
The skeleton is the reservoir for the majority of the hod\ 
burden of lead [I]. Factors that control the mctaholism 

of lcad (Pb) in bone are particularly critical: (I ) hone ih 
the major source of Ph mobilircd during chelation thcrap! 

121. and (2) “subtoxic” amounts of Pb may hc mohili~ed 

during skeletal remodeling. Yet, little is known concerning 
the metabolism of the rapidly mobile Ph compartment 

loosely bound to bone 131. compared to tightly and dccpl) 
hound Pb in hone 131. Recent studies have suggested that 

it is the former component of bone Pk that is metaholicall> 
active and readily miscible with other soft tissue compart- 

ments of Pb [3]. 
The methods of bone organ culture have provided. in 

many cases. the link between observationc it1 ri1.0 and 

those made at the molecular level [4]. Morcober. It i\ e\i- 
dent that ionic changes in the cxtracellular fluid control. 

in part. the osteolytic process and that hormones XI 
through such changes within a speclfc ionic environ- 

ment [S]. The present studies in hone organ culture mdi- 
cate that one skeletal Pb compartment. comprising up to 
20 per cent of total ““Pb incorporated into fetal rat hones. 

is controlled by cardinal agents regulating normal skeletal 

growth and remodeling. namely, parathyroid hormone 
(PTH). calcitonin (CT). calcium (Ca), inorganic phosphate 

(PJ and magnesium (Mg). 
Pregnant rats were intoxicated with stable Pb throuph- 

out gestation by probiding a drinking solution of dciomzcd 
water that contained Pb at a concentration of 5 mg!. ml. 

According to methods described previously [6], on day IS 
of gestation. 50,Ki ““Pb were injected into the tail \ein. 
and 24 hr later. paired fetal radii and ulnae. dIssected fret 

of cartkige. were planted on gidb 11, 5 ml of modlticd B(i.I 

medium that contained no Ph. .ACtct- :I continuous culture 
period of 4X hr. at 37 under 5”,, (‘0, 111 air. the total 

amount of ““Pb rclea& into the cxperimcntal mcd~um 

(EM) from treated hone\ (tight to ten honcs~culturc dish) 
wah measured by liquid \cintillatlon counting and con,- 

pared to that rclcased from paired control hones into the 
appropriate control mcd~um ((‘M). ‘The &cts of addins 

one hormone (PTH or CT) to the EM of all trcatcd hone\ 

and changing the concentration of one ion (Ca. P, or M~I 
in the EM and C‘M. unlcs\ the ionic conccntratlon~ !n 

the “Standard Mcdlum” were u\cd (Tahlc~ I 3). MCI-C 
cxprebsod as cpm EM Chl lratlos. The conccntt-ation 01 
other iona in the FM and C‘M I-cmained constant. lf ~hc 

le\cl of one ion wa:, chant& in both media The tM (‘M 
ratios of ti\c to twclvc palrrd cultut-ch MC’I-~ calculated :I\ 

the mean k S. L.. and the s~~nilicancc of each FM <‘Xl 
Iratlo. compared to I .OO. W:I~ e\alua~ed hy Student‘\ t-t&. 

In contrast to Whr continuous culture period\. timed c’i- 
pcriments were ;IIW cat-~-id out: pail-cd hones (tight cu- 
turc diahl lucre treated M ith and \+lthout PTH for \ar-1 ing 

periodb of time. four to tight trcatcd and contr01 di\hc\ 
time period. Both the EM and C‘M contalncd the ‘rami‘ 

concentration of ion\ ;L\ tliohc 111 the standard medium. 

At the end of the spccilic time period. medium aliqu~~t\ 
v.cre removed fr<>m CXII petri di\h (1-M and C‘hll. and 
the total amount of ““Ph relcascd v,;I\ mca\urcd ln the 

EM and C‘M as dc~cr~hcd aho\c. Trcxtcd and control 

hones for timed and continuc~u\ culture\ LLCI-c a\hcd and 
analyzed for Ca and Ph content h> tlamelr~~ and tlamc 
atomic ahsorption spcctl-oscopy respccti\cly [ 7. X]. I%c\c 

Table I. Effects of PTH on the ettlux of ‘“‘Ph 111 \~I-IOW mcd~a 111 continuou\ cultul.c\’ 

3X-Hr relcaic 

Ion cone (mM) of ““Ph (/~g I00 Ph mg hone ash] 

Group Ca P, My (EM (‘M) Trcatcd (‘ontrIll 

* Underlined ion concentration< arc thohc m the standard mcd~um. L alucs ar-c ~\prc\~;cd 
as means _t S. E. Each culture dish contained ten hones. The conccntratlonb 01 PTH usctl 
per ml of the EM wcrc: Ca: 25Ong (38x5 1.11. me): P,: l.O/r~ II000 I I tug): .~nd MS: 

1.5 ;q (ISCKI I.U. m!). 
t EM/CM ratio different from that found in stnndard medium. I’ -: 0.01. 

