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Scope of the Investications

The major emphasis has been given to comparing the deposition in and
removal from bone of the various members of the alkaline earth group of elements.

Throughout these studies in vitroc cultures of embryonic bone were used as the

test material. In order to compare the metabolic behavior with a degree of
certainty, radio calcium was incorporated into the medium with the alkaline
earth under investigation. The comoarison of strontium metabolism to that of
calcium received special emhasis. By culturing bones from 2 ® Semonth old
human fetuses some data was obtained on the behavior of these elsments by
human bone., In experinents with embryonic chick bone, the influence of various
kinds of sera, tem~erature, and stabls strontium upon the strontium-calcium
ratio was determined, The removal and uptake of these nuclides was observed at
several intervsls within a 2l-hour period to attempt to ascertain how soon the
selactive effect was onrerative and where the selection was occurring. The
possible influence of enzymatic systems was investigated by comparing live and
heat-killed bones.

. Significant Results

A. 3einvestigation of Sr/Ca Ratios in Bone GCrowth in vitro
Preliminary work in this laboratory indicated that bone could select
against strontium in the absence of other organs. 3emoval was implicated as
the possible site of selection since strontium was found to leave bone at a
ratio 1.2 times that of calcium. This has been rechecked using tibias from
9-day old chick embryos cultivated in a medium of dog serum. In addition the

metabolism of the ends of the bones was contrasted to that of the shafts. The

data obtained are:

1108496



Table 1
_“_z_-/_:a Ratio in Crowing Bone
Znds Shaft
labeled 7 Zays 0.63 0.75
Labeled 7 days
then non-labeled
medium for L days 0.59 0.69

The data bear out the selsction against strontium and emphasize that
the ends of the bone may select against strontium more than the shaft. By
calculation it was determined that 1,12 timss as much strontium as calcium left
the ends of the bones. The corresponding.figum for the shafts was 1.28, About
S0%¢ of the activity incorporated into the ends was lost during this period while
only 20% was lost from the shafts.

B, Comparison of Barium and Calcium

In experiments similar to that above, the following data were observed:

Table 2
Ba/Ca Ratio in Growing Bone
Ends Shafts
Labeled 7 days 0.55 0.88
Labelad 7 days
then non-labeled
medium for . days 1.h7 0.76

Durines the removal phase of the experiment, barium was selected
against by the shafts of bone. The ends apoeared to hold on to barium in pref-
erence to calcium. However, the counts were extremely low and reinvestigzation
would be helpful. Calculation of the data indicated that barium left the shaft
at a ratio 1.35 times greater than calcium, For the ends of the bones only
0.81 times as much barium as calcium left during this period.

The 2L-hour uptake of barium was investigated using tibias from
12-day old chick smbryos. The data are graphed in Figure 1. Barium did not
enter the ends of the bones as rapidly as did calcium; however, with time its
accurmlation increased, raising the Ba/Ca ratio. The total uptake of calecfium

and barium was very small. Barium appeared to enter the shafts at a rate
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greater than that for calcium. With times the ratio decreased indicating a
selection ag3inst barium was possibly cccurrine.

When bone was lateled for 2 hours and then remved to a non-labeled
medium the process of removal could be studied. The data appear in Figure 2.
The turnover in the ends of the bones was quite rapid and the selection against
barium was maintained. For the shafts the calcium seemed more mobile than
barium. At nresent, it is difficult to reconcils the results of the short-
term and long-term studies,

C. Comnarison of 3eryllium and Calcium

The data for the long-term growth studies are presented in the

following table:

Table 3
Be/Ca Ratios in Crowing Bone
Encs Shafts
Activity for 7 days 15,76 2.1
Activity for 7 days
then no activity for
5 days L3.50 2.2

The data indicate that tibias from 9-day old chick embryos
accumulated beryllium to a greater extent than calcium. This was more evident
in the ends tnhan the shaft of the bone.

Tt was deternined that beryllium left at a rate of 0.69 and 0,58 that
of calecium for the shaft and ends of the bone, respectively.

In 24-hour experiments with bones from 12-day old embryos it was
noted that the uptake of beryllium by the ends rapidly exceeded that for calcimm
(Figure 3). The shaft showed twice as much calcium taken up as beryllium., In
studying removal (Firure L) of the act ivity from bone, it was seen that calcium
was mobilized from the ends more rapidly than the beryllium. For the shafts

the ratio remained constant, indicatinc that the loss of beryllium was equal to

that of calcium.
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FIGURE 8. Be/Ca RATIO DURING UPTAKE

”/--- -“ -~
,/” =~ ENDS
//,
s
/
7/
3.0 /
/
/
/
//
/
/
/
Bo/Ca 2,0 /’
RATIO /
/
/
/
/
/
/
/
ID'L
SHAFT
| 2 4 2 /2 /6 20 24
HGURS
FIGURE 4. o Be/Ca RATIO DURING REMOVAL
1)
PR RN
PP Y
I’,
7”7
Vd
I/ ~
é.O' ,/, \\
/1 \\
,/ \\\
4 \
/// \
P \ ENDS
Bo/Cc l,l,o-- ,"
RATIO ,
’I
'
y
201
SHAFT
| 2 % 3 12 16 20 24
HOURS

1108507



The tremendous accumulation of beryllium by the ends of the bone
fits in well with beryllium's known property of enzyme inhibition. Thus, the
data for the ends does not depict the suitability of beryllium as a formsr
of bone crystal. The data for the shaft probably expresses this suitability
since the tissue is more highly calcified. However, more work is needed on
this question.

