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Metabolic Effects of Actinomycin in Rats.* (32579) 

H. MAURICE GOODMAN+ 
Department of Physiology, Harvard Medical School, Boston, Mass. 

Largely because of its rather specific ability 
to block the synthesis of messenger RNA 
( 1 , 2 ) ,  the antibiatic, actinomycin D has k n  
used widely by endocrinologists seeking to 
determine the modes of action of various hor- 
me5. Experiments in this laboratory re- 
vealed that the late, inhibitory effects of 
growth hormone on carbohydrate utilization 
in a d i p  tissue were blocked by pretreat- 
ment of the rats with x t i m y c i n  D(3) .  
Further experiments initiated to determine 
what other effects of growth hormone might 
also be blocked by treatment with actinw 
mycin D failed to yield useful information as 
far as growth hormone was c o m m d .  but 
provided in'triguing observations on the effects 
of actinomycin. For these studies, fasting rats 
were used, and ilt was found that actimmycin 
reversed many of the metabolic changes 
caused by fasting. 

Materials and methods. Experiments were 
conducted using hypophysectomized nts 
(120 g) obtained from the Charles River 
Breeding Laboratories. They were fed a high 
carbohydrate, fat-fre diet4 until studied 2 
weeks pt-olpleratively. Fasting rats were 
deprived of food 18-24 hours before saclrifice. 
Actinomycin DO (50 &rat) wits injeoted in- 
traperitoneally at the beginning of the fasting 
period. No attempt was made to study fed 
rats after aotinmycin treatment because lthese 
animals spontaneously stopped eating several 
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b u r s  after injection, a t  which time the gastro- 
intestinal tract was quite hyperemic and 
distended with fluid. 

The rats were anesthetized with p t o k -  
bital and blood was drawn from the a b d m i m l  
aorta into heparinized syringes. The hearts 
and samples af liver were rapidly excised, 
weighed and digested in hot 30% ptassium 
hydroxide. The diaphragms were dissected 
free of the ribs, soaked for 3 minutes in cold 
Krebs-Rin,w bicarbonate buffer c d n i n g  
1 m g / d  of glucose and then incubated for 
2 hours at  37" in Krebs-Ringer bicarbonate 
buffer containing 1 mg/ml of glucose. Epi- 
didymal adipose tissue was excisled and a 
sample immediately placed in Dole's extrac- 
tian mixture(4) for determination of initial 
content of free h t t y  acids (FFA). The re- 
maining fat was dissected into several seg- 
ments and incubated as previously described 
( 5 )  with randomly labeled glucose for the 
determination of incorporation of ca rh -14  
into long chain fatty acids and C a .  To IIIRBS- 
ure lipolysis, adipose tissue segments were in- 
cubated in bicarbonate buffer to which was 
added 1 mg/ml of glucose and 40 m g / d  of 
bovine serum albumin (Fraction V, A m w )  . 
Chemical analyses were ma& as described in 
previous publications ( 5-8). 

Results and discmsion. When the animals 
were deprived of dietary glucose, the con-- 
tration of glucose in the blood fell significantly 
below the fed level (Table I). The d e c k  in 
blood glucose was less precipitous, but mver- 
theless presenlt when actinomycin was given 
at  the start of the fasting period. Even in the 
absence af the pituitary gland the concentra- 
tion of FFA in the plasma i d  more 
than twofold, in agreement with our earlier 
conclusions that the pituitary gland is not 
required for the mobilization of fatty acids 
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TABLE I. Effects of Fasting and Actinomycin Treatment on Various Aspects of Carbohydrate 
and Lipid Metabolkim in  Hypophpechmized Rats. 

Fasting + 
Fed Faetirig actinomycin 

Blood glucose (mg/100 ml) 122.4 2 3.1 50.4 2 2.3 t 75.5 f 9.3 tS 
Plasma F F A  (mEq/l) 0.34 f 0.02 0.72 ? 0.04t 0.48 f 0.04tt 
Hepatic glycogen ( ag /g )  62.4 2 5.2 25.8 ? 2.0 t 50.4 2 3.1 $ 
Cardiac glycogen (mg/g) 6.91 0.44 4.31 f 0.18t 8.08 f 0.36tS 
F F A  in adipose tissue (pEq/g) 3.11 f 0.27 8.78 2 0 . 2 ~ t  5.23 & 0.35tS 

* Mean 2 S.E.M., at leaat 7 observations/group. 
t Significantly different from corresponding value in fed rata ( p  <.05). 
$ Significantly different from mrreqonding value in faslting rata ( p  <.05). 

