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SUMMARY

The effect of various n!rugs on time li�)olytic actiomm of growtim hormone l)lus niexametha-
sone was compared with that on time action of ACTH and epinepimrine in isolated fat
cells from st-arvenl rats. Pimenoxybenzamine reduiced time acceleration of hipolysis by

growth hormone plus n!examethasone but imad no significant effect on that of eithmer ACTH

or epinephmrine. Butoxaiimine inhibited time effect of growth hormone plus dexamet-hasone
and of ACTH on lipolysis.

d1-�-hydroxy-N-tert-buit-yl-2,4-nlichmlorophmenet-imylamine (DCB) stimulater! hipolysis anti

did not prevent time acceleration of lipolysis by growth imornmone and! dexammmetimasone.

There was imo lipolytic effect of epinepimrinc and ACTH in time presence of DCB. Pro-
pranolol, wimicim is a beta ar!renergic blocking agent �vithi little synmpatimomimetic activity,

completely blocked time lipolyt-ic effect of epinephrine. Propranolol did not inhibit the
hipolytic action of eitimer ACTH om. growtim imormone plus dexamethasone.

Nicotinic acid blocked time lipolytic effect of growth imormomme plus dexametimasone, and

theopimyhline potentiaten! their lipolytic action. Act-inomycin D blocker! the lipolytic

effect of growtim imormmmone ann! dexammietimasone, but not of epinephrinc.

INTRODUCTION

Time anlrlit-ion of bot!m growtim imormmmone

and dexanmetimasone,’ a potent synthmetic
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Abbreviations and trivial names used are:
FFA, free fatty acids; dexametimasone, 9a-fluoro-

11f3, 17,21-trihydroxy-16a-methmyl-1,4-pregnadiene-

3,20-dione; DCB, d!-/3-lmydroxy-N-tert-butyl-2,4-

diclmlorophenethylamine; ACTH, adrenocortico-

tropic hormone; hutoxaminc, N-tert-butylnmtlmox-
amine; propranolol. l-isopropylamine-3-( 1-napim-

thyloxy). 2-propanol.

glucocorticoinl, accelerate(l lipolysis to a

mucim greater extent timan � seemm after
time an!dition of either imormmione alone to

incubated ar!ipose tissume or isolated fat-

cells (1). In time presence of n!cxamethmasone
very low concentrations of growtim imormmmone,

0.01-0.1 pg/mI, stinmulated hipolysis, and
time effects of t-hmese hmornmones ��‘ere blocked
by insulin. On the basis of timese findings it

was postulated timat time accelerated release
of fatty acm! frommm adipose tissue of ammi-
mimals depriver! of food or insulin migimt
involve a direct stimulation of hipoiysis by

growth imormone ann! giutcocorticoids (1).

An elevated release of fatty acid by adi-
pose tissue is thmougimt to i)e largely me-
sponsible for diabetic ketosis, and it imas

been found thiat both ketosis and time re-
lease of fatty acini by adipose tissue from

diabetic rats are ahmmmost conmpietely ahol-
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ishmen! in time ai)sence of tIme anterior

pituitary (2).

Flowever, it has been postulaten! that

time increased immobilization of fatty acid

front anlipose tissue of dial)etic animmma!s

is nmediated i)y tin anlrenergic mecimanism

(3-5 ) . Thus imypotimesis was based on time

finding timat plmeimoxybenzamine ann i)utox-

amine,4 whmicim imave been timought to act
solely as adrenergic blocking agents, re-

duced fatty aci! mobilization in diabetic
aninmals. Salvador an(! associates (3, 4
admiministered i)utoxammmine to r!iabetic dogs

and found a n!ecrease in time concentration
of plasmmma FFA,4 \Vertheiimmer et al. (5) imad
earlier observed timat time release of fatty

acm! i�y incubated an!ipose t-issume from

alloxan-diabetic rats was reduced in ani-

mals treated with phmenoxybenzammmine.
The present experinments were designer!

to investigate time possibility timat ph-menoxy-
benzamine ann! i)utoxaniine reducer! fatty

acid immobilization in diabetic animals by
interfering with time acceleration of hipoly-
sis by growtim hmormone an(l glucocorticoinls.
Time effect of phmenoxybenzammmine and butox-
amine on time hipolytic action of growthm

hormone plus dexamethasone was comparer!

withm timeir effect on that of ACTH and

epineplirine. In adnlition time effect of DCB,

propranolol, t-hmeophmylhine, and nicotinic
acid on the lipolytic action of growt-lm imor-
mone ann! n!exanmethasone was exanmiimen!.