D. Sr/Ca in Human Bone

The data for these experiments are contained in Table L. Fetus No. 1
was 23 cm long and a negro female. The bones were large and well calcified so
only metatarsal and metacarpal bones, and sections of R. B. were utilized.
Fetus Mo. 2 was 12 - 1 cm in length and a negro male, Other estimates place
the age as about 1L weeks, This was a surpical abortion and appeared in good
condition. The bones were observed to increase in length during the culturing
period. Fetus No. 3 was about 7 cm long and negro. The appearance was not
good and the bones were not observed to grow in tissue culture.

For fetus No. 1 it can be seen that strontium left the bones at a
ratio greater than that for calcium. However, the more calcifised portions of
the skeleton initially accumulated more strontium than calcium, while the less
calcified portions selected against strontium. The data for fetuses 2 and 3
bear out the different metabolic behavior for the less calcified portions of the

skeleton. FEowever, fewer instances of selection against strontium during the
removal phase were observed. Since it is in doubt that the bones from fetus 3
were viable few conclusions can be made from these data. Obviously, more

exmeriments are needed.

E. Effect of Temperature on the Sr/Ca Ratio in Chick Bone

Table 5 contains the data relative to the Sr/Ca ratio in embryonic

chick bone 24 hours after exposure to activity.
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Table 5

Temperature 3nd the Sa/Ca Ratio

Temperature Live Bone Dead Bone

- T Ends  Shatt Ends  Shaft
Le 0.59 1.00 0.52 1.00
5 0.73 0.99 0.56 0.98
39¢ 0.69 0.85 0.63 1.05

It can be observed that selection occurred in the ends of live and dead bone at
all temperatures. Selection in the shaft took place only in live bone at rela-
tively physiological temperatures and indicates a possibility that other than
physical processes are involved.

F. Effect of Stable Strontium on the Selective mechanism

For this experiment tibias from l2-day old embryos were put into the
medium containing 1.0 mg % stable strontium for varying lengths of time. After

this , activity wss then added to the medium. At 2L hours the bones were har-

vested,
Table 6

Pre-Treatment

- Stable Strontimnm and the Sr/Ca Ratio
Ends Shaft

No stable strontium 0.51 0.7

Stable strontium similtaneously 0.60 0.6L
with activity

Stable strontium 1 hr. before activity 0.65 0.71
n " 3 hr’S. " n 0.67 0068
" n 6 n ] n 0.67 0.71
n ] 2“ " " ] 0.65 0.67

No effect was noted upon the total uptake of activity. Little effect could be
ascribed to the stable strontium except that in the ends a lessening of selection

may have occurred.
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G. Sr/Ca in Bone as Affected by the Serum Used in the Medium

Tables 7

Type of Sera and the Sr/Ca Ratio

Human Dog Chicken Sheep Horse
End Shaft End Shaft End Shaft End Shaft End Shaft

30 min 1.36 0.99 1.35 0.92 0.83 0.91 1,04 0.98 1.37 0.87
7 days labeled 0.71 0.72 0.69 0,75 0,57 0.68 0.81 0.74  0.79 0.73
11 days labeled 0.71 0.68 0.73 0.73 0.54 0.70 0.96 0.8% 0.89 0.79

7 days labeled and) 0.70 0.67 0.59 0.69 o.uly 0.6k  0.98 0.72 0.80 0.72
L days unlabeled )

The data indicate that selection is relatively independent of the serum
used for the medium and therefore must be a function of the bone itself. The
{pitial entry of strontium into the shaft is at least equal to that of calcium
and for the ends of bone is greater. The loss of strontium from bone shaft is
larger than that of calcium in all sera, and this must be a function of bone
metabolism.

H. The Short Time Uptake and Removal of Calcium and Strontium

by live and Dead Bone

For these experiments tibias from 12-day old embryos were labeled for
various lengths of time and then assayed. Before labeling half of the bones
were out into boiling isotonic saline for 2 minutes to kill the bones. Figure
S presents the data of these experiments. As can be seen, the ends of the bones
showed more selection against strontium than the shafts. The dead shafts
displayed a constant Sr/Ca ratio throughout the experiment while the live shafts
showed a continuous selection against strontium.

For studying removal the live bones were labeled for 24 hours. Before being
put into non-labeled medium, half of the bones were put into boiling isotonic

saline for 2 minutes. The bones were then put into unlabeled medium and groups

qn6g0l|

of tibias were removed at predetermined intervals. As seen in Figure 6, the
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Sr/Ca ratio of the dead bones remained constant while the selection against
strontium continued in the ends and shaft of the live bome. Much more activity
was removed from the live bones than from the heat killed bone. Further analysis
of the data is bein- carried out to determine what compartments are involved in
these selections.

I. Iong Time Removal of Strontium from Bone

For this study tibias from 9-day old chick embryos were cultivated in.
a labeled medium for S days. At this point they were changed to unlabeled medium
and bones removed at intervals from 1 to 8 days. For both the ends and shaft
of bone the major reductions in the Sr/Ca ratio came during the first 2 days
(Ficure 7). A ver; slight selection took place after that. Since live tisswe
was being used it is possible that new bone salt covered up the labeled bone

salt and prevented its removal.
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FIGURE 7
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Scientific Scope

As stated in the origiral proposal, the nalor objectives of

the research program were:

1, To compare the metabolism by bone of the members of
the alkaline earth group of elements,
2. To investigate the phases of mineral metabolisn by
bone to determine what processes are enzyme influenced.
3., To determine the rates of strontium and calcium removal
and to attempt to alter them,
Lhie To describe the mechanism by which stable strontium

inhibits calcification and increases the discrimination

against radioactive strontium,

This report details tre results obtained in fulfilling

these objectives.

