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Recent evidence indicated that several hormones elevate the cellular ccn- 

centration of adenosine 3',5'-monophosphate (cyclic AMP) in the hormone ssnsi- 

tivs tissues through an activation of adenyl cyclase (Sutherland et al., 1965). 

The lipolysis induced by the hormones in adipose tissue (cells) is due to an 

activated lipase mediatedby the cyclic nucleotids (Sutherland et al., 1965; 

Weiss et al., 1966; Butcher, 1966; Rizack, 1961, 1964). The effects of valino- 

mycin and several other "ionophorous" antibiotics on natural and artificial 

msmbrsnes, and consequently their effects on ion transport, sre well docu- 

mented (Pressman et&., 1967; Moore and Pressman, 1964; Pressman, 1965; 

Mueller and Rudin, 1967). Since adenyl cyclsse occurs in the plasma membrane 

of adipose cells (Sutherland et al., 1965:, Taunton et al., 1967; Rodbell, 1967 

; Kuo, 1968), as in liver (Sutherland et al., 1965;; Juugss and Ball, 1963), 

erythrccytes (Sutherland & a., 1965; Davora and Sutherland, 1963)s ad 

adrenal cells (Taunton et al., 1967), it seemed that a possible interaction 

of the antibiotics with the adipose cells may affect adenyl cyclde, and thus 

inhibit Upolysis. 

By a direct measurement of the fcaunation of cyclic AMP-~- % in &pose 

cells prelabeled with adenine-8- % it is shown that the sntilipolytic 

action of valinoIllycin and nonactin was at least in part due to the inhibition 

of adenyl cyclase. Phosphodiesterase was not affected. 
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MEXRODS 

Preparation of isolated adipose cells from rat epididymsl fat pads and 

determination of free fatty acid released by incubated cells were perfarmed 

according to the method of Rodbell (196&), with some modifications (Kuo et al., 

1966, 1967). 

Adenyl cyclase was assayed by measuring the formation of cyclic AMP-& % 

in free adipocytes that were preincubated with adenine-8- l-llc and glucose, as 

described below: Pooled fat pads from 15 male Sprague-Dawley rats weighing 150 

g, were incubated for 1.5 h, at 37', with shaking, in k ml Krebs-Ringer bicar- 

bonate buffs, pH 7.4, containing 160 mg dialyzed bovine serum albumin, LO 

poles glucose, and 20 pC adenine-8-14C (55.5 DC per mmole, Schwarz). Another 

40 pmoles glucose and 1OnC adenine-8-l% were then added to the incubation 

mixture together with 7 mg collagenase (Worthington). The digestion was com- 

pleted in 40 min. The dispersed adipocytes were filtered through a nylon 

cloth, and were washed free of exoess adenined- % withbuffer, andfinally 

suspended in 100 ml bicarbonate-albumin medium made to 10 wM theopwlline. One 

ml aliquots of the adipocyte suspension were incubated fcr 15 min at 37', with 

shaking. The raction was terminated by the addition of 0.5 ml of 5% trichloro- 

acetic acid (TCA). The cells were ruptured by mixing with a Vortex Jr. mixer. 

cyclic AMP-~- 14 C in the 'EA- supernatant was isolated, without passage through 

Dowex resin, by the BaSO4 method of Krishna, as described by Bodbell (1967). 

About 8% of the starting radioactivity (30~10~ cpm) was found in the TCA- 

supernatant, of which about l@ was recwered in the cyclic nucleotide fraction. 

The cyclic nucleotide represented exclusively the radioactivity presented in 

the BaSOb-supernatant, as verified by paper chromatography (HO fi &., 1967). 

Phosphodiesterase was assayed by the method of Ho et a.(l967). 

