.10*

Insulin (5� 40.3* ± 4.7 42.5* ± 4.1 1.38 ± 0.11 1.14

Glucagon-free insulin (3) 435* � 1 .4 44.S* ± 3.7 1 75* � ()#{149}IS (0.94

Glucagon (5) 42.1* ± 4.5 41.2* ± 4.1 1.20 ± 0. m:� 0.75

Hydrocortisone + insulin (4) 477* � 0.7 50.5* ± 1 . I 2.64* ± 0). 17 -

Actinttmycin I) control (4) 19.0 ± 1 .9 21 .7 ± 2.2 1 . 18 ± 0. 16 ((.44

Actinon�cin 1) + hydrocortisone 29 . 6� ± 3 . 2 30. 1* ± :3 . (0 1 � S5� ± () . 30 (1.57
(4)

Actinonmycin D + insulin (4 27.2* ± 3.3 29.4* ± 3.9 1 .34 ± (0. 19 (0.42

Phenoxyhenzamine control (7) 19 . 6 ± 0 . 7 19 . 4 ± (0 . (1 1 .21 ± (0 . IS 1 .42
Phenoxybenzamiime + insulin (5 ) 37 ()* � 2 . 1 39 .S� ± 2 . 5 1 .52* ± (0 . 1 5 -

Phenoxvbenzarnine + hydro- 19 . S ± 1 .4 19 .6 ± (0 . 6 2 . 17* ± (0 . 22 2 . 23�

cortist)ne (6)

Ergotanmine ct)ntrt)l (5) 19.0) ± 0.6 21 .5 ± I .0) 0.95 ± o.os -

Ergotamine + hydrocortisotme (4 26.9* ± 2. 1 29. 1* ± 2.2 1 95* � ((.22 -

Adreiialectontized control (4) 17 .2 ± 1 .4 18.8 ± 2 . 9 1 .05 ± ((. 14 -

Adrenalectornized + insulin (4 � 33 . 2* ± 3 .2 38 . 5* � 5 #{149}m 1 . 04 ± ( ( .((1 -

Epinephrine control (4) 18.9 ± 3.6 15.5 ± :� :� 0.s� ± 0 14 -

Epinephriime + j)heflt)xyi)eImZanmiit(� 21 . 9 ± I . 0) 21 . S ± (0 . S (0 . 94 ± ( ( ((Ii -

(6)
In ritro immdtictioii (t)Imlrol (3) 20 . 5 ± 0 . S 19 . 3 ± I .:1 1 . 19 ± u iH:� --

In iitro inductioim witim hydro- 23 .9 ± 1 .4 26. S� ± 2 . U 1 .52* ± 0) � 05 -

cortisone (7)

a All values are means ± SE. The differences between experimental and control values that are signifi-

cant at the 5% level are indicated by an asterisk.
b For drug doses, preparations, and methods of adnministration see Methods.

C F’igures �ITi parentheses represent the nunmber of experiments.

effect on AIB transport ( 1-2 Imi-) . Time in-
creased enzynme activity and time increased
AIB uptake continued after hydrocortisone
had been iernoved from the perfusate. If
actinomimycin D (wimicim inhibits time stei-oid

induction of tryptoi)iman pyrrolase) could
be simown to inhil)it time stimulation of AIB
uptake, timis would be fum-tlmer evidence to
sUi)pOIt time concept that hydm-ocortisone

acts timmougim the iimt!uction of a tm-ansport

intermmmediate of a lmotein nature. However,
wimen time effects of imydrocortisone were

studied in livers fiommm actinonmycin D-pre-
tmeated animals, time inductioim of trypto-

phan pyri-olase was significantly inimibited
(Table 1 ) , but tileme was no evidence that
actinommmycin D motlified the increased AIB

uptake (Fig. 2) . It appeared from these

observations timat there was no direct cor-

ie!ation betw’een time effect of imydrocorti-

sone on enzynme induction and time effect
of the hom-mone on amino acid transport.