TABLE 11. Effects of Fasting and Actinomycin Treatment on the Metabolism of Diaphragm 
Muscle and Adipose Tissue Isolated from Hypophysectonlized Rats. 

Fasting + 
F d  Fasting actinomycin 

Diaphragm muscle : * 

Adipow tissue: I1 
Glucme uptake (mg/g/hr) 1.69 2 0.10f 1.25 -c 0.09$ 1.77 2 0.215 

''CO, production (cpm/mg/hr) 18.6 2 2.1 10.8 & 2.0 S 59.5 2 14.0 5 
I4C incorporation inta fa t ty  acids 15.7 & 3.2 1.7 2 0.6 t 47.3 t 15.4 $ 

FFA production (pEq/g/hr) 
Glycerol production (pmolee/g/hr) 1.27 2 0.11 1.73 t 0.07S 1.18 ? 0.125 

-0.04 2 0.08 0.45 2 0.13S -0.06 2 0.075 
(cpm/mg/hr) 

~ 

* 15 observatiom/group. 
t Mean S.E.M. 
S Signi5cantly different from corresponding value in fed rats (p  <.05). 
5 Significantly different from corresponding value in fasting rats ( p  <.0.5). 
11 8 observations/group. 

induced by fasting(9). This response, d- 
though present, was markedly reduced in the 
actinomycin-treated rats. Measurement of 
FFA content in adipose tissue yielded 
parallel results, indicating that fat mobiliza- 
tion was indeed in progress, although to a 
significantly lesser extent in the actinomycin- 
treated rats. 

As already noted elsewhere by others ( lo), 
fasting reduced the concentration of glycogen 
in the hearts of h-ypophysectomized rats 
(Table I ) .  In the present studies, act inmyun 
completely prevented the decline in cardiac 
glycogen. Actinomycin also largely prevented 
the decrease in hepatic glycogen attendant 
upon fasting. A completely satisfactory ex- 
planation for this glycogen-sparing effect of 
actinomycin is not at  hand, although it is pos- 
sible that th'e antibiotic brought on a gemr- 
alized depression of physical and metabolic 
activity. A recent study( 11) in&caked that 
actinomycin reduced blood pressure in rats. 

Allthough fasting caused a small but sig- 
nificant decrease in the uptake of g l u m  
by isolated diaphragm muscle, pretreatment 

with actinomycin restored glucose uptake to 
fed values (Table 11). Similarly, fasting 
reduced glucose utilization in epididymal fat. 
Pretreatment of the fasting rats with actino- 
mycin D not d y  prevented the decline in 
glucose utilization, but actually increased, by 
at least threefold, the incorporation of the 
label into fatty acids and CG. Thus actin* 
mycin D prevented the inhibition of glucose 
utilizaticnn by muscle and adipose tisw h t  
usually resullts from fasting. Actinomyun D 
also prevented the appearance of increased 
liplysis in response to fasting (Table 11). 
The adipose tissue obtained from fasting rats 
produced more FFA and glycerol than did 
comparable .tissue obtaind from fed rats. 
These observations on the activity of adipose 
tissue in vitro thus confirm conclusions drawn 
from the data on pllasma and tissue mntenrts of 
FFA shown in Table T. 

The effects of fasting and actinomycin are 
not limited to the tissues of hypophysec- 
tomized rats. In vitro production of FFA by 
tissues obtained from normal rats was in- 
creased 15 fold when the donor rats were 
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TABLE 111. Effects of Pretreatment with Actino- 
mycin D on the Iteepome of Adipose Tissues to 

Variaus Lipolytic Stimuli. 

