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effectXothane
of caffeine on intracellular calcium concentration was monitored in primary cultures of muscle cells from normal pigs and

"*340
susceptible (MHS) pigs. Calcium variations were estimated by recording changes in fluorescence ratio obtained on dual

% ■
d 380 n m  of myotubes loaded with the Ca2+ fluorescent probe Fura-2. Myogenic precursors were satellite cells obtained 

muscle of adult pigs previously tested for their sensibility to halothane. The cells were cultured until différenciation of 

m yotubes. Measurements of fluorescence ratio were performed at room temperature in the absence or in the presence of 1 to 6

y  V
restilng fluor,i>oth ° '*u'jrescence values were not significantly different in normal and M H S  cells. Caffeine induced an increase in fluorescence 

tyes

&

■of’

\  S 0f cells- The magnitude of this increase was commonly higher in myotubes from M H S  pigs for caffeine

"on
result

that

; concentration of 1

'on

mdicates an abnormal Ca2+ homeostasis in cultured cells from halothane susceptible pigs which may be a manifestation 

causes Malignant Hyperthermia. Satellite cells isolated from muscle tissue could therefore provide a good model for 

arc°plasmic calcium regulation.
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e °f susceptibility to halothane in swine frequently leads to the development of meat of poor quality (PSE meat). The 

susceptible to develop Malignant Hyperthermia (MH) and have been largely used as a model for the study of the

"(tyatiod- °m 'The molecular basis of M H  is sti11 P°orly understood although the calcium release channel of the sarcoplasmic 

nerecePtor) has been shown to be modified in pig species (Fujii et al. 1991, Mac Lennän and Phillips 1992). On biopsied

“ hr
USCePtible (MHS) individuals, a contracture can be initiated by low concentration of halothane or caffeine. This contracture

S  Qaj n0rmal intracelIular calcium regulation (Iaizzo et al. 1988). Altered calcium homeostasis has been reported in cells from

^ dt..V et aL 1991 ’ Fink Ct aL 1992) but il WOuld be of interest t0 investigate the expression of this alteration in developping 
\ lrr| fr°m  M H  individuals in order to relate it with the différenciation of the ryanodine receptor.

study was to determine whether an abnormal regulation of intracellular calcium could be evidenced in cultured M H  

cells. W e  estimated and compared the calcium mobilization induced by caffeine in myotubes from M H S  and normal

Y
V

;rtHU;
M e t h o d s

scles ’
, ' Pi». J Were obtained from 4 Pietrain pigs of 2 month old. The pigs have been tested by the halothane test (Olivier et al
V o t i v e
\  6)(c'seq

to the test (MHS pigs) and four negative ( M H N  pigs) were used. Just after stunning and exsanguination, the

()L- ^ and lrnmediately soaked in sterile phosphate buffered saline (PBS ; pH7.2) supplemented with 100 pg/ml gentamycine.
e*,s. Muscles were washed with sterile PBS to remove potential surface contamination. Approximately 2 g of the 

t] ecte<j «
hx. m mced in small pieces. For enzymatic dissociation, the samples were incubated for 2 hours at 37°C in a shaking

K  X ,«to

(SIGMA Chemical Co.,USA), 10% FCS (foetal calf serum, GIBCO, UK), 0.15% protease (type XXV, pronase E,
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Figure 1: Typical effect of mere3

concentration on the fluorescence^0

from M H S  and M H N  pigs Each P011
int IstheF

value obtained within the time m
eededf°ffl

steady state level (2 to 5 min afte 

the drug).

the apP1

Figure 2: Effect of caffeine on
the'

V*'
in fluorescence ratio in

of this study-Ang® J ßthe 4 M H S  pigs

greater in M H S  and the curve
with these ̂

separates well from the P 

SE).

lulati011’

Figure 3: Means of A flúores01

myotubes (n=20; Means 

(n=29; Means ± SE) as a 

incubating medium. For 1 211
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+  $ V ) & & W  ¡„I

, of'&ffcine 1foncti°nU‘ . ^ ß

augmentation of the ratio is
ficao^
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M H S  cells ('* = p< ° ' 05 ’
**  '