All time present- experinments were pei�-

fornmer! with fat cells isolated from rat-
parametrial adipose tissue by time piocerlure

of Rodbell (6). Time fat cells can be ob-
tainer! free of time other cells in an!ipose
tissume and imave a greater lipolytic response

to hormmmones timan. incubater! tissue (6). We
have found experiments with isolaten! fat
cells to be more conveniemmt ann! repron!umci-
i)le t-hman timose with incui)ated tissume. In
ar!r!ition the effect of time varioums hmornmones

ann! r!rugs on lipolysis can he attributer! to

timeir direct action on time fat- cell simmce time

otimem cells whmicim occur in adipose tissue

are not present in fat cell sumspemmsions (6;
and unpumbhisimenl observations).

MATERIALS AND METH0D�

Femimale Spmagume-Dawicy rats (130-150

g), wimicim imad been fed a imigim fat (40%)

diet (7) for 5-14 !ays before the experi-
imients, were deprived of foonl for 18 hr.

Isolatenl fat cells were prepared by a

imiodification of time procedure of Rodhehl

(6) in which i)ai�aimmet-rial an!ipose tissume
was incubaten! for 1 hmr in albumin-bicar-
bonate buffer (8 ) immedia containing bacte-

na! coilagenase. Glucose was not l)resent

in time buiffer solumtion wimichi contained

collagenase oi� in time solution used to wash

time cells. A 4% solumtion of bovine, fraction
V albuimmin (Arnmoumm lot No. 22,312) irm

i)uffer solution was mmmarle up freslm each

(!ttV. Time l)H of time albummmin solutioim,
whmicim contanmcnl 0.2-0.3 pnmole of FFA per
nmilliliter, was adjuisted to pH 7.4 in aim
atnmospimere of 5% C()2, 95% 02.

Time isolater! fat cells were incubated

for 4 hr at 37.5#{176}in 1-ounce polyethylene
l)ottles.� Initial control values were oh-

tamed witim fat- cells incuml)ated for 5 immin.
Incul)ations were performed in duplicate

in eacim experiment. All statistical evalua-

tions are i)aser! on paired comparisons.

At time end of time experimiments an aliquiot
of time mmmen!iunm was analyzed for glycerol
(9). Total hipir! ann! FFA were extracted
frommm time renmaining mmmediummrmpius cells by

a immor!ification of the procedure of Dole
amm(! Meinertz (10) in wimicim hmexane �
substituter! for imeptane. An aliquot of time

imexamme extract was evaporated to dryness,
1 ml of Nile Blume A indicator solution was

adr!en! ann time FFA content determined by

titration. Anotimer ahiquot of the hexane

extract was taken for determmminat.ion of

total fatty acid content (6). Time total fatty
acid! content of time flasks was used to

measure time cells present in eaclm flask; I g

of adipose tissue is assumed to contaiim
approxmimmately 3 mmmmimolesof fatty acid.

dl-/3-Hvnlroxy-.V-tert-bumtyl-2,4-r!ichmloro-
plmenet-imylanmmne (DCB), oI)tainen! timroumgim

time courtesy of Di’. I. H. Slater of Lilly

Research Laboratories; .\-tert-butylmetim-
oxanmine (ljutoxammmimme), oi)tained timrougim

the courtesy of Dr. .J. J. Burns of Well-
commme Researcim Laboratories, and pro-

planolo!, obtainer! t!mrouigh time courtesy of

� The Nalgene#{174} plastic bottles were rinsed wit Ii

water because certain hots of these bottles (nfl-

a ine(l utah 1 amount (if glvctrol.

Inihtral



DHU(5 AND LIPOLYSIS IN FAT CELLS 239

.�!ol. P/tarmacol. 2, 237-247 (1966)

TABLE 1

Effect of p/tenoxybenzantine on lipolysis in fat cells

Free fat celis (17.1 mg/flask) were incubated for 4 hr in 2 ml of medium coimtaiiung glucose (2.4 m�i. The
ditTereimce due to hormoume addition is simowum as the mean ± standard error of 6 paired replications.

Iumcrease due ti)

dexamet hastme.

