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Ellis et al. (1) and Mayer et al. ( 2 )  
demonstrated that epinephrine-induced gly- 
cogenolysis was blocked by ergotamine in 
rabbits and dogs, a1 though glucagon-induced 
glycogenolysis was not influenced by the 
drug. Recently Northrop and Park ( 3 )  pos- 
tulated that dihydroergotamine (DHE) may 
inhibit the action of cyclic AMP, thereby 
interfering with the activation of norepineph- 
rine (NE)-induced glycogenolysis. The 
majority of the previous workers (4-7) found 
that ergotamine and DHE reduce the hor- 
mone-induced lipdysis in rat adipose tissue 
and in nonfasting rats. The present study was 
undertaken (a) to examine the effect of 
DHE on NE-, ACTH-, theophylline-, and 
dibutyryl cyclic AMP-induced lipolysis, and 
also (b) to elucidate the possible site and 
mode of the action of the drug in isolated rat 
fat cells. 

Methods. Male Holtzman rats (20&220 g) 
were fasted overnight and were killed by 
cervical dislocation. The epididymal fat pads 
were removed, and cut into small pieces with 
a pair of iridectomy scissors. Fat cells were 
prepared by a modification (8) of the tech- 
nique described by Rodbell (9) .  The fat tissue 
was incubated for 1 hr in a 25-ml polyethy- 
lene bottle containing 4 ml of Krebs-Ringer- 
bicarbonate (KRB) buffer (lo), pH 7.35 
(gassed with a mixture of 95% 0 2  and 5% 
C02)  with 376 bovine albumin (Armour 
Pharmaceuticals) and 15 mg of collagenase 
(Worthington Biochem. Co.) . The isolated 
fat cells were then washed thrice with and 
suspended in the KRB buffer solution. There- 
after, an aliquot (0.5 ml) of the islated fat 
cell suspension was pipetted into each 25-ml 
siliconized Erlenmeyer flask containing 3.5 

1 Supported in part by USPHS. 

ml of KRB buffer with 3% albumin. The 
fat cells were then incubated in a Research 
Specialties shaker (model 2156) at  37.5" for 
1 hr after the addition of the drug studied. 
At the end of the incubation, an aliquot 
of the incubation medium was analyzed 
in duplicate for FFA by the method 
described by Duncombe (11). The trigly- 
ceride content of an aliquot (0.5 ml) of iso- 
lated fat cell suspension was determined by 
the method described by Van Handel and 
Zilversmit ( 1 2 ) .  The L-norepinephrine bitar- 
trate was obtained from Winthrop Laborato- 
ries, N.Y.; ACTH from Mann Research La- 
boratories, N.Y. ; theophylline from Sigma 
Chemical Co., St. Louis; and N 6 ,  02-dibutyryl 
cyclic 3',5'-AMP from Boeringer & Sohne, 
N.Y. Propranolol and dihydroergotamine 
were generously supplied by Dr. -4. Sahagian- 
Edward, Ayerst Co., N.Y. and by Dr. J. H. 
Trapold, Sandoz Pharmaceuticals, Hanover, 
N. J., respectively. 

Results. Eflect of propanolol on NE-, 
ACTH-,  theophylline-, and dibutyryl cyclic 
AMP-induced lipolysis. As shown in Fig. 1, 

FIG. 1.  Effect of propranolol (PROP) on norep- 
inephrine (NE) -, ACTH-theophylline (THE) -, and 
dibutyryl cyclic AMP (DB-AMP) -induced lipol- 
ysis in isolated rat fat cells (.V = 6) .  Each bar 
represents mean f SEM. 
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FIG. 2 .  Effect of dihydroergotamine (DHE) on 
norepinephrine-, ACTH-theophylline-, and dibutyryl 
cyclic AMP-induced lipolysis in isolated rat fat 
cells ( N  = 6 ) .  

