
909 

The Effects of Epinephrine on Glycerol Production in Segments of Adipose 
Tissue Preincubated with Dexamethasone and Growth Hormone* (33684) 

H. MAURICE GOOD MAN^ 
Department of Physiology, Harvard Medical School, Boston, Massachusetts 02115 

Fain (1) reported that incubation of iso- 
lated adipose cells with dexamethasone and 
growth hormone resulted in heightened sensi- 
tivity to the lipolytic effects of norepine- 
phrine. We obtained similar results with seg- 
ments of epididymal fat obtained from hy- 
pophysectomized rats (Z), but in our hands, 
at least, attempts to demonstrate similar 
efiects with tissue segments of normal rats 
were only partially successful. Inconsistent 
effects were encountered both in the basal 
production of glycerol after treatment with 
dexamethasone and growth hormone, and in 
the magnitude of the lipolytic response elic- 
ited by epinephrine. However, when sufficient 
data were collected, the apparent inconsis- 
tencies fell into a definite pattern. 

Materials and Methods. Normal adult 
male rats (300-350 g )  of the Holtzman 
strain were fed Purina lab chow and water ad 
libitum until the time of sacrifice. In all, 36 
rats were studied on 5 experimental days. 
The rats were killed with an overdose of 
sodium pentobarbital and their epididymal 
fat rapidly excised. The thin, distal portions 
were divided into 8 segments weighing ap- 
proximately 50 mg each. Four tissue seg- 
ments from each rat were preincubated with 
0.01 6 pg/ml dexamethasone (9 a-fluoro-1 I/?, 
1 7 ~ ,  2 1 -trihydroxy-l6~-methyl-l, 4-pregnadi- 
ene-2,20-dione) and 1 g / m l  of growth 
(NIHGH S7). The 4 remaining tissues from 
each rat were preincubated in the same medi- 
um without hormones. The incubation medi- 
um was Krebs-Ringer bicarbonate buffer and 
contained 1 mg/ml of glucose and 40 mg/ml 
of bovine serum albumin (Armour Fraction 
V, Lot no. B23407). After 3 hr of preincu- 
bation, the hormone-treated and control tis- 
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sues were transferred to fresh medium and 
reincubated in the presence of various con- 
centrations of epinephrine for an additional 
hour. In  addition to albumin, glucose, and 
epinephrine, the reincubation medium also 
contained 0.1 mg/ml of ascorbic acid to re- 
tard oxidation of the epinephrine. All incu- 
bations were carried out a t  37" in sealed vials 
under a gas phase of 95% oxygen: 5 %  car- 
bon dioxide. 

The release of glycerol into the incubation 
medium in the fourth hour of incubation was 
taken as an index of lipolysis. Glycerol was 
determined enzymatically according to the 
procedure of Wieland (3). 

Results. Although variable responses to 
dexamethasone and growth hormone were en- 
countered on each of the 5 experimental 
days, a significant increase in glycerol pro- 
duction in the absence of epinephrine became 
evident when all of the data from the 36 
animals were pooled (Table I). The pooled 
data, however, failed to reveal any effect 
whatever of hormonal treatment on the sensi- 
tivity of adipose tissue to the lipolytic action 
of epinephrine. 

In the absence of epinephrine, tissues from 
only about 1 rat in 3 produced glycerol at a 
markedly greater rate as a result of preincu- 
bation with dexamethasone and growth hor- 
mone. Data from those 13 rats in which dex- 
amethasone and growth hormone produced a 
twofold or greater increase in basal lipolysis 
were pooled and tabulated (Table 11). This 
group showed a mean increase in basal lipoly- 
sis of almost threefold. In replicate tissues 
from these animals, preincubation with the 
hormones actually decreased the lipolytic re- 
sponse to 0.001 pg/ml of epinephrine, but 
lipolysis in response to the remaining doses of 
epinephrine was unaffected. In the remain- 
ing 23 rats (Table 111), preincubation with 
dexamethasone and growth hormone had no 
measurable effect on basal lipolysis, but sig- 
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TABLE I.  The Effects of Preincubation with Dexamethasone (0.016 pg/ml) and Growth Hor- 
mone (1 Fg/ml) on Lipolysis in Response to Epinephrine. 