0.016 �g/Inl, + Increase due to Iumcreasc due to

Pheimoxyhet zami lie Basal growt hm h( trmone, ACI”I-l, epiitephriume,

(pg/mi) release 1.0 �zg/ml 0.002 �g/ml 0.1 pg/mi

0 31)

Glycerol release (panoles/g)

+70 ± 20 +S() ± 20 +S5 ± 20
1 3� +44 ± 15 +ti() ± 20 +M5 ± 20

10 45 +20 ± 10 +85 ± 30 +85 ± 15

I) 40

laity act(! release (potolt.s/tj)

+165 ± 40 +1S() ± 5)) +1U() ± 35

1 30 +155 ± 20 +195 ± 50 +225 ± 30
10 70 +45 ± 25 +110 ± 30 +165 ± 40

Di’. Alex Saimagian-Er!wards of Ayerst

Laboratories, were added to the incubation
medium as the water-soluble hmydrochmlo-

rides. Pimenoxybenzamine7 and theopimyiline
were obtained from Merck Co. l-Epineph-
rine8 and nicotinic acid were purchased
locally. All solutions of amine derivatives

were prepared fresh each day.
Oxycel purified ACTH, 100 U/mg, was

purchased from Wilson Laboratories.

Bovine growth imorimmone (NIH-GH-B3

was oht-aimmed fronm thme Enn!ocrinology
Study Section of time National Institutes of

Healtim. Timis preparation imad a growth-

promoting potency of 1 USP unit/mmmg ann!

it container! 2 �IJ of TSH activity an(l
0.1 pU of ACTH per gram. All hormimones
or drugs were adder! at time start of the
4-hr incubation pem’iod umnless otimerwise

stated.

In all the experinments a concentration of
growtim imormone (1 pg/ml) was umsed wimicim

is approximately ten to a imundrer! tinmes
greater timan timat needed to produce inaxi-

mal stinmuiation of hipolysis in the presence
of dexammmetimasone (1). Concentrations of

ACTH and epinepimrine were used in time
various experimmments whelm gave an ac-
celeration of hipolysis comparable to that
of growtim imormone and dexanmethasone.

Dibenzyline !m)
Adrenalin#{174}.

RESULTS

Phmemmoxybenzamine is an alplma adm’ener-

gic blocking drug and would not he cx-

pected to block the receptors for catecimol-
amimines in adipose tissue since they appear
to be beta receptors (11, 12). Time adr!ition
of pimenoxybenzamine to isolated fat cells
at a concentration of 1 or 10 pg/nml imad

little effect on basal hipolysis and did not
significammt-ly inimihit the acceleration of

lipolysis nlume to eitimer ACTH or epinepim-
mine (Table 1). However, timere was no

hipolytic effect of growthm horimmone plus
tlexammmetlmasone in time presence of 10 pg

pci’ immilliliter of pimenoxybenzammmine.
It hmas been reporter! (3, 4) timat bumtox-

aimmimmc inimibits the general metabolic effects

of epinephrine in vivo. Butoxamine, at a

concentration of 0.1 or 1.0 pg/mn!, did not
sigimificant-ly affect basal hipolysis in iso-
lated fat cells (Table 2). Time li�)olytic

effect of growtim hormmmone plums nlexammmethma-

sone was redlmce(! by about one-imalf immtime

presence of 1.0 pg/nml of butoxaimmine (Table

2).
Time lipolytic action of ACTH � re-

duiced i)y butoxanmine at 1 1zg/mmml (Table

2). However, time effect of butoxamine out

the activation of hipolysis by epinephmrine

was niumite variable, and no significant ef-

fect of time r!rumg eoulr! be (letected at time

concentm’atioims used jim the pres(mmt (Xperi-

ments.
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TABLE 2
Effect of buloxamine on lipolysis -in fat cells

Free fat cells (10 mg per flask in Expt. 1 and 5 mg per flask in Lxpt. 2) were incubated for 4 hr in 2 ml
of medium containing glucose (2.4 mi�u). Time difference thme to Imormoume addition is shown as the mean ±
standard error of 5 paired replications in Expt. 2 and 10 in Expt. 1.

increase (lute to

dexanmethasone,
0.016 /2g/ml, + Increase due to Increase nine to

Butoxamine Basal growth hiormoite, ACT!!, epinephrine,
(pg/ml) release 1.0 �zg/ml 0.002 �g/ml 0.1 �ig/ml

Gl!,cerol release (pinoles/g)

Expt. 1
0 105 +125 ± 13 +110 ± 15 +135 ± 25

1.0 pg/ml 95 +65 ± 20 +40 ± 30 +75 ± 50

Expt. 2

0 180 + 180 ± 50 + 120 ± 30 + 160 ± 55

0.1 �g/ml 185 + 110 ± 10 + 105 ± 95 + 155 ± 70

Fatty acid release (pinoles/g�

Expt. 1

0 200 +275 ± 35 +255 ± 25 +245 ± 30

1.0�g/nml 185 +175 ± 5)) +95 ± 50 +l3() ± 9))