Actinmycin- 
Saline-treated treated* 

- Fed rats 0.21 k 0.07t 
Fasting 18 hr 3.10 k 0.294 1.40 & 0.15SQ 

4- ACTH (1  pg/ml) 6.46 k 0.6lll 4.4) 0.5611 
-k epin@phrhe (0.5 6.58 -e 0.1811 4.92 0.3911 

CLg/ml) 

25 pg/rat at beginning of fa& and 25 pg/rat 

t Mean. S.E., 7 &eervations/group. 
t Significantly greater than fed rats (p <.OOl). 
$ Significantly less tban saline-treated fasting 

11 Significant increme (p <.001) compared with 

9 hr later. 

rate (p <.OOl). 

fasting cmtrols. 

deprived of fwd 18 hours previously ( n b l e  
111). Again, 50 pg of actinmycin s@ifiantly 
reduced, butt did not abolish the increase in 
FFA production brought on by fasting. Al- 
though this dase of actinomycin partially 
blocked the liplollysis which occu~rrd in re+ 
spom to fasting, it was without effect on the 
lipolysis induced by e@m&rine or ACTH. 
Fain et d ( 1 2 )  have also found that adtine 
mycin failed to block the lipolytic respome b 
epinephrine. 

These results indicate that even in the ab- 
sence of the pituitary gland, rats can shift 
thh- pattern df mtabl i sm to that which is 
typical of the fasting state; viz. decreased 
utilization of glucose and inweasled mobiliza- 
tion of fatty acids. Although the physiological 
signal for such a ghift in metabdism is still 
unknown, obviously the canversion of the 
metabolic pattern from the fed to the fasting 
state m o t  be initiated by any pituitary 
harmone. As suggested prwhusly( 13) ,  this 

change m y  resruk fmm decreased levels of 
insulin in the blood of fasting animals. I t  is 
well known that the secmtion of insulin is 
greatest i m d i a t e l y  after a d, and ck- 
cremes to very low levels in fasting( 14). It 
is also well known that in the ahence of ink 
sulin the utilization of glucose by muscle and 
adipose tissue is reduced and fatty acid 
mobilization is accelerated. 

Actinomfin prevented or reduced all of 
the effects of fasting m u r e d  in these studies. 
I t  is poaible, but d e d  unlikely, that these 
effects of actimrmycin stem f r m  the s d l  
differences in glycogen and blood g l m e  mn- 
centrations awed by treatment with actino- 
mycin. Although fasting substantially l o d  
the blood sugar concentration even in adno- 
mycin treated rats, the slightly higher blood 
gluaorje concentnitions may have caused 
slightly higher concentrations of insulin in 
the plasma, which in turn may have pven ted  
the response to fasting. Alternatively, t!hese 
effects of actinomycin may stem fm the 
well known action of the mtibiotic in 
blocking RNA synthesis( 1,2). In  s u m  of 
the la&tm hypothesis, it was obrved that 
cyclaheximide, an inhibitor of protein syn- 
t M s ( l S ) ,  also prevented the increase in 
lipolysis and lthe clkxrease in cardiac glycogen 
characteristic of the fating state (Table IV). 
In these experiments hypophysacbfized rats 
were injected intraperitodly with 50 p g  af 
cyclokximide at  the onset of the f d n g  
period. Cycloheximide did not affect all of 
the aspects of fasting metabolism a l t e d  by 
acfinomycin, but because of its gre4t ltoxiCity 
the dose of cycloheximide used was ody  
1/200 of Ithe amourit used to block completely 

TABLE IV. Effects of Fasting and Cycloheximide Treatment on Various Aqects of Metabe 
lism. 

Fasting 4- 
Fed Fasting cyclo heximide 

Blood glucose 112.8 k 12.4 * 79.3 2 1.0 t 60.3 2 3.8 tS 
Hepatic glycogm (ag/g) 88.3 2 1.18 10.3 & 1.6 t 7.3 2 0.5 t 

8.6 ? 0.3 $ Cardiac glycogen (mg/g) 10.5 k 1.5 6.6 k 0.9 
FFA in adipose tisfme (mEq/g) 3.30 ? 0.26 6.29 2 0.32t 5.11 2 0.32tS 
"(2 imqmratian into fatty acids 12.6 & 3.5 3.6 2 1.1 t 2.8 2 0.8 t 

FFA producbon (@Eq/hr) 0.12 2 0.22 1.45 & 0.28t 
G1 ycer ol prduc ti on (@m oles/g/h r ) 1.78 2 0.21 2.88 2 0.14 1.66 2 0.16$ 

(cpm/ng/hr) 0.47 -+- 0.26t 

~~ 

Mean 2 S.E.M., 7 obeervations/group. 
t Significantly different from mrreeponding values in fed rats (p <.05). 
$ Sgnifioantly diffemnt from corresponding values in fasting rats (p <.05). 
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protein synthesis in rat liver ( 16). Inadequate 
blockade of protein synthesis may account for 
the differences between the effects of cyclo- 
heximide and actinomycin. 

