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Effects of 1,25 Dihydroxycholecalciferol and Ca lonophore A23187 on
Ca Transports in Bone and Bone Cells

Sun Young Ly

Dept. of Food and Nutrition, Chungnam National University
=ABSTRACT=:

Various types of evidence suggest that some changes in cellular calcium may well signal the
initiation of a chain of events leading to the physiological effects of the bone resorbing agents.
The effects of 1,25-dihydroxycholecalciferol, 1,25(OH).Ds, Ca ionophore A23187 and calcium
antagonist, diltiazem on bone resorption and the cellular transport of Ca were investigated.

Bone resorption was measured by a in vitro technique using *®Ca prelabelled mouse calvaria
and *Ca desaturation experiment was realized in isolated heterogenous rat bone cells after
equilibrating the cells with “Ca.

Results of “Ca desaturation experiments were analysed by fitting the ©*Ca desaturation curve
to a model of 2 exponential terms which indicated the presence of 2 exchangeable cellular
calcium pools.

1,25(0H).D;(0.5ng/m?) induced significantly bone resorption which was decreased by the phy-
siological dose of diltiazem(above 5nmol/mé) although it was ineffective alone. Ionophore A23187
(0.2pg/me) decreased Ca release from bone but no additivity of effect with diltiazem(20nmol/mé)
was observed.

1,25(OH).D; (0.5ng/10° cells) had a moderate effect on the two kinetic phases of Ca desatura-
tion curve and these values were normalized when diltiazem(20nmol/10° cells) was added along
with 1,25(0OH).Ds, Ionophore(0.05ug/10° cells) alone increased specifically the value of the slow
turnover rate which was not affected by addition of diltiazem. '

The hypothesis concerning the involvement of calcium in bone resorption seems in fact to
be verified in case of 1,25(0H).D; but more unsettled for Ca inophore A23187.
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Z3ujgol] o2 == wlY¥d Bigger's me-
dium(BGJ,) # A Euj o] 2291 vl%A Minimum
Essential Medium(MEM)-& Flow Laboratories®ll
A TAsen FHYALAZNE v A (specific
activity) ©] 8mCi/mg<) “CaCl, & AH&38}s1ch. Scinti-
llation solution Packard®] Picofluor-158 AH&-3}
s 1= 8

Vitamin D;(1,25(0OH).D;) = Hoffman La Roche
Laboratories®l 4, Ca ionophore A23187-& SIGMA
o4}, Ca antagonist®! diltiazem Dausse Labora-
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49 Ao zhd AFA A7 wWdE vl FALL
%Ca(1pCi/mouse) & EA5tAch 48 3L AH
FAEE AR Aejol X F&3 o] WHET oS 5ml
o] BGJul N & a3 Sefad wdr] &9 2"
g ol&3dtod 5%9 COE T/ T7I9 i
ool o] & Wt Fe] FlF0] FolEE 3
o} BEE FZe FHL gE2TOE AMEY
on & §He v AlHstaste 2
(diltiazem 2-100nmol/mé, 1,25(0OH).D; 0.5ng/m¥, io-
nophore 0.005~0.2ug/mé) & ¥o] ¥]AF o2 3
th 9% 717H(24.48 T2 72717 Wi g Foll 229
v E SAZERE IR FEE 494
9] %€ Pico Fluor-15 scintillation solutiont ol 4]
ZAQ3lgon W&o AESE FHLLY F 18
AZFESE 6N HCl AUlolA 82/ §F 2
uo g ZAsYc

2) %Ca desaturation A%

ZAu koA ALY AF Y FIHS2HE
e 488 1o AEXE U] £/
ooz 3~4Y € FF Y AAMERY AXIES
dojuigltt. B BAME o EAE o] &3HA
U3 @A HR§ B g AHES] BE AT
g dolde 2Folu}t Edad 72 (bone mat-
rix) < AAF7Ystd 3B/ume] FUE H& AHE
st AURh o714 L AEE 1.25mM
Ca** s 43 MEM &d22 &A 0.5uCi/2x10°
cells®] Bl &2 %CaZ AN ¥ 2 22 7o
3154 37C o wjg7lel FUh

t}&¢ %Ca desaturation A vtE ol 49
FAE AEgdd dAEgR AFItuA s
1,25(0H).D,t} diltiazem, ionophoreE 0] 37C
Bl 7ol FAIL Bt LSRR dS AXE
0C 9 #48 tris-buffered solution®Z F ¥ A
wa] Aol oA A2e fdoz Ay dF7
o AE+uFEA(o]3 MELA 2R TE
5 37C 84 % WolA “Ca desaturationd A%
3t9t} Tris-buffered solution 120mN NaCl, 3
mM K.HPO, 125mM CaCl;, ImM MgSO;-7H:0,

20mM tris-HC], 3mM mannitol, 2mg/mé glucose <t
1mg/mé bovine serum albumin® FAWoZ o]
e 37C Al pH7.1& FASe T ¢34
ol3ith.