¿ 0 .0 ft

Caff 2mM Caft 4mM_

MHN 1 
MHN 2 
MHN 3 
MHN 4

5
5
8
2

0.46 ±  0.01 
0.49 ±  0.03 
0.58 ± 0.02 
0.57 ± 0.03

0.47 ±  0.01 
0.51 ± 0.02 
0.64 ±  0.05 
0.60 ± 0.02

0.55 ± 0.03 
0.55 ± 0.03 
0.68 ± 0.03 
0.73 ±  0.06

0.71 ± 
0.59 ± 
0.72 ± 
0.74 ±

0.04 
0.03 
0.03 
0 .04__

0.69 ± 
0 .6 0 *  
0 .7 2 *

mean MHN 20 0.52 ± 0.06 0.55 ± 0.08 0.63 ± 0.09 0.69 ± 0 . 0 7__

0 .6 8 *

MHS 1 9 0.46 ± 0.03 0.60 ± 0.05 0.67 ±  0.05 0.67 ± 0.05 0 .6 7*

MHS 2 1 3 0.50 ± 0.02 0.54 ± 0.02 0.66 ± 0.04 0.67 ± U.03 0.76 *

MHS 3 5 0.61 ± 0.01 0.76 ± 0.05 0.74 ±  0.03 0.74 ± 0.04

MHS 4 2 0.62 ± 0.01 0.92 ± 0.02 1.04 ± 0.06 1.17 ±

mean MHS 29 0.55 ±  0.03 0.70 ± 0.17 0.78 ± 0.18 0.81 ± 0.24__
-ff iit

---------------------------------------------------------------- --- , ,  ffo ie e  concent
.tint1’

.-2 and exposed to graded caffeine <■
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Table 1: Fluorescence ratio recorded from myotubes loaded with Fura-i 
means ± SD of n myotubes.
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aild °'05% collagenase (type V, SIGMA, USA). Following incubation, the cell suspension was filtered through four layers 
w’lotf̂ th

6,1 Centrdu®ed at 1 ̂  g during 10 min. The harvested satellite cells were resuspended in D M E M  with 10% FCS and 10_6M  

Itm, 6 ̂SlQMA, USA), and washed 3 times in this medium.S  • Ce]1
\  , Were seeded in gelatinised Petri dishes with D M E M ,  20% FCS, l CH M  dexamethasone and 50 pgfrnl gentamycine at

eHs/mi f
\  0r multlPlication-When eells reached sub-confluence, they were trypsinated and a part of them was seeded in silicon wells

‘tii. ̂  S s'’des (flexiperm, Heraeus) at 105 cells/ml. At confluence, the proliferation medium was replaced by fusion promoting

With “ C'<J horse serum (GIBCO, UK), 10 pg/ml insulin (SIGMA, USA) and 5 ¡ig/ml transferin (siderophilin, SIGMA,
Cased dividing and fused to form multinucleated myotubes in 3 to 7 days after exposure to fusion medium.

Vf, 4,1 l ura'2 ,AM : Cells were incubated with 10 p M  Fura-2/acetoxy methyl ester (Fura-2-AM; SIGMA, USA) and 0.02% 
^  in

%

K

S i

\Vtern
H epes buffered basal medium Eagle (BME) without phenol red (SIGMA, USA). The incubation time ranged from 35 to 45 

ature, in darkness. Cells were then rinsed in B M E  during at least 30 min before fluorescence measurements.

' • The fluorescence was recorded using an epifluorescence microscope equiped for dual excitation fluorescence
[it (Qj

m Pus IMT2-OSP3). Two excitation wavelengths were used: 340 nm and 380 nm, and emission at 510 n m  was measured 

average on 1 sec of the fluorescence ratio (F340/F380) was recorded every 5 sec. The relation between the fura-2 

ai1d the calcium concentration was estimated using various calcium buffering systems.