Although alternative explanations for these 
observations are by no means ruled out, it is 
suggested that actinomycin prevented the a p  
p r a n c e  of the metabolic changes character- 
istic of fasting by blocking the synthesis of 
messenger RNA. A corollary to this hypo- 
thesis is that [in the conversion to a fasting- 
type metabolism different genes are expressed 
and certain new proteins are synthesized. 
Actinomycin D may have blocked the expres- 
sion of these “fasting” genes by preventing 
the synthesis of messenger RNA. Under nor- 
mal physiological circumstances, it may be 
that insulin, which is abundant in fed animals 
and present only in very low concentrations 
in fasting animals also regulates the expression 
of “fasting” genes, although activation of 
“fasting” genes by some extra-pituitary 
humoral agent is not ruled out. 

Summary. In hypophysectmnized rats fasting 
reduced the metabolism of glucose in adipose 
tissue and diaphragm muscle in vitro and 
increased the mobilization of free fatty acids 
and glycerol. Hepatic and cardiac glycogen 
were also reduced. Treatment with actino- 
mycin D reversed these effects, and caused a 
substantial increase in glucose utilization by 
adipose tissue. Actinomycin partially pre- 
vented the increased lipolysis caused by 

fasting in normal rats, but failed to reduce the 
lipolysis evoked by epinephrine or corti- 
cotropin. 

Rosalie Snyder is gratdully acknowledged. 
The superb technical assistance provided by Mrs. 

1. Goldberg, I. H., Rabinowitz, M., S., 1962, 

2. Hurwitz, J., F u d ,  J. J., Mahmy, M., Alexander, 

3. Goodman, H. M., Endwrinol., 1965, v76, 1134. 
4. Dole, V. P., J. Clin. Invest., 1956, v35, 150. 
5. Godmm,  H. M., Endocrind., 1%3, v72, 95. 
6. - , ibid., 1965, v76, 216. 
7. ~ , Prm. Soc. Exp. Biol. & Med., 1966, v121, 

8. ~ , Endocrinld., 1967, in ,press. 
9. Goodman, H. M., Knobil, E., ibid., 1957, v65, 

451. 
10. Russell, J. A., Bloom, W. L., ibid., 1956, v58, 

83. 
11. Freed, S. C., George, S. St., plroc. SOC. Exp. 

Bid. & Med., 1965, v119, 773. 
12. Fain, J .  N., Galton, D. J., K o w e v ,  V. P,, 

J. Mdec. Phamucol., 1966, v2, 237. 
13. Goodman, H. M., Knob& E., Am. J. Physiol., 

1961, v201, 1. 
14. Cahill, G. F., Jr., Herrepa, M. G., Morgan, A. 

P., Soeldner, J. S., Steinke, J., Levy, P. L., Reichard, 
G. A., Jr., KlpnJs, D. M., J. Clin. Invest., 1966, 
v45, 1751. 
15. Kerridge, D., J. Gen. Micmbiol., 1958, ~ 1 9 ,  

497. 
16. Korner, A., Biochem. J., 1966, v101, 627. 

Received September 27, 1967. P.S.E.B.M., 1967, v126. 

v136, 315. 

M., Prm. Nat. Acad. Sci., 1962, v48, 1222. 

5 .  

RNA and Protein Synthesis in the Response of Pigeon Crop-Sac to 
Prolactin.* (32580) 

WILLIAM E. SHERRY~ AND CHARLES S. NICOLL (Introduced by Nello Pace) 
Department of  Physiology-Anatomy, University of California, Berkeley, 97420 

The impo*ce of RNA and protein syn- wh’ich inhibit RNA and protein synltheses, 
thesis in hormone-induced tissue responses respectively, have been of p t  utility in 
has been unaerlined by a number of studies in analyzing the action of hormones at the cel- 
recent years( 1-3). The metabolic inhlibitors, 1ula.r level. AMD has been shown to block the 
actinomycia D (AMD) , and puromycin (P) , response of several tissues to stemid hormones 

(4-8) and a similar effect has been observed 
wiith p(6,9)* Rapnse Of tiswes to 
lation by protein hormones is also blocked 
by AMD ( 10,11) and p( 12-1 7) and % in- 
hibit the action of thyroid hormones( 18,19) 
and block hormoneinduction of casein syn- 
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