Accomplishments

The major emphasis was given to comparing the devosition

in and renmoval from btone of the warious menbers of tihe alxalire

ct

earth. group of elements, Throughout these studies in vitro
cultures of embryonic bone were used as the test material. In
order to compare the metabolic behavior with a degree of certainty,
radiocalcium was incorporated into the medium with the alkaline

earth under investigation. The comparison of strontium metabolism

to that of calcium received special emphasis,
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2.

Early worx in tnis laboratory indicated that bone could
select against strontium in the absence of other organs,
Removal was implicated as the possible site of selection since
more strontium was found to leave bone than calcium, The data
of Table 1 demonstrate the selection against strontium and
emphasize that the ends of the bone may have a different Sr/Ca

ratio than the shaft.

Table 1

Sr/Ca Ratio in Growing Bone

Ends Shaft
Labeled 7 days 0.69 0.75
Laveled 7 days 04,59 0,65

then non-labeled
rnediun for L days

8y calculation it was determined that 1.12 times as much
stroatiwn as calciun left the ends of the bones; the correspcnd-

R aled
pes

by

ol izure fcr the shafts was 1.28. About 504 of the activity

incorporated into the ends was lost during this period while

only 20% was lost from the shafts,
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3.
Table 2

Sr/Ce Ratio the Shaft of Zorne Grown in Various Sera

Sera Human Dog Chicken Sheep Horse
30 minutes .99 0492 Co91 0,98 0487
7 days labeled 0.72 0475 C.68 OCeTl 0e73
7 days labeled

and
L, days unlateled 0.67 0,69 0.6L 0,72 0672

The data of Table 2 indicated that selection was relatively
irdevendent of the serum used for the medium and therefore nust
e 2 furectisrn of the beone iiself, The initial entrry of strontium
ints the shaf% was at least egual to that of calcium while the
loss of strontium was greater than that of calcium for all sera:
Azain, the renoval phase seemed to be responsible for tne selec-
tior azainst strontium,

Figure 1 snows the Sr/Ca ratios of the ends and shafts of
live and dead bone at various time intervals after immersion
in %.e laveled mediun., As can be seen, t-e ends of the bones
shcwed rore selectiorn againststrontium thar the shafts., The
dead shafts displayed a constant Sr/Ca ratio throughout the
experiment while the live shafts showed a continuous selection
against strontium, When labeled live bone was killed and then
placed in unlabeled medium (Figure 2) the Sr/Ca ratio of the
dead bones remained constant while the selection against

strontium continued in the ends and shaft of the live bone,
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Ll»o

Much nore activity was removed from the live bone than from the
heat killed bone,

The total uptake of radioactivity was greater for the dead
bone than for the live bone and since little selection was
exhibited it is unlikely that selection occurs as these alkaline
earths enter the mineral phase of the bone, The selection shown
by live bone is most likely the result of turnover of the mineral
phase with the resulting greater loss of strontium than calcium.

The selection against strontium has little significance if
it occurs only in the avian species. Therefore, it was of
irterest to test embryonic bone from other species for its

selective capacity. The data for this study are contained in

Table 3.

Table 3

The Sr/Ca Ratio in Bone as a Function of Species

Uptake Removal
Ends Shaft  Ends Shaft
Chick 0,69 0.75 0,59 0,69
Rat 0,51 0677 04,37 0.71
Human 1 0,70 1.21 0,65 1,12
Human 2 .78 1.00 0,68 1.C0C
Human 3:¢ 1,08 1,00

¥ Sr/Ca Ratio for Whole Bone,
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-

"he tores were cultired for 7 da:

“

S in labe2led nedium and

APs

Lher sone were continued irn unlabeled medium for 5 davs while

the rest were removed, The chick bore (Tibias) came fronm embryo's

indubated for 9 days; the rat bone was obtained from 20 day-old

fetuses and consisted of fenurs and tibias, Metacarpal and

metatarsal bones were the human bone used and came from fetuses

rancing in size from 23 cn, for Human #1 to 7 cm, for Human #3,.
As can be seen, selectlon was gquite similar for the chick

and rat bone and the ends of the human metacarpal and metatarsal

bones. The shafts of the human bone actually exhibited a selec-

+tion in favor of strontiun during the labeling experinment, How~

ever, Wher put into unlabelsd mediun some evidence was obtained

of a selection againsi strontium during the turnover of bone

~ireral, This is good evidence that a selection against

strontiun does occur in bone of species other than the chicken.
The shaft of the human bone showed a preference for strontium

during the labeling phase that was more marked than for the

tiar szneciesy; the human one sesened to be nore caleified than

ot

rat of the other species, JSince selection was usually more
interse in the ends of the bone when compared to the shaft, a
possibility existed that the actual ratio exhibited by bone
nignt vary with the degree of calcification. To test this,

hick bone from progressively older embryos was cultured for

7 days in a medium containing strontium-=89 and calcium=i5.
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T=2 da-a for this experiment are containei in Tabvle L.

Tabvle I

Sr/Ca Ratio in Bone as a Function of Age

Age of

Embryos Ends Shafts

7 Days 0466 0,75

9 " 077 0.79
12 078 0.79
1, 0462 1,02

Again, the ends of the bones tended to exhibit a different
ratic than the shafts, More important, the bone excised from
1lh=-day old embryos resembeled trhat of the human by showing a
Sr/Ca ratio that was near unity at the erd of a 7 day period
of zrcwih. The bones of 1L day old embryos are far more
calcified trnan those ol tze younger embryos and the provability
is increased of exchange becoming an impertant mechanism in the
sequestering of radioisotopes by these tissues, The data of
Table 2 and Figure 1 showed that the initial ratio of such a
process is near unity, However, it was observed that the older
bones removed a significant portion of the radicactivity of

the nmedium, If selection was occurring to the same extent as

L1085 11



T
pressnt in tle - -unger bones tihe Sr/Ca ratio of tie nmedium would
increase ard tiils in turn would aid the mcvemert of Srx irnto the
bone. All calculations were based on the rremise that the Sr/Ca
ratio of the medium remained constant and so the calculated ratios
may be in error,

The experiment with live and dead bone tended to imply that
a vital function was associated with the selective process. Since
living material is sensitive to alterations of temperature, it was
of interest to see if the selection could be modified by changes
in the environmental temperature, Therefore, 12-day old bone was

incubated in a labeled medium for 24 hours at various temperatures.

