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Abstract The aim  of  this study was to define  the role of the 
a-adrenergic  receptor in the regulation of  lipolysis by hu- 
man adipocytes. Glycerol production by isolated human adi- 
pocytes was stimulated by the pure @-adrenergic agonist 
isoproterenol in a  dose-dependent fashion. This stimulation 
of  lipolysis was inhibited by the  a-adrenergic agonists 
methoxamine, phenylephrine,  and clonidine. Epinephrine- 
stimulated lipolysis was potentiated by the  a-adrenergic  an- 
tagonists, dihydroergocryptine, phentolamine, phenoxy- 
benzamine, and yohimbine. Whereas the  attenuation of 
@-adrenergic agonist-stimulated lipolysis by a-adrenergic 
agonists was reversed completely by the  a*-adrenergic 
antagonist yohimbine, the a,-antagonist prazosin did not 
reverse such attenuati0n.l It is concluded that  a-adren- 
ergic agonists act  as antilipolytic agents in human adipocytes 
and  that this action may result from  the interaction of these 
compounds with a population of a,-adrenergic receptors. 
"Wright, E.  E., and E. R. Simpson. Inhibition of the lipo- 
lytic action of @-adrenergic agonists in human adipocytes 
by a-adrenergic agonists.]. LapidRes. 1981.22: 1265- 1270. 
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The presence of a-adrenergic receptors in human 
subcutaneous tissue was suggested first by Burns and 
Langley (1) and  Burns, Langley, and Robison (2) who 
found  that  the  rate of  lipolysis stimulated by epi- 
nephrine in human adipocytes was much  less than  the 
rate of isoproterenol-stimulated lipolysis. In this re- 
gard, it is important to note  that  human adipocytes 
contain a large population of a-adrenergic receptors 
as  well  as P-adrenergic receptors (3-9). Previously 
we found  that  the binding capacity of human adipo- 
cytes for a-adrenergic ligands was approximately  seven 
times that of the binding capacity  of these cells for 
&adrenergic ligands ( 10). The presence of a large pop- 
ulation of a,-adrenergic receptors in  human  fat cells 
was confirmed by studies of the binding of r3H]dihy- 
droergocryptine (DHEC) and [3H]p-aminoclonidine 

(PAC)  to preparations of  plasma  membranes  of human 
adipocytes. 

The presence of a high concentration of a,-adrener- 
gic receptors on the surface of human adipocytes may 
provide an explanation for  the relatively  small stimu- 
lation of  lipolysis that is elicited by epinephrine com- 
pared to that which  is  elicited by isoproterenol. It has 
been suggested that  the  a-adrenergic receptor may 
mediate an antilipolytic  action (1,2,11- 15) and it has 
been observed that  the  a-adrenergic agonists, methox- 
amine and  phenylephrine,  attenuate  the stimulation 
of  lipolysis  elicited by P-agonists in hamster adipocytes 
(14- 16).  Since epinephrine is a mixed a- and /I-adren- 
ergic agonist, the net lipolytic  action  of epinephrine 
could  be expected, therefore, to  be  less than that of 
isoproterenol, a  pure &agonist. Indeed, phentolamine, 
an a-adrenergicant agonist, potentiated the lipolytic 
action  of epinephrine in human adipocytes (1). Similar 
results were obtained using hamster adipocytes and 
norepinephrine  (1 1, 12). 

To investigate further the role of a-adrenergic  re- 
ceptor-mediated phenomena in the regulation of  lipid 
metabolism in human adipocytes, the present study 
was conducted to evaluate the effects of the  a-adren- 
ergic agonists, clonidine, methoxamine, and phenyl- 
ephrine,  and those of the  a-adrenergic antagonists, 
phentolamine, yohimbine, prazosin, and phenoxy- 
benzamine on lipolysis in these cells. Portions of this 
work  have appeared in abstract form  (17). 

