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Studies of lead transport in bone organ culture

{Received 9 Muarch 1976: accepted 7 September 1976)

The skeleton is the reservoir for the majority of the body
burden of lead [1]. Factors that control the metabolism
of lcad (Pb) in bone are particularly critical: {1) bone ts
the major source of Pb mobilized during chelation therapy
[2]. and (2) “subtoxic” amounts of Pb may be mobilized
during skelctal remodeling. Yet, little is known concerning
the metabolism of the rapidly mobile Pb compartment
loosely bound to bone [3], compared to tightly and deeply
bound Pb in bone [3]. Recent studies have suggested that
it is the former component of bone Pb that is metabolically
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 observations in viro and
those made at the molecular level [4]. Moreover. it 1Is evi-
dent that ionic changes in the extracellular fluid control.
in part, the osteolytic process and that hormones act
through such changes within a specific ionic environ-
ment [5]. The present studies in bone organ culture indi-
cate that one skeletal Pb compartment. comprising up to
20 per cent of total *'*Pb incorporated into fetal rat bones.
is controlled by cardinal agents regulating normal skeletal
growth and remodeling. namely, parathyroid hormone
(PTH), calcitonin (CT). calcium (Ca), inorganic phosphate
(P) and magnesium (Mg).

Pregnant rats were intoxicated with stable Pb through-
out gestation by providing a drinking solution of deionized
water that contained Pb at a concentration of 5mg/ml.
According to methods described previously [6], on day 18
of gestation. 50 uCi ?'*Pb were injected into the tail vein.
and 24 hr later, paired fetal radii and ulnae. dissected free

of cartilage. were planted on grids in S ml of moditied BG
medium that contained no Pb. After a continuous culture
period of 48 hr, at 37 under 53¢, CO, in air. the total
amount of *'°Pb released into the experimental medium
(EM) from treated bones (cight to ten bones culture dish)
was measured by liquid scintillation counting and com-
pared to that rcleased from paired control bones into the
appropriate control medium (CM). The effects of adding
one hormone (PTH or CT) to the EM of all treated bones
and changing the concentration of one ion (Ca. P, or Mg
in the EM and CM. unless the ionic concentrations in
the “Standard Medium™ were used (Tables 1 3). were
expressed as cpm EM:CM ratios. The concentration of
other ions in the EM and CM remained constant. if the
level of one fon was changed in both media. The EM-/CM
ratios of five to twelve paired cultures were caleulated as
the mean + S, E. and the significance of cach EM.CM
ratio. compared to 1.00. was evaluated by Student’s t-test.
In contrast to 48-hr continuous culture periods. timed ex-
periments were also carried out: paired bones (cight cul-
ture dish) were treated with and without PTH for varying
periods of time. four to eight treated and control dishes
time period. Both the EM and CM contained the same
concentration ol ions as those in the standard medium.
At the end of the specific time period, medium aliguots
were removed from each petri dish (EM and CM). and
the total amount of 2'"Pb released was measured in the
EM and CM as described above. Treated and control
bones for timed and continuous cultures were ashed and
analyzed for Ca and Pb content by flameless and tlame
atomic absorption spectroscopy respectively [ 7.8]. These

Table 1. Effects of PTH on the efflux of “'"Pb in various media in continuous cultures®

48-Hr release

of '"Pb
(EM/CM)

Ton conc (mMM)
Group Ca P, Mg

(pg 100 Pb mg bone ash)
Treated Control

Ca 070 10 08 1.06 + 0.07+ 723 4 016 704 + 000
140 10 08 230 + 0147 708 +0.19 898 + 0178
280 1.0 08 146 + 0.167.% 825+ 047 915 + 04T
P, 140 05 08 345 £ 0.09% 7.16 £ 0,10 843 + 0.168
140 10 08 330 + 0147 7.00 + 0.16 8324 00K
140 20 08 1.78 + 0.10+.% 8.69 + 0.13 .64 + 0.17
140 40 08 112 + 0174 855+ 005 R25 4+ 014
Mg 140 1.0 04 1.59 + 0.191.% 5.00 + 0.10 5.65 + 0.7
140 1O 08 2.05 + 0.10¢ 5.68 +0.10 6.61 + 0198
140 1.0 1.6 222+ 0.10% 552 + 0.1 649 + 0128
* Underlined ion concentrations are those in the standard medium. Values are expressed

as means + S. E. Each culture dish contained ten bones. The concentrations of PTH used
per ml of the EM were: Ca: 250ng (3885 LU 'mg): Pr 1.0 pg (1000 LU mg): and Mg:
1.5 pg (1500 LU /mg).

+ EM/CM ratio different from that found in standard medium. P << .01,

+ Different from 1.00, P < 0.01.

§ Different Pb levels in control compared to treated bones within cach group. P < 0.01.

| Different Pb levels in treated compared to other treated bones. at different jonie concen-
trations, within cach group, P < 0.01
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Table 2. Effects of PTH on the efflux of 2'“Pb at various times*

Time of PTH Release of *'°Pb Ph Ca
exposure (EM/CM) (pg/100 mg bone ash) (mg;100 mg bone ash)
0 1.00 9.90 + 0.16 11.20 + 0.64
10 min 0.82 + 0.05 993 4+ 0.14 11.32 + 0.57
2 hr 1.12 +£ 0.04 9.85 4+ 0.10 8.96 + 0.52+
6 hr 1.59 + 0.08% 9.00 4+ 0.14+ 8.15 + 0.48%F
24 hr 3.69 + 0.15% §.10 + 0.15+ 8.00 + 0.59+
48 hr 3.75 + 0.09% 8.07 + 0.06+ 8.10 + 0.53+

* Jon concentrations were the same in the EM and CM as those in the standard mcdigm (Ca:
1.40mM; P;: 1.0mM; and Mg: 0.8 mM). The values represent means + S. E. Each culture dish con-
tained eight bones. The concentration of PTH (3885 1.U./mg) used in all treated cultures was 375 ng/m|

of medium.