Ferz7) Wl Ae MEL B2 “Ca desatura-
tion713t Wl 59 715 wjgdH s
Axe) BRAE WA 3}Hem “Ca desaturation
AZ 3 dA 71 A5, 10, 15, 20, 30, 45, 90,
1208) 9tk o] gole] ARE FH| 4T AHE
2710 A 3500rpmo2 Y4EE & F I 4
&9l F9YA(SHE scintillation solution(Pac-
kard)dll Bl &3l AEW] Fof e FH
AA(CHE 05% Mu)it dojx] SEAA FF
stk mMAIZH DN HAA dFo AELAY F
5CaF e St+CtEA B ¢ Udden o #EY
B Fol Ag 2(t=0 AXH EA3d
% #5CaZ(Rt cpm/10° cel) 22 LF3AH £E
5Ca2 MEES BEXY o ng HAFAL EF
g9 9] WAL 2 Ro(epm/e )3T €5 S 9
©Ca** Fe 1.25mM A S AU3HE A Zf F excha-
ngeable Ca®¥ ERtE thd9 2§ AMRstd 7%
F Ao I e pmol/10°%ellsS] @& ZA
Hick

ERt(pmo /10° cells) =Rt(cpm/10° cells) +
1,250,000pmol/mé

Ro cpm/mé

Semlog WetAo] Ajztel tidF AFEW excha-
ngeable Ca%®< 715314 Fig. 13 22 48 ¢4
e o] 2#|=E F7H9 exponential phase®
Uirold £ Atk &, 47 71€717) pl, y& A
Hol bigl RAF} 71&7] p2, y& HH 122l kinetic
phases®] T}

wgbd] 2 AP o AFe HAZ Y MR
& war|g zZte ¥ Ca ol% d3d9 EAE
£3A gn 2zx3E AW $49 T2 Ca
poolo] EA3E 7IAE & AU F, 2T e
pl, b12 & ZE kinetic phase® ¥ 2%
7ol Wslol st wzA dxste XA
Ca poclg, p2, b224 YERH A= kinetic phaset

- 175 —



100Q0 ¢
pmel /108el1
_sooo.’
slope= p2
L
stopu* py
1000 |-
300
PEPET U S N L
10 2030 43 60 90 120mn

Fig. 1. A typical “Ca desaturation curve : the data
expressed as ERt(pmol/10° cells) is plotted
versus the time. It is graphically resolved
into two exponential components with their
slopes, pl and p2 and intercepts, bl and b2.
The curve followes the general equation
ERt=b1 exp(—p1Xt) +b2 exp(—p2Xt).

AEY 271850 HAE ¥ A = Caturnover
rateZ ZHe Ca pool® HE 9] ®Ca desaturation

wgdtn & £ AU
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Ca antagonist, diltiazem< 423 & %(20nmol
/ng) 2 vickeio] A IEAS o W2EH FAH=
sCad 2T FAHY IFE 7R R34
Diltiazem EA3te] WiFHAA BF 9] & T
ZRH §29 %Cad) Yol 3 =T el vl &L
24, 48, 72717+ vl FF-oll 242} 1.06+ 0.21(n=6), 1.04

(24

%_

+0.14(n=6), 103+ 0.13(n=6)°I Atk

a8} diltiazeme 73383 bone resorbing
agent? 1,25(0H).D;oll &3 =¥ bone resorp-
tion(Table 1)& A8l &7 FR 3 HATHTable
9). o] AL A2 A FE< 05ng/mée] 1,25(0H),
Dot ¥4 H7tE 48 $%9 diltiazemol W3
A5tk Diltiazeme 487139 wiFFol 5
nmol/mée] EEARE 125(0H).D:S Aol
a8l ¢Estgoy ¥ %(5-100nmol/me) ol & ¥l
g4 JAEHE RogFA gsirh

