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Dantrolene sodium (Dantrium, Norwich-Eaton 
Pharmaceuticals) is a lipid soluble hydantoin ana- 
logue j,2 (Figure l). It relaxes skeletal muscles by 
acting directly on the muscle. The site of action of 
dantrolene within the muscle is not yet clearly 
understood. It is believed, however, that it either 
directly or indirectly increases calcium uptake into 
or inhibits calcium release from the sarcoplasmic 
redculum (SR). Its relaxant effect is reversed by 
germine monoacetate. 3 Dantrolene is presently 
marketed as dantrolene sodium but other dantrolene 
salts and analogues of dantrolene also have muscle 
relaxant properties. 4 
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Mode and site of action of dantrolene 

A M o t o r  nerves  

Extensive in vi tro studies on the site and mode of 
action of dantrolene have been done. Ellis et  e l .  5 

demonstrated, by crossover circulation experiments 
of vascularly isolated but neurally intact hind limbs 
of normal dogs, that the site of  action of dantrolene 
sodium is peripheral and not central. Furthermore, 
the action of d-tubocurarine (a non-depolarizing 
neuromuscular blocker) or of  edrophonium (an 
anticholinesterase agent) on twitch tension is not 
altered by dantrolene. 5 Colton and Colton 6 have 
shown that, at lobster neuromuscular junctions, 
dantrolene sodium does not appear to affect either 
spontaneous or evoked transmitter release nor 
excitory or inhibitory end plate function. These 
various actions indicate, therefore, that dantrolene 
acts at some point distal to the motor nerves. 
Although Durant e t a l .  7 suggest that dantrolene 
decreases neuromuscular transmitter mobilization 
which in turn causes a reduction in the available 
store of  acetylcholine, they suggest that this effect is 
due to impairment by dantrolene of  calcium from 
bound stores within the nerve terminal. The authors 
feel, however, that this effect of  dantrolene is 
unlikely to be of physiological consequence in vivo 
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FIGURE 1 Dantrolene Na (Dantrium) is a benzathiazepine 
derivative which, by inhibiting release of calcium from the 
sarcoplasmie reticulurn, decreases contraction and heat pro- 
duction in skeletal muscle during MH reactions. 
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since it is only observed at high frequencies of nerve 
stimulation and does not cause a significant reduc- 
tion of end plate potential amplitude during trains of 
stimuli. 7 

B Skeletal Muscle 
Dantrolene attenuates twitch tensions in skeletal 
muscle that is being stimulated either directly or 
indirectly through its nerve. 5'8 Leslie and Part y 
have shown that this inhibition of twitch tension by 
dantrolene sodium is greater for individual motor 
units than for muscle. 

Microelectrode studies show that a dose of 
dantrolene which reduces the twitch responses of 
electrically stimulated skeletal muscle has no effect 
on either resting or action potentials of the muscle 
membrane, t'l~ Dantrolene does not change total 
membrane capacitance or membrane resistance.lL 
Electromyograms (EMGs) are not altered by dan- 
trolene. Since, therefore, dantrolene does not affect 
electrical excitability of the muscle membrane and 
does not disrupt the transverse tubules, it cannot act 
by decreasing electrical conduction between the 
postsynaptic junction and the SR. 

1 SARCOLEMMA 

Danlsolene has no influence on the resting influx of 
Ca ++ from the extracellular fluid to the myoplasm 
of normal giant barnacle muscle cells. 12 Dantro- 
lene, therefore, probably does not relax barnacle 
muscle cells by preventing influx of extmcellular 
fluid calcium. Similar studies have not yet been 
reported on normal or MHS (malignant hyperther- 
m i a  suscept ib le )  m a m m a l i a n  musc le .  

Dantrolene does inhibit potassium induced con- 
tractures of normal intact skeletal muscle fas- 
cicles. II-1B On the other hand, Brocklehurst t9 
has shown that dantrolene sodium does not alter 
any aspect of potassium induced eontractures of 
frog muscle fibres regionally (but not completely) 
skinned by mechanical means. These experiments 
suggest that dantrolene prevents calcium release 
from the SR by an indirect action which requires an 
intact sareolemma. For instance, dantrolene might 
inhibit release of regenerative or trigger calcium 
from the sarcolemma. This postulation is supported 
by the observation of Oba 2~ that extracellular 
dantrolene sodium always depresses twitch tension 
of frog skeletal muscle while intracellularly injected 
dantrolene sodium transiently increases and then 

decreases frog muscle twitch tension. These effects 
are more potent at high than at low temperatures. 