+ Different concentrations of Pb and Ca in ashed boncs, P < 0.01. compared to 0- and 10-min
times for Ca and 0-, 10-min and 2-hr times for Pb respectively.

1 Different from 1.00, P < 0.01.

values were similary evaluated by Student’s i-test. Bovine
PTH (1000-3855 LU./mg) at concentrations of 250 ng to
1.50 ug/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, 0.7 mM, 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 1).

In low Ca medium, this high rate of active resorption
was sustained and dose-rclated (see legend of Table 1), and
this suggests that active resorption was increased. This
suggestion was supported by comparing the efflux of 2'°Pb
in living vs heat-killed bones---the efflux of 2!°Pb was far
greater and consistent in living than in killed bones. in
which the efflux of 2!°Pb was negligible (EM/CM: <0.10).
Thus. net removal of label had occurred, and this was not
simply due to physiocochemical exchange (Table 1). The
consistent, dose-related and highly reproducible EM/CM
ratios in living bones. noted in thesc experiments and the
others reported herein, indicated that cell-mediated stimu-
lation or inhibition of ! °Pb release was present, compared
to the very minor effects 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 were reflected by a significant increase
in the stable Pb content of ashed bones (Table 1).

After bones were exposed to relatively high concen-
trations of PTH in timed experiments (Table 2), a signifi-
cant stimulation of 2'°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 48-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 only
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 [5].

By increasing the P; concentration to 2mM from the
standard level of 1 mM, inhibition of PTH action on *'"Pb

efflux was found in both treated and untreated cultures
(Table 1). Nevertheless, a significant EM/CM ratio was
noted. P, (4 mM) inhibited PTH action further and, since
the efflux of *'°Pb was similarly inhibited in control cul-
tures, the EM/CM ratio was not significantly different from
1.00. 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 48-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, 0.4 mM, com-
pared to the standard level of 0.8 mM. the efflux of 2'“Pb
was inhibited in PTH-treated and control cultures (Table
1). Nevertheless, a significant EM/CM ratio and a signifi-
cantly lower net loss of stable Pb were demonstrated. At
a high concentration of Mg, .60 mM. no effect was found.
Salmon CT. when added to the standard medium contain-
ing | mM P, inhibited the efflux of *'"Pb. The combined
cflects of CT and rising medium levels of P; appeared pro-
gressively additive. as EM/CM ratios decreased while the
stable Pb content of ashed bones increased (Table 3).

These data indicate: (1) that PTH enhances cell-
mediated and rapid net rclease of *'“Pb from bone: this
relecase is accompanied by a proportional loss of stable
Pb. which generally parallels in time concurrent removal
of Ca from treated bones. In continuous cultures, this effect
on *'°Pb efllux can be inhibited by P;: {2) that CT inhibits
210Pb release. CT and P, produce responses in the same
direction: and (3) that low medium levels of Ca increcase
both bone resorption and 2'°Pb releasc. while high levels
produce the opposite effects. Thus, the metabolism of Pb
in this compartment is qualitatively similar to that of bone
mineral, studied similarly in vitro [4,9]. 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 size {20 per cent) of this prelabeled and
mobile compartment of 2'°Pb is smaller than that of prein-
corporated **Ca (30 70 per cent) [4.9--117. studied under
similar conditions, since protein inclusions are present in
bone [12]. and it is rcasonable to suggest that nondiffusible
Pb protein complexes [13] predominate over soluble-
exchangeable ones. However. the net release of previously
incorporated 2'°Pb increases 2- to 3-fold when one adds
EDTA to the medium or when the culture period extends
to 72 and 120 hr (). F. Rosen and E. E. Wexler, unpub-
lished observations).

Though model(s) to explain the interaction of CT. PTH,
Ca. Mg and P; have been proposed at the cellular
level [5. 14] these models have yet to be cxtensively tested.
Nevertheless, the observations in ritro reported herein may
possibly yield information to cxplain previous studies in
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Table 3. Effects of CT on the efflux of *!°Pb in various media in continuous cultures*

48-Hr release

fon concn (mM) of *'Pb (1g/100 mg bonc ash)

Ca P; Mg (EM/CM) Treated Control
CT .40 1.0 0.8 0.78 + 0.14t 11.90 + 0.16 10.81 + 0.11%

1.40 2.0 0.8 035+ 01118 12.00 + 0.10 10.20 + 0.15%

1.40 40 0.8 0.20 + 0.09t§ 12.80 + 0.17) 10.10 + 0.16%

* Thirty mU/ml of salmon CT (1500 M.R.C.U./mg) was added to each culture dish. Under-
lined ion concentrations are those in the standard medium. Values are expressed as
means + S. E. Each culture dish contained ten bones.

+ Different from 1.00, P < 0.01.

1 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.
| Different Pb levels in treated compared to other treated bones. at different ionic concen-

trations, within each group. P < 0.01.

vivo 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 = 60 ug/dl)[16]. Though experi-
mental studies in vivo on the effects of Pb metabolism pro-
duced by various dietary P; intakes have not been
reported, the data in this report, as in others [5,9, 10, 14].
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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