2 Ag4 1,25(0H):Ds2 bone resorptionl
)& AFHE Reynolds?®, Rais?' 5ol o3 282
Aol Ax3-gt} 22} Ca antagonist, diltiazem<
gEogNE oW fAdx HolA ot Lerner”
Zo o8] AFEHAY verapamily Ashe GA
3tAl gkstth Lerners2 @4 1-g-hydroxylated vi-
tamin D:°1 <3 S ¥ bone resorptionol ¥
verapamil (20-1000nmol/mé) &} AAEHAE & F
gt ©) JAEZFAE verapamil®] FEol W
st AzMxe daiME A 2L TR
H48 2 4% dAEHRE ZE HAoR EA
oldl % Ca inhibitorgol WA XA E 7t &
o}arg Vb9l e o diltiazeme verapamil? o]
sxd vasAE gtort 1,25(0H).Dyol #&
Ao 383 ZRAez AIRHAUY.

o]l AzzRE 1,25(0H),D:] bone resorp-
tiono] thg ATE slow calcium channel$ &%
Ca movementsSt ##Ao] A& Zleol& 7HHE&
geld 4 Yo old YL e diltiazeme
HeRo 2 $A3¥ bone resorbing cell(osteoc-

Table 1. Effects of 1,25(OH);D; on bone resorption. Bone resorption is, expressed
as percentage relaease of *Ca from bone during 48 hours in culture.

1,25(0OH),D; concentration

0.1ng/mé 0.5ng/mé 1.0ng/mé
Control 12.86+2.55 12.66+2.73 1348+1.71

(n=7) (n=7) {(n=6)
1,25(0H):D; 11.25+2.56 18.56+-2.66*** 17.18+1.60***

Number’s of experimentation are in parenthesis.
Student’s t-test : *** P<0.001.
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last) o] 3¥L vjAAR RE€dE /M54S54
3t

%%, Ca agonist$! Ca ionophore A23187-2 0.005
pg/mé, 0.02pg/nle} %ol A bone resorptiondl °}
23 9FT oA 23P o 0.2ug/méo] vl F
L oA e 7241719 vl %52 bone resorptionS
HA3] ZAAZAHTable 3). 20nmol/mée] diltia-
zem< ©] ionophorest #7 Z&3HA S

o}x g WIE 2 4 Yoy 919 1,25(0H).Ds9l
Az}o} v A3 diltiazem?] FEE T °1F
F7H71 A g

Ca ionophore= Ca® A¥std A Ax%3
EgAzloz Cad AXY #9& FAAUGR
gejzigten o] 4L 9A PTHY A-FolAs
o] Ca o3 #EE A4 ¥4 (bone resorp-
tion)2 X Aolgte 27o] dutFoUtt. 1

Table 2. Effects of diltiazem on bone resorption induced by 1,25(OH).D;(0.5ng/m¢) during 48
hours in culture(resorption is expressed as percentage of bone isotope).

1
4Ca release by 1,25(0H):D; alone

R= "~ ®Ca release by 1,25(0H).D;+diltiazem
Diltiazem concentration R
2nmol/mé = 1.04+0.10 (n=6)
5nmol/mé 125+0.19* (n=6)
20nmol/mé = 1.3940.29%*+ (n=7)
50nmol/mé 127+0.15** (=7
100nmol/mé = 1.23+0.24* (n=7)

Results are mean+SD(Number of experimentation in parenthesis)
Significantly different from the percent release by 1.25(0H);D; alone(Student’s t-test) ;

*p<0.01
**5<0.005
*++1<0.001

Table 3. Effects of Ca ionophore A23187 and diltiazem(20nrnol/m) on bone resorption. Resorption is
expressed as percentage release of **Ca from bone in the medium during the

culture period

Culture period 48H 72H

concentration of 0.005 0.02 0.2

ionophore( ug/mé)

control 14.32+1.15 14.53+1.32 27.01+2.80
(n=7) (n=7) (n=7)

- ionophore 14.45+0.63 14.50+0.92 20.77+1.15***

ionophore 14.08+1.11 15.294-0.92 20.63+2.26
(n=7) (n=7) (n=7)

ionophore + 14.23+1.07 14.73+0.58 19.40+0.55

diltiazem

Number of experimentation are in parenthesis.
Results are mean+SD.

Student’s t-test 3 ***p<0.001 compared with control.
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tiono] g FEFE=E 100MY F=2olgtn & 4
AR}

2) MEZXE 9 “Ca desaturation

ol d¥olMe 1 A5 Z AL A¥FHe}
v 23t zpste] APANAE 73 3 23 uf YA
o} Zi7E AH2 A28 AES EH3F A
E4E AMSSHA @stoh wEla AE el F
AY HMEFEL osteoblast, osteoclast, 1 AT
AZE, ZPNETT AdEFF9 AMEZEY F
A2 A o]E2HE o}zl 4Ca desaturation cu-
rvet A2 ¥hgAo] & Z AZTE 93 o
Folzl Aol Fjolet & £ on ® By
AMEW 2} Ca pools] 2717} AJZxA) wha} wj$
s Wasigeng 7t 4y dng %3