METHODS 

Human adipose tissue was obtained from  the  an- 
terior abdominal wall of women undergoing elective 
laparotomy. Adipocytes  were dispersed by the method 

Abbreviations: DHEC, dihydroergocryptine; PAC, p-amino- 
clonidine. 
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of Rodbell (18). T h e  tissue was finely minced at  room 
temperature and then incubated in 2 ml of Krebs- 
phosphate buffer, p H  7.4, containing bovine serum 
albumin ((4% wh),  BSA; Miles Pentex, fraction V), 
and 1 mg of collagenase (CLS grade, Millipore Cor- 
poration, Freehold, NJ) per gram wet weight of tissue 
for 1 h r  at  37°C in a shaking incubator. T h e  cell sus- 
pension was filtered through fine mesh nylon. T h e  
adipocytes were washed three times in Krebs-phos- 
phate-BSA buffer. T h e  number of cells in an aliquot 
was quantified using a hemocytometer. T h e  cells were 
resuspended in Krebs-phosphate-BSA buffer to a 
final concentration of 1 x lo6 adipocytes per ml of 
buffer. Aliquots ( 1  ml) of the suspension of adipo- 
cytes were placed into plastic tubes and the various 
agonists and antagonists were added to the incubation 
buffer to achieve concentrations as indicated in the 
text. T h e  adipocytes were incubated at  37°C for 1 hr  
in a shaking incubator in an atmosphere of 0, (95%), 
CO, (5%). Following incubation, an  aliquot (0.5 ml) 
of buffer infranatant fluid was removed from each 
incubation mixture for measurement of the amount 
of glycerol released from the cells. Glycerol was meas- 
ured by monitoring NADH generation according to a 
modified version of the enzymatic method of Wieland 
(19). T h e  assay was conducted in a final volume of 3.0 
ml per assay tube. All measurements were performed 
in duplicate and each experiment was conducted at 
least twice with similar results. 

Epinephrine bitartrate, L-isoproterenol hydro- 
chloride, L-phenylephrine hydrochloride, and yohim- 
bine hydrochloride were obtained from Sigma Chem- 
ical Company, St. Louis, MO. Phentolamine mesylate 
was obtained from CIBA, Summit, NJ. L-Propranolol 
hydrochloride was obtained from Ayerst Laboratories 
Inc., New York, NY. Clonidine hydrochloride, meth- 
oxamine hydrochloride, prazosin hydrochloride and 
phenoxybenzamine were gifts from Dr. Ladislav Kru- 
lich, Department of Physiology, University of Texas 
Health Science Center at  Dallas. Dihydroergocryptine 
was obtained from Sandoz Pharmaceuticals, East Han- 
over, NJ. Glycerol kinase, glycerol-3-phosphate dehy- 
drogenase, NAD free acid (Grade I ,  loo%), and ATP, 
crystalline disodium salt, were obtained from Boeh- 
ringer Mannheim, Indianapolis, IN. Stock solutions 
were preparecl immediately before use and all com- 
pounds were dissolved in water. 

KESULTS 

Previously, i t  was shown by other investigators ( 1) 
that lipolysis stimulated by epinephrine in human adi- 
pocytes can be potentiated by the a-adrenergic an- 
tagonist phentolamine. These results are  indicative 
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Fig. 1. Effect of a-adrenergic antagonists on epinephrine- and 
isoproterenol-stimulated lipolysis. Glycerol formation is expressed 
as mg x IO6 adipocytes-' x hr-'. Values shown are the average of 
duplicate determinations. Thecontrol (basal) value is that found for 
lipolysis in untreated cells. Concentrations o f  the agents used were: 
epinephrine (epi), I x M ;  isoproterenol (iso). 1 x IO-" M; 
DHEC, 8.1 x M; phentolamine (phentol). 8.1 x IO+ M; 
phenoxyhenzamine (phenoxy), 8. I x M ;  yohimbine (yohim), 
8.1 x M. 

that the a-adrenergic receptors present in human adi- 
pocytes may modulate an antilipolytic action. T h e  po- 
tentiation of epinephrine-stimulated lipolysis by 
a-adrenergic antagonists was examined more tho- 
roughly and the results of these studies a re  presented 
in Fig. 1. T h e  a-adrenergic antagonists DHEC, 
phentolamine, phenoxybenzamine, and yohimbine, 
each at  a concentration at 8.1 x M, enhanced 
the lipolytic response of human adipocytes to epineph- 
rine ( 1  x M). Whereas all of the a-adrenergic 
antagonists potentiated the lipolytic stimulation by 
epinephrine, the a,-adrenergic antagonist yohimbine 
and mixed antagonist phentolamine were more effec- 
tive potentiating agents than were the mixed antagonist 
DHEC or the a,-antagonist phenoxybenzamine. 
Phentolamine had little or no effect on lipolysis stim- 
ulated by isoproterenol ( 1  x I O +  M), a pure P-ago- 
nist. None of the antagonists affected basal rates of 
lipolysis. 

