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ABSTRACT. The fast actions of the secosteroid hormone la,25-dihydroxyvitamin D, [1,25(OH),D,; 

calcitriol] and the synthetic analogues calcipotriol (MC 903) and 20-epi-la,25(OH),D, (MC 1288) on cell 

calcium influx were compared in rat duodenum enterocytes as well as in cells from chick embryo skeletal muscle 

(myoblasts) and heart (myocytes), at various concentrations (lO_” to lops M) and treatment intervals (l-10 

min). In enterocytes, at a concentration of lO_” M, MC 1288 was significantly more active than 1,25(OH),D, 

in rapidly stimulating 45Ca2t uptake by enterocytes (80 vs 38% above controls, respectively), whereas MC 903 

was devoid of activity. However, calcipotriol increased Ca 2+ influx in myocytes and myoblasts to a greater extent 

than the natural hormone, whereas MC 1288 was more active only in myoblasts. Analogously to 1,25(OH),D,, 

the fast MC 903- and MC 1288-induced stimulation of 45Ca2f uptake in enterocytes and muscle cells could be 

blocked by both verapamil and nifedipine. In addition, MC 903 and MC 1288 were more effective than 

1,25(OH),D, in stimulating DNA synthesis in proliferating myoblasts and in inhibiting DNA synthesis in 

differentiating myoblasts. The results suggest, therefore, that modifications in the side-chain of the 1,25(OH),D, 
molecule increase its ability to modulate muscle cell Ca2+ metabolism and growth. These findings are potentially 

relevant for the development of analogues for the treatment of vitamin D-dependent myopathies. BIOCHEM 
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The major active metabolite of vitamin D,, 1,25(OH),D,t 
(calcitriol), is an important regulator of calcium homeosta- 
sis. 1,25(OH),D, exerts its effects on target tissues through 
a receptor-mediated nuclear mechanism [I]. In addition, 
the hormone induces rapid actions, independent of gene 
activation, in several tissues [2]. Evidence has been ob- 
tained indicating that many of these non-genomic effects 
are associated with activation of second messenger path- 
ways (adenylate cyclase/cyclic AMP/protein kinase A and 
phospholipases C and D/diacylglycerol/protein kinase C) 
[3-81 and modulation of cell membrane voltage-operated 
calcium channels [9-121. 

The vitamin D endocrine system is also involved in 
immunomodulation [13, 141 and regulation of cell prolifer- 
ation and differentiation in both normal and malignant 
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cells [15-171. In addition, the vitamin D hormone plays an 
important role in skeletal and cardiac muscle functions, as 
evidenced by the development of muscle weakness and 
alterations in contractility in vitamin D deficiency states 

[181. 
The major limitation of 1,25(OH),D, therapy is its 

accompanying calcemic activity. Several analogues of 
1,25(OH),D, having side-chain modifications with low 
calcemic effects have been developed [19, 201. These 
compounds are potentially useful as antipsoriatic agents 
[21-231, in cancer therapy [24, 251, and in secondary 
hyperparathyroidism treatment [26], with markedly de- 
creased activity on calcium metabolism. It has been postu- 
lated that their low calcemic activity is due to a reduced 
affinity for vitamin D binding protein [27, 281. Differences 
in the ability of various analogues to stimulate both 
genomic and non-genomic pathways may contribute to the 
potency and selectivity of their effects in target tissues 
[29-331. 