In MHS, but not in normal swine muscle halo- 
thane depolarizes the sarcolemma of skeletal mus- 
cle. This depolarization is reduced by dantrolene 2~ 
At least in MHS pig muscle, therefore, dantrnlene 
sodium might have a primary, though not necessar- 
ily exclusive, action on the sarcolemma. Dantro- 
lene might act by displacing regenerative ("trigger") 
calcium from binding sites on the transverse tubular 
membrane to the extracellular fluid. 2~ 

It is of interesl that in chicks succinytcholine 
produces rigid paralysis, hyperpyrexis and death. 2,. 
Dantrolene 2.5 and 5.0mg.kg -~ provides marked 
protection against these events. The muscle cells of 
fowls have multiple motor end plates whereas the 
muscle of normal mammals have only one motor 
end plate per cell. 22 The adverse response of chicks 
to succinytcholine might be due to the drug acting 
on many, rather than one, cholinergic neuromus- 
cular receptor, thereby creating an excessively 
rapid rise in myoplasmic calcium. 22 Could it be that 
the sarcolermna of MHS mammals also contains 
multiple rather than s ing le  chnlinergic neuromus- 
cular receptors, and perhaps also a greater than 
normal complement of adrenergic receptors? 

2 SARCOPLASMIC RETICULUM (SR) 

a Calcium Release 
The effect of dantrolene on calcium release from 
the SR has been studied by several investigators 
using in vivo and in vitro, and direct and indirect 
techniques. 

Elfis and Carpenter 23 and Krarup 8 have reported 
that in the rat diaphragm, dantrolene inhibits direct 
and indirect electrically induced twitch responses, 
and antagonizes caffeine potentiation of twitch 
responses. They have also found that the addition of 
EDTA increases, while the addition of calcium 
decreases these various dantrolene effects. These in 
vitro responses, at least in normal muscle, are 
unaltered by curare, t l, 14.15,24 Morgan and Bryant 25 
using a voltage clamp technique, have noted that 
dantrolene makes the action potentials of frog, rat 
and goat skeletal muscle more positive and in- 
creases the steepness of the strength duration 
curve for mechanical threshold. Desmedt and 
Hainaut 12,26 have observed that in giant barnacle 
muscle fibres micro-injected with the photoprotein 
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aequorin, the resting rate of light emission revers- 
ibly decreases upon exposure to dantrolene. Since 
aequorin emits light only in the presence of calcium 
this experiment suggests that dantrolene lowers the 
concentration of calcium in the myoplasm. They 
postulate that dantrolene reduces the number of 
Ca + + releasing sites at the SR membranes activated 
by a given depolarization. Other work has demon- 
strated that dantrolene inhibits electrically ~'* in- 
duced Ca + +4~ release from the SR to the myoplasm 
of normal frog skeletal muscle cells. Nelson and 
Fleweilen 27-3~ have noted that dantrolene, but not 
procainamide, inhibits indirectly evoked foretoe 
twitches of normal and MHS pigs. The addition of 
halothane augments this dantrolene depression of 
MHS but not of normal pig foretoe twitches. 
Anderson and Jones 3~ have found that dantrolene 
pretreatment inhibits in vitro twitch amplilude of 
normal and MHS pig muscle in the absence and in 
the presence of halothane. In both normal and MHS 
muscle the twitch inhibition induced by halothane is 
reversed by caffeine (2.8 mM). Their paper, how- 
ever, does not compare twitch heights observed in 
the presence of caffeine alone to those observed in 
the presence of caffeine with dantrolene. The ability 
of dantrolene to depress twitch tension is greater in 
rat extensor digitorum brevis (a fast muscle) than in 
rat soleus (a slow muscle), s2 

These various in vivo and in vitro findings 
suggest that dantrolene, in both normal and MHS 
muscle, in some way prevents release of calcium 
from the SR to the myoplasm, either by a direct 
action or by inhibition of release of "trigger" or 
"regenerative" calcium from the sarcolemma or by 
inhibition of the excitation-contraction (EC) step 
between the transverse tubules and the sarcoplasmic 
reticulum. 

