
THE IN-VITRO CAFFEINE CONTRACTURE TEST: 
INFLUENCE OF THE MUSCLE HISTOCHEMICAL PROFILE ON TEST RESULTS 
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ABSTRACT 

In vitro caffeine eontracture tests were carried out on whole rat muscle composed primarily 
of either histochemical type I or type 11 fibers. Muscles composed primarily of type I fibers 
developed contractures at lower concentrations of caffeine and had lower caffeine specific 
concentrations than muscles composed primarily of type lI fibers. These findings indicate 
that the histochemical profile of a muscle can influence the results of the in-vitro caffeine 
contracture test. 
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INTRODUCTION METHODS 

MALIGNANT HYPERTHERMIA (MH), a pharma- 
cogenetic disease of skeletal muscle, is triggered 
by potent inhalation anaesthetics and depolariz- 
ing muscle relaxants 1 and is associated with a 
high mortality rate 2. 

Several tests are used to screen individuals for 
MH susceptibility. 3-9 Pharmacological testing 
of muscle biopsy specimens has now been firmly 
established as the most useful screening proce- 
dure. l~ It has been shown by Britt, et  al.  that 
temperature can influence the results of the 
in-vitro caffeine eontracture test while the physi- 
cal characteristics of the specimen such as 
weight, length or diameter has little or no effect 
on the amplitude of the caffeine induced contrac- 
ture. t~ 

The purpose of this study was to investigate 
whether the histochemical profile of a muscle 
could influence the results of the caffeine con- 
traeture study. To do this, we evaluated the 
caffeine contracture response in rat muscles 
where one can repeatedly obtain individual 
muscles of predominantly either histochemical 
type I or type II fiber composition. 

An abstract of this work has been published. L2 
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Male white rats (University of Calgary strain) 
weighing approximately 200 to 300 grams were 
sacrificed by decapitation. Soleus, composed 
primarily of type I fibers 13 and extensor digitorum 
longus muscles (EDL), composed primarily of 
type II fibers, 13 were dissected out at room 
temperature and placed in oxygenated Krebs- 
Ringer solution. One end of each muscle was 
attached to a special muscle holder and the 
muscle and holder were immersed in a muscle 
bath containing oxygenated Krebs-Ringer at 
37"C. The free end of the muscle was attached to 
a transducer with silk thread and the transducer 
was attached to a polygraph. Baseline tension 
was set at 1 gram. 

The muscles were allowed to equilibrate for 
30 minutes and then one of each muscle pair was 
exposed to halothane one per cent for 20 min- 
utes. Contractures were recorded in each muscle 
four minutes following the addition of 1, 2, 4, 8, 
16 and 32 mM caffeine solutions. Caffeine dose 
response curves were plotted for all muscles and 
their caffeine specific concentrations were calcu- 
lated. The caffeine specific concentration is 
defined as the concentration of caffeine at which 
a 1 gram contracture is produced. 4 

RESULTS 

The results of the in-vitro caffeine contracture 
test for all muscles are shown in tables I and II. 
The caffeine dose response curves (Figure 1) for 
the soleus are shifted to the left when compared 
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TABLE II 

RESULTS OF In-vitro CAFFEINE CONTRACTURE STUDIES IN FIVE EDL MUSCLES 

Contracture Size (mg/mg Muscle) 

Caffeine No Halothane 1% Halothane 
Concentration 

(mM) 1 2 3 4 5 Mean --- S.D. 1 2 3 4 5 Mean - S.D. 

1.0 
2.0 
4..0 
8.0 

16.0 
32.0 

0.6 0.3 1.0 0.4--. 0.4 1.1 0.8 0.6 0.4 1.8 0.9-+ 0.6 
2.4 0.7 1.3 0.7 1.7 1.4--- 0.7 7.1 4.6 6.7 1.9 6.3 5.3 --- 2.1 
8.9 1.5 3.9 3.3 4.1 4..3---2.7 21.9 7.6 10.3 13.9 8.2 12.4---5.9 

TABLE Ili 

CAFFEINE CONCENTRATION REQUIRED TO INCREASE BASELINE TENSION BY ONE GRAM 
(Caffeine Specific Concentration) 

Caffeine Specific Concentrations (mM) 

Soleus EDL 
Rat 

Number No Halothane 1% Halothane No Halothane 1% Halothane 

1 9.6 4.0 19.0 11.0 
2 12.0 6.4 54.0 14.0 
3 12.5 1.7 27.0 10.5 
4 9.8 3.2 32.0 18.0 
5 5.2 2.0 25.0 12.0 
6 5.6 2.4 - -  - -  
Mean --. S.D. 9.1 --+ 3.1 3,3 --- 1.7 31.4 - 13.5 13.0 - 3.2 

to those of EDL. Caffeine induced contractures 
for both the soleus and EDL were potentiated by 
halothane. 

The caffeine specific concentrations for so- 
leus, without halothane, ranged from 5.2 to 
12.5 mM caffeine (mean 9.1 mM) and from 1.7 
to 6.4raM caffeine (mean 3.3 mM) with one per 
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FIGURE 1. Caffeine dose response curves for so- 
leus and EDL muscles (mean values). [(1) Soleus with 
1% halothane, (2) Soleus, (3) EDL with 1% halo- 
thane, (4) EDL] 

cent halothane. Similar values for EDL were 
19.0 to 54.0mM caffeine (mean 31.4mM) and 
10.5 to 18.0mM caffeine (mean 13.0mM). 
These results are shown in Table 1II. 

DISCUSSION 

Our experiment demonstrates that the caffeine 
contracture study is influenced by the histochem- 
ical profile of the muscle. Muscle composed of 
predominantly type I fibers developed contrac- 
tures at lower caffeine concentrations and had 
lower caffeine specific contractions than muscle 
composed primarily of type II fibers. Halothane 
potentiated both of these measurements. 

In view of the demonstrated relationship, 
albeit in an animal model, it will be necessary to 
carry out similar studies on human biopsy 
material to determine whether fiber type compo- 
sition of human muscle could influence the 
results of the caffeine contracture test. Until the 
results of such studies are available, the caffeine 
contracture response in human muscle of pre- 
dominantly one fiber type composition should be 
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interpreted cautiously when carrying out diag- 7. 
nostic testing to assess MH susceptibility. 
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RI~SUMI~ 

Le but de ce travail &alt d'6valuer l'influcncc du caract~re histochimique des muscles 
utilis6s dans les tests de contractures ~t la caf6ine in vitro, selon que des fibres musculaires de 
type I ou de type II sont utilis6es. A cette fin nous avons effectu6 des montages h partir de 
muscles entiers de l'un et de 1 'autre type, pr61ev6s chez le rat. Les contractures survenaient ~t 
des concentrations de caf~ine moindres dans lecas des fibres de type Iet les concentrations 
sp~cifiques de caf6ine (mM de eaf6ine requises pour 61ever d'un gramme la tension du 
muscle) 6taient 6galement infCrieures dans le cas de fibres tie type I que dans celui des fibres 
de type IL Ces r6sultats indiquent que le profil histochimique du muscle utilis~ peut 
modifier les r6sultats des tests de contractures Ala caf6ine effectu6s in vitro. 


