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Activation or stimulation of the biochemical expression of 

genetic information has been shown to be an important action common 

to several, but not to all, hormones (Edelman, et al., 1963, Green- -- 

gard and Acs, 1962, Steiner and King, in press, and Ui and Mueller, 

1963). As DNA-directed synthesis of RNA is necessary for the normal 

expression of genetic information, specific inhibition of this RNA 

synthesis by the antibiotic, Actinomycin D (Reich, et al., 1962), 

has been used to investigate the proposed "genotropic" action of 

certain hormones. It should be recognized that antagonism of the 

action of a hormone by Actinomycin D (actinomycin) does not prove 

that the hormone acts primarily on the gene. Such antagonism indi- 

cates thatgenetic activity must be intact at the time the hormone 

is acting, or that a short-lived product of gene activity is an 

essential mediator of hormone action. 

kupported in part by a research grant from the National Institute 
of Arthritis and Metabolic Diseases (A-1787). 

2Contribution No. 288 of the Graduate Dept. of Biochemistry, Brandeis 
University. 

3Special Research Fellow, National Institute of Arthritis and Meta- 
bolic Diseases. 

4Fellow of The Helen Hay Whitney Foundation. 

209 



Vol. 16, No. 3, 1964 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

The calcium-mobilizing and phosphaturic actions of parathyroid 

hormone are mediated by unknown biochemical mechanisms. The experi- 

ments reported here were performed to investigate whether these 

classical acute actions of parathyroid hormone could be blocked 

by actinomycin, indicating a dependence of hormone action upon 

DNA-directed RNA synthesis. A model system now being used to 

examine the biochemical effects of the hormone is its stimulation 

of the uptake of inorganic phosphate (Pi) by isolated liver mito- 

chondria (Rasmussen and DeLuca, 1963). The effects of actinomycin 

upon this in vitro system were also studied. -- 

MATERIALS AND METHODS 

The calcium-mobilizing and phosphaturic effects of parathyroid 

hormone were tested in vivo in acutely parathyroidectomized, male, -- 

Holtzman rats by modifications, described in Table 1, of the methods 

of Munson (1961) and Kenny and Munson (1959), respectively. Rats 

were given a low calcium diet 3 days before the experiments were 

performed. Plasma and urine creatinines were determined by the 

method of Bons~and Taussky (1945). 

The parathyroid hormone preparations were either highly puri- 

fied parathyroid hormone (PTH) or crude U.S.P. Parathyroid Extract 

(PTE) (Eli Lilly Co.). The preparation of PTH (20,000 . f 1.27 

units/mg N) involved phenol extraction of an acetone powder of 

bovine parathyroid glands (Aurbach, 1959) followed by final purifi- 

cation by the gel filtration method of Rasmussen and Craig (1962), 

except that Sephadex G-100 was used in place of G-50. 

Actinomycin, a gift from Merck, Sharpe and Dohme, freshly dis- 

solved in 100% ethanol, was diluted (1:20) to a final concentration 

of 100 yg/ml in saline (0.15 M) and administered intravenously in a 

1.0 ml dose. 
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TABLE 1 

Treatment No. 
of 
rats 

Plasma calciuma Urinary Pi excretiona 

(ms/lOO ml) (yg/rat/hr> 

Experiment No. 1 

Ethanol + HCl 7 6.0 + 0.39 48 + 10 
+PTH 6 8.9 7 0.42 418 + 73 

Actinomycin + HCl 6 5.9 7 0.42 55 711 
+PTH 7 6.6 T 0.39 527 + 68 

Experiment No. 2 

Ethanol + HCl 5 5.9 + 0.31 70 f 29 
+PTH 5 9.9 7 0.31 486 7 80 
+PTE 5 9.1 T 0.31 432 7 87 

Actinomycin + HCl 5 6.0 7 0.31 82 7 29 
+PTH 4 6.5 7 0.34 215 + 90 
+PTE 5 6.6 T 0.31 308 7 87 - 

'Mean + standard error 
Groups-of rats (90-13Ogm) were injected with 5% ethanol in saline 
(Ethanol) or with 100 pg actinomycin (Actinomycin). Three hours 
later all rats were parathyroidectomized (Munson, 1961) and injected 
subcutaneously either with HCl (0.001 N), PTH (19 pg), or PTE (60 
units). Each rat was then placed in a separate metabolism cage. 
After 4 hours of urine collection (7 hours after actinomycin) all 
animals were sacrificed and blood obtained by cardiac puncture. 

Rat liver mitochondria were prepared and incubated using the 

techniques described by Sallis et al. (1963) except that the incu- -- 

bation medium contained 10 mM MgC12. 

Statistical treatment of the data was by analysis of variance. 

RESULTS 

Rats receiving actinomycin 3 hours before parathyroidectomy 

showed the same rapid post-operative fall in plasma calcium and 

urinary Pi excretion as control animals receiving ethanol (Table 1). 

Both PTH and PTE were found to produce a phosphaturic response in 

actinomycin treated animals, as well as in ethanol treated controls. 
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The actinomycin treated animals, however, failed to respond to the 

calcium-mobilizing action of either hormone preparation. 

In another experiment, one group of five rats was injected 

with actinomycin while a similar control group received ethanol. 

Both groups were bled 7 hours later. Neither group was subjected 

to parathyroidectomy. There was no evidence for a calcium lowering 

effect of actinomycin, the mean plasma calcium being 9.2 2 0.13 mg/ 

100 ml in the actinomycin treated group and 9.4 + 0.13 mg/lOO ml in 

the control group. 

Plasma creatinines from animals in Experiment No. 1 (Table 1) 

receiving actinomycin and ethanol, but no hormone, were 0.48 + 0.02 

and 0.54 2 0.02 mg/lOO ml, respectively, while urine creatinines 

from the same two groups were 0.10 + 0.01 and 0.13 f 0.03 mg/hr. 