The results are rresented in Table 5.

Table 5

Temperature and the Sr/Ca Ratio

Temperaturs Live Bone Dead Bore
Shaft Shalt
Le 1,00 1.0C
25° 0499 0,98
39° 0.85 1.0%5
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8.

It should be noted *trnat selection occurred only at 39°C with
living tissues, This would indicate that seledtion is not merely
a physical phenomenon but must be mediated by living tissue. In
exploring the effect of temperature it was observed (Table 6) that

the selection again appears to be most significant at the removal

phase,

Table 6

Temperature and the Sr/Ca Ratio During Uptake and Removal

Uptake L° 31°
24 hours 1,06 Cel
43 hours 1,11 0,9C
Removal
2L hours 0e79 0,81
43 hours C.80 007l

For this experiment 12=day embryornic chick bones were
incubated for 24 and L8 hours in labeled medium and 4° and 37°C.
Again selection against strontium was seen only at 37°C; the

selective process appeared to be operative even at 48 hours.
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To bve noted is tiat prolonging the time the bones were
exposed to tre 4° temperature did nol change the results and
‘ndicated that the selective process was stopped and not just
slowed down.,

To study the effgct of tenperature upon the removal of the
isotopesy bones were first labeled at 37° for 2L hours and then
transferred to unlabeled medium at 4°® or 37°C., The bones thus
had an Sr/Ca ratio of 0,94 at the time of transfer. After 2L
hours there was no difference in the ratio exhibited by bones
at 4° as compared to those at 37°C, However, at 48 hours, the

beones at 3 exnhibited a lower ratic than similar bones ai 4°C

.3 zones incubated for 24 hours at 37°C. It saould be noied
t-at the ratios cof bones kept at 4° and 37°C for 24 hours,

“ouzh equal, were much lower than C,94, The data can be

interpreted as indicating the presence of 2 fractions in bone

!
'J-

nerzl, One fractior is extrenely labile and has a much higher

0
L3
)

Sr/C tip tharn tre le

4]
m

I A P P M4 )
2 12 rthase., Tnis laxile

}MJ

oyt
o

\D

L 1S

-l —

3]

easily lost from bone by phycsical exchange processes and taus
explains the lowering of Sr/Ca ratio seen when the laveled bone
was incubated.for 24 hours at L°C, The less labile fraction
needs the intercession of a living process in order to be lost
fron bone and so a continuation of the lowering of the Sr/Ca

ratio was seen only in bone kept at 37°,
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A si:ilar exrerinent was rnerlormed but tnis fiie Dores lzbeled

2t 4° and 37° for 24 hours were tlaced in lateled reidium and irncu-

bated for L8 hours more at both 4° and 37°C, The results are shown

in Table 7 .

Table 7

The Sr/Ca Ratio in the Ends and Shafts of Bone Kept
at 37° and 4°C in Tnlabeled Medium for

4,3 Hours
Ends Shaft ZCa-45 Lost
From Shaft
Lateled at 4°C
Control 0490 1,06 —
L3 ars, at 37°C 0454 0.82 £9
18 ars. at L°C 0486 1,19 L7
Laseled at 37°C
Control CaT3 0.95
46 hrs, at 37°C 0455 0,76 L8
45 nrs. at L°C Col3 0,90 1G
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taa BRI b
e result

O

w

showved trat selection cccurred at 37° i not at

v

°

1L°3 Zor bot:x the ends and shalts of bone, To be noted is the
greater removal of Ca-LS5 from the shaft of bone labeled at Le
than at 37°C, If keeping bone at L°C stopped a vital process in
bone crystal turnover, then any activity that was removed must
have been from a more accessable, rmore labile phase. When bone,
labeled at 4°, was further incubated in unlabeled medium at L°C
a larger proportion of the total activity was removed than was the
case of bone similarly handled but labeled at 37°C. Thus the
size of tine more labile compartment was greater at the lower
temrerature and- implied that the conversion from the more labile
rnase to tre less labile phase was temperature dependant as well
as reroval from the less labile compartments., It also was noted
t-a: bones incubated at 37° took up 1,65 times as much activity
2z tones at L4°C,

It was of irnterest to see if the temperature effect could
te seen wWo.en bone was grown in a labeled medium for 5 days before

'

Lt into a non-labveled medium for 3 days at 4 or 37°C. The

B
——agy

8]
@

de]

data are presented in Table 8,
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Table 8

The Sr/Ca Ratio 1in Growing Bone as Affected by
Temperature During Llabeling and
Removal Studies

Sr/Ca Ratio

Temp. During Temp, for
Groups Labeling Removal Erds Shaft
I hec -=- 0,91 1,26
II 37°C --- 0.6k CoT9
II1 37°C 37° 0.,L7 0466
Iv 37°C Le 0.52 Ca70

These bores acted in tile same rmanner as did bones incubated
for much shorter periods, To be noted is the selection exhibited
at 37° as orrosed to L°® and that the ends showed more selection
than the shafts, The aprarent selection seen wher the Dores Were
labeled at 37° ard then held at L°C may again be explained on
the basis of the existence of two compartments for bone mineral
with one compartment being more labile, not temperature dependant,
and havingz a nuch higher Sr/Ca ratio than the other., Again, the
lower temperature decreased the uptake and removal of radio-
activity from bone, The results were obtained using bone fron
12=day old embryos and were duplicated using bone from 9~day

0ld embryos,
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sensitivity of tie selective nrocess
varZation and tlie obliteraticn of Tliie process

sugzested that somewhere Iin the calcification

nechanism an enzyme

systen was operating. To get additional information bones from

9=day old chick embryos were grown for 5 days in labeled nedium

ard the air above the medium was replaced by one of several gases.