Gl

%_

cHle FHAZL o#gol AU Z 4PN
Lol METE] 3 B2 Aol A alkaline
phosphatase/acid phosphatase®] H]& 2334l
H I & 361+ 114(n=5)°| At}

o] 48-& B3l ¥& EAHQ! “Ca desaturation
curvex Fig 1914 8 $ Uk

Diltiazem& 22 AE A9} g2 WA X9
EFA A= 20nmol/10° cellsl A} BE Ca 72
Sxogt FES vk Table 49 23t o] Ca
antagonistE b1e] & 26%, plo] &S 20%2AE
AN b1 gl FEME APexz <
3t I Fodel A= FeH(p<0.10).

1,25(0H),D;% && 1,25(0H),D,7} diltiazem®
A AME] wjgdol 7L ) = 5Ca de-
saturation curve 25 4o 2z} AR+ Table
5 vehdth 1,25(0H).Ds bl, b29] #tellE o
&S FAGRLH pl, p29] @& G FMAE
ol AR (zTl Hls] 205%, 152%)
FARAHA Fode AUk 28y o] pl, p29)
BE2 diltiazemoll 934 A3}=) o p1o] WHEL
HETY #ol3lZ B2EE B 4 e =Y
Ca °]5H 2o #aM= 1 A7V} & ¢ =318t
94 A 1,25(0H).Dsoll 3 AR &S e}
WAH(p<0.05).

Bone resorption®] ¥k 1,25(0H).Dso F3ke
A9l ga3hto] steroidl B2 o] A E oA

Table 4. Intercepts and slopes obtained from the experimental curve of “Ca desaturation in bone cells ;
Effects of diltiazem. Cells were incubated overnight with “Ca and diltiazem(20nmol/10° cells)
was added along with **Ca for two additional hours. The efflux experiment was performed
in a tri-buffered solution(PH 7.1 at 37C 1,25mM Ca**).

b(pmol/10° cells) p{mn?)
bl b2 pl p2
control 1969. 1+ 4646.0+ 0.0516+ 0.00167+
(n=6) 4310 8716 0.0084 0.00095
diltiazem 14462+ 40264+ 0.0365+ 0.00150+
(n=4) 304.2* 168.6 0.0035** 0.00034

Results are mean+SD(number of experimentation in parenthesis).

Statistical analysis was done using “Student’s t-test”.

*p<0.10
**1<0.005
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Table 5. Effects of 1,25(0OH);D;(0.5ng/10%ells)alone or in the presence of diltiazem
(20nmol/10° cells) on *Ca desaturation in bone cells. Cells were incubated for 2 hours with

1,25(0OH),D; or diltiazem.

b(pmol/10°® cells) p(mn™)
bl b2 pl p2
control 1630.6+ 5130.1+ 0.0525+ 0.00128+
(n=5) 4168 353.1 0.0179 0.00019
1,25(0H).D; 16338+ U612+ 0.0680+ 0.0u151+
(n=5) 136.0 384.6 0.0260 0.00013*
1,25(0H) D3+ 1469.1+ 4666.9+ 0.0430+ 0.00116+
diltiazem(n=6) 258.8 744.1 0.0108° 0.00032%

Results are mean+SD.(The number of experimentation is indicated in parenthesis).
Statistical analysis was done using “Student’s t-test”.

*p<{0.10 compared with control

0p<0.10, 00 p<0.05 compared with 1.25(0OH).D; alone.

Table 6. Effects of calcium ionophore A23187 on **Ca desaturation in bone cells. Ionophore
A23187(0.05pg/10° cells) was added along with *Ca for two additional hours.

b(pmol/10° cells) p(mn-1)
bl b2 pl p2
control 1959.1+- 4646.0+ 0.0516+ 0.00167+
(n=6) 4310 8716 0.0084 0.00095
ionophore 1939.7+ 5260.6+ 0.0696+ 0.00309+
(n=6) 580.3 814.6 0.0280 0.00099**
ionophore + 1660.7+ 4792.6+ 0.0400+ 0.00262+
diltiazem(n=5) 2457 3694 0.0052% 0.00026

Results are mean+SD.(number of experimentation in parenthesis).
Statistical analysis was done using “Student’s t-test™.

**1<0.05 compared with control.

00 p<<0.05 compared with ionophore A23187 alone.