Confusingly, Nelson 29 has claimed that dantro- 
lene augments, in normal pig and human skeletal 
muscle fascicles, caffeine potentiated twitch ten- 
sions at 2.0 but not at 0.5 or 1.0 mM concentration 
of caffeine. However, Nelson explains this appar- 
ent contradiction of other workers' results by 
postulating that dantrolene, by improving calcium 
uptake into the SR has, therefore, made more 
calcium available for release and so ensuing twitch 
tensions become correspondingly greater. 

b Calcium Uptake 
Evidence for acceleration by dantrolene of calcium 

uptake into the SR is not unequivocal. Some 
investigators, such as Anderson and Jones, 31,sa'3a 
Nelson 27'3s and Okumura et al. is have observed 
that dantrolene does inhibit caffeine and/or halo 
thane induced contractures of MHS swine or human 
skeletal muscle. Halsall and Ellis found that dantro- 
leae inhibits succinylcholine induced contracture in 
caffeinated muscle fascicles isolated from MHS and 
normal humans. ~ Okumura et al. Is reported a 
statistically non-significant inhibition by dantrolene 
of caffeine, three per cent halothane and thymol 
induced contractures of MHS swine muscle_ Simi- 
larly, Fairhurst et al. t7 found that dantrolene 
inhibits ryanodine induced contracturcs, both in the 
presence and in the absence of halothane potentia- 
tion. Other workers, however, have claimed that 
dantrolene sodium has no influence on caffeine 
induced contraetures of normal rat phreaic and frog 
sartorius muscles. ~'14 These apparent discrepan- 
cies might in part be due to non-uniform experimen- 
tal techniques. 

We are aware of at least three MHS patients who 
have had two skeletal muscle biopsies each - one 
without and one with in vivo dantrolene pretreat- 
ment. The skeletal muscle fascicles of one patient 
reported by Rosenberg 36 developed caffeine and 
also halothane induced contractures which were not 
inhibited by prior in v ivo  dantrolene sodium admin- 
istration. However, the skeletal muscle fascicles of 
two other patients, one reported by Lambert 37 and 
the other measured by ourselves, 38 developed 
caffeine and halothane induced contractures which 
were substantially less alter, than before, in vivo 

dantrolene sodium therapy. 
Thus, some but not all studies suggest that 

dantrolene increases calcium uptake into the SR. 
Since, however, these studies have been done on 
intact skeletal muscle fascicles, they do not eluci- 
date whether the action of dantrolene is directly on 
the SR or is mediated indirectly via the sarcolemma 
or the E-C coupling step. 

Furthermore these caffeine induced contractures 
may not be due to increased calcium uptake into the 
SR but rather may be due to continued excessive 
calcium release from the SR during the intervals 
between twitches. The extent of this caffeine 
induced calcium release may be so great that the 
muscle becomes incapable of complete relaxation 
between twitches. The influence of the dantrolene 
on so called "resting tension" therefore may in 
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reality be an effect on calcium release from the SR 
rather than calcium uptake into the SR. 

c Calcium binding 
Studies with (C TM) dantrolene have shown that the 
mitochondria and SR of pig heart and skeletal 
muscle bind to the drug with low affinity. In 
addition skeletal muscle SR possesses a separate 
class of sites which bind dantrolene with high 
affinity. These high affinity sites suggest a specific 
site of action for this drug on skeletal muscle SR.  39 

However, the isolation technique employed for the 
SR does not remove the E-C coupling step at the gap 
junction. The high affinity binding sites, therefore, 
are in this location rather than in the SR. 

3 HEART MUSCLE AND VASCULAR SMOOTH MUSCLE 

In the past, dantrolene has been stated to have no 
significant action on vascular smooth muscle or on 
heart muscle. 5'a~ More recent work, however, 
has shown that dantrolene does alter the function of 
both vascular and heart muscle. Thus Ally et al. 47 

have reported that dantrolene blocks intracellular 
calcium release from the smooth muscle of the 
superior mesenteric arteries of rats by competitively 
antagonizing throboxane A 2. Bailey and his col- 
leagues 4s observed that dantrolene inhibits the 
positive inotropic effects of Anthopieurin-A (a 
potent cardiostimulant polypeptide) on rat and 
rabbit atria. Plizga and Hall 49 noted that dantrolene 
reduces the contractile force of isolated rabbit left 
atria without altering the effective refractory 
period, suggesting to them that the inhibitory effect 
of dantrolene on cardiac muscle is on the SR and not 
on sarcolemmal excitability. 

