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The effect of dantrolene sodium in relation to
blood levels in spastic patients after prolonged
administration
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SUMMARY In 25 patients with spasticity, pharmacokinetics and effects of dantrolene sodium were

investigated after prolonged administration. A beneficial effect occurred in seven patients. The results
were better on 100 mg daily than on a higher daily dose. An increase of the daily dose from 200 to 400
mg was not associated with higher blood levels. Many side effects were noted such as: anorexia,
nausea, drowsiness, depression and muscle weakness. From this study we conclude that dantrolene
sodium is a muscle relaxant with a weak to moderate effect in patients with spasticity; the effect at
doses higher than 200 mg daily is probably poor.

Dantrolene sodium is a muscle relaxant used in the
treatment of spasticity. 1-9 Though effective in various
spastic conditions, reports on its therapeutic useful-
ness are conflicting and overshadowed by possible
drug-related side effects and toxic reactions,.8 '0 1

It is not, however, known if such effects are cor-

related with blood levels and whether failures may

be due to insufficient blood levels. The purpose of the
present study was not primarily to quantify thera-
peutic drug effects. Of the patients available for this
study most had been treated with various drugs and
other therapies. Dantrolene sodium was given in
increasing doses to these patients and effects were

noted; the main purpose of this study was to collect
pharmacokinetic and toxicity data.

Patients and methods

Twentyseven patients (23 males and four females) with
spasticity of various origin entered to study. Their ages
ranged from 19 to 68 years (mean of 40 5 years). The
spasticity, which was supposed to be stable, was in 22
cases of spinal origin and in five cases of cerebral origin
(table 1). Patients with cardiovascular, metabolic and
present or past liver diseases were excluded from the
study. Spasticity was prominent in 16 patients, disturbance
of activity of daily living (ADL) in five patients, nursing
difficulties in two, disturbance of motor performance in
four, pain in four patients and clonus in one patient.
Dosage Dantrolene sodium (in capsules of 25 and 100
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mg), was supplied according to the following dosage
schedule: 25 mg twice daily, 25 mg four times daily, 50 mg
four times daily, 100 mg four times daily, until the "opti-
mal" dose of the drug was achieved, provided the
maximum daily dose of 400 mg was not exceeded. The
"optimal" daily dose was defined as the dose with which
the therapeutic goal was obtained without unacceptable
side effects. The speed of dosage titration depended on
the individual patient's tolerance of the drug. Patients
were kept on a particular dose level for two weeks before
the next higher dose was given. Each patient maintained
his "optimal" dose till the end of the study. Patients who
displayed drug intolerance were dropped from the study.
In patients with intercurrent illness, during which dantro-
lene sodium therapy seemed to be inappropriate, the drug
was temporarily discontinued, but it was resumed after
recovery.
Base line and follow-up measurements Data were
collected before the start of the study, and control measure-
ments were made before and at 14 days intervals during
the study. They consisted of: (1) Complete neurologic
examination during which resistance against passive

Table 1 Diagnosis in 25 patients. Two patients with spinal
cord pathology were omittedfront the study, because of
slight impairment of liver functioni

Number of patients
SPINAL CORD PATHOLOGY
Quadriplegia 9
Paraplegia 10
MULTIPLE SCLEROSIS 1
SUPRASPINAL PATHOLOGY
Hemiplegia 2
Cerebral palsy I
Contusio cerebri 2
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Fig 1 Summary ofproceedings
before and during the study.

stretch (according to the Ashworth rating scale12), and
strength, clonus and tendon jerk reflexes (according to
predetermined rating scales) were measured (2) Activity
of daily living (ADL) evaluation, (3) Laboratory observa-
tions including checks of haemoglobin, haematocrit,
sedimentation rate, white cells, platelets, as well as
determination in serum of urea, creatinine, direct and
indirect bilirubin, glutamic oxaloacetic transaminase,
glutamic pyruvic transaminase, lactic dehydrogenase,
and alkaline phosphatase. The urine was analysed for
red and white blood cells, casts, protein and glucose. The
same follow-up measurements were done before and
during the trial at two weeks intervals. The diagram shows
the relevant proceedings (fig 1).
A 5 ml blood sample was collected every two weeks

approximately three hours after the morning ingestion
for the estimation of drug levels. The samples (cells
plasma) were deep-frozen until analysis. Dantrolene
sodium, 5-hydroxy dantrolene and the acetylated meta-
bolite were measured according to the method of Holli-
field and Conklin.'3 At the end of the 19 weeks study the
"overall clinical result" was evaluated. Any change in
spasticity, as judged by the doctor was scored as improved,
equal and worse. The blood levels after prolonged
administration of dantrolene sodium were compared at
different daily doses. Changes (in a set of consistent
trends) in spasticity and in side effects were compared
with dosage and blood levels of dantrolene sodium. If the
patient used other muscle relaxants (diazepam or

baclofen), this medication was stopped if possible.
Depending on the condition of the patient, such medica-
tion was either withdrawn immediately or gradually
during the first three weeks (fig 1).