Glycerol production (pmoles/g/hr) 

Basal Increase due to epinephrine 
~~~ 

Yrcincubation medium (pg/ml): 0.1 0.01 0.001 

Control 2.37 & 0.17" 10.50 & 0.84 3.45 -c 0.51 0.36 & 0.21 
Dexainethasonc 3.95 -c 0.47 10.07 2 0.75 4.46 2 0.60 0.16 & 0.44 

+ growth hormone <.ol NSb NS NS 

a Mean t SEM, 36 observations. 
Not statistically significant, p > .05 when comprcd with corresponding values of control 

tissues. 

nificantly increased glycerol production in re- 
sponse to 0.001 and 0.01 p d m l  of epine- 
phrine. The 13 rats represented in Table I1 
were distributed randomly among the 36, and 
at  least 1 was encountered on each experi- 
mental day. All tissues were handled identi- 
cally, and the albumin used in the medium 
was taken from the same bottle on all 5 days. 

Discussion. Although little doubt is left 
that desamethasone and growth hormone in- 
crease lipolysis, the nature of the participa- 
tion of these hormones in the lipolytic pro- 
cess is poorly understood. I n  the experiments 
just described, the tissues from only about 1 
rat in every 3 exhibited a pronounced in- 
crease in lipolysis after exposure to dexameth- 
asone and growth hormone. In other errperi- 
ments, especially when small (100 g) normal 
rats were studied, increased lipolysis was al- 
most uniformly observed (4). However, when 
adipose tissue from small hypophysectom- 
ized rats was studied, a lipolytic response to 

dexamethasone and growth hormone was ob- 
served only rarely, and when present was 
small in magnitude (4) .  In Fain's experi- 
ments also ( 1 )  dexamethasone and growth 
hormone sometimes failed to increase lipoly- 
sis. He attributed this lack of response in 
some experiments to the action of an inhibi- 
tor present in some preparations of albumin 
( 1). Inhibitory material present in albumin, 
however, probably cannot account for the 
present results since positive and negative 
responses were obtained with the same prepa- 
ration of albumin. Furthermore, we have also 
incubated adipose tissue with dexameth- 
asone and growth hormone for 3 hr in the 
absence of albumin, and still found that only 
tissues from some of the rats showed in- 
creased production of glycerol when trans- 
ferred to albumin-containing medium and re- 
incubated for an additional hour. 

Dexamethasone and growth hormone po- 
tentiated the lipolytic action of epinephrine 

TABLE 11. Lipolysis in Response to Epincphrine in Adipose Tissue in which Basal Ljpolysis 
was Increased by Preincubation with Dexamethasone and Growth Hormone." 

Glycerol production (pnoles/g/hr) 

Basal Increase due to epinephrine 

Preincubation mcdium (pg/ml): 0.1 0.01 0.001 

Control 2.22 2 0.27b 10.88 -e 1.66 3.86 e 0.84 0.90 -c 0.41 

Dexamethasone 6.42 2 0.93 10.71 -c 1.80 3.51 ~t 1.37 --1.65 0.87 
NSO NS P <.02 + growth hormone c.01 

" These data were included in the mean values presented in Table I. 

* Not statistically significant, p >.05 compared with corresponding values in control tissues. 
Mean 2 SEM, 13 observations. 
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TABLE 111. Lipolysis in Response to Epinephrine in Adipose Tissue in which Basal Lipolysis 
was not Increased by Preincubation with Dexamethasone and Growth Hormone.a 

Glycerol production ( pmoles/g/hr) 

Basal Increase due to epinephrine 

Preincubation medium (pg/ml): 0.1 0.01 0.001 

0.05 -I 0.22 Control 2.45 -k 0.23* 9.69 & 1.11 3.21 +: 0.66 
Dexamcthasone 2.55 & 0.18 9.74 2 0.70 5.00 & 0.49 1.18 f 0.34 

+ growth hormone NS” NS P <.05 P <.Ol 

a These data were included in the mean vnlues presented in Table I. 
* Mean 3. SEM, 23 observations. 

Not statistically significant, p >.05 compared with corresponding values in control tissues. 

only in those tissues which failed to show a 
marked increase in lipolysis. Similar observa- 
tions were also reported by Fain ( 1) .  In the 
tissues in which basal lipolysis was increased 
by preincubation with dexamethasone and 
growth hormone, glycerol production in re- 
sponse to 0.001 pg/ml of epinephrine was 
actually reduced. When higher concentrations 
of epinephrine were added to these tissues, 
the lipolytic effects of dexamethasone plus 
growth hormone and those of epinephrine 
appeared to summate. In other experiments, 
particularly at high basal rates of lipolysis, 
glycerol production in response to epinephrine 
and to dexamethasone and growth hormone 
was less than the sum of the two lipolytic 
processes measured separately, even though 
the total glycerol production was less than 
maximal (Goodman, in preparation). Current 
knowledge appears still inadequate to ex- 
plain these interactions. 

The present observation that dexameth- 
amne and growth hormone either increased 
basal lipolysis or potentiated the lipolytic 
action of epinephrine is compatible with the 
suggestion (4) that in increasing lipolysis, 
the combination of growth hormone and glu- 
cocorticoid may not act as the actual initiator 
of lipolysis, but rather might merely potenti- 
ate other endogenous lipolytic signals present 