: DiRerent from 1.00, P < 0.01. 
$ Di&rcnt Ph levels in control compared to treated hones \\lthln each wrapup. I’ < O.I)I 
1 Diffcrcnt Pb kc& in treated compared to othcl- II-cared honc~. at tlilfcrcnt ionic L‘OWCII- 

trations. within each group, P < 0.01. 
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Table 2. Effects of PTH on the eMux of ““Pb at various rimes’ 

Time of PTH 
exposure 

Release of “‘Pb 
(EM/CM) 

Ph 
(&lOO mg bone ah) 

C‘a 

(mg:lOO rns bone ash) 

0 
IO min 
2 hr 
6 hr 

24 hr 
4X hr 

1.00 9.90 * 0.16 1 1.20 * 0.64 
0.82 -f 0.05 9.93 f 0.14 Il.37 * 0.57 
1.12 * 0.04 9.x5 f 0.10 8.96 * 0.52t 
1.59 * 0.0x: 9.00 f 0.14t X.1 5 i 0.4x: 
3.69 k 0.151 X.10 i 0.15t X.00 f 0.59t 

3.75 + O.OY$ X.07 _t 0.06t x.10 f 0.53+ 

* Ion concentrations were the same in the EM and CM as tlws~ in the standard medium (C‘a: 
1.40mM; P,: l.OmM: and Mg: 0.X mM). The values rcprescnt means k S. E. Each culture dish con- 
tained eight bones. The concentration of PTH (3885 I.U;mg) used in all treated cultures was 375 ng ml 
of medium. 

t Different concentrations of Ph and Ca in ashed bones, P < 0.01. compared to 0- and IO-min 
times for Ca and 0-. IO-min and 2-hr times for Ph respcctivcly. 

$ DiKerunt from 1.00. P < 0.01. 

values were similary evaluated by Student’s r-test. Bovine 
PTH (1000-3X55 I.U./mg) at concentrations of 250 ng to 
1.50 pg/ml of medium was used. Therefore. since PTH of 
a different potency was used within each experimental 
group (Tables 1 and 3). only comparisons within each 
group have statistical meaning. 

At a low medium concentration of Ca. 0.7mM, a high 
rate of bone resorption (cell-mediated solubilization of 
bone mineral and matrix) occurred in both control and 
treated cultures, and there was no further increase in ““Pb 
release by adding PTH to medium of low Ca concentration 
(Table 1). Hence. the EM/CM ratio of 1.06 is not different 
from 1.00. Moreover. the Pb content of control bones cul- 
tured in low Ca medium was comparable to that of PTH- 
treated bones at both low and standard medium levels 
of Ca (Table I). 

In low Ca medium, this high rate of active resorption 
was sustained and dose-related (see legend of Table I). and 
this suggests that active resorption was increased. This 
suggestion was supported by comparing the efflux of ‘I “Pb 
in living vs heat-killed bones- the efflux of ““Pb wai far 
greater and consistent in living than in killed bones. in 
which the etfiux of ‘l”Pb was negligible (EM!CM: jO.10). 
Thus. net removal of label had occurred. and this was not 
simply due to physiocochemical exchange (Table I). The 
consistent. dose-related and highly reproducible EM.;CM 
ratios in living bones. noted in these cxperimcnts and the 
others reported herein. indicated that cell-mediated stimu- 
lation or inhibition of ““Pb release was present. compared 
to the very minor e&cts observed in heat-killed bones. 
On the other hand. at a high medium level of Ca. 2.80 mM. 
PTH action was inhibited (Table 1). These effects of a high 
medium level of Ca wcrc rellected by a significant increase 
in the stable Pb content of ashed bones (Table I). 

After bones were exposed to relatively high concen- 
trations of PTH in timed experiments (Table 2). a signifi- 
cant stimulation of *“Pb and stable Pb release was 
observed as early as 6 hr. Moreover, by 24 hr. there was 

no apparent difference in either EM;CM ratios or stable 
Pb concentrations, compared to those observed in 4X-hr 
continuous cultures. The release of ““Pb was accom- 
panied by a proportional loss of stable Pb (Table 2). indi- 
cating that there was net removal of lead rather than onI4 
an increase in exchange of “‘Pb The release of Ca and 
Pb from PTH-treated bones followed. in general. a com- 
parable time course. though the net release of Ca occurred 
somewhat earlier than that observed for the efflux of Pb. 
The larger net release of Ca. measured in ashed bones. 
was most likely a reflection of its larger concentration 
and!or greater mobility in this and other systems [S]. 

By increasing the P, concentration to 2 mM from the 
standard level of 1 mM. inhibition of PTH action on ““Pb 

efflux was found In both treated and untreated cultures 
(Table I). Nevertheless. a significant EM:CM ratio was 
noted. P, (4mM) inhibited PTH action further and. since 
the ciflux of ““Pb was similarlv inhibited in control cul- 
tures, the EM:CM ratio was not~significantly different from 
I .OO. In this instance. and at a medium P, level of 2 mM. 
significant rises in the stable Pb content of ashed bones 
were noted. In these continuous 4X-hr experiments with 
Ca and P,, and the following ones. this mobile Pb com- 
partment comprises up to 20 per cent of total ““Pb pre- 
viously incorporated. 

