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Action of tizanidine on responses of forearm flexors
and extensors to torque disturbances
R MACKEL,* EE BRINK,** AND Y NAKAJIMA**

Department ofNeurology, Technical University ofMunich, Moehlstrasse 28, D-8000 Munich 80 FRG

SUMMARY The effects of tizanidine on the electromyographic responses of forearm flexors and
extensors to torque disturbances were studied in normal subjects. Tizanidine had a strong depres-
sive action on all the reflex responses, and on muscle background activity. It is concluded that the
action on reflexes is not specific, but secondary to decreased spinal cord excitability.

A significant myotonolytic action of tizanidine, a
centrally acting' benzothiadazol derivative
(5-chloro -4-[2-imidazolin -2-yl-amino] -2,1 ,3-benzo-
thiadiazole), has been reported from animal
experiments' 2 and clinical observations3-5: its use is
regarded as beneficiary for spasticity.2' There is
less agreement as to its actions on reflex mech-
anisms: it is reported variously to have little or no
effect on spinal reflexes (cat'), differential effects on
early versus late responses to stretch (cat2), or
actions on stretch reflexes independent of those on
muscle tone (humans3). Some of the disparity un-
doubtedly stems from the variety of preparations
used, each associated with abnormal muscle tone.
The animal experiments have involved anaesthe-
tised,' spinalised,' decerebrate,2 or drug-treated'
preparations, while human studies have been limited
to patients suffering from various forms of
spasticity.35 In the latter studies, effects of long-
term antispastic medication might be expected to
obscure assessment of the action of tizanidine.
To avoid the bias of abnormal muscle tone and

gain insight into the normal physiological action of
tizanidine, the present study examines tizanidine's
effects in normal subjects, on normally-functioning
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reflex mechanisms. The reflexes were elicited by
torque perturbations stretching either the elbow
flexors or extensors: such sudden displacements
produce segmented electromyographic responses in
the stretched muscles, at latencies shorter than vol-
untary reaction times.67 The earliest responses
(named M18) corresponds to the monosynaptic
stretch reflex,6910 while the later responses (M2,
M38) may also be spinal reflexes since such
responses can be elicited in spinal animals (see also
ref. 13)." 12 The reflexes are under supraspinal con-
trol, being affected by instructions to the subject'4-'6
and by supraspinal lesions.'7 18 The present study
sought to compare the effects of tizanidine on
reflexes and muscle tone, on early and late reflexes,
and to see whether tizanidine interfered differen-
tially with instructions to the subject.

Methods

Subjects. Experiments were conducted on 14 healthy
subjects (five females and nine males) aged between 23
and 28 years. The weight of the subjects ranged between
45 and 60 kg (females) and between 70 and 85 kg (males).
Ten subjects (four females and six males) were acutely
studied before and after the intramuscular (im) administra-
tion of 1 mg of tizanidine, which amount was given regard-
less of body weight. Systolic/diastolic blood pressure, pulse
rate, behavioural responses and subjective reports from
the subjects were also noted. The control data were col-
lected prior to the drug administration. At least 30 minutes
elapsed between drug administration and the first experi-
mental session, at which time the maximal effects were
seen. Observations were continued to two hours after
injection. Additional control observations (without
tizanidine) were made on four subjects (one female, three
males), to assess the relation of the muscle background
activity alone to the size of the stretch-induced reflex activ-
ity and to assess variations in activity over time. Finally, for
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additional comparison, nine other subjects were given a
mild relaxant (chlormezanone) after which they were
slightly drowsy, and were tested under the same condi-
tions. All investigations were performed with the full con-
sent of the subjects and according to the guiding principles
of the Declaration of Helsinki. The subjects were informed
of the effects which might occur following drug administra-
tion.
Stimulation. A torque motor was used to displace the
forearm of the subjects' preferred arm. The subjects were
seated, their elbows resting on pads mounted on the frame
of the machine (see fig IA). The forearm which was dis-
placed was fixed at the wrist to the arm of the torque motor
(machine arm). The subjects held their arms so as to form a
900 angle between the lower and upper arm (that is a 450
angle with respect to the horizontal), in quasi-isometric
contraction of the flexor muscles. Forearm position was
measured as angular displacement of the machine arm (by
means of a potentiometer), was monitored on an oscillo-
scope, and was under the subject's visual control. Torque
pulses were applied to the forearm to produce sudden
downward or upward displacements, stretching respec-
tively the forearm flexors or extensors.
The initial position (90" angle between lower and upper

arm) was held against gravity alone, or against an addi-
tional preload torque of 1-8 Newton meters (Nm, down-
ward directed) for experiments stretching flexors or of 6 5
Nm (upward directed) for experiments stretching exten-
sors. Both the weight of the machine arm and of the sub-
ject's forearm contribute to the torque at the elbow. The
calculated torque due to the machine arm (checked against
measurements made with a calibrated spring) ranged from
1.02 to 109 Nm (mean = 1-05 Nm). Torque due to the
subjects' forearms was calculated for the same and
matched subjects (n = 15) from measurements of forearm
lengths and body weights, with use of anthropometric
tables.'9 These values ranged from 0 94 to 1-99 Nm (mean:
1-5 Nm). Thus, the total torque due to gravity for the
subjects ranged from 1-96 to 3-08 Nm (mean: 2 55 Nm).
The torque due to gravity adds to the additional torque for