The use of 1,25(OH),D, analogues as modulatory agents 
of muscle function has not been investigated yet. Skeletal 
and cardiac muscle cells contain receptors for 1,25(OH),D, 
[34, 351. It has been demonstrated that the hormone 
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regulates muscle cellular Ca2+ and growth [36-381. Char- 
acterization of the effects of 1,25(OH),D, analogues on 
these processes may provide a basis for the treatment of 
vitamin D-dependent myopathies. In the present work, we 
have compared the activity of 1,25(OH),D, and its ana- 

logues 1,24-dihydroxy-22-ene 24-cyclopropyl-vitamin D3 
(also known as MC 903 or calcipotriol) and 20-epi-la,25 
dihydroxyvitamin D, (MC 1288) on the influx of extracel- 
lular Ca ‘+ and DNA synthesis in cultured chick muscle 
cells. Primary-cultured avian myoblasts and myocytes have 
proven to be a useful model to characterize the action of 
1,25(OH),D, in skeletal and cardiac muscles [39]. The 
biological activities of both analogues and the parent 
molecule were also evaluated in classical target (rat intes- 

tine) cells. 

MATERIALS AND METHODS 
chemicals 

1,25(OH),D, (calcitriol), MC 903 (calcipotriol), and MC 

1288 were donated by Dr. L. Binderup (Leo Pharmaceutical 
Products Ltd., Ballerup, Denmark). Trypsin type III from 
bovine pancreas, DMEM, FBS, DTT, verapamil, and nifed- 
ipine were purchased from the Sigma Chemical Co. (St. 
Louis MO U S A.). 45CaCl . . z was from DuPont-New En- 

gland’ Nuclear (Boston, MA, U.S.A.). 32P was purchas ed 

from the National Atomic Energy Commission (Buenos 
Aires, Argentina). 

Animals 

Wistar rats (6 months old) were fed with standard rat food 
(1.2% calcium; 1.0% phosphorus), given water ad lib., and 
maintained on a 12-hr light-12-hr dark cycle. To obtain 

chick embryos, fertilized eggs from white Leghorn chicks 
were incubated for 13 days at 38” under 90% humidity. 

Duodenal Cell lsolatim 

Rat duodenal cells were isolated essentially as described 
previously [40]. Segments of the intestine (2 cm length) 
were placed into solution A containing 96 mM NaCl, 1.5 
mM KCl, 8 mM KH2P04, 5.6 mM Na2HP04, 27 mM 
sodium citrate, pH 7.3, for 10 min at 37”. After this period, 
solution A was discarded and replaced by isolation medium 
(solution B): 154 mM NaCl, 10 mM NaH2P04, 1.5 mM 
EDTA, 0.5 mM DTT, 5.6 mM glucose, pH 7.3, for 15 min 
at 37” with vigorous shaking. After centrifugation at 750 g 
for 10 min, the cell pellet was washed twice with 154 mM 
NaCl, 10 mM NaH,P04, pH 7.3, and resuspended in the 
incubation medium (solution D) containing 154 mM 
NaCl, 10 mM Na2HP04, 5 mM KCl, 1 mM MgCl,, 10 mM 
sodium MOPS, pH 7.4, 5.6 mM glucose, 0.5% BSA, I mM 
CaCl,. 

Muscle Cell Culture 

Myoblasts were cultured as described previously [41]. Cells 
were isolated by gently stirring 13.day-old chick embryo 
pectoral muscle in Earle’s balanced salt solution (SSBE) 
containing 0.1% trypsin and 0.05% collagenase, at 37”, 
under a constant flow of humidified 95% air-5% CO,, for 
30 min. Cells were collected by centrifugation, and the 
pellet obtained was suspended (lo6 cells/ml) in DMEM 
supplemented with 10% FBS, 10% chick EE, and 1% 
antibiotic-antimycotic solution. The medium was replaced 
after a 24-hr incubation, lowering the concentration of EE 
to 2%. Cells were seeded and cultured at 37” with 95% 
air-5% CO, until 70-78% confluence was reached. 

Chick embryo myocytes were obtained as previously 
described [42]. Briefly, cells were isolated by gently stirring 
minced ventricular tissue in SSBE containing 0.1% trypsin, 
collected by centrifugation, and suspended in DMEM ( lo6 
cells/ml) with 15% FBS, 1% EE, 1 U/mL penicillin, 1 
U/mL streptomycin, and 0.66 pg/mL mycostatin. Cells 
were plated in 12-well plates and cultured at 37” with 95% 
air-5% CO,. 

