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EFFECTS OF INTRACELLULAR SODIUM CONCENTRATION
ON THE BONE RESORPTION IN ORGAN CULTURE

Tai-Joon Lee, D.D.S., M.S.D., and Won-Sik Yang, D.D.S., M.S.D_, Ph.D.

Department of Orthodontics,.College of Dentistry, Seoul National University.

— Abstract —

Recently, indirect evidences suggest that Na-Ca exchange mechanism is involved in bone
resorption. To study this suggestion, effects of several drugs which increase the intracellular
sodium concentration by different mechanisms on the PTH-induced bone resorption were analysed
employing organ culture. Ulnae and radii were removed from 19-day fetal rats, prelabelled by
subcutaneous injection of 200 u Ci 45 CaCl, on the 17th day of gestation, and then explanted
on the membrane filters in organ culture diéhes. For studying the effects of amiloride, ouabain,
monensin, and veratridine on the PTH-induced bone resorption, control group was cultured in
BGJb media containing PTH (0.4U/ml) while experimental group was cultured in BGJb media
containing PTH and drugs. The effects of drugs on the PTH-induced bone resorption were ob-
served by the ratios of %-release of *° Ca between paired control and experimental groups.

The results were as follows:

45Ca release was significantly increased by PTH (0.4U/ml)‘ at 48 and 72 hours of culture.
2. Anmiloride,at concentration of 500uM, significantly inhibited the PTH-induced bone resorp-

tion after 48 and 72 hours of culture.

3. Ouabain, at concentration of 0.1mM, presented significant inhibition of PTH-induced bone

resorption after 48 and 72 hours of culture, and at 0.5mM and 1mM, presented significant




after 72 hours of culture.

induced bone resorption.

inhibition of PTH-induced bone resorption after 72 hours of culture.
4. Monensin, at concentration of 500nM, significantly inhibited PTH-induced bone resorption

5. Veratridine, at concentration of 0.5mM, presented significant inhibition of PTH-induced bone
resorption after 48 and 72 hours of culture, and at ImM , presented significant inhibition of
PTH-induced bone resorption after 72 hours of culture.

Taken altogether, these results suggest that Na-Ca exchange mechanism play a role in PTH-
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AAl 179 Al o] WA (Sprague—Dawley rat)
of 200 xCi® *CaCl,(Amersham, specific
activity 10—40 m Ci/mg calcium) & 3 s}34}
gozx F2AL IANAZ g 29 F
sodium pentobarbital (Pitman—Moore) & |
5 kg 32mg Foldte] whE A7l F A 199
’IHS’J 2] e =bol| A} A F (ulnae) 2} £ F(radii)

FTHH o7 AZ3led 60mm organ culture
dlsh(Falcon)LH 2] pore size 0.45 um 9l
membrane filter (Gelman) ¢ o] 7135 A7|ul
kS A stgde).

AZg #2722 Img/mle bovine serum
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ol (Sigma) ol 4 24X7F = u) ok (preculture)
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monensin& 5x107*M, 10’M, 5X107"M,
veratridine & 0.1mM, 0(.5mM, 1mM,

amiloride <]
c}.

ZAzke] wjokel o2 mgsle] F o A4
Zb wieh okl 2 #ejE “Cadl g 53
WA 72417k ot vhokE stglew wokA] &
£ 95%, +5+ 37CE T st 95%2l
719} 5%9 CO. & A& FF3haict.

734 10¢M, 100xM, 500xMo}<l

o

oli
£

ol et

2. ®Ca 7il& &3

TH4 AEL A7 Bt vle] EAH 2
zAez 8 WAz 29 “Casl FE
sygezA Hrsias.

T2A17E Fob wekEEA vkl e felE
“Cadl of2 W FF 24417, 4817 72417kl
5019 vl o}l-& A #sled liquid scintillation
counter (Beckman LS 8800) % =tAHA F94
&9 Fe ZAAGIL, 1247 HFF F2A o]
Selgli ©Casl o2 EDTAZ 2447 Aeja

o oAze AH] UG oz 23
sheieh. 12417 AR okl 2 §e)® ©Casl

Bx3ol olglE “Cal ¥& T



. &= &
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S8 254 2AEYS \,}E}‘;&D}.(Table 1,
3,57
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3 *Ca #ele] JAEAE eblor] 2 A4
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Ouabaing ImMoll4] 724]7} ok ol §9
3 #Ca 2o AA &AL ey on] (Table
3), monensing -] g “Ca f-2] ¢ A&7}
el 9kgkel(Table 5) Veratridineg 0.5
mMol| A 48] 7k % 7247k vl oF F-ofl, ImMei] A
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Fig. 1.
Effects of amiloride on the PTH-

induced *°Ca release from the fetal
rat ulnae and radii in the organ culture.
Effects of amiloride were expressed by
the ratio of experimental group to
paired control.