Results

Because of slightly impaired liver function, two
quadriplegic patients were excluded from participa-
tion. Seventeen of the 25 patients completed the 19
weeks study, while eight patients had to stop earlier.
Three patients stopped because of non-drug related
reasons (operation, removal or lack of motivation),
Five patients were withdrawn because of intolerable
side effects (incontinence 1, muscle weakness 2,
pain 2). The minimum duration of participation for
all patients was five weeks. The daily dose of the
patients with intolerable side effects never exceeded
100 mg per day.
The following data are based on the analysis of

25 patients. In table 2 the data of the neurological
examinations are summarised.

In 12 of the 23 patients with increased passive
resistance dantrolene sodium gave an improvement
(two other patients had muscle spasms not in their
limbs, but in the abdominal muscles, which made
proper evaluation impossible). Most patients ex-
hibited a decrease of reflex activity and clonus. In
contrast with other experiences more patients
complained of worsening of involuntary movements
and pain.

In seven paretic patients muscle strength improved
during the study, while 13 patients showed a more or
less distinct improvement of ADL; deterioration of
ADL was observed in three patients. It should be

Table 2 Results ofdantrolene sodium treatment on various parameters ofspasticity in 25 patients

Passive* Pcaresis Reflex Clonus* Involuntary* Pain * A DL
resistance hyperactivity movements

Improvement 12 7 20 16 3 5 13
No change 8 16 4 1 6 5 7
Deterioration 3 2 1 3 5 7 3

*These symptoms were not present in all patients

100mg
qid
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noticed that the regular rehabilitation programme

was continued for each patient during the study.
It is difficult, therefore, especially as far as muscle
strength and ADL functions are concerned, to
discriminate between the drug effect and the effect
of the other therapeutic measures.

Before the start of the study, patients used a
different muscle relaxant (baclofen 4, diazepam 4,
baclofen combined with diazepam 3). This medica-
tion was eliminated during the first three weeks in
10 patients, while one patient remained on con-

current diazepam medication during the whole study.
Table 3 lists the various dose levels that were obtained
and the number of corresponding patients. The mean
blood levels of dantrolene sodium and 5-
hydroxydantrolene were determined at each dose
level after 14 days of administration. If in those
patients, who gradually increased their dose to
400 mg per day, the daily doses are plotted against
the blood levels of dantrolene sodium and those of
5-hydroxydantrolene, a linear dose-concentration
relationship is found with differences between the
corresponding blood levels for the 50, 100 and 200 mg
daily dose levels, but not between the 200 and 400 mg
dose levels. These results are shown in fig 2. This
was found if all patients were included, but also if
only those who reached the 400 mg dose were

considered, suggesting that possible differences in
metabolisers ("slow and fast metabolisers") play
no role (fig 3).
The ratio between dantrolene sodium and 5-

hydroxydantrolene did not change in the course of
weeks. After prolonged administration of both 100
and 400 mg daily, blood levels remained fairly
constant; approximately 0 7 [g/ml in the patients
who remained on the 100 mg dose, but only twice
that concentration (approximately 1 4 jug/ml) in the
400 mg group. The acetylated metabolite was only
occasionally detectable, but the detection level was
rather high (approximately 0-8 ,sg/ml). The "overall
clinical result" of dantrolene sodium therapy, as

judged by the doctor in charge of the patient and the
patient himself, is shown in table 4 in relation to the

Table 3 The mean blood level ofdantrolene sodium (DS)
and 5-hydroxy-dantrolene (SOHD) determined.from data
of all patients (n) at each level dose. Column 2 indicates
the number of'patients that remained on the different
daily dose levels

Daily dose No patients Mean DS conic Mean 5OHD conc

level mg SD (n) (ttg/ml) 9- SD (n) (,ug/ml)

50 - 0 37±L0 29 (25) 0 08 +0 08 (25)
100 8 0 590--021 (25) 0 17 0-11 (25)
150 1
200 6 1 08 ±0 55 (16) 0 44-0 30 (16)
400 10 1 44±;-0 89 (10) 0 51 ±036 (10)

,ug/ml

1 5

10-

0*5-

0

0 50 100
mg dos /day

200 300 40(

Fig 2 Mean blood levels (± SEM) of dantrolene
sodium (-) and 5-hydroxy-dantrolene (-) at different
daily doses.