Measurement of Ca2+ Uptake 

To determine duodenal cell Ca2+ uptake, isolated rat 
enterocytes were pre-equilibrated in incubation medium 
(D) for 20 min and then exposed for short intervals (l-10 
min) to 1,25(OH),D, or analogues, in the presence of 
45CaC12 (1 mM CaCl,; 2 FCi/mL). Immediately after 
treatment, aliquots of cell suspensions were transferred to 
ice-cold unlabeled medium containing 1 mM LaC13, cen- 
trifuged for 45 set at 2200 g and solubilized in 1 N NaOH. 
Aliquots were taken for radioactivity and protein determi- 
nation [43]. 

Determinations of Ca2+ uptake by muscle cells were 
performed as follows. Culture medium was replaced by 
Krebs-Henseleit solution containing 0.2% glucose and 
preincubated for 20 min at 30”. Calcium uptake was 
initiated by the addition of fresh Krebs-Henseleit contain- 
ing 45CaC12 (1 mM CaCl,; 2 pCi/mL), 1,25(OH),D,, 
analogues, or vehicle alone. The reaction was stopped by 
removing the incubation medium and rinsing the mono- 
layer three times with a solution containing 140 mM NaCl, 
25 mM Tris-HCl, pH 7.4, and 1 mM LaCl, [44]. Cells were 
dissolved with 1 N NaOH, 1% SDS. Aliquots were taken 
for radioactivity and protein determination. When calcium 
channel blockers were used in Ca2+ uptake experiments, 
they were added 5 min prior to 1,25(OH),D, or analogue 
addition. 

Measurement of DNA Synthesis 

Myoblasts cultured in monolayers for various time intervals 
were washed twice with DMEM and then incubated with 
[methyl-3H]thymidine (I @Zi/mL) in DMEM for 1 hr at 37” 
under 95% air-5% CO,. The monolayers were then washed 
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FIG. 1. Chemical structures of la,25-dihydroxyvitamin D, 
(calcitriol) and its analogues 1,24-dihydroxy-22-ene-24-cyclo- 
propyl-vitamin D, (MC 903) and 20-epi-la,25dihydroxyvita- 
min D, (MC 1288). 

three times with Krebs-Henseleit-0.2% glucose solution 
and twice with 12% trichloroacetic acid. Proteins and 
nucleic acids were dissolved in 1 N NaOH, and aliquots 
were taken for measurement of protein content by the 

Bradford procedure [45] 
scintillajtion counter. 