**p <0.01

72417k Wik Foll Fo & “Ca Felo A&}
£ velyich(Table 7)

PTHo| 28 %Ca ¥8l+ 500#M amilorideci]
oA 48417 W 72417k vl Fofl oAl o
A 519l c}. (Table 2, Fig.1) Ouabain& (.1mM
oAl A 48417 = 72417} vk Fol, 0.5mM3} 1
mMelj A 72417} ok Foff PTHe| o3& “Ca
e s FosiAl dAsigl e (Table 4, Fig.
2), monensin& 500nMoeil 4] 724] 7} v} Foi
PTHe| 9% “Ca %2& fosiAl A8
t}. (Table 6, Fig.3) Veratridine2 0.5mMoi
A] 48417 o 72A17F Wi Foll, ImMZ 7247k
wjok Zol PTHol 938 %Ca 2ol thd #9
& oA x77}t Ysich. (Table 8, Fig.4)
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Fig. 2.
Effects of ouabain on the PTH-induced
45Ca release from the fetal rat ulnae
and radii in the organ culture. Effects
of ouabain were expressed by the ratio
of experimental group to paired control.
**p<0.01



Table 1. Effects of PTH and amiloride (AR) on the basal release of *3Ca from the fetal rat
ulnae and radii in the organ culture

% telease of 45Ca

Group Treatment N
24 hrs 48 hts 72 hrs

1 None 5 18.5 + 0.33 26.0 £ 1.26 31.5 £0.63
PTH (0.4U/ml) 20.1 £1.17 34.6 + 1.40%* 45.7 + 2.36**

2 None 5 13.3+1.03 19.0 £ 0.57 29.5 £ 0.73
AR (10 uM) 13.4 233 19.4 £1.15 28.7+ 0.86

3 None 4 17.8 £0.35 26.7 £ 0.95 31.3+1.07
AR (100 uM) 17.9 +0.35 26.8 £ 0.55 29.1 £ 0.27

4 None 4 19.1 £0.40 25.4 £ 0.87 30.4%0.75
AR (500 uM) 17.5 £0.61 22.6 £ 0.35* 25.6 £ 0.75%*

Values are Mean + S E.

* P <0.05, compared to paired control.
** P <0.01, compared to paired control.

Table 2. Effects of amiloride (AR) on the PTH-induced 45 Ca-release from the fetal rat ulnae

and radii in the organ culture

% release of 45Ca

- Group Treatment N
24 hrs 48 hrs 72 hrs

1 PTH 4 22.0t2.14 29.3+1.59 38.0%2.18
PTH + AR (10uM) 22.0+1.27 28.9+1.47 36.7+1.18

2 PTH 8 21.0+0.68 34.6 +0.84 448+ 1.64
PTH + AR (100uM) 20.7 £0.55 30.4 £1.09 38.1 £2.69

3 PTH 5 21.3+0.95 33.3+1.82 45.5+2.12
PTH + AR (500uM) 20.0 £ 0.86 24.5 +0.39%* 28.5 £ 0.78**

Values are Mean £ S.E.

** P < 0.01, compared to paired control.



Table 3. Effects of PTH and ouabain (OB) on the basal release of 45Ca from the fetal rat

ulnae and radii in the organ culture

% release of *°Ca

Group Treatment N
24 hrs 48 hrs 72 hrs
1 None 4 19.9 £0.59 28.2%1.65 34.5+2.09
PTH (0.4U/ml) 18.8 £1.49 30.2+1.09 45.5 +3.92*
2 None 3 21.5+1.02 28.2 +1.66 31.0+1.59
OB (0.1 mM) 23.1+1.86 29.7 +£2.12 32.7+3.38
3 None 3 21.1 £2.30 26.6 +0.15 39.2+1.30
OB (0.5 mM) 17.3£0.90 26.6 +1.75 36.3+2.65
4 None 3 20.2 £ 0.85 31.6 £1.85 40.8 £ 1.40
OB (1 mM) 16.8 £1.95 24.2 +3.15 33.9+0.45*%

Values are Mean S .E.
* P < 0.05, compared to paired control.