Following time demonstration of an ac-

tion I)y hydrocoi-tisone on AIB uptake. it
was of interest to observe the effect of

adrenalectomy on AIB transport in the

liver. For timis purpose, livers from i-ats

whmich imad been adrenalectomized 12 days

�)leviOusly w’ere emmmpioyed. Time data in

Table 1 demonstrate timat there is no modi-

fication of AIB uptake in livers from these
rats. Moreover, infusion of epinephi-iime

into the perfusate at a i-ate wimich did not

affect time imepatic vasculature (0.06 rng/
hr) had no effect on AIB transport (Table
1 ) . Wimen imigher concenti-ations of epi-

nephrine (0.6 nmg,/imm-) �veie employed. it
was necessary to add plmenox�benzamine to
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Fmc. 2. Hydrocortisone influence on A/B uptake by t/t.e isolated perfused liter from actinornyciit

D-pretreated rats

The uptake of AIB is expressed as thu percentage of total MB in the system present in the liver

l)leveflt vasoconstriction in time livem. Untler
timese conditions epine�)lmrine did not affect

AIB uptake (Table I). PBZ was found to
block time increase in AIB uptake caused

by hydrocortisone (Fig. 3) wimei-eas PBZ

alone imad no effect on AIB tm-anspom-t. Ap-

parently, timis inhibition of time steroid

effect on AIB ti-ansport is not a general

property of adrenem-gic blockers; el-got-

ammoine tartratet (0.5 11mg) , anotimer adren-

emgic blocker, Imad no effect on time stimimula-

tion of AIB uptake by hydrocortisone
(Table 1).

The effects of insulin athmninistration on

AIB uptake by time isolatetl l)erfl.lsed liver

are seen in Fig. 1. � adt!ition of I unit

of insulin to time perftmsate inciease(! time

Ergot� mine tartrate, Gjjnergen; Sandoz, New

York.

uptake of AIB by time isolated liver mom-c

than iOO%. Two imoums after time addition
of insulin time conccntm-at ion of AIB imm time
livet- was approximately 6 timmmes as great

as time concentm-ation in time perfusate.

Time crystalline insulin used in immitial

expemiimments was a comimmmmercial preilam-ation

contammminated with smmmall quantities of

glucagon. To elinminate time possibility that
time effect of the insulin was due to time

glucagon i)resent, studies were mmmade on
AIB transpom-t etimployrng glucagon ant!

glucagon-fm-ee insulin. Glucagon-free in-

sulimm proved to be as effective as time cOlmm-

mnereial cm-ystalline insulin (Table 1). GIn-

eagon (2 1tg/lmr) wimemm immfused into time

isolated liver also increased AIB uptake to

the samime degree as did insulin ( Fig. I

Sanders and Riggs reported timat ad meimal -
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ect.Olmmy abolisliet! 90% of time action of
insulin on cvcloleueimme uptake by time liver
(9) . Timese iimvestigatom- suggested that time

effects of instmhin On (Velolel..mcifle uptake are
imot directly on the liver, but immediated

largely througlm epmimepl ui-inc released fmomim

time adrenal glammd. Time isolate! liver elimi-

nates time atliemmals as a sotmree of epi-
nepimm-rne ; hmo�vevem-, 1)100(1 ant! livers fmonm
adreimalectommmized mats were eiuiployet! to
fimrthmem reduce t lie levels of catecimolaimmines

in time svsteni. The effect of insulin on AIB

imptake by the isolated hivem was not altei-ed

liv adrenalectonmv of time donor rats ( Table

I . Alt imouglm epmephirine mmmay be essential
for the actioim of insulin on cvcloleucine

uptake by tIme liver in vi vo, in time isolated
liver insuiimm alone mem-easet! time uptake

of AIB.
To determnine wimether time action of in-

sulin on AIB tmaimspoit was dependent U�0fl

a mimo!ifieatioim of RNA svnthmesis, time effects

of insulin weme stut!ietl using livers from

acti noimmvc ill 1) -P metmeated rats . Under
timese coml(hitiomms. time iimcmease imm AIB up-

take was i)amtiall� immhmibited ( Fig. 4 ) . Timis
obsemvatioim suggests timat tile action of

nmsullimm on AIB tm-ansport is, ifl part, (IC-

l)emmdent on time action of the lmormmmone on
RNA i)1o(!umction in tIme liver. However, a
sigmmificammt immcm-ease in AIB transport ��‘as
still obtained witlm insulin in the presence

of inimii)itcd! RNA svmmtimesis.