T h e  finding of a large population of a-adrenergic 
receptors in human adipocytes (10) was suggestive of 
the possibility that a-adrenergic agonists such as cloni- 
dine, methoxamine, or phenylephrine would inhibit 
the stimulation of lipolysis brought about by pure 
P-adrenergic agonists. T h e  stimulation of lipolysis 
induced by isoproterenol in various concentrations 
in the presence or absence of clonidine (8.1 x 10+ M) 
is shown in Fig. 2A. In the absence of clonidine, the 
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Fig. 2. A.  Effect of  clonidineon  isoproterenol-stimulated lipolysis. B. Effect  of methoxamine  on  isoproterenol-stimulated lipolysis. C. Effect 
of  phenylephrine  on  isoproterenol-stimulated lipolysis by human adipocytes. Glycerol formation is expressed as mg X lo6 
adipocytes" X hr". Each point is the  average value of  duplicate  determinations. The control (basal)  value is that  found  for lipolysis in un- 
treated cells. The  concentration of all agonists was 8.1 X M .  

half-maximum  stimulation of lipolysis brought  about 
by isoproterenol was achieved  at  a  concentration of 
isoproterenol of approximately  2.5 x M. In  the 
presence of clonidine,  the  concentration of isopro- 
terenol  required  to achieve  half-maximal  stimulation 
of lipolysis increased  to 4.7 x M. Inhibition of 
isoproterenol-stimulated lipolysis by clonidine was 
overcome as the  concentration of isoproterenol was 
increased.  In  both  the  presence  and absence of cloni- 
dine,  isoproterenol in high  concentrations  inhibited 
lipolysis, presumably  because  isoproterenol  binds with 
low affinity to a-adrenergic  receptors (IO) which may 
mediate an antilipolytic effect. In similar experiments 
using  methoxamine  (8.1 x 1O- j  M, Fig. 2B) and  phen- 
ylephrine  (8.1 x M, Fig. 2C) as  a-adrenergic 
agonists,  isoproterenol-stimulated lipolysis was at- 
tenuated. The concentration  of  isoproterenol  that was 
required  to achieve  half-maximum  stimulation of 
lipolysis, in the absence of methoxamine  and phenyl- 
ephrine, was 5.0 x M, whereas  in the  presence 
of methoxamine and  phenylephrine it was 3.2 X low7 
M and 7.5 x lop7 M, respectively. As in  the case of 
clonidine,  in  both the  presence  and absence of the 
a-agonists  methoxamine and  phenylephrine,  high 
concentrations of isoproterenol were inhibitory of 
lipolysis. 

The effects of these a-adrenergic agonists, in vari- 
ous  concentrations,  on lipolysis stimulated by isopro- 
terenol (1 x lop7 M) are depicted  in Fig. 3. In each 
case, lipolysis was inhibited  as the  concentration of the 

a-adrenergic agonist was increased.  Clonidine  and 
methoxamine were more effective inhibitory  agents 
than  phenylephrine.  Inhibition of lipolysis by cloni- 
dine  and  methoxamine was first detected with agonist 
concentrations of 2.2 x 10"j M and 4.6 x M, re- 
spectively. Inhibition by phenylephrine was first de- 
tectable at  a ten-fold higher  concentration of agonist, 
namely 2.2 x M. 