5.9 X M of NE, 0.02 pg/ml of ACTH, 
1.1 x lW4 M of theophylline and 1 X 
M of dibutyryl cyclic AMP increased sig- 
nificantly FFA release from the isolated rat 
fat cells. These observations were essentially 
in agreement with those reported from the 
previous workers ( 13-1 5). The lipolytic 
effect of N E  was almost completely blocked 
by 3.4 )( M of propranolol, whereas 
that of ACTH was blocked by 1.7 X 1 W 6  to 

M of propranolol essentially in propor- 
tion to the concentration. On the other hand, 
the lipolytic effect of theophylline was slight- 
ly reduced by 1.7 X to lob5 M of 
propranold. The increase in the concentra- 
tion of propranolol did not increase its an- 
tilipolytic action. In  contrast, the lipolytic 
effect of dibutyryl cyclic AMP was not sig- 
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FIG. 3 .  Noncompetitive antagonism between norep- 
inephrine and dihydroergotamine (DHE) . 

niificantly modified by 3.4 X loy5 M of 
propranolol . 

Eflect of dihydroergotamine on NE-,  
ACTH-, theophylline-, and dibutyryl cyclic 
AMP-induced lipolysis. Figure 2 shows that 
the lipolytic action of 5.9 X lov7 M of NE, 
0.02 pg/ml of ACTH, 1.1 X M of 
theophylline and 1 x M of dibutyryl 
cyclic AMP was significantly blocked by 1 X 
IOm4 to M of DHE. The mode of the 
inhibition by DHE was evaluated by double 
reciprocal plots obtained according to the 
method of Lineweaver and Burk (16) as 
shown in Figs. 3 and 4. The inhibitory action 

a- 

'9 

- CONTROL 
A -  DHE I O - ~ M  A 

I x-  DHE M . 

I I I I 1 
1 2 3 4 5 

I /  CYCLIC AMP(  n / 1 0 - ~  M )  

FIG. 4. Competitive antagonism between dibutyryl 
cyclic AMP and dihydroergotamine (DHE) . 

of 1 X to M of DHE on NE- 
induced lipolysis was noncompetitive (Fig. 
3) ,  whereas that of DHE on dibutyryl cyclic 
AMP-induced lipolysis was competitive (Fig. 
4). The k, values were 3.1 x M for 
NE and 5.6 X M for dibutyryl cyclic 
AMP, whereas ki values for DHE were 2.4 
x M with N E  as an agonist and 4.7 X 

Discussion. Since ergotamine and DHE 
block or reverse the pressor effect of epineph- 
rine, other sympathomimetic amines and 
sympathetic nerve stimulation, these ergot 
alkaloids have been considered as alpha- 
adrenergic blocking agents (17). In  spite of 
this cardiovascular effect the metabolic effects 
of ergotamine and dihydroergotamine are 
variable among the investigators. Ellis et al. 
(1) , Mayer et al. ( 2 ) ,  and McElroy and 

M with dibutyryl cyclic AMP. 
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Spitzer ( 6) observed that epinephrine- 
induced glycogenoylsis was blocked by ergot- 
amine in rabbits and dogs. However, Ellis et 
al. ( l ) ,  Berthet et al. ( l s ) ,  and Makman 
and Sutherland (19) found that ergotamine 
did not block glucagon-induced glycogenoly- 
sis in rabbits, and cat and dog liver homo- 
genates. 

Goodman and Knobil ( 5 )  showed that er- 
gotamine blocked epinephrine-induced FFA 
mobilization in nonfasting rats, but not in 
fasting rats. On the other hand, McElroy and 
Spitzer ( 6)  showed the similar antilipolytic 
effect of ergotamine in only two out of eight 
dogs. Levy and Ramey (4) found that ergot- 
amine blocked FFA release in fasting, 
adrenalectomized rats, but not in intact rats. 
Very recently, Booker and Calvert ( 7 )  
showed that the lipolytic effect of catechola- 
mines was markedly blocked by DHE. The 
variability of the results of the studies made 
by the previous workers on the antilipolytic 
effect of ergotamine and DHE is not clear, 
but could be due to the difference in the 
experimental techniques and conditions as 
well as to the lack of the dose-response rela- 
tionship. 

