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of FFA by skeletal muscle was influenced by 
the FFA concentration of the medium, but 
not by the presence of epinephrine. 

Summary. An intravenous infusion of la- 
beled palmitic acid was repeated after an in- 
terval of about 90 minutes on the same intact 
anesthetized dog. During the second period, 
an infusion of NE (0.2 or 0.4 pg/kg/min) 
was also given. Arterial FFA, CS-A differ- 
ence for FFA and myocardial uptake of FFA 
were increased by the higher dose of NE; 
the specific activity of arterial FFA, the ex- 
traction ratio of FFA and myocardial R.Q. 
were decreased. Infusion of nicotinic acid, 
preceding administration of NE eliminated 
the above changes. It appears that myocar- 
dial FFA oxidation is indirectly influenced 
by NE, through FFA mobilization and the 
elevated arterial level of this metabolite. 
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I t  has been demonstrated that magnesium 
ions, in excess of normal requirement, can 
increase the overall elimination of radioactive 
strontium from the skeletons of rats. This 
occurs whether the isotope was administered 
1 or 30 days previously. The increased elimi- 
nation is by way of the kidney since fecal 
elimination is decreased( 1). Magnesium ions 
also decrease uptake and retention of radio- 
active strontium by skeletons of rats fed a 
diet containing the isotope ( 2  ) . Moreover, it 
has also been shown that the phosphate con- 
tent of the diet has a marked influence on 
the removal of skeletally bound Sra9 (3,4,5). 
Since magnesium metabolism is intimately 
involved with that of calcium and phosphorus 
the following studies were designed to deter- 
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mine the mechanism whereby alterations in 
the dietary Ca/P ratio and in supplemental 
magnesium increase radiostrontium elimina- 
tion and decrease skeletal uptake of the iso- 
tope. 

Experimental. Male Holtzman rats weigh- 
ing 90-1010 g were injected with 30 pc of 
carrier free Srs9 intravenously and fed labo- 
ratory stock diet for 30-501 days before they 
were fed the experimental diets. During the 
balance period, the animals were housed in 
individual metabolism cages designed to sepa- 
rate urine and feces. They were kept in these 
cages for 16 days during which time their 
food, water and magnesium consumption were 
measured daily, The first 4 days were con- 
sidered a pretreatment period to allow the 
rats to adjust to the different diets and the 
individual cages. From, day 5 ,  half of the 
animals received 10% glucose solution and 
the other half 10% glucose solution contain- 
ing 2 %  MgC12 * 6H20. The glucose solution 
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TABLE I. Tota l  Strontiuiii‘” Excrcbtioii fo r  1 2 - h y  Period. 
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l p  <.0l  wlicn compared to  escretioii l ~ l y  rats fed control diet. 
p < . O l  wlieii conipared t o  group fed  samv diet b u t  without supplemental magnesium. 
p <.Us wlien compared to  group fed saiiie dict bu t  without supp1emerit:il niagnesiuni. 

* F o r  case of coniparison of data ,  cscrctioii of Sr‘!’ by  aiiimals f e d  the control diet  (0.8v0 
calciiini and 0.4% phospltorus) was arbi t rar i ly  s c t  at  3U0 mid all other values are relative to  this. 

was used to insure sufficient quantities of 
urine for analysis. The average magnesium 
intake by the unsupplemented rats, over the 
12-day period, was about 65 mg and that of 
the supplemented rats between 7 to 10 times 
greater. L’rines and feces were collected every 
2 days. There were 5 rats in each group and 
they were fed a synthetic diet composed of 
the following ingredients: 4.0% Salt mix, 
60% Cerelose, 10% Blazola oil, 24% blood 
fibrin and 25% alphacel. Alterations in diet- 
ary calcium/phosphorus ratios were made by 
varying the calcium and phosphorus contents 
of the salt mix. The diets contained adequate 
amounts of all the known vitamins and the 
indispensable trace elements. 