It is apparent  that  a-adrenergic antagonists cause 
a  marked  enhancement of epinephrine-stimulated 
lipolysis in human adipocytes. This  finding  can be 
interpreted  to  mean  that these  antagonists block the 
a-adrenergic action of epinephrine  and  that  through 
such  a  process the inhibitory component of epineph- 
rine  action on lipolysis can be overcome.  Conse- 
quently, we elected  to  ascertain  whether a-adrenergic 
antagonists  such as yohimbine and prazosin would 
block the inhibitory action of a-adrenergic agonists 
on isoproterenol-stimulated lipolysis. The adipocytes 
were incubated with isoproterenol  (1 X M), and 
clonidine  in  various  concentrations in  the absence and 
presence of yohimbine  (8.1 x 10-5 M), an  a2-adrener- 
gic antagonist (Fig. 4A). Yohimbine effectively re- 
versed the inhibitory effect of clonidine  on lipolysis 
stimulated by isoproterenol.  When  prazosin  (8.1 
x M), an  a,-adrenergic  antagonist, was substi- 
tuted  for yohimbine  (Fig. 4B),  there was no block  of 
the inhibitory action of clonidine,  although yohim- 
bine at  the same  concentration was effective in revers- 
ing  the action of clonidine. 
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Fig. 3. Effect of clonidine, methoxamine and phenylephrine on 
isoproterenol-stimulated lipolysis.  Glycerol fopmation is expressed 
as mg X los adipocytes-' X hr-l. Each point is the average of 
duplicate  determinations. The concentration of isoproterenol was 
1 X 10" M. 

DISCUSSION 

The results of this study are indicative that  the a2- 
adrenergic  agonist  clonidine,  and  the  a,-adrenergic 
agonists methoxamine  and  phenylephrine,  attenuate 
the stimulation  of lipolysis elicited by isoproterenol, 
a  @-adrenergic  agonist, in human adipocytes (Figs. 
2A, 2B, 2C, 3,4A,  and 4B). It was observed (Figs. 2 and 
3) that  clonidine and methoxamine were slightly more 
effective inhibitory  agents  than  phenylephrine. The 
inhibition of lipolysis by clonidine and methoxamine 
was overcome by isoproterenol in high  concentra- 
tions. Moreover,  isoproterenol  alone,  at  high  con- 
centrations, also  may have acted to inhibit lipolysis 
by virtue of its weak interaction with a-adrenergic 
receptors (10). 

As was shown by Burns and Langley (1) and again 
in the  present  study (Fig. I), a-adrenergic antagopists 
potentiate the lipolytic action of  epinephrine  on 
human adipocytes. It would seem a logical supposition 
that  a-adrenergic antagonists would reverse  the a- 
adrenergic  agonist-induced  inhibition of lipolysis 
stimulated by isoproterenol. Indeed, yohimbine, an 
a,-adrenergic  antagonist was effective in the complete 
reversal of  the inhibitory effect of clonidine (Fig. 4A) 
whereas prazosin, an  a,-adrenergic antagonist,  did  not 
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Fig. 4. A. Effect of the a,-adrenergic antagonist yohimbine on 
clanidine-induced inhibition of isoproterenol-stimulated lipolysis. 
B. Effect of the a,-adrenergic  antagonist prazosin on clonidine- 
induced inhibition of isoproterenol-stimulated lipolysis.  Glycerol 
formation is expressed as mg X lo6 adipocytes" X h P .  Each point 
is the average of duplicate determinations. The concentra- 
tions of the  agents used were: panel A: isoproterenol, 1 x M; 
yohimbine, 8.1 X lo+ M; panel B: isoproterenol, 1 X 10-'M; 
yohimbine, 8.1 X 10" M; prazosin, 8.1 X lo4 M. 
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block the inhibitory  action  of  clonidine (Fig. 4B). In 
experiments utilizing hamster  adipocytes, it  was found 
that  reduction  of  intracellular cyclic AMP concentra- 
tions by a-adrenergic agonists  could be overcome 
by a-adrenergic antagonists (15, 16, 20). 