CaolE71dd HHE 48 2 &7 ™ A=
olA = 7R A7t M2 AZe L Ut Dziak
M) AL HF 7o) FASEEE dojd AEE
ez A4S shgot 1,25(0H).D;ol € 9Ca
desaturation®] thg G2 AL et ¥,
Eilam®5< &4 d d37 (2099 FHAE2RH
esd AEE Y3ty Ca movements A EE
g 27 1,25(0H).;D;7} & vitamin D;©] metabo-
liteE¥ PFA7IAR Ca H&S F7MIRATL 8o
E A3Zdne) vsd nug gt )8 dxse}

Dziak¢] AFZFF7 dAHA Ue olfe A%
2 ¥y 9@ 5Ca ¥Xo] wE HAY zolF
o oA Foll £ long 4zt APANE
A2 jmdttede B2 EA3-e] AAdL
B Ago e e EAZ Cauptaked S
BAE ggtor} Ca efflux A2 v Fo] Hol
vl A FA|ZE EQt M Eo i3] 2= 1,25(0H).D;y
o} B3l AIEY Ca poold turnoverE F7HA1F
2 24 bone resorptiong FE3E ALE Holn
diltiazeme °] FF L Wase Aoz Bt
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Ca ionophore A23187(0.05ug/10° cells)ol 2%
AU A 3= Table 691 F+F =1t} 1.25(0H).Ds
o} ¥)=37 ionophore GA| ¥ ZTwolF R
8 Ca F+&& F7HI7IE Aol Ao p19
#e Fgdel g WA AXY LvjBesn
Hel =3 Ca ol 5&=(@2) o ddirM= e &+
o3 F7HAHE 7 gt} 34, ) A71E dil-
tiazemS ®BE Ca °1¥ S=(pDd UM 125
(OH):Ds9}F] A ANAM S B3 ARE 283t
ionophore®l] 9J3] FolH o2 F7lE R ke pl
9] & control 3 °l3t2 ZaAAoY =¥ Ca
ol AR ddMe FAF 9FE FA &gt

o]’¢2 2] ionophore A23187-2 Al ¥l M 1,25
(OH):D;%} 2] Ca efflux® &A1 WA bone
resorptionol A= ¥ = Wl 2 E37} 1.25(0H),
Dsoll 3] ol ¢ 23 4L BHAFA 24
ol oz RE dojd BHMEE Aoz §
Nijweide, van der Plass9] 7Y% o] jono-
phore= 2Fg-AIZtoll whel 1 A7 gl go
AIZEEQ A X wiokalle] H7EAE we Ca up
takeS F7HAZ 9HA viofA|Tto] LojxH Q. 3]7
AAAAE BRIt o} E3 Dziak¥} Sterns
.2 Ca ionophore A23187°] ® | L] 2 o] YA
¢l Ca uptake= F7HIZ 21} Ca effluxtt & A X
Ca pool®] Z7|dl& olF-d FIE xR £}
g3 &Yk ol AHES FFH B 9 jono
phores I FXx, wiFAIZT odet a7t 43
A e Ao 2 AlRHY oD E B AP HdAE
WA e A vl H71E YL (5pg/
10° cells ; & AANA AHET F=9] 1008) F
A W FE A 1/20140] JAE AL B 5
At gl 2o) AT AHE HolA & iono-
phored] #&71H& AF7EH7] 98td, & jono-
phore®] WA X0l th§t Ca efflux FEE72} bone
resorption A A ] ofE BHAGo] J=AE
ol B4t e d7rt Ee g gdn
AzZrsle FAl diltiazem® ionophoredll ] &
A 53E FAYR 2 2 1,25(0H),D;o0 A he
2] Ca antagonistoll €& slow calcium channel

bolcking B4 99 FHxolrE ionophore?] 2
47170 ojE FAE ¥ =R TA guth

2 R AE

2 zEFo 93 AXYW ZH e Hile
o] EAEo] Z= A2 ¥/ (bone resorption)-&
FESE 1A o] 1 Az A 98L& A
olg 7tyol AHE A= vlmF egojrh B A
gl 93t 1,25(0H):Dse ©] 7Hgd Fise
o] B2} Caionophore A23187°0) @3t 3 o} 3
B 477 983 Aoz AlgdYrh

bone resorption®ll &3 AZE 71A& FHolgtn
deiA k' FE23 1,25(0H).D:% Ca ionophore
A23187°] "g] EAHo] 2w FAHEH W
MEZHE #EHE exchangeable Cadl ©idted
e 988 432 o710 Ca antagonist diltia-
zems H7HE ojFo| ojH WIE Yodle A
Buxtste] dast A¥dses o2 Z

—1,25(OH):D:= bone resorptionoll t™ale] 5
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