The results are shown in Table 9,

Table 9

The Effect of Various Gases uron the Sr/Ca Ratio and

Calcium Uptake by Growing Bone

Gas bnds Szaft
Sr/Ca Cz “ptaze Sr/Ca Sa lptaxe

ILxrveriment 1

Air C.59 100 0,72 100

0, 0,68 151 0.72 230

N, CoT? 35 C.75 109

CC, .72 1 CaTl 46
Exverimernt 2

Air 0.77 100 0.8% 100

co 0.69 50 0,73 78
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celagvior of ti2 tones was moderated
T ze -as to wnicn the becnec wiere exposed, Little ellect was
observed upon the Sr/Ca ratio but major effects were seen upon the
arnount of Ca-US taken up. Oxyzen increased the uptake of calcium
rarkxedly and thus suggested that an oxidative process could be
involved with calcification. The depression of calcification by
carbon nonoxide, an inhibitor of the ecytochrome system, reinforced
this supposition. However, the block was not complete and since
nitrogen did not have much effect, it is possible that an alternate
pathway for the calcification mechanism exists,

The sases operated Ifor tie mnost part to slow or speed the

)

~rocess bt probadly had ro effect upon individual renbers of thre

s sten, Other inhibitors nizht also have ar effect and miznrt
possibly lead to a change in the selection ratio that would be
beneficial, Therefore, a nunter of experimertz were performed in
wrnich growing bone was exposed to various irhibitors at several

co

-

icentrations, The results are sanown irn Table 10, Again, both

tne Sr/Ca ratio and the uptake of Ca-U45 were used as the criteria

-
~T

a cranse.
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of Several Concerniraticrs of

Various

irnizitors

U

- t2e Sr/Ca Ratio ard Calcium Uptake of
Growing Bone
Concertration
- -2

Irhibitor 0 10°%* M 10 M 10 M
Flucroacetate Sr/Ca 0,8% 0,83 0.7k 1,12

Ca Uptake 100 8L 62 2L
Iodoacetate Sr/Ca CoaT2 1,02 1,00 0472

Ca Uptake 100 18l 165 174
Nalonate Sr/Ca Ou7h C.74 0,78 0.,7C

Ca Uptake 100 83 106 73
Arsenite Sr/Ca 0475 1.00 1.00 1.02

Ca Uptake 100 508 3zl 141
Fluoride Sr/Ca Ce09 .65 C.78 Ce04

Ca Urtake 1CC 2C0 391 8L
Bisulfite Sr/Ca 0469 0,60 0.64 0,65

Ca Uptake 10C 90 101 80
Cyanide Sr/Ca 0477 0.71  0.85 0,88

Ca Uptake 100 85 320 1h2
DL~-Glyceraldernyde Sr/Ca CaTT 0,76 0.72 0,20

Ca Uptake 100 82 80 239
Azide Sr/Ca CoT7 0,64 0,73 0,71

Ca Uptake 1CO EC 97 91
Protanine Sr/Ca Ce8 0,72 C.69%

Ca Uptaxe 100 34 179
Guanidine Sr/Ca 0,71 0,69 0,72 0,82

Ca Uptaxe 1CC 119 103 266
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16.

Innibitor 0 104 M 1073 1072 M
Phosphoetharol-  Sr/Ca 0,71 0.60 0,58 0,67
amine Ca Tptake 100 92 40 45
Lactose Sr/Ca 0477 0.6L 0,73 0,71
Ca “ptake 100 60 95 91
Lithium Sr/Ca 079 0.72 0,73 0.77
Ca Uptake 100 98 81 96
lead Sr/Ca 0,72 0.78 0.62
Ca Count 100 72 9
Sarium Sr/Ca Ce69 0,.5¢ O.Lb 0,64
Ca Ccunt 1C0 53 37 5
liercury Sr/Ca Ceb9 G.Th 1,05 0,82
Ca C-unt 162 30 124 1¢CC
Berylliunm Sr/Ca C.85 .83 CoTl 1.12
Ca Ccunt 100 34 62 24
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. P o a X S i . .
evidert Trem tre data tiat Toth tie e of minerals

ard the Sr/Ca ratio of bene could be altered by inclusion of
iraibitor of varicus sorts in tne nedium, Of those used, malonate,
tisulfite, D-L glyceraldehyde, azide, guaridine, lactose, and
lithium had little effect., It is of interest that iodoacetate,
arsenite, arsenate, and fluoride, materials which inhibit the
anaerobic breakdown of glucose between 3-phosphoglyceraldehyde

and acetate, increased the upiake of activity and increased the
Sr/Ca ratio; the increase in the ratio was not the same in all

casese This suggested tnhat some enzymatic processes can influence

t2e mineralization of tone and the vreference fer calcium, Fluor-

acetate and nalonate, irhibitors o

H

tne Krebs cycle, had little or
a slightly negative effect upon the deposition of calciume. Bariunm,
ceryllium, and phosphoetranclamine were interesting in that all
decreased ithe Sr/Ca ratio and the total uptaxe of radioactivity

as well, This may be importart when related to tze problem of
reduction of tne body durden of Sr-90, Barium arpeared to be

Ea i SR -y + - EalP + + . 3 M - -
Tective puat unfcrtunately is xnown to be ver

7 toxicy; on tx

(4]

other hand, phosphoethanolamine has been found in the urine of

sone patients suffering from a peculiar form of osteoporosis.