The effect of  a-adrenergic agonists on lipolysis by 
human adipocytes is strongly  supportive  of the con- 
clusion that  a,-adrenergic  receptors  mediate  an  anti- 
lipolytic action (1, 2). Similar observations  have  been 
made in studies  of  hamster  adipocytes ( 1  1 - 15) that 
have  been  shown  to possess a  mixed  population of 
a,- and  a,-adrenergic  receptors  (21, 22). The mech- 
anism through which the  a,-adrenergic agonists  cause 
inhibition of lipolysis remains  unclear. There is evi- 
dence  that is strongly indicative that  binding of 
agonists  to  a,-adrenergic  receptors  causes  a  decrease 
in  cyclic AMP synthesis through inhibition of adenylate 
cyclase (23,24).  On  the  other  hand, it  is believed that 
binding  to  a,-adrenergic  receptors results in an 
increase in phosphatidylinositol turnover  and calcium 
gating or mobilization (25-27).  It is unclear how 
phenylephrine  and  methoxamine,  a,-adrenergic 
agonists,  mediate their antilipolytic effects in human 
adipocytes. It is possible that  the  binding of  methox- 
amine  and  phenylephrine  to  a,-adrenergic  receptors 
(10) will initiate  inhibition  of  adenylate cyclase, or  that 
their  binding  to  the small population  of  a,-adrenergic 
receptors  on  human adipocytes also initiates an  anti- 
polytic response.  It  has  been  demonstrated  that GTP 
will lower the binding affinity of agonists to a-adren- 
ergic  receptors  without  affecting  the  affinity  of al- 
adrenergic  receptors  (23,  28,29).  It is highly possible 
that  the level of GTP in the adipocyte is sufficiently 
high that  the affinity of  a,-adrenergic  receptors  for a,- 
adrenergic agonists is lowered to the  extent  that  both 
a,- and &,-adrenergic  agonists  bind  to  a,-receptors 
with approximately  equal  affinity,  and  thus  both are 
approximately equally as potent as antilipolytic agents. 
Further work is necessary to clarify this  point. We have 
evidence that  both  clonidine and methoxamine will 
inhibit the activity of  adenylate cyclase that has  been 
stimulated by isoproterenol in the  presence of GTP 
(data  not  shown). Schimmel,  Serio, and McMahon (14) 
presented  results  that are indicative that a,- as well as 
a,-adrenergic  agonists will lower cyclic AMP levels and 
inhibit lipolysis in hamster  adipocytes. 

The physiological role of a-adrenergic  receptors 
in human adipocytes is a  matter of speculation. It is 
possible that  the  ratio of functional a- and @-adrenergic 
receptors  can  be  influenced by such  factors  as  age and 
nutritional and  hormone status. Lafontan(30)  presented 
evidence that  the  a-adrenergic  receptor  population 
in adipose tissue  of rabbits increases with age. Giudicelli, 

LaCasa, and Agli (3 1) found  that  there is a  reduction 
in the  number of a-adrenergic  receptors  in  adipo- 
cytes of hyperthyroid  hamsters. Finally, it appears  that 
the  number of a-adrenergic  receptors  in rabbit uterus 
and platelets  decreases with estrogen  treatment  (32- 
34). These observations are suggestive that  the  num- 
ber of functional  a-adrenergic  receptors  in  adipose 
tissue, as well as other tissues, may  play a  role  in  the 
changes in body weight and  character  that  are 
associated with aging  and  hormonal dysfuncti0n.W 
This  investigation was supported, in part, by  USPHS Grant 
No. 5P02-AG-00306.  Elizabeth E.  Wright is supported by 
NIH Training Grant No. l-T32-HD07190. The authors 
gratefully  acknowledge the skilled  technical  assistance of 
Margaret E.  Smith and  the  editorial  assistance of Becky 
McKinney-Reese. The aid  of  Sue  MacDonald,  Susan Cutrer, 
and Kay Cox in obtaining  tissue is greatly  appreciated. 
Manuscript received 29 May 1980 and in revised fm 27 April 1981. 

REFERENCES 

1. Burns, T. W., and P. E. Langley.  1971.  Adrenergic 
receptors  and cyclic AMP in regulation of human 
adipose  tissue  lipolysis. Ann.  N.Y.  Acad. Sci.  185: 115- 
128. 

2. Burns, T. W.,  P. E. Langley,  and G.  A.  Robison.  1972. 
Studies of the role of cyclic AMP in human lipolysis. 
Adv. Cyclic Nucleotide Res. 1: 63-85. 

3.  Ostman, J., and S. Efendic.  1970.  Catecholamines  and 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Wright and Simpson 

metabolism of human  adipose  tissue. Acta Med.  Scan. 

