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servations further strengthen the concept that 
the term “estrogen” can be rather vague and 
should be redefined in terms of chemical 
structure and physiological effect. 

The inability of testosterone to affect the 
binding of estradiol is to be expected since 
competition studies carried out in vivo also 
gave negative results. The compound 2 ~ -  
methyl-5a-dihydrotesto~terone,~ which is used 
clinically for suppression of human breast 
tumors, is also ineffective. 

The concept of specificity of nuclear bind- 
ing must be treated with proper caution. I t  
has been demonstrated that in vitro binding 
is a t  least a two-step mechanism requiring a 
supernatant receptor probably followed by 
enzymatic transfer of the steroid to the nu- 
clear receptor ( 13). Thus specificity may in- 
volve any or all of the receptors and trans- 
ferring enzyme systems. Moreover, specificity 
may vary somewhat between these macro- 
molecules. 

Summary. The inhibitory effects of several 
compounds on the in vitro binding of estra- 
diol to the rat uterine nuclear pellet were 
tested. The binding properties of the com- 
pounds tested were related to their known 
physiological effects. Chemical modifications 
of the estradiol molecule produced marked 
changes in binding properties, indicating a 
high degree of specificity for the transfer 
reactions. 

1This  compound was generously supplied by Dr. 
A. Segaloff. 

This investigation was supported by research 
grant CA-03 135, and by Research Career Program 
Award 5-K3-GM-15,369 and Predoctoral Fellowship 
1-F1-GM-370 from t h e  US. Public Health Service, 
National Institutes of Health, Bethesda, Maryland ; 
a grant from the Aids to Cancer Research, Brook- 
line, Massachusetts; and Institutional Grant IN47 H 
from the American Cancer Society, Massachusetts 
Division. 

This investigation was performed in partial fulfill- 
ment of the requirements for the degree of Doctor 
of Philosophy at  Boston University Graduate School. 

1. Jensen, E .  V. and Jacobson, H. I., Rec. Progr. 

2. Jensen, E. V., Can. Cancer Conf. 6, 143 (1965). 
3. Stone, G. M .  and Baggett, B., Steroids 6, 2 7 7  

4 .  Terenius, L., Acta Endocrinol. 53, 611 (1966). 
5. Stone, G. M. and Baggett, B., Steroids 5, 

6. Terenius, L., Acta Endocrinol. 53, 84 (1966). 
7. Noteboom, W. and Gorski, J., Arch. Biochem. 

Biophys. 111, 559 (1965). 
8. Toft, D. and Gorski, J., Proc. Natl. Acad. Sci. 

U.S. 55, 1574 (1966). 
9. Toft, D., Shyamala, G., and Gorski, J., Proc. 

Natl. Acad Sci. U S .  57, 1740 (1967). 
10. Maurer, H. R. 2nd Chalkley, G. R., J. Mol. 

Biol. 27, 431 (1967). 
11. Brecher, P. I. and Wotiz, H. H., Steroids 

9, 431 (1967). 
12. Wotiz, H. H., Shane, J. A., Vigersky, R., and 

Brecher, P. I., in “Factors In,fluencing Prognosis of 
Breast Cancer,” K. Griffiths, ed. Livingston Press, 
London, in press. 

13. Brecher, P .  I., Vigersky, R., Wotiz, H. S., and 
Wotiz, H. H., Steroids 10, 635 (1967). 

14. Huggins, C. and Jensen, E .  V., J .  Exptl. Med. 
102, 335 (1955). 

Hormone Res. 18, 387 (1962). 

(1965). 

809 (1965). 

Received Jan. 18, 1968. P.S.E.B.M., 1968, Vol. 128. 

Rare Earth Metals and Soft-Tissue Calcification (33041) 

B. TUCHWEBER AND L. SAVOIE (Introduced by H. Selye) 
Institute of Experimental Medicine and Surgery, University of Molztreal, Montreal, Canada 

In the rat certain metallic salts can induce b d t ;  numerous other metallic compounds 
topical calcification a t  the site of injection (CrC13, FeQ3, SnC12) have proved in- 
( 1 ) ;  this phenomenon is called calcergy. effective in this respect ( 2 ) .  The calcergic 
Among these salts (calcergens) are the chlor- deposits show the X-ray diffraction pattern of 
ides of lead, zinc, indium, cerium, and co- hydroxylapatite (3). Many calcergens given 



374 RARE EARTHS A N D  SOFT-TISSUE CALCIFICATION 

intravenously predispose the rat to calcifica- 
tion at  sites of topical orthophosphate injec- 
tion (4), whereas only lead salts sensitize for 
calcification those sites treated with a histam- 
ine liberator (5,6). Recently it has been 
demonstrated that rare earth metals also in- 
duce accumulation of calcium salts a t  the site 
of subcutaneous injection ( 7 ) .  Hence we 
wished to determine whether these metals 
also could sensitize the rat for calcification at  
the site of administration of a histamine 
liberator. 