The experiment witn phosphoethanclamire was performed usirg

lonz term cultures and so it was of interest to see if an effect

could be seen at the erd of a 2L=hour period of incubation., The
data, Table 11, show that phosphoethanolamine was effective even

at this short interval,
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Tacle 11
The ZZfect of Variouns Concentrztions of Phosproeilancl-
anire (P-Et) or the Sr/Ca Ratio and Ca-lS Conien
of Bone after a 2UL=hour Labeling Period

-
-+
v

Group Ends Shafts
Sr/Ca Ca-L5 Sr/Ca Ca=hs
Control 0.73 100 094 100
P-E{ 107 M 0478 6l 0492 87
1072 0.78 6L 0,88 76
1072 M 1.12 8L 0.94 52

Tnz necranism by waich phoSpioethanolamine acts is unkrnown
as is i-e case for other inhibitors shown in Table 10, Algo,
fur<her work is needed to deternine if ethanolamine itself may be
an active compounde.

The effect of hydrocortesone, thyroxine, and parathormone
upon tre Sr/Ca ratio and the calcium content of the bone was
also tested. Since a ratural medium was used it must be under-
stcod tiat the amounts ol trhe norr.cne stated were additicns to
Wwrat mizht normally be presernt in human serum,

Wner bores were labeled for 5 days and then shifted to
unlabeled medium for 2 days it was observed that added para-
thormore at levels of 0,01, 041, 1,0 and 10,0 units per =milliliter
was without any significant effect. On the other hand, both

hydrocortisone and thyroxine (Table 12) seemed to have an effect,
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Table 12
The Z2%z2¢c- o7 Adied Thvroxine and IUydrocor*isone Upon
the Calciun Urtake and Sr/Ca Ra*io of Embrvyoric
Bone
Ends Shafts
Sr/Ca Ca Uptake Sr/Ca Ca Uptake
7=Day Experiment
Control 0,50 100 0.78 100
Thyroxine .01 pg/ml, 0.57 125 0.73 9k
" 0.1 pg/ml. 0,55 110 0,63 62
v O0u3 pg/ml. 0.56 87 0.65 74
Eydrocoriisone
0.,C0C5 pg/nl. C,.60 1C8 0,72 T4
" C.CC5 ug/nl. 0.84 129 0469 9k
" 0,07 2s/mls T.S3 1y C.oh 117
24=rnour Zxperinznt
Control 0,76 100 0,96 100
Thyroxine 0.0l ug/ml. 0.69 79 C.96 88
" el @g/ml, 0e65 L7 0.86 98
J] 063 ug/ml. C.71 80 0,86 2N
Hydrocortisone
0,0005 ug/mli. 04,95 76 0,83 8L
n Cell3S wz/ml. 1.03 63 .34 83
" 0.0 ug/ml., 1,03 81 81 87
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The da%a demcrnsirate that tihyroxine and nydrocortiscre acted
to increace “ e sela2ctior azainst strontium, Thyroxine, at the

-
-

level

m

used in these experinerts, was nore effective than hydro-
cortisone in the long=-term experiment while the reverse was true
for the 2L4-=hour study. In general, these hormones acted to
decrease the mireralization of the bones. To be noted is the
stimulatory effect of thyroxine, during the 7-day experiment,
upon tne calcium uptake of the ends of the bornes while the same
levels decreased the calcium uptake of the shafts. Again, the
data inplyithat a living éystem is involved in the selection of
calcium over strontium,

Informaticrn was also obtaired on the selection by tone of

t s gtrer zl-z21%i-e earith metals., The ratios at which trese materials
127t Tore are srnown in Table 13,

Table 13

The Removal Ratios for the Alkaline Earth Metals fron Bone
Wren Comrared to trhe Zemoval of Calcium

Ends Shafts
Be /Ca 0,58 0,69
Mz /Ca 2453
Sr/Ca 1.12 1,28
Ba/Ca 0,81 © 1.35
Ra/Ca 0.93 2,70
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In gereral, for the shaft of bone, the larger ihe atonic
r.ouer of ar e_enant e cSreater tie seleciicn against that

]

2lement, An 2xception to this was Mg=23, The nagresium data werse

m

not conclusive since the specific activity was very low resulting
in very low counts arnd a large increase in the milliequivalents

f alkaline earths in the medium, The short half=-life, 21 hours,
necessitated shorter experiments than was the case for the other
isotopes. For the other nuclides the different behavior of the
ends and shafts of bone should be rnoted and may be indicative of
a difference in the way the mineralization is carried out.,

In tne course of the situdy of Mg=-28 a large amount of the
isotope was available and so experiments were run on rats to
compare tre ~etabolism of maznesiun to calcium in that srecies.
Tatle 1l comparesthe distribution of an intraperitoneal injection

of these isotopes 24 hours after dosing,

Table 1L

The Distribution c¢f an Irntraperitoneal Injection of Equimolar
Arounts of Ca% and Mg+ 24 Eours after Adrinisiration to Young and latur
Rats