Calcium was determined by the method of 
Berger (6 )  and phosphorus by a modification 
of the Fiske-Subbarow procedure ( 7 ) .  Ali- 
quots of urine were plated out in stainless 
steel planchets, air dried, dried in an  oven at 
70-80°C and counted in a flowgas counter 
containing a micromil window. Feces were 
ashed in a muffle furnace at 600°C; the resi- 
due dissolved in a small volume of 1 N 
H N 0 3  and made up to a suitable volume. 
Aliquots were analyzed by the same proce- 
dures used for urine. Suitable corrections 
were made for decay and the samples were 
counted long enough to ensure a statistical 
accuracy of a t  least 1%. An analysis of va- 
riance according to Snedecor was made on 
all data(8). 

Results. Eflect of alterations in dietary 
calcium and phosphorus on removal of skele- 
tally bound SrS9. In  Table I may be seen the 
effects of alterations in dietary Ca/P ratios 
on Srb9 excretion. When the Ca/P ratio was 
4 or greater, urinary Srs9 was increased sig- 
nificantly above that of the controls. The 
greater the Ca/P ratio, the more SF9 was 
excreted. Urinary SrSg was unaltered if the 
Ca/P ratio was below 2.  Fecal Srs9 was de- 
creased when the Ca/P ratio was 4 or greater 
and unchanged a t  the other ratios. The net 
excretion of SrS9 (urinary plus fecal) was 
significantly greater only by those animals 
fed diets whose Ca/P ratio was 4 or more. 

Eflect of supplemental magnesium on re- 
moval of skeletally bound S F .  The effects 
of increasing the intake of magnesium ions 
on elimination of SrSg is reported in Table I. 
Supplemental magnesium decreased urinary 
Srs9 by rats fed diets whose Ca/P ratio was 
4 or greater and increased i t  if the diets had 
Ca/P ratios of 2 or less. The increased mag- 
nesium intake also tended to decrease fecal 
SrB9 by those animals whose diets contained 
calcium. However, the decrease was statis- 
tically significant only in those groups fed 
diets whose Ca/P ratio was 2 or less. 

Eflect of alterations in dietary Ca/P ratios 
and supplemental magnesium on calcium and 
phosphorus balance. Since radioactive stron- 
tium is handled by the body in a manner 
similar to radioactive calcium( 9 ) ,  i t  was felt 
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TAETJE 11. Calciuin and Phosphorus Excretion Duriiig 12-Day Balance Period. 
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Same aiiimals and legend as Table I. 

that an examination of urinary and fecal cal- 
cium might help explain the mechanism for 
the increased urinary and decreased fecal 
Srsg under certain dietary conditions. Table 
I1 shows the calcium and phosphorus balance 
of the animals described in the previous Ta- 
ble. The unsupplemented rats (Groups 1, 3 
and 5)  which excreted more SrS9 in their 
urines than the controls (Group 7 )  also had 
an elevated urinary calcium. Groups 1 and 
3, whose diets contained insufficient phos- 
phorus for growth or maintenance were in 
negative phosphorus but in positive calcium 
balance while both balances were positive in 
Graup 5. The animals in Groups 11 and 13 
did not have an elevated urinary calcium nor 
was their urinary SrR9 above the normal val- 
ues despite their being in negative calcium 
balance. 

The effect of supplemental magnesium on 
calcium and phosphorus excretion was also 
dependent on the Ca/P ratio in diet. Al- 
though the absolute urinary calcium of 
Groups 2 and 4 was slightly greater than 
their controls (Groups 1 and 3 ) ,  it was sig- 
nificantly less if calculated as percent of in- 
take since the magnesium supplemented 
groups ate considerably more calcium. In 
actuality, urinary calcium by rats fed diets 
with high Ca/P ratios was decreased with 
increasing magnesium intake. The strontium 
excretion paralleled that of calcium (Table 
I) .  Urinary calcium was increased by mag- 
urinary Srs9 since animals with a Dositive 

less as was urinary SrS9 (Groups 8 and 10 as 
compared to 7 and 9) .  Although urinary Srs9 
was significantly elevated by Groups 1 2  and 
14, no changes in urinary calcium could be 
detected by the method of analysis used(6) 
which was too insensitive to detect with any 
degree of accuracy the small amounts of cal- 
cium excreted by rats on a calcium ‘free’ diet. 