RESULTS 

1809 

and of radioactivity in a liquid 

We compared first the effects of calcitriol and its analogues 
MC 903 and MC 1288 (Fig. 1) in inducing rapid changes in 
calcium influx in classic vitamin D target cells. Figure 2A 
shows a concentration-response study performed with en- 
terocytes isolated from adult rat duodenum. Significant 
differences were found at 10-l’ M. At this concentration, 
MC 1288 was markedly more effective than 1,25(OH),D, 
in eliciting a fast (5 min) increase in cell 45Ca2+ uptake (80 
vs 38% above controls, respectively), whereas MC 903 was 
devoid of activity. No statistically significant differences 
between the natural hormone and both analogues were 
observed at higher concentrations (lo-” and low9 M). 
The characterization of the time-course (l-10 min) of MC 
1288 and 1,25(OH),D, effects on CaZf entry into the 
intestinal cell at concentrations inducing maximum re- 
sponses (10-l’ M and lo-” M, respectively) evidenced 
the greater potency of MC 1288 than 1,25(OH),D, only 
after 3 min of treatment (Fig. 2B). Interestingly, a decrease 
in the response of Ca 2+ influx was observed within 1 min 
of exposure of enterocytes to MC 1288 (control: 2.95 + 
0.3, MC 1288: 1.97 ? 0.09, 1,25(OH)2D3: 3.73 ? 0.28 
nmol Ca’+/mg protein). An explanation for this early 
inhibitory effect of MC 1288, which was a consistent 
finding in several independent experiments, cannot be 
provided. A similar observation was made previously in 
mature cardiac muscle in response to the natural hormone, 
possibly reflecting increased Ca2+ efflux from the cell 
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FIG. 2. Rapid effects of calcitriol and analogues MC 1288 and MC 903 on calcium uptake hy rat enterocytes. Enterocytes isolated from 
rat duodenum were treated with ethanol, calcitriol, MC 903, or MC 1288 at the indicated concentrations and times in the presence 
of 45CaC1, (1 mM CaCl,, 2 @i/mL), f 11 o owed by determination of the radioactivity incorporated into the cells as described in 
Materials and Methods. (A) Calcitriol (A), MC 903 (O), or MC 1288 (0) for 5 min. Control: 4.52 f 0.67 nmol/mg protein. (8) 0.1% 
ethanol (O), IO-to M calcitriol (A), or 10-t’ M MC 1288 (0). M eans f SD (N = 8) are given. Key: (x) P < 0.01, and (xx) P < 
0.001, MC 1288 versus 1,25(OH),D,. 
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FIG. 3. Rapid effects of calcitriol and analogue MC 903 on myocyte calcium uptake. Cultured chick embryo myocytes at 7S-80% 
confluence were treated with ethanol (O.l%), 1,2S(OH),D,, or MC 903 at the indicated concentrations and times in the presence of 

45CaCl, (1 mM CaCl,; 2 $Zi/mL), followed by determination of radioactivity incorporated into the cells as described in Materials and 
Methods. (A) Calcitriol (Cl) and calcipotriol (m) for 5 min. Control: 6.6 f 0.5 nmol/mg protein. (B) Ethanol (0); 10-r’ M calcitriol 
(A) or lo-lo M MC 903 (0). Means + SD (N = 4) are given. Key: (x) P < 0.05, and (xx) P < 0.005, MC 903 versus calcitriol. 

caused by an initial release of Ca*+ from intracellular stores hormone on Ca2+ uptake by myocytes and myoblasts at 10 

[121. min are lower than or equal to those at 5 min [42, 461. 
In chick embryo cardiac myocytes the analogue MC 903 

showed a higher potency than 1,25(OH),D, in stimulating 

cell 45Ca2+ uptake when tested in the concentration range 

of 10 -12 M to 10P” M for 5 min (Fig. 3A). MC 903 
increased Ca*+ influx 23, 36 and 93% above controls at 
10-12, 10-l’ and lo-” M, respectively. 
devoid of activity at lo-l2 M, whereas at 

1,25(OH),D, was 
lo-” and 10P” 

M it stimulated myocyte Ca2+ uptake 21 and 57%, respec- 
tively. The analogue MC 1288 failed to induce changes in 
myocyte Ca2+ entry (4.66 2 0.5 nmol Ca’+/mg protein for 
control and 5.10 ? 0.63, 4.49 ? 0.30, 4.76 + 0.35, 4.66 ? 
0.30, and 4.89 + 0.42 for cells treated with lo-l3 to 10P9 
M MC 1288, respectively). As shown in Fig. 3B, MC 903 
was more effective than 1,25(OH),D, in stimulating 
45Ca2+ uptake by cardiac cells at different treatment 
intervals (1-5 min). 

Considering that in intestinal and muscle cells it has 
been demonstrated previously that calcitriol exerts its 
stimulatory effects on Ca 2+ influx through activation of 
voltage-operated calcium channels [2], experiments were 
carried out to evaluate whether the effects of the 
1,25(OH),D, analogues on these vitamin D target cells 
could be altered by Ca*+ channel blockers. As shown in 
Table 1, both verapamil (5 p,M) and nifedipine (5 ~.LM) 
effectively blocked the fast increase in 45Ca2+ uptake 
induced by compounds MC 903 and MC 1288 in rat 
enterocytes and chick embryo myoblasts and myocytes. 