Ca=}5 Mg-28 Mg /Ca

(g of dose) (€ of dose) (g of dose)
Toung ¢ Urine 0,24 + C,03% 17.0 + 1,9 - 73.4 % 10,2
Feces 3.2L4 £ 0,38 9.4 & 0.bL 3,03 £ 0,78
Bens 8,05 + 0,13 3.38 &£ C,08 OJ42 £ 0,01
Luscle 0,026 t 0,006 0,42 + C,009 16,7 + 1.0
Kidney 0,063 &+ 0,005 0,89 £ 0,003 1lh.h #* 1.1
Liver 0,035 £ 0,007 1,03 + 0,003 14,2 *+ 2,9
Spleen 0.127 & 0,016 0,95 + 0,003 8,25 & 1,2
Mature O Urire C.50 £+ 0,401 11.7 £ 1.1 23 4 & 1.2
* Feces 11.6 + 1,1 11,7 + 0,5 1,04 £ 0,08
Bone L0 + 0416 l.49 £ 0,08 Oe3L4 + 0,01
uscle 0,0767+ 0,003 0.23 £ C,01 3.0 % 0,2
Kidney 0.087 t 0,01 OoSh -4 0,02 607 : 006
Liver 0,068 + 0,006 0,68 + 0,03 10,0 & 0.5
Spleen 0,070 ¥ 0,006 0,70 + 0,03 10,0 £ 1.0

2 Mean + standard error of the mean,




22,
From the data (Table 1L) it can be seen that the urine was

a nnecre 1

‘ol

ortant patiwary of excreition for magnesiun tan for
calcitvn; the feces also contained nore magnesiun than calciunm,

The soft tissues showed greater accumulations of magnesium than
calciun while bone showed a nmarked preference for calcium,

The effect of increased aze was to lower somewhat the urinary
excretion of magnesium and increase its fecal excretion; however,
the total retention of magnesium was greater than for the young
rats, Fecal calcium increased markedly and the preference of bone
for calcium was intensified in the older rats, The soft tissues,

when the data was corrected for differences in body weight, showed

a greater accunulation of both calcium and magnesium than was the

thy

or %the rouinrz animals., A larzer increase in calciun resultied

cace

ir a narrower Mz/Ca ratio in all soft tissues except ihe spleen,

Table 15

The Distribution of an Oral Dose of Egquimolar Amounts of Cax

and MNgz% 2l Hours after beinz Adninistered to Young and 0l1d, Male
and Fenale Albino Rats

Ca=i5 Mg=-28 Mg /Ca
(% of dose)(g of dose)
Young 6‘ Urine 0,59 + 0.,26% 8.00 + 1.22 21.2 *+ 3,9
Feces Ls.3 & 1.9 26.2 % 2,1 0,69 % C,C3
Bone 4.58 + 0.12 2,26 + 0,12 0,49 + 0,02
Toung Q Urine 0.35 + C,2L 12.1 +# 1,1 3945 + LaB
Feces LT.L + 349 32.4 + 7.2 0,81 *+ 0,06
Bone 3.69 + C.32 2,04 ¥ 0,14 0456 * 0,04
01d " Urine 0,62 & 0,27 6453 £ 0,60 20,5 + 5,9
Feces 60.1 + 1,7 41.0 + 1,3 Ce69 + 0,03
Bone 2,04 * 0,18 0,89 % 0,10 Ookly + 0,03
Mature Q@ Urine 0.81 + 0,24 10,3 £ 1.5 16.7 £ 345
Feces 6242 % Lol L7.3 + 5,0 0,75 + C.0L
Bone 2,19 ¢+ 0,14, 1,01 ¥+ 0,05 0,46 ¥ 0,01
b1

Mean + standard error of

ch

¥
(0]
°1
(]
o
s
[ ]
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To obtain information on absorption from the intestinal
“ract e exrcerinent described by Table lS5 was performed, Six
rats were used for each groupe. From the data it is evident that
[gCl, was absorbed to a greater extent that CaClyz; tie amount of
absorption was greater for the young animals than for the adults,
Azain, urinary magnesium exceeded the urinary calcium; however,
the net retention of magnesium surpassed that of calcium in all
groups. The bone mirrored the greater absorption of magnesium, and
reenprasized the preference of the bone for calcium, Evident
also was the increased selection for calcium by the bone of the
older animals. The greater calcium-45 uptake by the femurs of
the young male rats resulted in a Mg/Ca ratio wider than that
for tae

7 oun

g female rats., At tzis tine

L)

it is not known if

tais will ©be reproducible,
The discrimination factors involved in these experiments

were calculated from the data ard are shown in Table 16,

Tadble 16

Magnesium=Calcium Observed Ratios (0.R.) and
Discriniration Facbtors (D.F) for trhe Rat

Route of

Dose C,R. retained- D,F, D.F. Ab~- D,F,
Group dese fecal sorptive Urinary
Young Q 1.P, 0,77 0.94 -—-- 0,82
Mature Q I.P. 0,87 1,00 ———— 0,87
Young 6‘ Oral 1,03 -———- 1.26 ————
Toung E Oral 1,06 -———— 1,30 -———
Kature Q Oral 1.15‘ -——- 1,32 .-
01d Males Oral 1.33 -——- 1,52 -
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rom “ne fac:ors it is evident that little s:>lection was
shown in t-s nmoverment of the alkszlire eartns from tlie body into

e intestire (D.7 )e Sone selection against magnesiun

*fecal
was evidert in the young animals but not in the mature females,
The kidney was a major site of selection against magnesium as

indicated by D.F values of 0,82 and 0,87, The value

*urinary
secemed to decrease with age., The most important selection was
seen at the absorptive phase with the selection being in favor
of magnesium over calcium,

