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Abstract-l. The partial /I-adrcnergic agonist and catccholamine analoguc. quintet-cnol ( I-(5-(X-h~dro\!- 
quinolyl)-2-isopropylaminoethanol) was exammed for its ctfects on adipose tissue metaholim IN / irrrj. 
The drug promoted glycerol release from isolated fat cells in a dose-depcndcnt hyporholic manna! 
with a maximum effect at IO-” M. 2. Quintcrcnol promoted an enhanccmcnt ol’ lipolysis stimulated 
by a serum fat-mobilizing factor (lipolqsin) over a narrow dose range (IO- ’ M to 10Y5 M) and produced 
a similar narrow-band enhancement (at the single dose of IO ’ Ml of noradrcnnllllc-~timulatcd lipol>sis. 
This synergism has been interpreted as phosphodiestcrasc inhihitot-4 activity. 3. Propranolol at IO .’ 
M totally inhibited both noradrcnaline (IO- ’ M) and quintercnol (IO-” MI-induced lipolysis: and 
had reduced, though still significant effects. when at IO-“ M. It is suggcstcd that quintcrcnol promotes 
lipolysis via the cyclic AMP system in similar- fashion to not-adrcnalinc. 3. Quintcrcnol alone ~vas 
not able to enhance the incorporation of [U-‘“C]glucose into total fat ccl1 lipid. Houclcr. quintcl-cnol 
did further stimulate insulin-induced lipid synthesis in fat cells obtumcd from both fasted and kd 
rats. 

Many /3-adrenergic blocking agents bear a structural 
resemblance to the beta agonist isoprenaline (isopro- 
terenol). It has been suggested [l] that the side chain 
isopropyl-substituted secondary amine probably 
determines interaction with b receptors whereas the 
substituents on the aromatic ring(s) determine 
agonism or antagonism. Because of this close struc- 
tural similarity, some /&blocking compounds show 
partial agonist activity (e.g., dichloroisoprotercnol. 
pronethalol). A 5-(8-hydroxyquinoline) analoguc of 
the catecholamines, quinterenol (I-(5-(S-hydroxy- 
quinolyl))-2-isopropylaminoethanol) initially shown to 
be a fl-adrenergic stimulant [2,3] but subsequently 
shown to have p-stimulatory and P-blocking effects 
[4], would appear to be one of these partial agonist 
types of compound. Iorio and Moore (1971) [4] 
showed that quinterenol-induced free fatty acid (FFA) 
release from adipose tissue incubated i/l vitro was 

positively dose-related from 5.4 x IO-” M to 
5.4 x 10m5 M, but at 5.4 x IO-” M. auto-inhibition 
occurred. Because of these interesting effects on adi- 
pose tissue, an investigation was made of quinterenol 
on basal and hormone-induced fat cell lipolysis. irl 
vitro. in the presence and absence of the /&blocking 
compound propranol; and on incorporation of 
[U14C]glucose into total fat cell lipid. 

MATERIALS AND METHODS 

uL-Propranolol was kindly provided by Imperial 
Chemical Industries Limited. Quinterenol hydrochlo- 
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ride. a gift from Pti7cr Incorporated. is reputedly un- 
stable in solution (Jones. E. R. M.. personal communi- 
cation. 1972) thcrcforo. various physico-chemical tests 
wcrc performed to investigate this. [U-‘sC]glucosc 
was obtained from the Radiochemical Ccntrc. Amer- 
sham. Bucks. 

Isolated filt cells Mere prepared in Krcbs Ringer 
bicarbonate buffer (containing albumin 3.5 g 100 ml 
and glucose 45 mg:lOO ml) at pH 7.3 by collagenase 
digestion of epididymal adipose tissue obtained from 
male Sprague-Dawley rats weighing I90 210 g 151. 
Aliquots of f;tt ccl1 suspension (equivalent to approxi- 
mately 4 /Imoles of triglyceride per flask) derived from 
fasted rats. wcrc incubated in buRcr. with or v+ithout 
noradrenaline ( lOma M). strum ( I.1 ml ~CI- vial). pro- 
panolol. in the prcscncc and absence of quintcrenol. 
for 90 min in a shaking water bath at 37 C. 

Glycerol release was employed as an index of lipo- 
lysis and was measured by an enzymatic method [6] 
as described previously 171. Lipolysis was expressed 
as nmole of glycerol rclcascdmg lipid during 90 min 
incubation. Total lipid was detcrmincd by a tcchniquc 
[S] modified from Folch. Lees and Sloan-StanIcy [9]. 
In other experiments fat cells from fasted or fed rats 
u L’I.C~ 1ncuhat~4 \vith tracer doses of [[I “C~gl~~cose 
and quinterenol (at IO ’ M or 10~ (’ M) in the pres- 
ence and ubscncc of insulin (I CM) micro units ml ‘). 
Incorporation of the tracer amounts of [V “C]glu- 
case into total f;it was cmploycd as a mcasurc of ccl1 
lipid synthesis. Lipid \+as extracted from the fat cells 
as described previously [8] using chloroform.meth- 
anol. an aliquot evaporated. the lipid rcsiduc taken 
up in tolucnc phosphor and radioactivity was 
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mcasurcd in ;I I’ackard Tricarh model 2450 spectr- 

omcter. 

There ws no change in the II.\. spectrum of qttin- 
tcrcnol solutions at pH 7. after cxposurc to light for 
70 hr. 0.1 N HCI for 40 hr. or carbonatc~bicarbonate 
hulk (pH IO) for I2 hr. 