Increasing the magnesium intake decreased 
fecal calcium by all groups of animals re- 
gardless of the dietary Ca/P ratio. In other 
words magnesium increased the absorption of 
calcium by all animals fed diets containing 
more than traces of calcium. It also made 
the calcium balance more positive. 

Increasing the intake of magnesium con- 
sistently decreased urinary phosphorus and 
increased fecal phosphorus provided the diet 
contained adequate phosphorus. I t  made 
phosphorus balance significantly more posi- 
tive in most groups (Table 11). 

Discussion. No satisfactory measures exist 
for removal of a ‘bone-seeking’ isotope once 
it has been deposited in the skeleton. Low 
phosphorus diets (3,4,5) will increase the rate 
of removal of radioactive strontium from the 
skeleton in part, as a result of the deleterious 
effect that such diets have on bone mineral 
composition(4) and in part as a result of the 
increased urinary calcium which results from 
increased absorption of calcium from the gut 
(10).  I t  is apparent that a negative phos- 
phorus balance is not essential for increased 
crinarv Srsg since animals with a Dositive 
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phosphorus balance, but fed a diet containing 
a Ca/P ratio of 4, excreted more SrSg than 
did their controls (Table I).  These animals 
did, however, have an increased urinary cal- 
cium. The animals which were in negative 
calcium balance had a depressed urinary cal- 
cium and excreted no more Srs9 than the con- 
trols, Thus, it would appear that alterations 
in the dietary Ca/P ratio such that they re- 
sult in an increased urinary calcium will 
cause an acceleration of the release of skele- 
tally bound radioactive strontium. 

The effectiveness of magnesium ions in in- 
creasing the elimination of skeletally bound 
isotope is also dependent on its ability to in- 
crease urinary calcium. 

If the diet contains calcium, increased 
magnesium intake decreases fecal calcium, 
i.e., increases absorption from the gut and 
makes the calcium balance more positive. In 
these experiments, the magnesium supple- 
mented rats consumed more calcium than 
their controls and it is conceivable that in- 
crease in the calcium balance may in part be 
derived from the increased calcium intake. 
However, despite the increased calcium in- 
take by the magnesium supplemented rats, 
fecal calcium was always less. Moreover, in 
a series of experiments in which magnesium 
supplemented rats were pair-fed with their 
controls the effect of magnesium was to de- 
crease consistently fecal calcium and to in- 
crease the balance regardless of the dietary 
Ca/P ratio, provided the diet contained more 
than traces of calcium (to be published). The 
decreased fecal SrS9 observed previously ( 1 ) 
and in these experiments must be the result 

of increased absorptiorl of this ion which re- 
sulted from the excess magnesium intake. The 
rate of renal elimination must be greater 
than that of absorption to account for the 
increased overall elimination (Table I).  

Sumnary. The removal of skeletally bound 
SrS9 is accelerated by diets whose Ca/P ra- 
tios are 4 or greater. Also, supplemental mag- 
nesium increases the removal of isotope if the 
dietary Ca/P ratio is 2 or less. Large dietary 
Ca/P ratios and supplemental magnesium 
produce hypercalciuria which is essential for 
increased Sf19 elimination. Increased intake 
of magnesium ions routinely decreases uri- 
nary phosphorus and fecal calcium causing 
their balance to become more positive. 
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features of calcification has been how hy- 
droxyapatite crystals can form in viva at 

lichen Forschung; U.S.P.H.S. grant AM 07266-02 of 
Nat. Inst. of Arthritis and Metab. Dis.; and the San- 
doz Stiftung zur Forderung der medizinisch-biolog- 
ischen LVissenschaften. 

t Medical Research Coun'cil, Mineral Metabolism 
Research Unit, General Infirmary, Leeds, England. 

*This work has been supported by the Schweizer- 
ischer Natimonalfonds zur Forderung der wissenschaf t- 