In cultured myoblasts isolated from chick embryo skeletal 
muscle, both MC 903 and MC 1288 were more potent than 
calcitriol in eliciting a fast stimulation of cell 45Ca2+ 
uptake within the concentration range of lo-” to lOPa M 
(Fig. 4A). At 10P” M, both synthetic analogues elicited a 
significant stimulation of radioactive Ca*+ influx (MC 
1288: 39%; MC 903: 21% above controls), whereas the 
effects of calcitriol were not significant (+7%). Maximum 
responses, obtained at lop9 M, were 86, 64, and 46% for 
MC 1288, MC 903, and 1,25(OH),D,, respectively. Char- 
acterization of the time-course (1-5 min) of changes in 
myoblast Ca*+ influx further evidenced the higher activity 
of both analogues compared with 1,25(OH),D, (Fig. 4B). It 
is known from previous studies that the effects of the 

Membrane protein phosphorylation is a key metabolic 
event participating in agonist regulation of calcium chan- 
nel activity [47]. However, no significant differences in 
myoblast membrane phosphorylation patterns could be 
detected in preliminary experiments in which myoblasts 
prelabeled with 32P were treated with calcitriol, calcipot- 
riol, or MC 1288 for 5 min followed by SDS-PAGE analysis 
of the distribution of radioactivity incorporated into micro- 
somal proteins (data not shown). 

The effects of calcitriol and the analogue MC 903 on 
DNA synthesis in cultured myoblasts were compared. As 
shown in Fig. 5, during the proliferative phase of myoblasts 
1,25(OH),D, and MC 903 increased the incorporation of 
[3H]thymidine into trichloroacetic acid-insoluble material 
by 15 and 53% at 10 hr, and 43 and 67% at 18 hr of 
treatment, respectively. On the contrary, at the stage where 
myoblasts fuse and differentiate into myotubes, 
1,25(OH),D, and MC 903 decreased DNA synthesis by 15 
and 40% at 24 hr, and 12 and 11% at 48 hr, respectively. 
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FIG. 4. Rapid stimulation of calcium uptake induced by calcitriol and analogues MC 1288 and MC 903 in cultured myoblasts. Chick 
embryo myoblast cultures (75-80% confluence) were treated with ethanol (@), calcitriol (A), MC 1288 (O), or MC 903 (0) at the 
indicated concentrations and times in the presence of 45CaC1, (1 mM CaCl,; 2 &i/mL), followed by determination of radioactivity 
incorporated into the cells as described in Materials and Methods. (A) Calcitriol, MC 1288, or MC 903 for 5 min. Control: 7.8 + 0.6 
nmol/mg protein. (B) Ethanol (O.l%), calcitriol, MC 1288, or MC 903 ( 10m9 M). Means f SD (N = 6) are given. Key: (xx) P < 
0.001, MC 1288 and MC 903 versus calcitriol. 

At this stage, MC 1288 also inhibited the incorporation of 
[3H]thymidine into DNA (36 and 23% at 24 and 48 hr, 
respectively; data not shown). 

DISCUSSION 

genomic pathways that involve opening of voltage-gated 
Ca2+ channels and intracellular Ca2+ mobilization [18,34, 
36,391. These observations, as well as various other lines of 
evidence, have lent support to the concept that 
1,25(OH),D, is a regulator of muscle calcium metabolism 
and growth. 