RRSULTS AND DISCUSSION 

As shcwn in Fig. 1, valinomycin, a cyclodepsipeptide, and nonaotin, a 

cyclic nmcrotetrolide, inhibited about 85% of the norepinephrine-induced 
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Fig. 1. Concentration-dependent inhibition of the norepinephrine-induced 
lipolysis by some antibiotics in isolated adipose cells. Adipocytes were incu- 
bated for 2 h in 1 ml bicarbonate-albumin medium, in the presence of 0.2~ 
norepinephrine, and varying concentrations of antibiotics, as indicated. Each 
treatment was performed in triplicate and the mesns are presented. 

lipolysis at 1 @I end 10 JIM, respectively. Staphylomycin, another cyclodepsi- 

peptide antibiotic, and some cyclic polypeptide antibiotics, such as gramici- 

din S, and collistin sulfate, were also tested, and showed little or no effect 

up to IL0 JIM. Cliotoxin, a cyclic dipeptide derivative, and 3,6-diisopropyl- 

2,!%diketomorpholine (DIDKH), the smallest cyclodepsipeptide possible, were 

also leas effective. VziLinomycin and nonactin also blocked lipolysis mediated 

by corticotropin, or by caffeine and theophylline (Table 1). 
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TABLE 1 

INHIBITORY EFFECTS OF VALINOMYCIN AND NONACTIN ON LIPOLYSIS 

INDUCED BY NOREPINEPHRINE, CORTICOTROPIN, CAFFEINE, OR THEOPHYUINE 

Free fatty acid released (Anequiv/g cells/2 h) 
Antibiotics Norepi- Cortico- Theo- 

nephrine tropin Caffeine 
-. (O.l&iiL) (O.lpg/llil) 

phylline 
(1 Im) (0.5 mM) 

None 55.5 i 1.8 57.3 ,+ 2.4 54.6 k 2.k 52.6 + 1.1 

Valinonyycin, 1nM 13.0 * 1.5 10.2 f 1.4 9.1 2 0.6 10.5' t 0.8 

Nonactin, 10 $4 14.2 2 0.5 11.2 f 1.5 14.0 ,+ 0.8 15.2 f 0.5 

Experimental conditions were the same as for Fig. 1. Each treatment was 
performed in triplicate and the means (-+ S. E.) are presented. 

As shown in Table 2, norepinephrine elevated cyclic AMP levels in adipose 

cells, and such elevation was reduced by vslinomycin and nonactin. Grsmicidin 

S, which showed little inhibition of the norepinephrine-induced lipolysis 

(Fig. 11, exerted no significant effect on the elevated cyclic AMP levels. 

Similar results were also obtained when corticotropin was employed instead 

of norepinephrine. Even though the quantity of cyclic AMP isolated was not 

TABLE 2 

COMPARISON OF THE EFFECTS OF VALINCMYCIN, NONACTIE AED GRAMICIDIN S 

ON CYCLIC AMP LEVELS IN ISOLATED ADIPOSE CELLS 

Antibiotics 
Accumulation of cyclic AMP-B- % (cm/g cells) 

Norepinephrine 
Control (0.1 pg/&) 

Norepinephrine 
(1.0 p&ll) 

None 25,800 .t 1,160 82,040 + 5,400 I42,280 f 3,080 

Valinomycin, 19 25,300 f 1,310 40,010 ,+ 2,100 68,610 * 3,600 

Nonactin, lop 25,550 2 1,190 48,510 ,+ 4,200 76,500 ,+ 1,800 

Gramicidin S, 1 mM 25,400 i 1,170 80,890 f 1,250 I40,950 f 1,890 

Isolated adipose cells were incubated for 15 min with 10 mM theophyll- 
ine in the presence or absence of norepinephrine. The radioactivity found in 
the cyclic nucleotide fraction at zero time was 9,360 f 100 cpn per g cells. 
Each treatment was perfumed in triplicate and the means (,+ S. E.) are pre- 
sented. 
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determined, the cyclic AEP-~-~ formed by isolated adipose cells that were 

preincubated with sdenine-8- 14 C, permitted a simple and sensitive assay for 

adenylcyclase directlyinthe cells. 

The possibility that the antilipolytic action of vslincmy'cin and nonactin 

is due to an activation of phcsphodiesterase is excluded, since the antibio- 

tics were without effect on the disappearance of O.Ol$ uniformly labeled 

cyclic AMP- % (53.8 mC P er mmole, New England Nuclear) incubated for 30 min 

with tissue or cell homogenate in 1 nil. reaction ndxture. 

Whether the inhibitory effect of valin0nrIyci.n and nonactin on ads@ 

cyclase is due to direct antibiotic-membrane interacti~s, or changes in the 

ion environment as a result of such interaction, is still not clear. 
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