Expt. 2

0 375 +365 ± 60 +26() ± 65 +325 ± 90

0.10 /hg/rnl 390 +275 ± 45 +140 ± 5)) +28)) ± 100

DCB is one of a group of imalogenater!
analogs of epinephrine which are known to

be beta adrenergic blocking drugs (11-14).
These compounds also mimic the effects of
catecholamines on beta adrenergic recep-
tors. DCB stimmmuiated lipolysis in isolated

ft-it cells at a concentration of 1.0 but not
0.1 j.tg/ml (Table 3). In time presence of
0.1 pg/in! of DCB timere was a greater
stimumlation of hipolysis by growthm hormone

aimd dexamethasone than in its absence. Al-

tlmougim 0.1 pg/imml of DCB did not affect the

TABI.E 3

Effect of DCB on response offal cells to ACTH, epinep/tninc, aitil dexantet/tasone plus growth /tormone

Free fat cells (8.5 nmg per flask) were iimcuhated for 4 lmr in 2 nml of medium containirmg glucose (2.4 m�m).
The difference due to hormone addition is shown as the mean ± standard error of 6 paired replications.

Iimcrease (lime to

dexamet hasone,

0.016 pg/nm!, + Increase due to increase due to
DCB Basal growth hormone, ACTII, epinephtrine,

(pg/mi) release 1.0 pg/nm! 0.002 �zg/nm1 0.1 /2g/ml

0 102

Glycerol relea.se (pntoles/q)

+80±18 +73±25 +133±40

0.1 113 +145 ± 34 +100 ± 40 +123 ± �ts
1.0 335 +35±12 -10±15 -45±25

0 200

Fatty acid release (,.iinoles/q)

+200 ± 60 +120 ± 50 +340 ± 75
0.1 200 +380 ± 83 +235 ± 100 +265 ± 90

1.0 700 +140 ± 23 -45 ± 35 -170 ± 85
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hipolytic action of epinephrine or ACTH,

1.0 pg/imml of DCB completely blocked time

lipolytic effect of ACTH or epinephrine
and hipolysis was actually less in time pres-

ence of time Imormones and DCB thman witim
DCB alone. However, growth hormone and

dexamethasone still significantly stiimmulaten!
hipolysis in time presence of 1.0 pg/mi of
DCB. The reduced effect of growtim hor-

mone and dexametimasone in the presence of

the highm concentration of DCB is probably
due to time fact timat hipolysis was stinmu-

hated! to near maximal values b� DCB

alone.
Because of time nmarkec! synmpathmoimmimetic

effect of DCB time experinments were re-

peated using propranolol, whicim is a beta

adrenergic blocking drug with very little
synmpathonmimmietic activity (15). Time addi-
tion of propranolol, 5 pg/mi, completely
blocked the lipolytic action of epinephrine,
0.1 pg/nm! (Table 4). Tlmis concentration

alloxan-diabetic rats (16). The experiments

in Table 5 indicate that it markedly re-
duced basal lipolysis and virtually abol-
ished the hipolytic effects of all the hor-

mones tested.
Previously it imas been shown thmat timere

is a lag in the onset of time hipolytic effect

of growth hormone and dexamet-hasone
since the increased lipolysis due to these

horimmones largely occurred duiring the

second 2 hr of the 4-hmr incubation period

(1, 17). Insulin has been found to be
equally effective in inhibiting time hipolytic
action of these hormones whether added at

time start of incubation period or 2 hr later
(17). Nicotinic acid also blocked the hipo-

lytic action of growth hormone and dexa-

metimasone even when added 2 hr after

these hormones (Table 5).

Time lag in the onset of the lipolytic

action of growth imormone and dexamnetha-
sone lmas been attributed to time involve-

TABLE 4

Effect of propranolol on lipolytic action of /toninoncs

Free fat cells (20 mg per flask) were incubated for 4 hr in 2 ml of medium cont-aimming glucose (2.4 m�i).
The difference due to Imormone anlnlition is simown as the mean ± standard error of 7 paired replications.

Increase (lute to

dexamethasoume,
0.016 pg/nm!, + Increase due ttt Iitcrcase due to

Proprat tt tlol Basal grtavt lm hormnone, ACTH, epinephrine,

(pg/nil) release 1.0 pg/mi 0.01 pg/mi 0.1 pg/ml

Glycerol release (pntoles/g)

(4 29 +23 ± 3 +49 ± 9 +82 ± 11

5 27 +16 ± 5 +55 ± 10 +4 ± 4

battij acid release (pmoles/g)

4) 30 +63 ± 6 +110 ± 22 +i(�S ± 20

3 37 +53±15 +135±24 +7±10

of propranolol is at least five times greater
than that needed to completely block the
hipolytic action of epinepimrine, 0.1 pg/ml

(unpubhisimed results). However, propran-
olol, 5 p.g/ml, imad no inimibitory effect on
the activation of lipolysis by either ACTH
or growtim hormone plus dexametimasone.