Time actions of insulin and hlvdrocorti-

sone in tlmis systemmm appear to be qualita-
tively simmmilam-. However. thmese imommmlones

probably act at different sites or liv dif-
ferent mecimanismus. Timis is suggested by

time observations timat PBZ will block time

action of hvdrocortisone 1)ut not timat of
insulin (Fig. 5), ammd that actinoimmycin D

Pretreatmmment partially modifies time action
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Fmc. 4. Insulin influence on AIB

pretreated rats

u/)take by the 1501(1/1(1 perfused rat liter from actinomycin D

The uptake of AIB is expressed as time pereentage of total AIB in the system present in time liver

at the timmme of sampling.

of insulimm omm AIB transport but tloes mmot

affect time action of imydrocortisone. Fum-timem-

correlative support for the concept of sepa-
i-ate sites of action nmight be obtained by

determining time increase in AIB transpom-t
when time two Imormones ai-e present simmmul-

taneously in the systemmm. Since imydrocorti-
sone is present in its inaximmmahly effective

concentration, insulin would be expected

to exert an additional effect on ammmino acid

transport if sepai-ate sites or mecimanismmms

are involved in time action of time two imom-

mones. Data presented in Fig. 6 indicate
timat time effects of time two imormmmones on

AIB uptake are additive.

Bile prot!uction was increased almost

100% by imydrocortisone infusion (Table

1). In timese experimmments, neitimer insulimm

nor hytli-ocom-tisone significantly altered time

rate of flow of time pemfusate thmroumgh time

livem.

DISCUSSION

Hydrocortisone imas been slmowmm to in-

crease time uptake of AIB by time isolated

perfused rat liver under conditiomms wimere
time extraneous influence of otimer hormones

and time extralmepatic actioims of imyt!mocorti-

sone were nminimmmal (6) - In time present in-

vestigation secondary effects on imepatic

amino acid tm-ansport, m-esulting fromim time
action of imytirocortisone on intracellular

metabohisum, were reduced by time use of
an inimibitor of enzvnme induction and a

nonmnetabolizable anmino acid, AIB. In-

creased amino acid uptake in the pm�esence
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lu; ;j 1ii�u1tii jILJl/iLIIC( 0/i .1113

�i/i � ii #{128}ix�jItt n zaiti in e

‘liii tijitake ul AIB is

of iImhlil)ite(1 sylmt lie-is of eimzymume iumplies
I hitt hmydmocomlisomue tines not timhiammee #{189}113

Ui)take l)�� in(lucmlmg the iomiiuatiomm of an

euzyll ic imm\ul\ed in ammimmmo acid t maims� tomt

f1m(�i(,!()mt� . thte IIIClCttSC( 1 Uj)t tke #{252}l A_I B

ii may 1mc time me�u it of a tli meet act mon of time
st cioid aim time I lalisi )Olt svstelii 1()I almilflO

acids. Time exact mmal mmmc a! this I m�umspoit
SVSIelli i� imot kmloWn, amid it is (llflicUlt to

POst U late ;t )IeCise Ii Itt Ic 0! act mon for time
stemuid imm time stiiumulatiomm ol hiepatic ammmmo

acid uptake.