Uglml
2,

0

0 50 100
mg dos/day

200 300 400

Fig 3 Mean blood levels ofdantrolene sodium at
different daily dose; (-) all patients (n = 10) who rteached
the maximum dose of'400 mg daily, (-) all patients
(n = 25) at different dose levels, including the 10 patients
who reached 400 mg dail,.

Table 4 The "overall clinical result" which was observed
in the numnber ofpatients with matching blood levels
(+J SD) ofdantrolene sodium (DS) and 5-hYdroxi'-
dantrolene (SOHD)

Results No patients Mean DS cotIc. Meani 50HD coIoc.
±SD (,ug/rnl) D SD (tg1nzI)

Marked 3 1 19±0 57 0-44-0 30
Moderate 4 0 66-0 22 0(16 -0 04
Slight/ 7 1 17-0 54 0 46:0 24
insufficient
Absent 11 1 09- 057 0 43 -:0 27
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mean blood levels of dantrolene sodium and 5-
hydroxydantrolene. No correlation was found
between blood level and effect, which indicates that
the effect on spasticity after prolonged administra-
tion of dantrolene sodium may occur at individually
very different blood levels. These results are in
accordance with those of a former study, which
showed no correlation between plasma con-
centrations of dantrolene sodium (alone or together
with 5-hydroxydantrolene) and the muscle relaxant
effect in spastic patients after a single dose of 100
mg.14 It should be noticed, however, that the mean
blood levels in the group of patients with a moderate
effect of dantrolene sodium therapy, are much lower
than those in the other three groups. If the daily
dose levels between the group with a positive result
(marked + moderate) and the group with a negative
result (slight/insufficient + absent) are compared
(table 5), it is seen that five out of seven patients in
the first group remained on 100 mg per day, whereas
only one patient received 400 mg per day. In the
second group, however, only three out of 17 patients
remained on 100 mg, while nine patients received
the maximum dose of 400 mg per day.

It appears that the results in those patients who
received more than 100 mg, were significantly worse
than in those who remained on a 100 mg daily dose
(Fisher exact probability test, p<001). One may
also say that the majority of patients did not react
favourably, even at the highest dose levels.

Table 5 The maximum daily dose level ofdantrolene
sodium and the number ofpatients with a positive or
negative resultfrom medication

Daily dose level (mg) Positive no. patients Negative no. patients

50 - -

100 5 3
150 - 1
200 1 5
400 1 9

Four patients (out of seven), who experienced a
beneficial effect from the medication, continued with
dantrolene sodium after the study. The other three
withdrew: two patients because of disturbing side
effects (skin rash, muscle weakness and pain) and
one patient, because of disappearance of spasticity.
Table 6 lists the side effects that occurred during the
study. The total number of these exceeded the
number of patients. In most cases the side effects
were not transient, since they were observed twice
at two week intervals. Table 6 shows the different
mean blood vessels and daily dose levels for those
side effects that were observed in more than two
patients. Though side effects were noticed after
different dosages, the concomitant blood levels at
which they occurred did not differ (apart from those
patients with drowsiness and muscle weakness)
from the values found in patients without side effects.
It can be seen that in those patients who experienced
muscle weakness, this started at relatively low daily
dosage and blood levels. Anorexia was frequently
seen, but it only occurred at a relatively high daily
dosage.
Examination of the blood chemistry and liver

functions revealed no abnormalities. Neither devi-
ation of the normal mean values nor rises to patholo-
gical values were observed in any individual.