in the tissues at the time of excision. The 
observations that dexamethasone and growth 
hormone can potentiate the lipolytic effects 
of norepinephrine and that RNA and protein 
synthesis are required for this effect led Fain 

(1) to conclude that “activation of lipolysis 
by growth hormone and glucocorticoids in- 
volves the synthesis of a protein which may 
facilitate the activation of adenyl cyclase.” 
The hypothetical signals or activators of 
adenyl cyclase remain to be elucidated. Fur- 
ther experiments will be required to validate 
or refute this hypothesis and to explain why 
some rats increase basal lipolysis in response 
to growth hormone and dexamethasone while 
others only show a heightened response to 
lipolytic agents. 

Summary. After preincubation with dex- 
amethasone (0.016 pg/ml) and growth hor- 
mone (1 pg/ml), segments of epididymal fat 
were tested for sensitivity to the lipolytic 
effects of epinephrine. When the data from 
the entire group of 36 rats were pooled and 
analyzed, it appeared that dexamethasone 
and growth hormone significantly increased 
basal lipolysis, but had no significant ef- 
f ect on epinephrine-induced lipolysis. Tissues 
from only 13 of the 36 rats had increased 
basal lipolysis of the order of twofold or 
greater. When the data from these rats were 
pooled, it appeared that pretreatment with 
dexamethasone and growth hormone actually 
reduced lipolysis in response to 0.001 g / m l  
of epinephrine and had no effect on higher 
concentrations of epinephrine. Pooling the 
data from the remaining 23 rats indicated 
that the preincubation procedure did not in- 
crease basal lipolysis, but significantly in- 
creased lipolysis in response to 0.001 and 
0.01 pg/ml of epinephrine. The difference in 
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the response of the two groups of rats cannot 
be attributed to inhibitors present in the al- 
bumin solution. 
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Aldosterone Production in Chronic Renal Failure (33685) 
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Changes in salt and water balance conse- 
quent to renal failure might be expected to 
involve changes in the secretion of sodium- 
retaining hormones. When renal mass is re- 
duced by renal disease or by ablation of 
renal tissue, sodium excretion per nephron 
increases so that normal sodium blanace is 
maintained. Previous studies using micro- 
puncture techniques in rats showed that the 
mechanism for this adjustment is not depen- 
dent on either the compensatory increase in 
glomerular filtration per remaining nephron 
which occurs in these circumstances, or on a 
reduction in intrinsic reabsorptive capacity in 
the proximal tubules (1).  It seems likely, 
therefore, that the early adjustments in sodi- 
um excretion in renal failure take place in 
the distal tubule. One possible explanation is 
that aldosterone secretion is diminished. An- 
other hypothesis is that distal absorption of 
sodium is decreased in renal insufficiency by 
an augmented load of urea per nephron. This 
too might modify aldosterone secretion, but 
in the opposite direction. For example, the 
obligatory losses of sodium imposed by a 
urea diuresis might be expected to deplete 
uremic individuals of salt, stimulate the 
secretion of aldosterone, and thus secondarily 
modify distal reabsorption of sodium so as 
to maintain sodium balance. The rate of al- 
dosterone secretion in experimental renal fail- 
ure is therefore of special interest. 

Methods. Experiments were performed 
upon two groups of male Sprague-Dawley 

rats. One group of 10 rats with an initial 
weight of 212 t 10 g (mean -C SE), served 
as the control group. The second group of 10 
rats, initial weight 199 t 5. g, were azotemic 
after ablation of approximately 85% of renal 
tissue. Reduction of nephron mass was 
accomplished in two stages. In  the first stage 
the upper and lower poles of the left kidney 
were removed under ether anesthesia. Four to 
5 days following this procedure, the right 
kidney was removed. Sham operations were 
performed in the control animals. Both 
groups were then placed on a normal diet 
containing 109 meq of sodium/kg and 120 meq 
of potassium/kg and 'tap water ad Zibitum. 
Animals from both groups were pair-fed to 
maintain an identical intake of sodium, since 
the intake of food by azotemic rats was re- 
duced. 

Fourteen days after the second stage of 
surgery, anesthesia was induced with sodium 
pentobarbital, blood was obtained from the 
abdominal aorta, and both adrenal glands 
were excised, cleaned of adherent fat, 
weighed, and quartered. The two adrenal 
glands from each rat were combined and in- 
cubated in Krebs-Ringer bicarbonate buffer 
with added glucose, 200 mg/100 ml, in an 
atmosphere of 9576 0 2  and COa at 36-37". 
After preincubation for 30 min, the media 
was renewed and incubation was performed 
for 2 hr. The aldosterone content in the bath- 
ing medium was estimated by methods previ- 
ously described (2). The rate of production 