Nicotinic acid, whicim is apparently

unrelated to any of time adrenergic block-
ing agents, has been reporter! to reduce
hipolysis in incubated adipose tissue, froimm

inent of RNA and protein syntimesis for time
following reasons. Puronmycin (10� M) in-
hibited the lipolytic effect of growth

imormone and dexanmethasone but not that
of ACTH (1). Tlmis concentration of puro-

mycin blocked incorporation of labeled
amino acid into protein by isolated fat cells
(1). Time same concentration of time anmimmo-

nucleoside of puromycin did not block time

hipolyt-ic action of growtlm imormnone ann!
t!exammmethmasone (1). Actinonmycin D (10�
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TABLE 5
Effect of itientinie acid on /torinonal actuation of lipolysis in fat cells

Fat cells (14.5 mg per flask) were incubated for 4 hr in 2 ml of medium coumtainiimg glucose (2.4 m�m). The

difference due to lmormone addition is shown as the meaum ± standarnl error of 4 paired replications.

Nicotinic acid

Dexanict hmasou te,

0.016 pg/mi. +

Basal growt ii hormone,

release 1.Opg/nml

:�CTI I.

0.002 pg/mi

Lpiutephriite,

(4.1 pg/ml

0
1.0 pg/mI added at 0 hr

1.0 pg/mI added at 2 hr

Glycerol release (pnioles/g)

30 +75 ± 25

5 +3 ± 5
30 0 ± 5

+103 ± 25

+ 15 ± 5

-

+110 ± 23
+ 10 ± 2

-

0

1.0 pg/mi added at 0 hr
1.0 �g/nml added at 2 hr

Fatty (zci(l release (pmole,s/g)

25 +19() ± 50

-45 +3 ± 15

-16 +5 ± 5

+250 ± 5(4
-2 ± 14)

-

+170 ± 35

+ 10 ± 15

-

M) inhibited time hipolytic action of growtim

hormone and dexamethasone and the in-
corporation of uridine into RNA, hut not

the lipoiytic action of ACTH (1). The data
in Table 6 indicate timat actinomycin D

to accelerate lipolysis in fat- cells and
potentiate time lipolytic action of catechol-
ammmines (18, 19) and cyclic 3’,5’-AMP (18).

Time experiments in Fig. 1 indicate that a
low concentration of t-heophylline poten-

TABLE 6

Effect o,f actinontycut D on lipolytic action of epinephrine

Free fat (-ells (24 nig/f�ask) were incubated for 4 hr imm2 ml of medium contaiuming glucose (2.4 m�i). The
difference due to cpinephrine addition is shown as the mean ± standard error of 8 paired replications.

Increase due to
epiuiephrine, 0.01

pg/mi, added at

Basal enni of 2 lmr
Additions at start of 4 hr incubation period release iitcubation

Glycerol release (pmoles/g)

Nomme 17 +27 ± 2

Dexamethasone, 0.016 pg/mi, + growth hornmone, 1.0 pg/mI 30 +35 ± 4
Actinomycin, 2.5 X 10� M 13 +26 ± 5

Actinomvcin + growt-Im hormone and dexamethasoute 11 +23 ± 5

(2.5 x 10� M) did not affect time hipolytic
action of a very low concentration of

epinephrine even thmoughm time actinomycin D
was added 2 imr prior to addition of epi-

neplmrine. In time same experinment actino-
nmycin D blocked time hipolyt-ic action of

growtim imormmmone ann! dexametimasone in
agreeimment- �vitim ouir earlier studies (1).

Methyl xantimimme eoimmpounds such as

t-heopimylhine or caffeimme imave been founni

tiated time hipolytic effect of growthm hor-

mone and dexanmethasone in isolated fat
cells incubated witim gluicose.

The increase in hipolysis due to ACTH

was also significantly greater in the pres-

ence of timeophylhine thman in it-s absence

(Fig. 2). Time result-s in Fig. 2 confirm the

earhiei’ ol)servation (1) that growth hor-
mmmone and dexainetimasone increased hipoly-

sis in time absence of glumcose and indicate
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FIG. 1. Fat cells (JO nig per flask) were iii-

cubated for 4 /tr in 2 nil of -medium containing

glucose (2.4 nu�u)

Time values are shown as the means of three

experiments. A statistically significant potentiation

of time effects of DEX + Gil (dexanmethasone,

0.016 pg/nml and growth hormone, 1.0 �zg/ml) by

theophyhline is indicated by an asterisk (P <
0.05 by paired comparisons). The comparisons art-

based on the paireni differences between thit

absolute increase due to hormones in time absenct
and presence of theophylhine.

that theophyhiine was equally effective in

potentiating their action in the absence of
glucose.