Since the proportion of calcium to magnesium in the test

dose was kept constant, it was of interest to see what effect

t-ere would be if the proportions were varied., The data of this

}

euperiment zre sicwn in Table 17; for this study the total number
“~e z2lkaline ear<ns in the test dose were kept
constant.
Tatle 17
The Effzct of the Proportioné of Calecium and Magnesium in

+t7e Test Dose Upon the Distribution of Ca-45 or Mg=23 in the Rat
24 fours After an Cral Dose

Experimental Calculated
Dosinz Scolution Fenmur Urine Feces Femur Urine
C= 1= (€ dose) (% dose) (g dose) (% dose) (% dose)
( liillimoles) ‘
Mg-28 Content
C 0426 1,19 + 0,07 15,9 h7.1 1.19 15.9
Cel3 0,13 1.96 + 0,10 14,1 38.0 1.54 943
0.195 0,065 1,75 ¢+ 0,07 11,5 3.7 - 1.73 5.5
Ca=}5 Content
0,26 0 3.40 £ 0,35 0,38 L7.5 3.40 0,38
Cul3 Oel3 L.,01 + 0,18 0,70 L5.9 "~ 3.51 0,20
0,065 0,195 L.30 % 0,54 1,10 40,5 3.86 0,11
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For interpre:tation of tle results 1t was necessary to calculate

~

what the femur urtaxe of tie radionuclide wculd be based uron the

inprevenent in relertlon scotn waen tne specific activity was increased.
Coniparing the calculated femur

cortent with the observed, it 1is seen
that the inclusion of calcium in the test dose resulted in nore
Mg=-28 being incorporated into bone than expected when the Ca: Mg
ratio was unity. The irclusion of stable magnesium in the test

dose also increased the uptake of calcium=45 by the bone, From

tre calculated urine values, it is evident that increasing the
stable calcium causes more magnesium to be lost in the urine and
vice versa. The data indicated that the calcium=-magnesium ratio

was very important ard that it must be taken into account wnen
discrimirnation factors are discussed.

meL
Al

was terminated at tnis point due to the resigna-

n

proie

(@]
ot

[

tion of the senicr Invesiigator.

The data developed during the course of this study demon-
strated that bore iitsell was resporsible for the selection against
strontium in faver of calciun, The degree of selection was more
rronounced in the erds of %the bone tharn in the shafts. Discrin-
inatiorn appeared tircuschout the alkaline earth series of netals

and it appeared that the element with the smaller atomic number

was preferred to one witn a higher atomic number,
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Eviderce was obtained that an enczyme system was direc:ly or
irilrectl

7 assccilated witih vie selectlon process. eat #illing

e ¢

ol th

()

tores, low termperatures, ercyne inhibitors, and lLicrmones
were found capable of interfering with the selection. The amount
of calcium deposited as well as the compartnent into whichk it was
sequestered seemed to be affected., The initial entry of calcium
or strontium seemed to be into arn extremely labile phase and
seened to be a purely physical process. The subsequent nmovement
into a less labile phase was heat sensitive., The removal of
mineral from the less labile phase was temperature dependant
wnile novement from the labile phase was not.

Otrher data were developed trat described the distribution of
calcium ard magnesium in the rat and the discrimination factors

oF tre various sites of selection,

Publications
The etabolism of Magnesium and Calcium by the Rat. F. W, Lengemann
submitted

or publication to <ie Archives of Biochemistry and

Biophrvsics (Decenmber, 1958),

Other publicatiéns developed fron the data described herein are in
rrosress or contemplated., The provision of funds by the A.E,C,
to carry out this project will be acknowledged and copiles of such

publications submitted to the 4,2,C,
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Incident Report

In the period Junel, 1958 through March 23, 1939 no ircidents

occurred.

Radioisotope Purchase Report

Nuclide Mc Catalog Price Discount Price Savings
Sr=89=~P 5 10,00 2,00 8,00
Ca=45=P=2 5 25,00 5.00 2C,00

In submitting the budget for this years work, the cost of

radioisotopes was based on the use of the A, E, C, discount,
p

10 Percent Voucher

Since the project is being terminated short of the contracted
date and since funds still remain in the account, it is contemplated

trhat the 10 Percent voucher will not be submitted,
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CONTRACT NO, AT-(L0O=-1)-1829

STATCS CF TCTAL COST BUDGET

MARCH 1, 1959

CRIGINAL EXPEHDITURES ESTIMATE TOTAL REMAIN INC
BUDGET TO DATE THROUGH 3-23=59 EXPEN- BALANCE
DITURES 3=-23=-59
Salaries $7,L7L.82 $L4,808,70 $ L382.6L $5,291.3h'§,183.hf
Bquipment 1,700.00 =0~ =0= =0= 1,700,0¢
Travel 400,00 127.51 -0=- 127.51 272 .4
Overhead and Indirect Costs
(Including Retirenent) ~5,061,18 3,.531,C0 Lol .05 3,935,055 1,126.1
Totals 515,336.00 $9,201,63 $1,080.69 $10,282,32 $6,053.6.
Less: University
Contrioution as
Per Statement=-- 6,481,225 1,274h.7
Total Applicadle to AEC $3,801.07 $L,778.9
Less: Renaining 10¢
Not Billed=-=- B58 40
ARC Funds Received to Date 74,722 ,00
7
Zstimated Refund a:z per ALC Statement $32920493 3,920,5

% This statement was nrepared by ¥r. C, Q. Tipton and is an estimate of the
expenditures through March 23, 1959, IMr, Tipton will Jater submit a final

report to indicate the exact status as of March 23, 1959,

LT 3&\F\Pw\*fv\
0. W Hyman, ViceiPreSident
in Charge of Medical Units
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