Discussion

In this open study lasting 19 weeks a muscle relaxant
effect of dantrolene sodium, could only be established
in seven out of 25 patients. The effect on neurological
signs, for example resistance against passive move-
ments and reflex activity, was much more favourable.
This implies that these parameters do not give a good
reflection of the "overall clinical result," as has been
reported by Monster.5 It was remarkable that those
patients who had a moderate or good effect, belonged
mainly to the group of patients who remained on 100
mg dantrolene sodium per day. In contrast, all

Table 6 Total amount ofcases showing side effects. Mean dose level ofdantrolene sodium and mean blood levels of
dantrolene sodium (DS) and S-hydroxydantrolene (SOHD)±SD are given for those side effects that were recorded more
than twice

Side effects Aro ofobservations Mean dailv dose level Mean conc DS Mean conc 5OHD
± SD (mg) ± SD (yg/ml) ± SD (gg/ml)

Dry mouth 2
Anorexia 7 300±129 1-26±0-52 0-42+0-23
Nausea 4 233 ± 153 1 10±0 59 0-59±0 32
Pyrosis I - -
Incontinence 2 - -

Obstipation I - -

Impotency 1 - -

Drowsiness 6 216±147 0-62±0-56 0 33±0-27
Depression 3 233±153 1-22±0-70 0-53±0-29
Muscle weakness 4 112± 25 0 65±0 54 0-17±0 09
Skin rash 1 - -
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patients (except one) who achieved 400 mg per day,
had insufficient or no beneficial effect from dantrolene
sodium therapy. The reason that patients who
received 400 mg daily doses did worse than patients
who remained on 100 mg, may be that the first
category suffered from a type of dantrolene sodium
resistant spasticity that will not respond to any dose.
The relatively low blood levels after high doses

may partly be an explanation. It should also be
noticed that the blood levels of dantrolene sodium
after 400 mg per day, given for a longer period, did
not differ from plasma levels after a 100 mg single
dose (1 44±0 89 1sg/ml versus 1 24±0 32 [kg/ml'4).
There are several possible causes of this phenomenon.
Induction of the metabolising enzymes in the liver
is not a likely explanation, since the ratio between
dantrolene sodium and metabolites did not show
a significant change after prolonged administration.
A small decrease of this ratio between the second
and fifth week is probably due to the difference in
half lives.14 An increase of rate of metabolism can
not explain the lower blood levels, because then this
should not only be observed in the highest dose
range. If the metabolism of dantrolene sodium
follows Michaelis-Menten kinetics, as may be as-
sumed, the velocity of the process will increase with
increasing substrate concentrations till metabolising
enzyme is saturated; thereafter the opposite phen-
omenon will occur, resulting in a non-linear increase
of plasmaconcentrations. Thus, a different cause,
not related to changes in metabolism, is more likely,
that is capacity-limited absorption or capacity-
limited protein binding. One of the aims of the
present investigations was to study any relationship
between dose and blood level on the one hand and
frequency, duration and severity of changes in liver
functions on the other. We were prompted to study
this by several reports of hepatic damage, including
fatalities. that were possibly caused by dantrolene
sodium.15-'8 In several other studies past reports of
changes in liver functions.' 19-21 38 Utili"l suggested
that this complication is only restricted to the higher
dose level group. During 19 weeks of treatment we
did not observe any abnormality of liver function
nor even values that tended to rise. This may be due
to the small number of patients participating in the
study, but also it indicates that, if this phenomenon
occurs, its incidence is not very high.
Many side effects were found in this study. Especi-

ally frequent were anorexia and nausea, muscle
weakness and drowsiness. These were not transient,
except in a few cases. Muscle weakness in two
patients was disturbing enough to withdraw them
from the medication. Drowsiness and muscle
weakness were also reported by others to be major
side effects.8-'0 21'4 Schmidt et al,9 who treated

42 patients with spasticity due to multiple sclerosis
with maximum dose levels of 300 mg per day, found
these side effects, also at low dose levels, in contrast
with diazepam. We found that muscle weakness and
drowsiness appeared at lower blood levels of dantro-
lene sodium than the other side effects such as
anorexia.

Patients who are easily sedated or patients with
borderline strength, may be especially susceptible to
these two side effects. As far as the other side effects
are concerned, it is suggestive that depression
occurring in three patients was drug related, since it
disappeared after discontinuation of dantrolene
sodium. This also happened to the patient who
experienced a skin rash, which was also reported
by Joynt23 in two patients.
We conclude from our study that under uncon-

trolled conditions dantrolene sodium is a muscle
relaxant with a weak to moderate effect in patients
with spasticity; the effects at doses higher than 200
mg daily are probably poor; many side effects were
registered, but we could not find any influence on liver
functions.

This study was supported by a grant from Norwich
Benelux BV and Eaton Laboratories who also
performed the analysis of dantrolene sodium. We
thank Mrs J H Hettema for typing the manuscript.
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