More recently Hatae et at.  5~ found that in guinea 
pig and frog myocardia dantrolene increases twitch 
tension amplitudes and prolongs action potentials. 
These workers concluded that dantrolene increases 
the slow inward calcium current. They also ob- 
served that irt guinea pigs, but not in frogs, the 
damrolene-induced increase in twitch tension is 
preceded by a transient reduction in myocardial 
twitch tension. They attributed this to inhibition of 
calcium release from the SR by dantrolene similar 
to that postulated for skeletal muscle. 

Salata and Jalife s~ described selective effects of 
dantrolene in dog Purkinje muscle. Thus dantrolene 
prolongs action potential duration at 90 per cent 
repolarization and effective refractory period of 

normally polarized fibre, depresses the plateau 
phase of the action potential and decreases strength 
of contraction. Dantrolene, however, has no sig- 
nificant effect on resting membrane potential, up- 
stroke velocity of phase O, conduction velocity or 
pacemaker activity of Purkinje fibres, st Salata and 
Jalife feel that dantrolene acts in Purkinje fibres by 
interfering with the slow inward current. 

4 OTHER TYPES OF SMOOTH MUSCLE 

Dantrolene has been claimed by Harris and Ben- 
son s2 to have no significant inhibitory effect on 
acetylcholine-induced canine detrusor muscle con- 
tractions. However, Khalaf et  al. 5~ observed that 
dantrolene causes dose-dependent depression of 
maximal canine urethral and bladder pressures. In 
humans Hackler et al. s4 noted that in some spinal 
cord injured patients dantrolene decreased urethral 
pressures and lowered residual urine volumes. 
Dantrolene reversibly reduces the amplitude of 
calcium induced contractions of rabbit jejunum in 

vitro. 5s Thus dantrolene might act on intestinal and 
bladder smooth muscle by inhibiting calcium move- 
ment across the cell membranes. 5s 

In vivo use of Dantrolene in MHS humans 
and pigs 

A Dur ing  acute  M H  react ions 

The efficacy of intravenous dantrolene sodium in 
the therapy of MH crises was first observed by 
Harrison. 56 He noted that dantrolene relieved halo- 
thane induced MH reactions of susceptible Lan- 
drace swine. Other investigators soon reported that 
intravenous dantrolene was beneficial in the therapy 
of MH reactions in other strains of pigs, for 
instance, Pietrain, 57'ss Poland China, ~9 and Lan- 
drace 6~ hogs. 

u In travenous  dantro lene  f o rmu la t ions  

Dantrolene began to be used in the treatment of 
human MH reactions in 1975. 3B As the intravenous 
lyophilized formulation was not officially ap- 
proved at that time these early patients were treated 
with a variety of non-official formulations, in most 
of which only an infinitesimal fraction of the added 
dantrolene actually dissolved and became available 
to the muscle cells. Furthermore, because prepara- 
tion of these "homemade" dantrolene solutions 
usually began only after diagnosis of the MH 
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reactions, the majority of the early patients began to 
receive their dantrolene only after prolonged delays 
- often of several hours. 

The first intravenous dantrolene formulation was 
that employed by Harrison to treat MH crises in 
pigs. s6 It consisted of dantrolene 300 mg, Mannitol 
26.64 grams, sodium hydroxide 48 mg and water ad 
600ml. The disadvantage of this formulation was 
that several hours of stirring was required to achieve 
solubilization of the dantrolene - and once solubil- 
ized the dantrolene remained effective for only 
about six hours. 

A simpler technique was to place five lf)0mg 
capsules of dantrnlene in a one litre bottle of warm 
15 or 20 per cent mannitol and shake. The resulting 
dantrolene solution was run through a millipore 
blood filter placed in the intravenous line. Since no 
sodium hydroxide was used in this formulation the 
common ion effect of Harrison's formulation was 
avoided and so the amount of dantrolene dissolved 
was greater. 61 

A rather different formulation was that of 
Fukuchi et al. ez'6J who prepared dantrolene by 
sealing 1400 mg of crystalling dantrolene in an 
ampoule which was then heat sterilized at 105 ~ C for 
60 minutes. Three hundred and fifty m2 of aqueous 
solution of 1.0M nicotinamide was placed in a 
separate vial and subjected to autoclave steriliza- 
tion. When needed these two vials were mixed to 
give 0.4W/V per cent of dantrolene at pH 9.0- 
i0.3, 

Another Japanese formulation was described by 
Tomonaga et al. 64 They dissolved dantrolene by 
using cyclodextrin. 64 