Burns, W. T., and P.  E.  Langley.  1970.  Lipolysis by 
human  adipose  tissue:  the role of cyclic 3’5”adenosine 
monophosphate  and adrenergic receptor  sites. J .  Lab. 
Clin.  Med. 75: 983-997. 
Robison,  G.  A.,  P.  E.  Langley, and T. W. Burns.  1972. 
Adrenergic  receptors in human adipocytes-divergent 
effects on adenosine  3‘5‘-monophosphate  and  lipolysis. 
Biochem. Phurmacol. 21: 589-592. 
Ostman, J., S. Efendic,  and  P. Arner. 1969.  Catechol- 
amines  and  metabolism of human adipose tissue. Acta 
Med.  Scand. 186: 241-246. 
Rosenqvist, V.  1974.  Demonstration of an  enhanced a- 
adrenergic  response in human adipose tissue when 
incubated in response of Li+ instead of Na+. Acta  Med. 
Scand. 196: 69-73. 
Berlan, M., and M. Lafontan. 1980.  Identification 
of a,-adrenergic  receptors in human fat cell membranes 
by [3H]clonidine  binding. Eur. J .  Phurmacol. 67: 481- 
484. 
Burns, T. W., P. E. Langley, B. E. Terry, D. B. Bylund, 
B.  B. Hoffman, M. D. Tharp, R. J. Lefkowitz, J. A. 
Garcia-Sainz,  and J. N.  Fain. 1981.  Pharmacological 
characterizations of adrenergic  receptors in human 
adipocytes. J .  Clin. Invest. 67: 467-475. 
Wright, E. E., G .  E. Ackerman,  and E. R. Simpson. 
198 1. Characterization and  role of alpha-adrenergic 
receptors in human adipocytes by alpha-adrenergic 
agonists.  Proc.  Am. SOC. Biological  Chemists.  72nd 
Annual Meeting.  Abstract # 163  1. 

187: 47 1-476. 

a-Adrenergic response in human adipocytes 1269 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


11. Hittleman, K. J., C. F. Wu,  and  G. W. Butcher. 1973. 
Control of cyclic AMP levels in  isolated fat cells from 
hamsters. Biochim. Biophys. Acta. 304: 188-  196. 

12. Rosak, C.,  and K. J. Hittleman. 1977. Characteriza- 
tion of lipolytic responses of isolated  white  adipocytes 
from  hamsters. Biochim. Biophys. Acta. 496: 458-474. 

13. Schimmel, R. J., R. Serio, A. Y .  Hsueh,  and L. Firman- 
White. 1980. Inhibition of  lipolysis in hamster adipocytes 
with selective a-adrenergic stimuli: functional  char- 
acterization of the  a-receptor. Biochim. Biophys. Acta. 

14. Schimmel, R. J., R. Serio,  and K. McMahon.  1980. a- 
Adrenergic  inhibition of  cyclic AMP accumulation in 
hamster adipocytes: Similarity of receptor with az- 
adrenergic  receptors. Biochim. Biophys. Acta. 632: 

15. Schimmel, R. J. 1979. Inhibition of lipolysis in hamster 
epididyl  adipocytes by selective a-adrenergic  agents: 
evidence for cyclic AMP-dependent  and  independent 
mechanisms. Biochim. Biophys. Acta. 587: 217-226. 

16. Schimmel, R. J., and K. K. McMahon.  1979. Alpha- 
adrenergic inhibition of cyclic AMP accumulation  in 
hamster adipocytes. Federation Proc. 39: 312  (Abstract 
#239). 

17. Wright, E. E., G. E. Ackerman,  and E.  R. Simpson. 
1980. Inhibition of lipolysis in adipocytes of women 
by a-adrenergic agonists. Proc. Soc. Gynecol. Inu. 11: 
81 (Abstract  #131). 

18. Rodbell, M. 1964. Metabolism of isolated fat cells. I. 
Effect of hormones  on glucose  metabolism and lipolysis. 
J .  Biol. Chem. 239: 375-380. 