Fig. I indicates that there is ;I dose-r&ted increase 
of basal glycerol rclcase with maximum cfkct at th2 
highest drug ttscd. i.e. IO ’ M. Both noradrenalinc 
and the serum fiti-mobiliktg titctot- (I! pol~sin) pro- 
duccd it significant (P < 0.01 I &cation of glycerol rc- 
Icasc aho~c the no-drug control value. W’hen qtlinter- 
cnol was also present there w;tb an ttnexpcctcd sjncr- 
gism in both c;tscs. With noradrcnalinc this occurred 
at IO ’ M. and M ith lipolqsin between IO ’ M and 
IO ’ M. 

The data in Table I show that propanolol at IO ’ 
M strongly inhibited the lipolylic olkct of noradrcna 
lint (IO-’ M) and quintcrenol (IO ’ M). and al IO ” 
M thcrc ux ;I stnallcr but still significant rcdttction 
in the glycerol release provoked by thcsc lipolytic 
agonists. 

From Table 2 it can bc seen that. ovzrall. total 
lipid s~nthcsis was grcatcr in fat cells from fed rats 
than in cells from fasted rats. In all cases thcrc was 
;I significant cnhancemcnt of glttcosc incorporation in 
the prcscncc of insulin: whereas the prcscnce of qttin- 
terenol alone. ;tt IO ” M or IO- ‘. manifested no sig- 
nificant cffccts on total lipid synthesis. OnI) in fat 
cells from fed rats (and in the prescncc of insulin) 
did Ihc higher concentration of qttinterenol have con- 
spicttottslq’ greater cffccts than when at IO -” M. 

Since the earliest publications of the hctn adrcno- 
ccplor activity of qttintercnol on muscle [2. 31. onI!, 
one published investigation had dealt with the activit!, 
of this drug in connection with adipose tissue [3]. 
as mentioned abo\c. The results reported here appatr 
to be somewhat ;tt variance with those of lorio and 
Moot-c [4] who found auto-inhibition by qttintcrcnol 
at 5 x I()-’ M on rat cpididynal adipose tissue 
pieces. whereas at I x 10~’ M. the rcsttlts of this 
stttdy ttsing isolated frtt cells. indicated maximum 
stimttlation. Since picccs of adipose tissue wcrc used. 

T:iblc I. Elfccts of propr;molol 011 noradrcnalmc- and quintcrcnol-indtlccd lipol!\is in lilt 

cells ohtaincd from filsted rats 

Tahlc 2. t:(kcts of quintcrcnol and insulin on the mcorporntion of [U-‘JC]glucoae into fut cell lipid 

C‘ontrol IO I’ M IO ‘M 

Source of 1nsul111 Itlsulttl Itlsilllll Itlsulill lllsllllt1 In\Lllin 

f?t cells ‘ ahscnt pruscnt ahsct1t prwxt absent present 

__~ 

Futcd txts 747 i 37 1737 i 14*** 995 * x0* 146X f 13x** 703 & 25 2310 * 10x*** 

Fed riits 1x12 + 303 2563 i 76 1403 + 49 252x 2 63 I962 * l-l5 4oG5 i 22 I ** 
_ 

Data ;wc cpm per 50 mg of bit ccl1 lipid. IT~GUI of 3 obser\atlons i_ S.F.M. Significance of dilk~-cncc from Iupcctibc 

control \alucs: *P i 0.05. **P < 0~01. *x’*P < 0001 



(l-(5-(8-Hydroxyquinolyl))-2-isopropyl~~minoeth~nol~ JI I 

which manifest in do a low surface area to volume 
ratio. it is possible that the observed auto-inhibition 
of lipolysis was due to intracellular accretion of FFA 
and this produced the inhibition. With isolated fat 
cells where each cell presents a large surface to the 
medium. the total surface area to volume ratio is con- 
siderably increased. allowing maximum passage of 
chemical substances. 

The non-additive effects in glycerol release pro- 
voked by quinterenol at IO-” M. 10m4 M and 10. 3 
M in the presence of noradrenaline suggest that quin- 
terenol and noradrenaline are working through the 
common mechanism of P-adrcnergic stimulation. 
adenyl cyclase activity and cyclic AMP formation. 
The large increment in physiological response (syner- 
gism) at the single drug dose level of IO-’ M is com- 
patible with phosphodiestcrase inhibition as the 
cause. since many phosphodiesterasc inhibitors are 
only active in this context over very narrow dose 
range. The narrow dose range of activity of quinter- 
cnol in enhancing lypolysin activity may also be due 
to phosphodiesterase inhibition. The effects of pro- 
pranolol at lO-3 M in reducing both noradrenaline 
and quintercnol-induced lipolysis to control values 
but having a similarly lesser effect when at lo-” M 
are also compatible with a common mechanism of 
noradrenaline- and quinterenol-induced fat cell lipo- 
lysis. 

The fact that quinterenol could not. of itself. stimu- 
late total lipid synthesis whereas the compound did 
further enhance insulin-stimulated lipid synthesis, epi- 
tomizes its partial agonist nature. It has been sug- 
gested [7]. that when cyclic AMP (CAMP) is gener- 
ated 1~1 a noradrenaline stimulus different functions 

of the cyclic AMP structure are responsihlc. respcct- 
ivcly. in lipolysis and lipogenesis. However. Goldman 
and coworkers [IO] maintain the theory of Dualism 
or the Yin-Yang hypothesis of CAMP and cyclic 
GMP (cGMP) having oqual and opposite effects. It 
is conceivable therefore that the partial agonist 
character is due to stimulation of both CAMP and 
cGMP simultaneously. resulting in a physiologic an- 
tagonism. 
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