DISCUSSION

The finding timat phmenoxybenzamine ann!

butoxanmine iniul)ited time lipolytic action of
growth hormone ann! dexametimasone in iso-

FIG. 2. Free fat cells (12 nig per flask) were

incubated for 4 hr in 2 nil of nte(lwnt tit/tout

added rubstrate

Time values are shown as time meamms of 4 experi-
nments. A statistically significant- potent iation of time

effects of ACTH (0.001 pg/rn!) or i)EX + Gil
(dexametlmasone, 0.016 pg/ml and growtim lmorrnone,

1.0 pg/rn!) by thteoplmyllrne is indicated by atm

asterisk (P < 0.05 by paired comparisons). The

comparisons are based on the paired differences

between time absolute increase due to the Imorrnone

in the absence and presence of tlmcophyllune.

lated fat cells suggests that these conm-

pounds are not specific adrenergic blocking
drugs. Phenoxybenzanmine actuiahly hmad imo

effect on the action of epinephmm’ine or
ACTH in isolater! fat cells, wimich was

expected since phenoxybenzainine imas been
found to be a relatively ineffective inimibi-

tor of time effects of catecimolaimmines on fatty
acid immobilization in vito (11, 20). Phen-

oxybenzanmine is also an alkylating agent

ammnl probably i’eacts with othmer structures
in anlr!ition to the alpima receptors for
catecimolamines. It has been postulated timat

time lipohytic action of growtim horimmone ann!
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dexamethasone is mediated througim a
mechanism involving RNA and protein

synthesis ( 1 ) and phenoxybenzamine may

be interfering with these processes. Experi-
mnents are in progress with regard to this

point.
Butoxamine has been reported to block

the rise in plasnma FFA concentration in-

duced by catecimolamines (3, 4) . However,
direct addition of butoxamine to incubated

adipose tissue imas not been found to inhmibit-

the acceleration of iipolysis by catechol-

amines unless the pH of the buffer was

below 7.0 and the concentration of butox-
amine above 20 pg/mi (R. A. Salvador,
personal communication) . The present cx-
periments suggest that time reduction in
fatty acid! immobilization in diabetic aninmals
treated with phenoxybenzanmine and butox-
amine (3-5) was r!ue to an inimibition of time
hipoiytic action of growth imormmmone and
glucocorticoid.

These results provide furtimer evidence

that fatty acid immobilization during fasting
and diabetes involves a nonadrenergie eoimm-

ponent. Several recent studies imave pre-
sented data in agreement witim thmis imypotim-
esis. Stern and Maickel (21) found timat

chemical sympatimectomy did not- prevent
mobilization of fatty acid during starvation

but did block mobilization in cohn-stressed
animals. Stock and Westerimmann (22) imave

reporter! timat various drugs whicim inhibited
the acceleration of fatty acid mobilization

by catecimolanmines did not reduce time con-
centration of plasma FFA in diabetic

aninm a Is.
Time failumre to observe a hipolytic effect

of epinephmrine in time presence of 1.0 pg/nm!
of DCB confirnms earlier studies with iso-
lated fat cells (18), incubated adipose
tissue (13, 14), and intact animals (12).
Time effect of growtim hornmone and dexa-

immetimasone in time presence of 0.1 �g/ml of
DCB was almost twice whmat it was in time

absence of DCB. However time increase due
to growth imormone and dexamethasone in
time presence of 1.0 1tg/mmml of DCB was less

than in its absence, and timis may be rlue to

the fact that 1.0 pg/mi of DCB alone

immodured a large increase in lipolysis. Rod-
bell (23) imas simowim timat. wimen thme prinmar�’

binding sites for fatty acids on albumin
are filled there is an inimibition of further
hipolysis. In the l)resence of 1.0 pg/mi of

DCB plus growtim imorimmone and dlexametlma-
sone, the final medium FFA content was 5

�nmoles per milliliter of 4% albuimmin. Since

it takes a concentration of 6-9 �mmmoles of

FFA le” milliliter of 4% albumin to satu-
rate the primary binding sites of the a!-

buimmin ( 23) � were a�)�)roaciung time imiaxi-
mal binding capacity of the albumin.