Sutherland and his associates (20) found 
that the metabolic and possibly physiological 
actions of different hormones including NE, 
ACTH, and glucagon are mediated through 
the intracellular concentrations of the second 
messenger, cyclic AMP. The concentrations 
and thereby actions of cyclic AMP is deter- 
mined by the activities of adenylcyclase and 
cyclic nucleotide phosphodiesterase. I t  ap- 
pears that cyclic AMP is responsible for the 
subsequent activations of the hormone- 
sensitive lipase in adipose tissue. Hence, lipo- 
lysis is increased by the increased intracdlu- 
lar cyclic AMP concentrations which may be 
caused by the enhanced adenylcyclase activi- 
ty due to catecholamines, ACTH, and glucag- 
on or by the decreased phosphodiesterase ac- 
tivity due to theophylline. Fain (14) and 
Butcher et al. ( 1 5 )  found that propranolol 
blocks competitively catechdamine-induced 
lipolysis through its inhibitory action on 
adenyl cyclase. I n  the present study, pro- 
pranolol blocked NE-, and ACTH-induced 
lipolysis, but did not influence dibutyryl cy- 

clic AMP-induced lypolysis in fat cells. How- 
ever, DHE inhibited NE-, ACTH-, theophyl- 
line-, and dibutyryl cyclic AMP-induced lipo- 
lysis. The inhibitory effects of DHE on NE- 
and dibutyryl cyclic AMP-induced lipolysis 
were noncompetitive and competitive, respec- 
tively. The present study indicates, therefore, 
that DHE exerts its antilipdytic action be- 
yond the biochemical reaction (s) subse- 
quent production of cyclic AMP, as shown by 
Peterson et al. ( 2  1 ) with phentolamine. 
However, the precise site of the enzymatic 
system where DHE acts upon remains uncer- 
tain. I t  could be conceivable, however, that 
DHE may block NE- and ACTH-induced 
lipolysis by its inhibitory action on the hor- 
mone-sensitive lipase induced by cyclic 
AMP. On the other hand, DHE may exert its 
antilipolytic action by its stimulatory action 
of phosphodiesterase in the similar manner 
as shown by Krishna et al. (22) with nicotin- 
ic acid. Butcher and Sutherland (23) found 
that phosphodiesterase activity should be de- 
creased by 75% or more in order to enhance 
the cellular concentrations of cyclic AMP, 
indicating the greatly favorable kinetics of 
the enzyme in the cells. Recently, Moore et 
al. (24) found that the rate of hydrolysis of 
dibutyryl cydic AMP by phosphodiesterase 
was insignificant compared to that of cyclic 
AMP. Furthermore, in the present study, the 
ki values for DHE were almost similar 
whether the agonist was NE or dibutyryl 
cyclic AMP in the fat cells. From these data, 
it can be concluded that the intracellular 
concentration of dibutyl cyclic AMP cat- 
alyze hormone-sensi tive lipase activity with- 
out being destroyed by phosphodiesterase in 
fat cells. The evidence of competitive antago- 
nism between DHE and dibutyryl cyclic 
AMP indicates that DHE exerts its antilipo- 
lytic action by its inhibitory action subse- 
quent to production of cyclic AMP. This is 
essentially in agreement with the postulate 
by Northrop and Park (3 )  with regard to the 
effect of DHE on NE-induced glycogenoly- 
sis. The present observation concerning the 
noncompetitive antagonism between NE and 
DHE remains unclear from the present 
study. This may be partially due to the 
bidirectional enzymatic pathways of cyclic 
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AMP in fat cells, i e . ,  (a) its degradation by 
phosphodiesterase, and (b) its stimulatory 
action on hormone-sensitive lipase activity. 

Summary. The effect of dihydroergotamine 
on lipolysis was studied in isolated rat fat 
cells. I t  was found that DHE interferes with 
lipolytic action of NE,  ACTH, theophylline, 
and dibutyryl cyclic AMP. D H E  inhibits 
noncoinpetitively the lipolytic action of NE, 
but does inhibit competitively that of di- 
butyryl cyclic AMP. I t  is indicated that D H E  
inhibits the activation of hormone-sensitive 
lipase of NE, ACTH, and theophylline at  bio- 
chemical site (s) subsequent to the increased 
production of cyclic AMP by these agents in 
rat adipose tissue. 
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