In order to achieve a preparation that would 
dissolve rapidly and which would also remove the 
starch, talc, magnesium, stearate and lactose 
present as binding agents in dantrolene capsules, 
Gronert et al. 6s recommended placing thirty-two 
100 mg capsules in litres of sterile water and stirring 
for 30 minutes. They then filtered the resulting 
Iiquid through a 201 grade filter paper. The clear 
orange filtrate was sterilized by passing it through a 
0.45 micron millipore filter. Eighty mZ of ten per 
cent citric acid was added to the sterile filtrate to 
lower its pH to 3.0, thereby inducing precipitation 
of dantrolene crystals. The crystals were collected 
by vacuum filtration and dried overnight in a 
laminal flow hood. The crystals were weighed 
aseptically into 500rag lots and placed in sterile 

TABLE I Relationship between formulation of dantrolene 
therapy and survival from MH reactions 

No. of patiems 
Dantrolene 
formulation Died Survived Totals ~ 

Official 9 75 84 9.63* Homemade 7 8 15 
Tolals 16 83 99 

*p < 0.01. 

100ml vials. When desired the crystals were 
reconstituted with 100ml of a sterile aqueous 
solution containing 88rag of sodium hydroxide. 
The suspension was immediately added to a sterile 
900 rnl solution containing 44.5 grams of mannitol 
to make the solution isotonic. The dantrolene 
dissolves within two to three minutes. This prepara- 
tion, like that of Harrison 56 had the disadvantage of 
a common ion effect with the sodium hydroxide. 

Fortunately, these and other ~6 tedious "home- 
made" efforts are now past history. An official 
intravenous dantrolene sodium formulation was 
finally approved for use in North American hospi- 
tals in 1979. 67 This preparation is lyophilized in 
combination with sodium hydroxide and mannitol. 
Thus a 70ml vial contains 20 mg ofdantrolene, 3.0 
grams of mannitol and enough sodium hydroxide to 
raise the pH to 9.5 when the material is reconsti- 
tuted with 60 ml of water. 

C Epidemiology of  in vivo Dantrolene use during 

MH reactions in humans 
The efficacy of dantrolene therapy for MH reactions 
in humans has now been demonstrated by a large 
number of published e a s e  r e p o r t s ,  6a-75 personal 
communications* and reviews, ns'76-gt This has 
been done by comparing simultaneous survival 
rates in countries in which dantrolene has been 
approved for use with survival rates in countries 
with similar medical standards in which dantrolene 
has not been approved for use. 

We are now aware of 99 patients who have 
received dantrolene between 1975 and 1981 (Table 
I). Seventy-nine of these have received the official 
formulation before cardiac arrest (Tables I-III). 
Seventy-two of this latter group survived, giving a 

*A listing of these may be obtained by writing to the 
author, 
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TABLE I1 Relationship between dantrolene therapy (official 
formulation, begun pre arrest) and survival from MH reactions 

No. ofpatieats 

Dantrolene* Died Survived Totals X 2 

Used 7 72 79 
4.941" 

Not Used 76 299 375 
Totals 83 371 454 

*Patients who received homemade formulations ofdanta'olene or 
who received first dose of dantrolene post arrest are excluded. 
~'p < 0.05. 

TABLE IV Relationship between dose of dantrolene and 
survival from MH reaction 

Doseofdantroiene 
mg.kg -1 

No. of patients* 

D zed Survived 

< 1 . 0  1 9 
1.0-1.99 2 19 
2.0-2.99 1 15 
3.0-5.99 2 5 
6.0-8.99 0 4 

->9.0 0 B 

*Data include only patients receiving official formulation prior 
to cardiac arrest. 

mortality rate o f  8.86 per cent among patients 
treated before cardiac arrest with the official for- 
mulation. The mortality rate among the 375 patients 
who have had MH crises, but have not been treated 
with dantrolene during the same time span has been 
25.42 per cent. Dantrolene has therefore been 
associated with a 16.56 per cent reduction in 
mortality (X 2 = 4.94,  d.f. = 1, p < 0 0 5 )  (Table II). 
This improvement is remarkable in that the data 
include a number  of  patients who received inade- 
quate amounts  of  dantrolene long after the onset of  
the reaction. Some of  the patients who died, 
therefore, might  have expired, not because of true 
failure of  control o f  M H by dantrolene, but rather 
because the dantrolene reaching the muscle cells 
was inadequate in amount  and arrived too late in the 
course of  the reaction to prevent death. 