19. Wieland, 0. 1974. Glycerol. UV method. I n  Methods 
of Enzymatic Analysis. 3: 1405- 1409. 

20. Giudicelli, Y . ,  B. Agli, D. Brulle,  and R. Nordmann. 
1977. Influence of a-adrenergic blocking agents  on 
cyclic AMP, cyclic GMP and lipolysis in hamster white 
fat cells. FEBS Lett. 83: 225-230. 

21. Pecquery, R., L. Malagrida,  and Y .  Giudicelli. 1979. 
Direct biochemical evidence for  the existence of a- 
adrenergic  receptors  in  hamster white adipocyte  mem- 
branes. FEBS Lett. 98: 241-246. 

22. Pecquery, R., and Y .  Giudicelli. 1980. Heterogeneity 
and subcellular localization of hamster adipocyte a- 
adrenergic  receptors. FEBS Lett. 116: 85-90. 

23. Tsai, B. S., and R. J. Lefkowitz.  1979. Agonist-specific 
effects of guanine nucleotides on  alpha-adrenergic 

630: 71-81. 

544-552. 

receptors in human platelets. Mol. Pharmacol. 16: 61- 
68. 

24.  Sabol, S. L.,  and M .  Nirenberg. 1979. Regulation of 
adenylate cyclase of neuroblastoma X glioma hybrid 
cells  by a-adrenergic receptors. I .  Inhibition of adenylate 
cyclase mediated by a-receptors. J .  Biol.  Chem. 254: 

25. Exton, J. H. 1979.  Mechanisms involved in alpha- 
adrenergic effects of catecholamines on liver metabolism. 
J .  Cyclic Nucleotide Res. 5: 277-287. 

26.  Garcia-Sainz, J. A., and J. N. Fain. 1980. Effect of 
insulin, catecholamines and calcium ions on  phospho- 
lipid  metabolism in isolated white  fat cells. Biochem. J .  
186: 781-789. 

27. Garcia-Sainz, J., B.  B. Hoffman, S. V. Li, R. J. Lefkowitz, 
and J. N.  Fain. 1980. Role of alpha,-adrenoceptors in 
the  turnover of phosphotidylinositol and of alpha,- 
adrenoceptors in the  regulation of cyclic AMP ac- 
cumulation in hamster adipocytes. L i f  Sci. 27: 953-961. 

28. Hoffman, B. B., D. Mullikin-Kilpatrick, and R. J. Lef- 
kowitz. 1980. Heterogeneity  of  radioligand  binding  to 
a-adrenergic  receptors. J .  Biol. Chem. 255: 4645-4652. 

29. U’Prichard, D. C.,  and S. H.  Snyder. 1978. Guanyl 
nucleotide influences on 3H-ligand binding  to  a-nor- 
adrenergic  receptors in calf brain  membranes. J .  Biol. 
Chem. 253: 3444-3453. 

90. Lafontan, M. 1979. Inhibition of epinephrine-induced 
lipolysis in isolated white adipocytes of  aging rabbits by 
increased  alpha-adrenergic responsiveness. J .  Lipid  Res. 

31.  Giudicelli, Y . ,  D. LaCasa, and B. Agli. 1980. White 
fat cell a-adrenergic  receptors  and responsiveness 
in altered  thyroid  status. Biochem. Biophys. Res. Commun. 
94: 11  13-  1122. 

32. Roberts, J. M., R. D. Goldfien, A. M. Tsuchiya, A. Gold- 
fien, and P.  A. Insel.  1979. Estrogen  treatment  de- 
creases a-adrenergic  binding sites on rabbit  platelets. 
Endocrinology. 104: 722-728. 

33. Williams, L. T., and R. J. Lefkowitz. 1977.  Regulation 
of  rabbit myometrial alpha  adrenergic  receptors by 
estrogen  and  progesterone. J.  Clin. Invest. 60: 8 15- 8 18. 

34.  Roberts, J. M.,  P. A.  lnsel, R. D. Goldfien,  and A. Gold- 
fien.  1977. a-Adrenoreceptors  but  not  P-adreno- 
receptors  increase in rabbit  uterus with oestrogen. 
Nature. 270: 624-625. 

1913-1920. 

20: 208-216. 

1270 Journal of Lipid Research Volume 22,  1981 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/