n / l ~ t t . r i ~ Z ~  and Methods. One hundred and 
twenty Sprague-Dawley rats of the Robidoux 
Farm (Montreal, Quk., Canada) with a 
mean initial body weight of 100 gm (range 
94-110 gm) were divided into 12 equal 
groups and treated as shown in Tables I and 
IT. The trichlorides of dysprosium, erbium, 
holmium, lutetium, scandium and thulium 
( K  and K Laboratories Inc., Plainview, 
New York) were injected intravenously un- 
der light ether anesthesia in 1 ml of distilled 
water. In the first experiment (Table I )  they 
were given at  the dose of 3 mg, except 
scandium which was given at  the dose of 4 
mg. In the second experiment (Table II) ,  
various amounts of HoCI,{ (1-8 mg) were 
tested for their efficacy in predisposing the 
rat to calcification. In addition, immediately 
after the intravenous injection, 30 p g  of 
polymysin-B sulfate in 0.2 in1 of distilled 
water (Pfizer Company of Canada Ltd., 
Montreal, Canada) were injected subcutane- 
ously on the back. 

Buring the experiments, the rats were fed 
Purina Laboratory Chow (I'urina Co. of Cana- 
da) and given tap water. On the sixth day 
they were killed with chloroform. At au-  
topsy, the diameter of the calcified wheal 
produced by the topical treatment was mea- 
sured and splenic calcification was expressed 
in terms of an arbitrary scale of &3 in 
which 0 = no lesion, 1 = just detectable, 
2 = moderate, and 3 = maximal lesion. 
Specimens of spleen and skin from the site of 
polymyxin injection were fixed in alcohol- 
formol (4  parts of absolute alcohol and 1 
part of 10% neutral formalin) embedded 
in paraffin and stained with the von K6ssa 
technique for the histochemical demonstra- 

T A U I A E  I. Produc tioii of Sof t-Tissue Calcification 
by Rare Earth Metals. 

Skin calcification a t  polymyxin site 

Macros- 
Tren t- copy Calcium Phosphorus 

Group inent" (iiini) (%) (a> 
1 S O I l C  0 1.3 2 0.05 10.7 & 0.33 
2 DyC1, 24 2 1.1 25.7 2 2.59 19.0 & 0.15 
3 ErC1, 25 2 1.2 22.5 & 1.50 18.6 2 0.22 
4 HoCI, 26 2 1.1 23.3 & 0.97 18.9 & 0.18 
5 IlUCI, 0 1.8 & 0.04 11.8 & 0.36 
(i s e a ,  0 1.8 & 0.04 11.7 & 0.36 
7 TII~CI, 24 & 1.1 22.9 & 1.18 19.1 & 0.13 

h i  additiou, all rats received 30 pg of polymyxin 
as described in the tcst. 

tion of phosphate and carbonate, and with 
chloranilic acid for the demonstration of cal- 
cium. Skin specimens were incinerated at  
600°C for 17 hours for the determination 

FIG. 1. (Top) Normal aspect of the reversed skin: 
viewed from inside. (Bottom) A large calcified 
plaque at polymyxin injection site in a rat treated 
with HoCls i.v. 
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FIG. 2 .  A: Histologic appearance of the polymyxin injection site in a rat given HoCI:j i.v. Calcium 
is evenly deposited along the collagen fibers. B :  Sormal skin (Von Kossa X 120). 

of calcium and phosphorus, respectively, by 
atomic absorption spectroscopy (8)  and the 
Fiske and Subbarow technique (9). 

Resdts.  As shown in Table I, of the 6 rare 
earth metals tested, only the chlorides of 
Dy, Er, Ho, and Tm induced calcification at 
the site of polymyxin injection (Fig. 1). The 
macroscopic readings are in agreement with 
chemical analysis of the corresponding cal- 
cified plaques, in which the values of calcium 
and phosphorus are expressed as a percentage 
of the ashed weight. The calcium and 
phosphorus contents of these plaques (groups 
2,  3, 4 and 7 )  were significantly increased 
( p  < 0.001) when compared with those 
of the skin of control rats (group 1) .  
Histologic examination revealed that calcified 
material was evenly deposited in close con- 
nection with collagen fibers of subcutaneous 
tissue and dermis (Fig. 2 ) .  In additional ex- 
periments, we observed that many in- 
travenously administered calcergens (chlor- 
ides of Cd, Co, In, Zn) and noncalcergens 
(chlorides of Al, Bi, Cr, Fe) failed to sensi- 
tize for precipitation of calcium salts at sites 
of polymyxin injection. 

47s 

The experiment summarized in Table I1 
indicates that there is a definite optimum 
dose for the production of skin calcification 
by HoCI3. The 3-mg dose produced maximal 
cutaneous calcification while both smaller ( 1 
mg) and larger doses ( 5  and 8 mg) were 
totally inactive in this respect. As expected 
from earlier work ( 7 ) ,  high amounts of 
HoC13 induced splenic calcification. 

Discussion. Previous studies performed 
with large amounts of calcergens adminis- 

TARIJE IT. Efficwp of Various Doses of HoCl, i n  
Eliciting Cht:incous C:iJcific:it.ion. 