The dose of  dantrolene employed ranged from 
less than 1 .0mg .kg  - l  to 17mg.kg-1 .  ~,82 The 
majority of  eases received less than 2.99 mg.kg  - t  
(Table IV). All patients who received at least 
6.0 mg.kg  -~ survived (Table IV). In patients not 
receiving dantrolene, deaths occurred following 
maximum temperatures as low as 37 ~ C, while in 
patients receiving dantrolene no patient died whose 

TABLE Ill Relationship between giving dantrolene pie vs post 
cardiac arrest and survival from MH reactions 

max imum temperature was under 38 .8~ (Table 
V). In patients who did not receive dantrolene, 
maximum temperatures tended to be higher than 
in those patients who did receive dantrolene (Table 
V). The highest temperature reached in the absence 
of dantrolene was 46 ~ C while the highest tempera- 
ture recorded in a dantrolene treated patient was 
43 ~ C. As was to be expected, survival was higher 
when diagnosis was made early and dantrolene 
infusions were promptly instituted (Table VI). 

In patients dying in spite of  dantrelene admin- 
istration, one or more of  the following was nearly 
always present: 

1. use of a homemade formulation (which on 
later analysis nearly always was found to contain 
much less dantrolene than its creators had thought) 
(Table II); 

2. inordinate delay in starting dantrolene therapy 
(often due to failure to have the official lyophilized 
IV dantrolene sodium formulation on hand in the 
operating theatre) (Table VI); 

TABLE V Relationship between dantrolenr therapy and maxi- 
mum temperature attained during MH reaction 

No. of patients 

Died Survived 

Dantrolene Yes No Yes No 

No. of patients 
Max. temp. ~ 

Time given Died Survived Totals X 2 ---37.9 
38.0-39.9 

Pre arrest 15 76 91 40.0-41.9 
Post an'est 5 3 8 7.02 42.0-43.9 
Totals 20 79 99 __x44 

1 0 53 7 
10 2 104 3 
19 4 72 17 
29 1 26 6 

4 0 0 0 
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TABLE VI Relationship between time after indactian of 
commencing dantrolene therapy and survival from MH reaction 

No. o[ patienrs* 
Tune after induction 
(minute~) Died Survived 

0-29 0 9 
30-59 0 7 
60-119 0 12 

120-179 2 4 
~-180 8 7 

3. treatment with an insufficient amount of  
dantrolene (Table IV); 

4. concomitant use of contraindicated remedies, 
for instance calcium salts, cardiac glycosides, 
isoproterenol and sympathomimetic vasopressors; 
and 

5. true diagnosis not MH but rather some other 
fever causing condition. 

D Recommended route and dosage o fdantro lene  
Reconstituted lyophilized dantrolene should ide- 
ally be administered at the rate of  1.0 mg (2.5 ml) 
per kg per minute under EKG control until the 
temperature begins to fall, muscle stiffness starts to 
subside and/or the heart rate begins to decline. A 
maximum of 10 mg per kg may be given over a 
fifteen minute period, This loading dosage may be 
repeated every 15 minutes if the reaction recurs. 
Even in the absence of recurrence of the reaction, 
the loading dose(s) of  dantrolene should be 
followed by a maintenance infusion of 1 .0-2.0  
mg.kg- t during each three- to four-hour period until 
all evidence of an active MH crisis has disappeared. 
As soon as possible intravenous dantrolene should 
be replaced with oral dantrolene as intravenous 
dantrolene induces thrombophlebitis of peripheral 
veins. 

E Dantrolene before elective anaesthesia o f  MHS  
patients 
In the management of porcine MH reactions dantro- 
lene has proved effective not only in the therapy of 
established crises but also prophylactically when 
given before anaesthesia. Harrison, s3 Kerr et aL ,84 
Gronert et al. 5~ and Flewellen and Nelson s5 ob- 
served that pretreatment with dantrolene prevents 
the initiation of MH reactions in susceptible pigs. 
The total preanaesthetic dose of dantrolene sodium 

in these studies ranges from 5 mg,kg -1 s~ to 24 
mg.kg- 1. s4 The number of  doses varies from one to 
four. I he  time of start of  treatment extends from 
two days to four hours before anaesthesia. Kerr 84 
found that a single oral dose of 8 mg.kg-I  four hours 
before halothane challenge is as effective as smaller 
but multiple doses of dantrolene. Gronert 59 has 
shown that pretreatment with 5mg.kg  -1 intra- 
venously prevents, 1 - 3 m g ' k g  -1 attenuates and 
0.1 mg.kg i has no effect on induction of reactions 
in MHS swine by halothane and succinylcholine. 
Flewellen and Nelson ss's6 reported that the i~tra- 
venous dose of dantrolene which produced 95 per 
cent of maximal muscle relaxation (i.e. reduction of 
toe twitch tension) is sufficient to prevent effec- 
tively MH crises in swine. They determined that 
this dose is 3.5 mg.kg-  ~. They also discovered that 
this same dose corrects already established MH 
reactions. 