Love et al. (13, 14) imave reported that
DCB did not accelerate lipolysis in in-

cubated adipose tissue. The resuilts in Table

3 demonstrated that DCB is a potent
hipolytic agent in fat cells. Time reason for

time discrepancy is not known. However, it

has been observed timat other dichmloroiso-

l)roterenol conmpounds mimic time action of
time hormones whose function they block

(11-14).

Time pmesemmt experimmments ilm(licate timat

propranolol is a potent anirenergic blocking
agent witim little sympatimonmmmetic activity.
Propranolol hmas also been foummnl to i)e a

competitive antagonist of time hipohytic ac-

tion of epinephrine in isolater! fat cells
(24). Propranoiol (15) ann! DCB (11-14)
are beta adrenergic blocking drugs, and the
inhmibitory effect of t-imese druigs on the hipo-

lytic action of catecimolanmines suggests that
time catecholanmiime receptor in fat cells is a

bet-a adrenergic receptor. This was sup-
ported by time failure of the alpha i)locking

diug phenoxybenzamine to inhibit catechol-
amine-induced hipolysis. Very imigim concen-

trations of phentolamine, which is also an
alpha adrenergic blocking (!rug, will inhmihit

the lipolytic action of epinephrine, 0.1 pg/
ml, in fat cells from rats (24). However,
propranolol is at least 300-400 times as
potent an adrenergic blocking drug as

pimentolamine (on a molar hjasis) in block-
ing the lipolytic action of epinepimrine in
fat cells (24). Furthernmore we imave founrl

that dl-isoproterenol is about 10 times as

potent in stimulating lipolysis in fat cells
obtained from rats as l-epinephrine, and

l-nomepinephmrine about twice as potent as
l-epinephrine (24). Run!man and associates
imave obtained sinmilar differences i)etween
time l)otencies of timese catecholamines in
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stimulating lipolysis in slices of hamster
adipose tissue (25) . These oI)servations ate

in accord witim time suggestion by Mayer
et al. (12) timat time catecimolammmine-innluced
mobilization of free fatty acids is mediaterl

via beta receptors.
The present experiments indicate timat

nicotinic acm! is a relatively nonspecific

inhibitor of li�)0lysi5 since it rer!uicen! basal
hipolysis and blocked time lipolytic act-ion of

all time imorimmones. The effects of nicotinic

acid are very similar to t-imose of prosta-
glandin E1 (24) an(i immsumlin (17) , whmi(hm

are also nonspecific inhmibitors of hipolysis.
Both prostaglandin E1 (24) and insuilin

(17 are eoimml)etitive antagonist-s of the
lipolytic action of epinepimrine.

Nicotinic acid has beeim fouind to reduice
the rate of fatty acid release by incubated
adipose tissue from n!iabetic rats (16( and

time plasma FFA concentration of diabetic
dogs (26). However timis indicates very
little about the cause of time elevaterl lipol-

ysis in diabetic animnals since nicot-inic acid

is a nonspecific inimibitor of hpolysis. Stock

and Westernmann (22) imave also notenl timat

nicotinic acid blocked time acceleration of
fatty acid mobilization in vivo by a wide

variety of substances.
In time present experinments time ren!umetiomm

in fatty acid release seen in time presence

of nicotinic acid was due to a rhmect in-
imibitory effect of timis (lrug on lipolysis even

thougim time cells were incumbated in time

presence of glucose (Table 5). Previoumsiy
it was observer! timat insulin han! a simmmilar
antilipolytic effect in cells incuibated with
glucose (17). A further sinmilamity in time

action of nicotinic acirl (Table 5) ann!

insulin (17) is time finding timat botim
suibstances blocked the lipolytic action

of growth hormone and rlexamet-hmasone
wimetimer added at time start of time 4-hi

incubation period or 2 imr later. Actino-

mycin is anotimer compound wimichm inimibits

the hipolytic action of growthm imormone and

dexamnethm asone, but actinommmycin inimii)its

only if added at time start of the 4-imr in-
cubation period and not- if ad(!ed 2 imr later

(1).
Time findiimg t-imat time effects of pimenoxy-

benzanmine ann! of DCB on time hipolytic

action of epinephrine and ACTH are dif-
ferent from timose on timat of growtlm

imormnone and dexamethasone deimmonstrates
furtimer differences between time action of

these imormones. Previously it was foun!