PhmcImuxyl)cnzamumilmc. an adicmicigmc block-

immg agemmt . inhibits time ci! cct 0! tIme stclOi(1

011 tlammspomt, 1)111 (I0(s not block time in-

(l(�tSt( I ill! met 11)11 of I I� tOj mimamm Pyliolase

liv hi�( Iit)cOitison(. this is hut lieu cvi(lcIICc

hat I lie inclease I ;mimmimmo acid t ialmspoit

alm(1 c1lZ’�iii( immilucm jolt ale mndepeumdemmt ac-
t i()llS Of I lie steIOi(I. The lii imii)it iOU I � PBZ
of time ad 1011 0! hmydiocoit (J-Ofle 00 t iiums-

P01t i)i01Ji1I)hY indicates thmat. time steroid
effect. (10(5 not (1(1 )(Ii(I on ;tn act ion of ej)i-

imcI)111jnc becamise ;tuiot lmeu a(1leUelgic block-

11mg agtlm I ergot aiuiiime , (lid not jumliibit timis

effect auttl hi�(il(Je()ItiSOUc iS effective in

adueuma hectoinizttI rats ( 6) -

lmmsuhiim 1105 i)telm siio�vn ill time study to
increase _�.IB tuimtakc ifl the isolated pci-

fused lat liver. �aum(Iers au(I Riggs (91 lmavc

suggcsteiI t lint t lie effect of insulin in eivo
Oil UllliilO Ucj(1 opt ake by time liver is in-

ilimcct, nmctliatcil to a large extent by e1)i-
Imej)hljlmc. Ej)lnephiljnc. in oumu- systeumi, (Ii(I

not significant iv alter AIB uptake. Insiuhin,

hiOWe\el. jUcmea�e I time uptake mmmorc t haim

100%, indicatiimg that this hmomiiionc does

act directly on time liver. A�)paucntly, a part

of the inClcasc(I uptake was dependent on

time action of insulin on RNA synthesis,
snmce �)O�/c of time lllsuhiim effect on hmej)atiC

AIB uptake was inhibited by blockade of
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Fmc. 6. Insulin and hydrocorti.sone influetuce on AIB uptake by tile isolated perfused rat liver

The uptake of AIB is expressed as the percentage of total AIB in time systenm present in the liver

at time tinme of sampling.

RNA i)roduction. However, in time presence

of inimibited RNA synthesis there m-emained

a significant increase in transport, suggest-
ing that possibly there are two nmechanisms

by which insulin increases the hepatic up-
take of AIB. Akedo and Christensen (20)

Presented evidence timat, in tile isolated
diapimragm, insulin increases time apparent
affinity of the transport site foi AIB. An

action of insuiin wimich nmodifies tile ef-
ficiency of the transport systemmm in this
mmmanner would account for that portion of

time incieased AIB transport not affected by
time blockade of RNA synthesis.

Both hydrocortisone and insulin appear

to act in some degree on time aimmino acid

transport system. The action of insulin

differs from the actiomm of hydrocortisone in

that it is not blocked by PBZ, suggesting

that hydrocortisone and insulin modify
AIB uptake at different sites or by dif-

ferent mecimanisnms. Timis concept is furthem-
supported by the demmmommstration that the

effects of time two imornmones oim AIB tramis-

port are additive.
The concentrations of lmoriitones u�cd jim

our systemmi were somewimat greater tlmamm
those eimcountered physiologically (21 1.

However, this may not be significant jim

the case of hydrocortisone, as time metal)-
olism of timat hormone is nmucim more rapid

in the in vitro system timan in the intact
animal (18), and time effective levels of

the steroid represent ommly a small iem-
centage of time totai imornmomme added.

Under time conditions of this study. imv-
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drocortisone aimtl insu 1in mmmodify anmino acid

transport h)v direct action on the liver.
time effects of imydrocortisone

on enzynme immduction by immeans of in-

creased RNA syntimesis ale not. involved
in time stinmuiation of amino acid transpoit.

However, witim insulin botim a diiect effect

on the ti-aimsport systemmm and an indirect

effect resulti�mg fi-ommm time action of time

insulin on RNA synthesis may he involved.
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