Oral dantrolene has also been used extensively in 
preanaesthetie prophylaxis of MHS patients. 45,87-92 
However, the true value of dantrolene pretreatment 
in patients remains largely unknown since for 
ethical reasons no one has ever been given any 
potent inhalational anaesthetic or depolarizing skel- 
etal muscle relaxant following a course of dantro- 
lene. Rather patients have been anaesthetized with 
drugs known to be safe for MHS patients. There- 
fore, even without dantrolene pretreatment, an MH 
reaction would have been unlikely. However, we 
are aware of one patient who was treated with only 
3.0 mg.kg-~ per day for two preoperative days and 
developed a MH reaction during anaesthesia with 
droperidol, fcntanyl and thiopcntone, paneuronium 
and cocaine. 9~ On the other hand, no human 
pretreated with at least 4 .0mg.kg-~ of dantroleae 
has been known to have developed evidence of MH 
during anaesthesia. 

At present the choice between use of prophylactic 
dantrolene or reliance only on administration of 
"safe" anaesthetics is a difficult one. 94 Unfortu- 
nately, the effective prophylactic dose ofdantrolene 
is similar to that at which adverse side effects 
occur. 94.95 In a recent study, Flewellen et al. 96 have 
found that neostigmine does not reverse dantrolene- 
induced depression of muscle function. They warn 
that this might contribute to respiratory inadequacy 
in the postoperative period. 9a In our hospital pro- 
phylactic dantrolene is given to known or suspected 
MIlS patients only in the following situations: 

67 
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1. if the patient is very apprehensive; 
2. if the operation is to be prolonged and injurious 

to muscles; 
3. if the anaesthesia or the operation is likely to be 

associated with a fall in blood pressure, and a 
reduction in oxygen or a rise in carbon dioxide or 
lactic acid in the blood; 

4. if the operating room and/or gas machine are 
not absolutely free of  inhalational anaesthetic 
vapours; 

5. if the patient is going to have awake dental or 
obstetrical anaesthesia with local or conductive 
anaesthesia using amidc agents. 

E Other uses ofdantrolene 
In addition to emergency and elective use of 
dantrolene in MHS patients this drug is at present 
used in a number of other situations. For instance, 
dantrolene is employed to relieve muscle pains and 
spasms in MHS and in non-MHS patients. Dantro- 
lene is also used to lower body temperature due to 
causes other than MH. 

1' D A N T R O L E N E  TO CONTROL SKELETAL MUSCLE 

PAIN ASSOCIATED W I T H  T H E  MH  TRAIT 

Oral dantrolene has been used to alleviate skeletal 
muscle cramps, aches, pains and spasms which 
occasionally afflict MHS patients. We have carried 
out a double blind study to test the value of 
dantrolene for this purpose (unpublished data). In 
essence dantrolene appears to lower serum CPKs 
(ereatine phosphokinase) and to attenuate partially, 
but not completely muscle discomfort in some, but 
not all MHS humans. 

Gronert eta/. 97 reported their experience with a 
muscular patient who during periods of extreme 
physical or emotional stress suffered from episodes 
of fever, sweats and aching joints. A skeletal 
muscle biopsy was positive for MH. The serum 
CPK was elevated. All his distressing symptoms 
were relieved by administering 2.2 mg'kg-  ~ of oral 
dantrolene over a period of 15 hours. We have had 
similar experiences with a number of our own 
patients. 3s 

2 D A N T R O L E N E  IN SKELETAL MUSCLE DISEASES 

OTHER T H A N  MH 

An oral preparation of dantrolene has been used for 
some years to relieve muscle spasms associated 
with such conditions as cerebral palsy, Parkinson's 

disease, chorea, athetosis, spinal cord injury, multi- 
pie sclerosis and myotonia.98- ~ J 6 The advantage of 
dantrolene for these conditions is that even at very 
high doses it causes only slight reduction in skeletal 
muscle power. Moreover, it does not adversely 
affect the frequency of epileptic seizures which 
afflict many patients suffering from spastic dis- 
orders, l Jr Meyler et al.II6 have, however, found 
that high doses (above 200mg/day) are not 
more effective than low doses (-< 200mglday) 
in the long-term management of chronic muscle 
spasticity. 