The present work provides for the first time information on Numerous vitamin D, analogues have been developed in 
the effects of synthetic analogues of 1,25(OH),D, on Ca2+ an attempt to dissociate non-classical actions from effects 
influx and DNA synthesis by muscle cells. The hormone on intestinal calcium absorption and bone resorption. Most 
has been shown to modulate cytoplasmic Ca2+ and cell analogues synthesized have modifications in the side-chain 
proliferation in cultured chick embryo skeletal muscle of the 1,25(OH),D, molecule. One of the most represen- 
myoblasts and cardiac myocytes both through receptor- tative compounds of this class is the analogue MC 903, 
mediated regulation of gene transcription and via non- which inhibits cell proliferation and DNA synthesis and 

TABLE 1. Effect of calcium channel blockers on rapid calcitriol-, MC 903-, and MC 1288- 
induced 45Ca2+ uptake stimulation in enterocytes, myocytes, and myoblasts 

Ca2+ (nmol/mg protein) 

Control Calcitriol MC 903 MC 1288 

Enterocytes 
- Verapamil 
+ Verapamil 

Myocytes 
- Nifedipine 
+ Nifedipine 

Myoblasts 
- Nifedipine 
+ Nifedipine 

4.7 + 0.6 7.2 ? 1.2 9.26 -c 1.8* 
4.9 -+ 0.1 4.7 2 0.1 4.90 + 0.2 

9.0 2 1.5 15.0 +- 1.3 18.5 2 1.6* 
10.5 k 0.9 10.3 5 0.9 10.8 -c 1.2 

12.3 -t 0.8 14.3 2 0.6 16.9 t 0.7t 18.1 + 0.74 
12.4 t 0.3 12.9 t 1.0 12.8 k 0.7 12.9 + 1.0 

Cells were treated for 5 min with 1,25(OH),D, or analogues in the presence of 45CaCl, to measure calcium uptake as described 
in Materials and Methods. In enterocytes, lO_” M calcitriol or lo- ” M MC 1288 were used. Myocytes were exposed to 10-l’ 
M calcitriol or MC 903 and myoblasts to 10m9 M calcitriol, MC 903, or MC 1288. Controls were treated with ethanol (0.1%). 

Nifedipine and verapamil (5 (LM) were added 5 min prior to treatments. Means ? SD (N = 5) are given. 
*-$ Signifxantly different from calcitriol: * P < 0.01, t P < 0.05, and t P < 0.025. 
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FIG. 5. Biphasic effects of 1,25(OH),D, and analogue MC 903 
on DNA synthesis in cultured myoblasts. Chick embryo myo- 
blasts, cultured for 24 hr as described in Materials and Methods, 
were treated with lop9 M 1,25(OH),D, or MC 903 for lo-48 
hr. The cells were then incubated with [3H]thymidine in 
DMEM for 1 hr, and trichloroacetic acid-insoluble radioactivity 
was determined in a liquid scintillation counter. Means & SD 
(N = 3) are given. Control values: 3,630 2 930, 11,490 -C 
140, 8,130 f 530, and 4,310 +- 200 cpm/mg protein at 10, 18, 
24, and 48 hr, respectively. Key: 1,25(0H),D, (m); MC 903 
@I); and (x) P < 0.01, MC 903 versus 1,25(OH),D,. 

induces cell differentiation with the same potency as 
l,ZS(OH),D,, but has 100-200 times less calcemic activity 
than the natural hormone due to a higher rate of metabolic 
clearance [48]. Of particular interest are the novel 20.epi- 
vitamin D, analogues, among them MC 1288, character- 
ized by an altered stereochemistry at carbon 20 in the 
side-chain. These compounds are considerably more potent 
regulators of cellular growth, differentiation, and immune 
responses than 1,25(OH),D,. They have a longer half-life 
than other analogues of this group, which makes them more 
suitable for systemic use [49]. 

In this study, MC 903 exhibited a considerably greater 
capacity than 1,25(OH)zD, to rapidly (1-5 min) stimulate 
the influx of 45CaZ+ in both myoblasts and myocytes. The 
effects of the analogue were already evident at IO-” M, a 
concentration at which the hormone was devoid of activity. 
In myoblasts, the analogue MC 1288 was even more potent 
than MC 903, while it lacked activity in myocytes. Target 
tissue differences in the non-genomic responses elicited by 
the analogues MC 903 and 22-oxacalcitriol have been 
observed by other investigators [29, 30, 501. At low levels 
(lo-l3 to lo-” M) and after treatment intervals longer 
than 3 min, MC 1288 was also more effective in vitro than 
1,25(OH),D, at stimulating Ca2+ uptake in classic target 
intestinal cells (rat enterocytes), an observation that may 
be related to the greater activity of the 20-epi-vitamin D3 
analogue on calcium metabolism in viva [49]. The cell- 
specific responses displayed by compound MC 1288 remain 
unexplained. 