Fig 1 (A). Experimental arrangement for applying torque
perturbations to the subjects' forearms. Details in text. (B).
Schematic illustration of the procedure used to quantify the
muscle reflex responses. The EMG activity attributed to the
reflex response (S) equals the integral of the rectified and
averaged EMG (REMG) calculated over the response
interval (from time a to time b) minus the resting EMG
activity occurring over that interval (BA x (b-a)). A verage
background activity (BA) was calculated over an interval
preceding the disturbance pulse.
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flexor experiments and subtracts from it for extensor
experiments. Thus, the average preloads were 2-55 Nm
(gravity alone) or 4-35 Nm (downward) for flexor experi-
ments, or 3 95 Nm (upward) for extensor experiments.
These preloads are relatively small compared to the tor-
ques at the elbow produced when the flexors exert their
maximum force (at least 40-70 Nm or more, estimated
from the data of other authors),"'" and were selected to
enhance the reflexes7 23 without fatiguing the muscles.
The disturbance pulses used to elicit the reflexes were

100 ms long, and of 6-3 Nm for flexor experiments or 5 4
Nm for extensor experiments. Rise time to reach maximal
torque was 13-20 ms, as judged from the time to peak
acceleration measured from accelerometers placed on the
subjects' forearms or on the machine arm. The torque
pulses were chosen to produce as rapid as possible dis-
placements and larger reflex responses.23 The average
speed during the interval in which the displacement could
be expected to influence the responses (that is the first 80
ms, allowing 20 ms monosynaptic reflex time (see later), to
affect responses measured out to 100 ms), was about 90-
1000/s in flexor experiments and 70°/s in extensor experi-
ments. The velocity was not constant over time, because of
the effect of acceleration due to gravity, and if, for exam-
ple, measured over the first 20 ms (before reflex contrac-
tions could contribute), average speed in flexor experi-
ments was only about 45-600/s.
Procedure. The subjects were instructed to compensate
for the perturbation (to "resist") or to follow (to "let-go").
Normally, with the "resist" instruction, all the segmented
muscle reflex responses (MI, M2, M3) plus later voluntary
activity occur, while with the "let go" instruction the later
(M2, M3) components especially and voluntary activity are
suppressed,'4"' when stimulus onsets are predictable.24
Typically, the subject was instructed how to respond and
allow practice, then the initial conditions (position, pre-
load) were imposed, and the responses to a run of eight
disturbance pulses collected. The torque pulses were deli-
vered at fairly regular intervals, and were therefore rather
predictable. The subject was allowed a brief rest between
successive trials.

Voluntary reaction times for EMG responses to a some-
sthetic stimulus were measured to draw a border line bet-
ween the reflex and voluntary compensatory EMG activity.
For this, the subjects were instructed to move their fore-
arms as quickly as possible from the initial position on
perception of the stimulus. The stimulus was a weak, brief
(0-55 Nm, 9 ms) torque pulse that itself produced no reflex
responses. The latency was measured from the onset of the
pulse to the earliest increase in EMG activity above back-
ground, and ranged from 95 to 165 ms with means of 127
ms + 22/SD and 124 + 22 ms for brachialis and triceps,
respectively. However, since other authors'4" 1 have
reported voluntary increase of flexor EMG as early as
70-80 ms, voluntary activity could contribute to the latest
(M3) response component.
Recording and treatment of data. Electromyographic
activity was recorded bipolarly with silver wires (diameter:
150 microns), insulated but for 2-3 mm at the tip, that
were inserted percutaneously into the muscles. One pair of
wires was placed into the brachialis muscle, a pure flexor of
the forearm, and another pair of wires into the antagonistic
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medial or lateral heads of triceps, pure extensors of the
forearm. The electromyographic activity was amplified and
filtered (x 1000, band width 100-2000 Hz) and stored on
magnetic tape, together with an analog signal of the angu-
lar displacement of the machine arm, and a record of the
acceleration of the forearm (measured with Grass
accelerometers). All data, raw and averaged (see below)
were monitored on oscilloscopes and a polygraph during
the experimentation.
For analysis EMG activity was full-wave rectified, then