Mean c1i:iiiictc~r 
HoCl,, ( imi)  of cnlci- Splenic 
dose" fied wheal at site calcification 

Group (nig) of polymyxin (scale 0-3) 
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tered intravenously suggested that only lead 
acetate could induce connective tissue calcifi- 
cation a t  sites of increased capillary permea- 
bility (5,6). The present experiments demon- 
strate that this effect also is caused by sever- 
al rare earth metals (Ho, Er, Dy, Tm)  when 
given in small amounts. We have recently 
observed that small doses of rare earth metals 
increase, while large amounts decrease the 
serum concentrations of calcium and phos- 
phorus ( 10,ll) . Large amounts of these met- 
als are absorbed by the reticuloendothelial 
system and induce accumulation of calcium 
salts in the spleen ( 7 ) .  I t  is noteworthy that 
splenic calcification is induced when large 
amounts of metal are administered, while cu- 
taneous calcification, a t  the site of polymyxin 
injection, is obtained only with low levels. 
The ability of rare earths to induce or to 
inhibit cutaneous calcification is reminiscent 
of the dual effect exhibited by different 
amounts of thromboheniorrhagic “sensitizers” 
( 1 2 ) .  

Summary. In  the rat, the intravenous ad- 
ministration of several rare earth metals (Ho, 
Tm, Dy, Er)  induces an accumulation of 
calcium salts a t  sites treated with a histamine 
liberator, polymyxin. This reaction is ob- 
tained only with medium doses ( 3  mg) of 
metals; smaller (1 mg) and larger doses ( 5  
and 8 mg) were inactive in this respect. The 
intensity of splenic calcification is directly 

IN HYPERTENSION 

proportional to the amount of rare earth ad- 
m in is t er ed . 

This work was supported by the Medical Research 
Council of Canada (BIock Term Grant MT-1829) 
and USPHS Child Welfare Division (Grant No. 
HD 02612-01). The authors wish to thank the Pfizer 
Company of Canada for the supply of polymyxin 
used in these experiments. 

1. Selye, H., “Calciphylaxis.” Univ. of Chicago 
Press, Chicago, Illinois, 1962. 

2. Padmanabhan, B., Tuchweber, B., and Selye, 
H., Arzneimittel-Forsch. 13, 429 (1963). 

3. Tuchweber, B. and Gabbiani, G., Can. J. 
Physiol. Pharmacol. 45, 9.58 (1967). 

3 .  Gabbiani, G.  and Tuchweber, B., Can. J .  
Physiol. Pharmacol. 43, 1 7 7  (1965). 

5 .  Selye, H., Tuchweber, B., and Gabbiani, G., J.  
Pharmacol. Exptl. Therap. 138, 131 (1962). 

6. Serafimov, N., Tuchweber, B., Gabbiani, G., 
Jean, P., and Selye, H., Arch. Intern. Pharmacodyn. 
145, 249 (1965). 

7.  Gabbiani, G., Jacqmin, M .  L., and Richard, R .  
M., Brit. J .  Pharmacol. 27, 1 (1966). 

8. LVillis, J .  B., Spectrochim. Acta 16, 259 (1960). 
9. Fiske, C. H .  and Subbarow, Y., J .  Biol. Chem. 

66, 375 (1925). 
10. Johannsson, O., Perrault, G., Savoie, L., and 

Tuchweber, €3.. Brit. J .  Pharmacol. 33, 333 (1968). 
1 1 .  Savoie, L., Toxiciti de mCtaux des .terres rares, 

thesis, University of Montreal, 1967. 
1 2 .  Selye, H., Rohan, P., and Winandy, G., Intern. 

.Arch. .Allergy 30, 575 (1966). 

Rrccived Jan. 22, 1968. P.S.E.H.M., 1968, Vol. 128. 

Blood Lactic Acid in Rats and Men: Comparison of Normo- and 
Hypertensive 1ndividuals”t (33042) 

KNUD D. KNUDSEN, LEWIS K. DAHL, AND LORRAINE M. TASSINARI 
Medical Rasearch CPntar, Brookhavan .h‘ational Laboratory, Up ton ,  New York 11973 

Demartini et Q Z .  ( 1 )  reported that in pa- both venous and arterial blood was signifi- 
tients with either renal or essential hyperten- cantly elevated. Somewhat similar results had 
sion the concentration of lactic acid (LA) in been obtained by Gupta and Chakravarty 

( 2 ) .  The reason for this finding was not 
*This work was supported by the U. S. Atomic 

clear. Energy Commission. 
t We are indebted to Dr. John H. Laragh, Professor We have studied the LA concentration in 

of Clinical Medicine, Department of Medicine, col-  the blood of two strains of rats with an in- 
lege of Physicians and Surgeons of Columbia Uni- born susceptibility (S) or resistance (R), re- 
vcrsity, Xew York, N. Y. for his advice and assis- spectively, to experimental hypertension in- 
tancc. duced by NaCl as well as other techniques 