The rapid (5 min) stimulation of Ca2+ uptake by MC 
903 and MC 1288 in myoblasts and myocytes was abolished 
completely by nifedipine and verapamil, suggesting that 
modulation of voltage-operated Ca2+ channels is involved 

in the non-genomic action of both analogues in muscle 
cells as previously shown for 1,25(OH),D, in these as well 
as in other target cells [2, 7, 9, 12, 36, 391. In agreement 
with our observations, it has been reported that MC 903 
induces a rapid increase in intracellular CaZf in Caco-2 
cells more effectively than does 1,25(OH)2D, [30]. 

Various lines of evidence have suggested that 
1,25(OH)*D, regulation of Ca2+ channel activity in mus- 
cle and intestinal cells involves cyclic AMP-mediated 
phosphorylation of membrane proteins [3-5, 121. However, 
in spite of the greater effectiveness of MC 903 and MC 
1288 than 1,25(OH),D, in promoting the influx of extra- 
cellular Ca2+ in myoblasts, preliminary experiments 
showed that both analogues induced changes in myoblast 
membrane protein phosphorylation similar to those of the 
hormone (data not shown). The contribution of this 
mechanism to analogue potency is being further investi- 
gated in our laboratory. In addition, factors other than 
protein phosphorylation may explain the differences in 
Ca 2+ influx regulation between the synthetic derivatives of 
1,25(OH),D, and the parent molecule. There is evidence 
that polyphosphoinositide turnover controls Ca2+ influx 
from outside the cell [51, 521. Fast (less than 1 min) 
increases in inositol 1,4,5-trisphosphate (II’,) induced by 

1,25(OH)zD, activation of phosphoinositide-phospho- 
lipase C have been observed in myoblasts [7, 81. MC 903 
has been shown to be more effective than 1,25(OH),D, in 
increasing II’, in Caco-2 cells [30]. Therefore, it might be 
possible that differences in the extent of inositol phosphate 
liberation account for the greater stimulation of extracel- 
lular Ca2+ influx through calcium channels by analogues 
MC 903 and MC 1288 in muscle cells. This hypothesis is 
also currently under investigation. 

The analogues MC 903 and MC 1288 were also more 
potent than 1,25(OH),D, in modulating DNA synthesis in 
cultured myoblasts. Previous studies showed that 
1,25(OH),D, stimulates DNA synthesis in proliferating 
myoblasts, e.g. at early stages of culture prior to cell fusion, 
whereas it inhibits DNA synthesis during the subsequent 
phase of myoblast differentiation. Changes in other bio- 
chemical parameters were also consistent with a role of the 
hormone in the regulation of muscle cell proliferation and 
differentiation [37]. We have now observed that the bipha- 
sic action of MC 903 on myoblast DNA synthesis is more 
pronounced than that of 1,25(OH),D,. MC 1288 also 
exerts a greater inhibitory effect on DNA synthesis than 
the hormone. It is conceivable that these properties are 
related, at least in part, to the greater potency of the 
analogues in activating calcium channels, in view of the 
role of Ca2+ . tn 1,25(OH12D, regulation of myoblast pro- 
liferation [38]. 

In conclusion, the results of these investigations suggest 
that modifications in the side-chain of the 1,25(OH),D, 
molecule increase its ability to modulate muscle cell Ca2+ 
metabolism and growth. These findings are potentially 
relevant for the development of analogues for the treatment 
of vitamin-dependent myopathies. 
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