Pass of the microscope limited the region of the preparation to a circular area of about 15 p m  from which fluorescence

• An

Tatir

‘" ^ g h tXhe
V ;

effect of caffeine (0 to 6 m M )  was tested by perfusing the recording solution in the incubating chamber. Increasing 

at °ns were applied every 2 to 5 min.

s‘ÎS

Huatecells
level,

A „ ,  0ano«*

leatep

reached confluence in 2 to 4 days. The first myotubes appeared within 3 days after switching in différenciation medium, 
oped o

n a large proportion of non fusing cells. The rate of fusion was variable from one animal to another and from one 

ler- W e  usually obtained between 10 and 30% of fused nuclei in our cultures. All data shown in this study were recorded

K ,
r°tub.

Myotubes.
>es

rom both normal and M H S  pigs, increasing concentrations of caffeine generally induced a graded increase in
\   ̂*0 J-J

!S]Cd itl celis f °WeVer’thiS inCreaSC WaS C O m m °nly higher in M H S  m y°tubes (Fig-1)- Table 1 shows the mean fluorescence ratios 
, °m  the M H S  and M H N  groups of pig without caffeine and after the addition of the drug. Under resting conditions

( ^  be jj- at'°S W6re n0t significantly different (P > 0.13). During exposure to low concentration of caffeine, the ratios increased 

8her m  M H S  groups but the values were not statistically different between the two groups (p>0.09 and p>0.07 at 1 and 2
6sPe

H o

V atl0a
( ly)- At higher concentration of caffeine, the ratios were not significantly different between the two groups (p>0.25).

^ augmentation of fluorescence ratios in M H S  pigs is illustrated in Fig.2. The plotted values represent the shift of 

measured after exposure to caffeine compared to the resting fluorescence. The shift was higher in M H S  group at every

%
1 we

Ï, X Wej
m Pared altogether the data obtained for myotubes from M H S  pigs with those from M H N  pigs, the responses to low

°res„ Csce
guificantly greater in M H S  cells (p<0.05 at 1 m M  and p<0.01 at 2 m M )  (Fig.3). At higher concentrations (above 2 

;nce.
- ratios were not significantly different between the two groups.
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D I S C U S S I O N

The satellite cells are a source of myogenic cells obtainable from adult animals and this is of great interest in the 

W e  used Masseter muscle because the yield in satellite cells obtained was better as compared to Longissim us dorsi m

J  It

úseles
✓

Moreover, the carcass depreciation is minimized when removing only this muscle. The problem is the high proporti
of non'

my°
contaminating the cultures as already described in the same species (Seewald e t al. 1991). Here, we could select a precise 
measuring calcium variations, contaminating cells did therefore not disturb the analysis.

'ViiS is in
J

The resting cytosolic fluorescence in our cultured myotubes was not different between M H S  and M H N  cell

with the study of Iaizzo et al. (1988) on myoplasmic calcium in pig muscle fibers using the same technique for calciu
study, it was difficult to control the physiological status of the myotubes and this may account for the very variable response

fro«1

another. The cells exhibiting abnormal high or low fluorescence ratios in the abscence of caffeine were discarded.

When the cells were exposed to caffeine at low concentration (< 3 mM), the fura-2 fluorescence changed with a g
ai# 1

to be a
lSsim:

la#

myotubes from M H S  pigs. This may indicate an abnormal regulation of intracellular calcium but does not seem  ̂  ̂^
contracture that occur in muscle fibres. In this case, calcium variation reached 440 n M  in response to caffeine (Iaizzo et a ^  ̂  c

t titrati°fl
maximum increase would correspond approximately to 30 n M  augmentation in calcium concentration according to a ̂  ^

- - - we»1 *
equipment. At higher caffeine concentration (> 3mM), the fluorescence signal changed to a low extent in M H S  cells as

qJc
Caffeine is supposed to interact with internal calcium storage site in skeletal muscle cells (Klein et at. 1990). Thu ,

iffei«6
¡ r

The

storage site in our myotubes seems to be practically depleted after the third application of caffeine whatever the m\ otu jjn------- - - . resSed 'flV
of a higher increase of calcium in M H S  cells in response to caffeine may be associated with genetic abnormalities ex j0„.

c a l ^  ^abnormalities have been described in cultured cells from M H  individuals (Wieland et al. 1989), but not related to ca

expression in culture of altered calcium regulation shows that the mechanism of M, 

différenciation of the triadic junctions, i.e. before and after ryanodine receptor is set.
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