Plasma and urine values from the same groups in Experiment No. 2 

were similar. Since only the plasma creatinines at the end of urine 

collections were known, proper creatinine clearances could not IX 

calculated. It would seem unlikely from these data, however, that 

actinomycin injection produced a large change in the clearance of 

creatinine. 

The results in Table 1 indicate that PTH, administered subcu- 

taneously to an actinomycin treated animal, was able to reach at 

least one of its target organs (kidney) in significant amounts. 

In a separate experiment designed to test possible effects of 

actinomycin on the absorption and transport of another protein 

hormone, a group of 5 rats was bled from the tail 3 hours after 

receiving actinomycin and was then given crystalline insulin 

(0.5 U/rat) subcutaneously. Subsequent blood samples at 20, 40 

and 60 minutes gave glucose levels respectively of 59, 57 and 

36% of control. These results indicate, in agreement with those 

of Steiner and King (1964), thatactinomycin does not block the 

hypoglycemic effect of insulin. 
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The in vitro stimulation by PTH of Pi uptake by isolated -- 

liver mitochondria was not diminished by pretreatment of the donor 

rats with actinomycin (Table 2). Likewise, preincubation of mito- 

chondria with actinomycin (0.1 to 1.0 pg/flask) for 5 minutes be- 

fore addition of PTH caused no inhibition of the effect of the 

hormone on Pi uptake. 

TABLE 2 

In vitro treatment -- 

Mitochondrial Pi uptakea 

Control Actinomycin 

($J Pi/W NJ 

None 1.6 + 0.25 1.5 + 0.25 - 

PTH 3.7 + 0.25 3.6 + 0.25 

aMean + standard error 
Two groups of 4 rats (90-130 g-m) each were injected either with 
100 pg of actinomycin or with 5% ethanol in saline. Seven hours 
later the animals were sacrificed and liver mitochondria isolated 
from each of the 8 animals. Three aliquots from each of the mito- 
chondrial samples were incubated separately in a Pi containing 
medium, both with and without added highly purified PTH (100 pg/ 
flask) for 25 minutes and Pi uptake determined (Sallis et al., 1963). 

CONCLUSICNS 

The data presented show that in the actinomycin treated, para- 

thyroidectomized rat, bovine parathyroid hormone fails to exert 

its usual calcium-mobilzing action. The dose of actinomycin used 

in these experiments was found to be lethal in 10 to 20% of animals, 

but not until 96 hours after administration. As the only known 

direct effects of actinomycin are on the DNA-directed synthesis of 

RNA and DNA, it is likely that the calcium-mobilizing action of 

exogenous parathyroid hormone requires intact genetic mechanisms. 
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Actinomycin was not observed to interfere with the ability of endo- 

genous hormone to maintain normal plasma calcium levels during the 

7-hour time interval of these experiments. At present this apparent 

difference between exogenous and endogenous hormone cannot be 

explained. 

The production by exogenous hormone of a phosphaturic response 

in the absence of any calcium-mobilizing response suggests that 

the two cardinal actions of the hormone may depend upon different 

mechanisms. It is possible that longer time intervals or larger 

actinomycin doses may make animals unresponsive to both actions. 

From the present data, however, it appears that calcium mobilization 

may require the concurrent synthesis of RNA while increased Pi ex- 

cretion does not. The rapid (within 5 minutes) production of phos- 

phaturia by infusion of parathyroid hormone into the renal artery 

of the dog (Hirsch and Munson, in press) is consistent with the 

idea that the enzymic machinery for this response is immediately 

available. 

The equal responsiveness in vitro of liver mitochondria from -- 

actinomycin treated and control animals is consi.stent with the hypo- 

thesis (Rasmussen and DeLuca, 1963) that the hormone induced uptake 

of Pi by such mitochondria represents a valid model for the action 

of the hormone on the kidney tubule. 

The assistance of Mrs. Arlene Schaefer and Mrs. 
Elizabeth A. Moore and the critical advice of Dr. 
Paul L. Munson are gratefully acknowledged. 

REFERENCES 

Aurbach, G. D., J. Biol. Chem. 234, 3179 (1959) 
Bonsnes, R. W., and Taussky, H. H., J. Biol. Chem. 158, 581 (1945) 
Edelman, I. S., Bogoroch, R., and Porter, G. A., Proc. Natl. Acad. 

Sci. U. S. 50, 1169 (1963) 
Greengard, O., az Acs, G., Biochim. Biophys. Acta 61, 652 (1962) 
Hirsch, P. F., and Munson, P. L., Arch. Exptl. Pathol. Pharmakol. 

in press 

214 



Vol. 16, No. 3, 1964 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Kenny, A. D., and Munson, P. L., Endocrinology 64, 513 (1959) 
Munson, P. L. in R. 0. Greep and R. V. Talmage Editors), The Para- 

thyroids, Charles C. Thomas, Springfield, Ill., 1961,T 94 
Rasmussen, H., and Craig, L. C., Biochim. Biophys. Acta 56, 332 (1962) 
Rasmussen, H., and DeLuca, H. F., Ergeb. Physiol. Biol. mem. Exptl. 

Pharmakol. 53, 1 (1963) 
Reich, E., FrankEn, R. M., Shatkin, A. J., and Tatum, E. L., Proc. 

Natl. Acad. Sci. U. S. 48, 1238 (1962) 
Sallis, J. D., DeLuca, H. F., and Rasmussen, H., J. Biol. &em. 

238. 4098 (1963) 
Stein= D. F., and King, J., J. Biol. Chem. in press 
Ui, H., and Mueller, G. C., Proc. Natl. Acad. Sci. U. S. so, 256 

(1963) 

215 