that the onset of the hipolytic action of

ACTH and e�)inephmmine is mumcim faster timarm

t-imat of growtim hmormone and dexamethasone

( 1 ) . Time stiimmulat-ion of hi�)olysis by growth

Imorimmone and dexanmet-imasone is blocked by

aetinoinycin or puromycin wimile timat of
ACTH (1) and epinepimmine (Table 6) is
umnaffected by timese commmpoun(ls. Time slow

onset in time hipolytic action of growthm

imormmmone and dexainethasone amm(l time in-

hmil)itory effect- of actinoimmycin and puro-
mmmycin on timis l)ioc(�ss suggest timat syntime-
sis of RNA ann! protein immoleeules immay be

reniumiren! before t riglyceride h’vn!rolysis is

accelerated. In coimtrast, time activation of

lipolysis by ACTH or e�)inepi1rine oc(uims
rapidly and is not inhmibited by ac.tinoimmycin

or puirommmycin, inrlicating t-hmat time nmechma-

nismmms by wimiclm ACTH ann! epinephrine

acti\ate hipolysis ate quite rlifferent from

those for growth imorumone and c!exanmetlma-

.�one.
Time fact- that propranolol selectively iim-

Imibited time lipolytie action of epinephrine
� commmpared to that of ACTH imlicates

timat immecimanismmms by wimich timese imormones

produicr a rapid acceleration of hi�)olysis
are not ir!enticah. These resumits are in agree-

mnent- witim timose of Stock and Westernmann

(22), wimo founr! that 1-nmethmylpimenoxy-3-
isopropylaminopropanol-2 1)locken! time lipo-

lvtic effect of epinepimrine at concentrations
which imad no effect on time hipo!ytic action
of ACTH. Catecimolanmines appear to react

withm time beta adlrenergic receptor in fat

cells wimile ACTH reacts at a quite lifferent

receptor site. Timese results also rule omit

any immeehanistmm for acceleration of hipolysis

1w ACTH wimich involves release of cate-
chmolainines stored in the fat cell.

There is at least one common feature iim
time mechanisms by which growthm hormmmone

and dexamethasone, epinephrine, and
ACTH increase hipolysis. Theophylhine po-

tentiated time lipolvtic action of ACTI!
(Fig. 2) ann! of growth hormone ann! dexa-
methasone (Figs. 1 ammd 2). A similar effect
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of caffeine, wimicim like t-hmeophyhiine is a
nmethyl xantimine compouind, on time lipoiytic

effect of catecimolamines imas been reported
(18, 19). Time mctimvl xanthmines are potent
inimibitors of time pimosphodiesterase whmich

inactivates cyclic 3’,5’-AMP (27), ann

Rizack postulaten! timat catecimolaimmines ann!

ACTH activate a triglyceride hipase by

increasing time conversion of ATP to cyclic

AMP (28). Recently Buitcimer and asso-

ciates (19) lmave shmown timat time concen-
tration of cyclic 3’,5’-AMP iim arlipose
tissue is increaser! by epineplmrine ann! that

caffeine potentiaten! time effect of epinephm-
rine on botim fatty acid release and accumu-

lation of cyclic 3’,5’-Ai\-IP in an!ipose tissue.
The addition of N6-2’-O-dibuityryl cyclic

3’,5’-AMP, an analog of cyclic 3’,S’-AMP,

increased fatty acid release by isolated fat
cells (19). Timeir results strongly implicate

3’,S’ cyclic AMP in time hipolytic action of

epinephmrine. Time present experiments in(!i-
cate thmat if t-heophmylhine is acting solely by

increasing time concentiation of 3’,S’ cyclic
AMP, then time lipolytic action of growthm

hormone and dexametimasone can also i)e

potentiated by cyclic AMP.
Table 7 suummimmarizes the effects of various

(1) ammn! of puronmycin on time lipolytic
action of epinephrine (29). The selective

effects of many of time n!rugs inrlicate quite

distinct differences in time mecimanisms by
whicim timese hormones accelerate hipolysis.
On time basis of time available informmmation

we suggest that these hormones accelerate

hipolysis by the following immechanisms:

Catecimolamines interact witim a classical
beta ar!renergic receptor resulting imm an in-

creased formation of cyclic 3’,S’-AMP

wimicim rapidly activates a triglycerinle

lipase. ACTH mmmay act simmmi!arly i)ut does
not react withm the same receptor site as

catechmolamines. Time stimulation of hipoly-
sis by growtim imormmmone and glucocorticoin!s

occuirs after a lag period of approximately

1-2 imr and appears to i)e me(!iated timroughm
a immechanism involving RNA and protein
syntimesis. Time protein or proteins whmose

syntimesis is stirnumlateni by growth Imormnone

and! glucocorticoids accelerates lipolysis by
a process wimicim is potentiated by cyclic
3’,S’-AMP.
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