At a low medium concentration of Mg, 0.4mM. com- 
pared to the standard Icvcl of 0.X mM. the cfflux of ““Pb 
was inhibited in PTH-treated and control cultures (Table 
I ). Nevertheless. a significant EM,‘CM ratio and a signifi- 
cantly lower net loss of stable Pb wcrc demonstrated. At 
a high concentration of Mg. I.60 mM. no cff‘ect was found. 
Salmon CT. uhcn addcci to the standard tncdium contain- 
ing I mM P,. mhibircd the ctfux of ““Pb. The combined 
effects of CT and rising medium levcla of P, appcarcd pro- 
grcssively additlvc. as EM ‘CM ratios dccrcascd uhilc Ihc 
stable Pb content of ashed bones increased (Table 3). 

Thcsc data indicate: (I) that PTH enhances ccll- 
mediated and rapld net rcleasc of ““Pb from bone: this 
release is accompanied b) a proportional loss of stahlc 
Pb. which generally parallels in time concurrent rcmo\al 
of Ca from trcalcd bones. In continuous cultures. this e&t 
on ““Pb clllux can he inhihltcd hq P,; (7) that (‘T inhlhits 
210Pb release. CT and P, product responses in the same 
direction: and (3) that low medium levels of Ca increase 
both bone resorption and “OPb release. while high levels 
produce the opposite ell’ccts. Thus. the metabolism of Pb 
in this compartment is qualitatively similar 10 that of bone 
mineral. studied similarly irl ritw [4. 91. though Its size is 
smaller than that of Ca as suggested by the larger decrease 
of stable Ca noted in the timed experiments. It is not sur- 
prising that the sire (20 per cent) of this prelabcted and 
mobile compartment of “‘l Pb is smaller than that of prcin- 
corporated “Ca (30 70 per cent) [4. 9~ 1 I]. studied under 
similar conditions. bincc protein Inclusions are present m 
bone [I?]. and it is rcasonahle to suggest that nondill’usibte 
Pb protein complexes 1131 predominate o\cr soluble- 
exchangeable ones. However. the net release of previously 
incorporated ““Pb increases 2- to 3-fold when one adds 
EDTA to the medium or when the culture period extends 
to 72 and 120 hr (J. F. Rosen and E. E. Wexlcr. unpub- 
lished observations). 

Though model(~) to c\plain the interaction of CT‘. PTH. 
Cn. M; and P, have ‘been proposed at the cellular 
lcvcl r5. 14-l those modcts have vet to bc c\tcnsivcl\ tested. 
NeveFthelesi, the observations in ritro reported herein ma) 
possibly yield information to explain previous studies itI 
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Table 3. Effects of CT on the efflux of ““Pb in various media in continuous cultures* 

3%Hr release 
Ion concn (mM) of ““Pb (pg; 100 mg bone ash) 
Ca P, Mg (EM CM) Treated Control 

CT I .40 I.0 0.X 0.7x f 0.13t I I .90 * 0.16 IO.81 * 0.1 If 

1.40 7.0 0.X 0.35 * 0.1 It.+ 12.00 + 0.10 10.20 * rr.ls:: 
I .40 4.0 0.8 0.20 i_ 0 09t.g 12.80 * 0.17;1 IO. IO i 0.16: 

*Thirty mU;‘ml of salmon CT (1500 M.R.C.U. mg) was added to each culture dish. I!ndc~-- 
lined ion concentrations are those in the standard medium Values arc cupresacd as 
means i_ S. E. Each culture dish contained ten bones. 

t Different from 1.00, P < 0.01. 
$ Different Pb levels in control compared to treated bones within each group. P < 0.01. 
# EM;CM ratio different from that found in standard medium. P < 0.01. 
11 Different Pb levels in treated compared to other treated bones. at different ionic conccn- 

trations. within each group, P < 0.01 

oiro of Pb metabolism. The present evidence indicates that 
the release of Pb from bone increases as medium levels 
of Ca decrease. Hence. low Ca levels in the extracellular 
fluid may lead to increased release of Pb from bone and 
subsequent redistribution to soft tissues and blood. Indeed, 
it has been demonstrated that low dietary Ca enhances 
Pb toxicity in rats [15], in part, by increasing bone turn- 
over of Pb with sequestration in soft tissues [15]. More- 
over, low dietary intakes of Ca and low serum levels of 
Ca have been found in a large group of children with Pb 
intoxication (blood Pb 2 60 pgidl) [l6]. Though experi- 
mental studies in cico on the effects of Pb metabolism pro- 
duced by various dietary Pi intakes have not been 
reported, the data in this report. as in others [S, 9. IO. 141. 
indicate that high medium (extra-cellular) levels of P, in- 
hibit bone resorption and hence the efflux of Pb from bone. 

This culture system may well enable further study and 
definition of hormonal, ionic and other factors that control 
a rapidly mobile compartment of bone Pb regulated like 
bone mineral. 
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