Table 4. Effects of ouabain (OB) on the PTH-induced 45Ca-release from the fetal rat ulnae

and radii in the organ culture

% release of *°Ca

Group Treatment N '
24 hrs 48 hrs 72 hrs

1 PTH 4 21.9+0.94 34.3+0.74 43.0+1.82
PTH + OB (0.1 mM) 229+1.39 29.3 £ 0,77** 33.2%1.53%%*

2 PTH 4 18.8+1.22 30.9+2.58 49.2+1.50
PTH + OB (0.5 mM) 17.4 £0.66 25.211.02 38.4 +1.04**

3 PTH 3 18.1 +'1.85 30.6 £2.01 49.8 £0.85
PTH + OB (1 mM) 18.8 +1.47 254 +0.59 342+ 1.95**

Values are Mean £S.E.
** P < 0.01, compared to paired control.
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Table5. Effects of PTH and monensin (MN) on the basal release of 4*Ca from the fetal rat
ulnae and radii in the organ culture

% release of 4°Ca

Group - Treatment N
24 hrs 48 hrs 72 hrs

1 None 3 15.4 £ 0.40 30.9+1.80 35.7+1.25
PTH (0.4U/ml) 15.2£0.80 36.3 £ 0.20 48.4 + 2. 55**

2 None 3 15.0+£0.58 26.9+0.85 36.7x1.76
MN (50 nM) 153 +1.07 30.2+£0.98 39.5+1.44

3 None 3 15.2+1.07 27.2+0.10 33.3+0.61
MN (100 nM) 15.4 £0.92 29.3%0.84 36.1 £1.50

4 None 3 21.5+1.02 28.2*1.66 31.0+£1.59
MN (500 nM) 23.1+1.86 29.7+2.12 32.7 +3.38

Values are Mean * S.E.

** P < 0.01, compared to paired control,

Table 6. Effects of monensin (MN) on th PTH-induced *°Ca-release from the fetal rat ulnae

and radii in the organ culture

% release of 45 Ca

Group Treatment N
24 hrs 48 hrs 72 hrs

1 PTH 5 14.7 £ 1.09 35912722 47.1+2.64
PTH + MN (50 nM) 15.3 £0.61 33.4+1.29 436 £2.03

2 PTH 5 16.1 £0.93 32.1%1.16 45.0+0.94
PTH + MN (100 nM) 16.2 £0.53 34.5+0.64 443 +1.63

3 PTH 4 21.2+0.71 31.1%x1.51 44.1 £ 2.35
PTH + MN (500 nM) 22.3+1.27 30.7+£0.94 349+ 0.68%*

Values are Mean £ S.E.

**P <0.01, compared to paired control,



Table 7. Effects of PTH and veratridine (VD) on the basal release of **Ca from the fetal rat
ulnae and radii in the organ culture
% release of 4°Ca
Group Treatment
24 hrs 48 hrs 72 hrs

1 None 21.7 £1.55 33.7+1.26 42.7£0.63
PTH (0.4U/ml) 26.2+1.17 38.9+1.40 49.5 £ 1.20**

2 None 209+ 1.11 30.7+2.40 36.3+t1.80

VD (0.1 mM)‘ 194 +1.02 25.3+1.02 34.4+2.18

3 None 21.4+1.35 29.6 +1.40 39.8 £ 3.56
VD (0.5 mM) 20.5 2042 24,7 £ 0.39* 26.3 £ 0.38**

4 None . 21.6 £2.55 28.3%2.32 34.9+0.99
VD (1 mM) 23.4+1.88 27.7+£2.33 29.6 +1.59%*

Values are Mean * S.E.

* P < 0.05, compared to paired control.
** P < 0.01, compared to paired control.

Table 8. Effects of veratridien (VD) on the PTH-induced *®Ca-release from the fetal rat ulnae

and radii and radii in the organ culture

% release of 45 Ca

Group .- Treatment
24 hrs 48 hrs 72 hrs

1 PTH 25.7+0.23 37.6+0.62 45.3£0.56
PTH + VD (0.1 mM) 23.9%+0.65 36.5%+0.75 42.3+1.39

2 PTH 24.7 £0.33 35.8+0.80 45.6+1.40
PTH + VD (0.5 mM) 272+1.19 31.4+1,13* 35.0% 0.93*%*

3 PTH 24.6 £1.91 36.51244 49.3*1.92
PTH + VD (1 mM) 26.3+0.84 31.2+0.35 34.6 £ 1.30**

Values are Mean + S.E.
*p < 0.05, compared to paired control.
*#* p < 0.01, compared to paired control.
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EaE A2 JEh P s 2 Bl 444719
AT A Qo= ofEEl oddko] gl Ao Alg
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Amilorider= SmithE¢ 2 3% o3}y
murine erythroleukemia A % o} 4], Sche-
llenberg5-o] Mm% of3lw wixel oA
Na—-Ca 37| 7& viad Adeid o2 oA 3}
Aoz eIy, 2 A#o|A amiloride:=
500uMel 4] PTHel| &3 *Ca fz|5 4847}
vl oF Fofl 25%, 72417k i<k Foll 37% F<l3k
Al J A5t (Fig.1) PTHe| &3 2544 Ca
o] 29 fgo} Na—Ca m37|+7 23 493
+ @ ez AzHr
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