3 DANTROLENE BEFORE ELECTIVE ANAESTHESIA 

OF NORMAL PATIENTS W I T H  SUCCINYLCHOLINE 

Dantrolene (3.0mg'kg - l )  pretreatment has been 
used successfully to attenuate succinylcholine in- 
duced fasciculations, muscle pains and rises in 
serum potassium. JlS Furthermore, Plotz et al.~19 
have shown that preanaesthetic treatment of twenty 
children with oral dantrolene not only significantly 
reduces the incidence of post-suceinylcholine skel- 
etal muscle fasciculations but also significantly 
inhibited pre- and postoperative serum CK levels. 

4 DANTROLENE D U R I N G  NEUROLEPTIC 

MALIGNANT HYPERTHERMIA 

Malignant hyperthermia-like crises have occasion- 
ally occurred following the use of tranquillizers. ~8'12~ 
On at least one occasion such a reaction has been 
reversed with dantrolene.~21 

5 DANTROLENE DURING H E A T  STROKE 

Intravenous dantrolene has been used successfully 
to treat acute heat stroke induced by working in an 
excessively hot environment. 12~ 

G Side effects of dantrolene 
Consistent side effects ofdantrolene therapy, which 
largely subside after a few days include: dizziness, 
diplopia, dysarthria, a sensation of swelling of 
eyeballs and tongue, a feeling that limb muscles are 
rubbery, spaghetti-like and weak (not confirmed on 
objective management), uncertainty of location of 
feet when ascending or descending stairs, nausea, 

45 123 epigastrie discomfort and diarrhoea. ' Dantro 
lene elevates serum potassium, t24 

Rarely, after prolonged very high dosage, he- 
patic dysfunction has been reported, lOS, J o7,~25 In all 
eases liver function studies have returned to normal 
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after withdrawal of the drug. Experiments on rats 
have shown that: 

1. the action of dantrolene is on the bile acid- 
independent rather than the bile acid-dependent 
fraction of the bile; z26 

2. dantrolene inhibits the hepatic mixed function 
oxidase (MFO) system activity and eytoehrome 
P4so content .~27"zzs The dose required to induce 
these changes is in the range of 25 to 400 mg-kg- t 
for five days. This dose range is, however, far in 
excess of the known effective dose required for 
humans. Nevertheless, if therapy of patients contin- 
ues over several days, liver function studies should 
be performed. 

129 at In a recent report Petusevsky et al. record th 
long-term dantrolene therapy was followed by 
chronic pleural effusion in three patients, one of 
whom also developed acute pericarditis. A fourth 
patient manifested both pleural and pericardia1 
effusions, After the dantrolene was discontinued, 
resolution of  the pleural process was prolonged. 
This report does not prove a causal relationship 
between dantrolene therapy and pleural and peri- 
cardial reaction, but it should alert one to search for 
such a possibility in all patients on chronic dantro- 
lene treatment. 

Lymphocytic lymphoma has been reported in 
one patient on long-term high-dose dantrolene. ,~o 
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Whether the lymphoma was a coincidental finding 
or was induced by the dantrolene therapy cannot of 
course be determined on a clinical sampling of one. 
Nevertheless, the report should make one cautious 
about the prolonged administration of  large 
amounts of  dantrolene. 

Long-term high-dose dantrolene therapy rather 
consistently causes a fine cuneiform rash over the 
face and back. 3s'13t 

A claim that dantrolene has induced asyslole 
during MH reactions in two susceptible swine 
cannot be accepted, as the arrest in each case was 
likely due to the MH crisis itself rather than to the 
effects of dantrolene. 132 

H Metabolism ofdantrolene 

Metabolism of  danu'olene (as measured by high 
performance liquid chromatography ~33 or spectro- 
fluorometry 134J35 occurs through both reductive 
and oxidative pathways. 136-13s The nitro group 

of dantrolene is reduced to aminodantrolene. In 

some animals, including man, the amine is acety- 
lated.136.137 Oxidation of dantrolene produces 5-OH 
dantrolene 136'137 (Figure 2). Ellis and Wessels have 

shown that 5-OH dantrolene is able to relax skeletal 
muscle as well as dantrolene.~Ss On the other hand 
they each discovered that aminodantrolene and 
acetylated dantrolene had minimal relaxing prop- 
e l ' t i e s .  138 
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