sampled over 200,s every 0-8 ms, averaged (n = 8) and
smoothed (by means of a 3-point running average proce-
dure) using a Nicolet 1074 averager with inbuilt data man-
ipulation system. Displacement and acceleration data were
similarly sampled and averaged. The EMG reflex
responses (Ml, M2, M3) were identified, and latencies
measured from the onset of the torque pulse (which typi-
cally preceded onset of measurable machine arm displace-
ment by 3-5 ms). Typically, Ml responses began at 23 ms
and lasted until 44 ms after onset of the torque pulse (the
MI often appearing double-peaked after rectification), the
M2 lasted from 47 to 73 ms, and the M3 from 74 to 97 ms
(average values from control data, similar for all test condi-
tions, and for triceps as well as brachialis. An example is
schematically illustrated in Fig 2A). Sometimes M3
responses did not appear as peaks clearly definable from
the M2 responses. In these cases, activity occurring within
the typical M3 onset and offset latencies was considered to
be the M3 response. The areas under the response peaks
were determined using the Nicolet 1074 inbuilt integration
system. From these values, the background activity over
the individual response intervals was subtracted to give the
final integral values for the reflex responses. This proce-
dure is illustrated in fig 1B. Average background EMG
activity was determined over the 850 ms preceding the
disturbance pulse. The data obtained before and after drug
administration were tested using a Student's t test for
dependent samples, with correction for small sample size.23

Results
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General observations. The most commonly
observed side-effects of tizanidine were a reduction
of systolic blood pressure (8/10 subjects) and drow-
siness of the subjects (9/10). The drop in blood pres-
sure ranged between 10 and 40 mm/Hg (mean: 20
mm/Hg, that is a 16% decrease), being larger with
higher initial systolic pressures. Hypotensive effects
of tizanidine were reported earlier3 but occurred less
commonly than in the present study, probably
because the drug was given orally in the earlier
study. Care should be taken when giving tizanidine
im to patients with low blood pressure or patients
under anti-hypertensive therapy. The sedative
(drowsiness) effects of the drug were also observed3
earlier, and are supported by the EEG studies in
man of Matejcek (internal report of Sandoz Ltd,
Basel, Switzerland) who observed an increase of
slow wave EEG activity and a decrease of the
alpha-activity following oral administration of

2XNm
6-3 Nm

20 10 60 80 100 *=
I ms
Fig 2 Depressive action oftizanidine on responses of
flexor muscles to torque perturbations. All data from one

subject. (A and B), responses obtained under "resist"
instructions, with different preloads: 2-4 Nm in (A) and 4-2
Nm in (B). (C) responses obtained under "let go"
instructions. Top set oftraces in A, B, C are rectified and
averaged EMG responses from brachialis muscle, before
(thin lines) and after (thick lines) administration of
tizanidine. Second set of traces, triceps EMG. Third set,
mechanical deviation of the forearm: continuous line,
control; broken line, with tizanidine. Latencies and
durations of the Ml, M2 and M3 from the onset of the
torque pulse (6-3 Nm) are schematically illustrated under
the position traces in A.
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Fig 3 Depression of extensor muscle responses to torque
perturbations by tizanidine. Figure arrangement as in fig 2,
except that top set of traces are from triceps and second set

from brachialis. Torque pulse and mechanical deviation are

in the opposite direction compared to fig 2.

tizanidine. The strongest sedating and myotonolytic
(see next section) effects were observed about one

hour following im application. Both effects
decreased during the second hour. The hypotensive
effects seemed to outlast the myotonolytic effects,
although they were not measured beyond two hours
following drug application. Significant alterations in
pulse rate were not observed. Dryness of the mouth
was reported in two cases. Tizanidine was not found
to have an effect on the voluntary reaction times to

somesthetic stimuli.
Tizanidine action on reflex responses and muscle
background activity. Tizanidine strongly depressed
the EMG reflex responses. This is illustrated in fig 2

for experiments involving stretch of flexors, and in

fig 3 for experiments in which extensors were

stretched. In these figures, the rectified and aver-

aged responses from the agonist muscle are the top
set of traces, from the antagonist are the second set,
and the angular displacement are the lowest traces.

The thin lines are responses before tizanidine, upon
which the responses with tizanidine (heavy lines) are

superimposed. From fig 2, obtained from one sub-

ject, it can be seen that the reflex responses (occur-
ring within less than 100 ms) are depressed under all

experimental paradigms. In fig 2 A and B, in which

the subject resists the disturbance, while holding an

initial position against gravity alone (fig 2 A) or with
an additional preload (fig 2 B), all the brachialis
reflex components, Ml, M2 and M3, are clearly
depressed after the administration of tizanidine.
Additionally, the displacement records show during
the later phases of displacement a larger mechanical

Mackel, Brink, Nakajima

deviation to the torque pulses following medication
(dotted lines) then prior to it. This probably reflects
the decreased muscle tone and lowered reflex effica-
cy. The records from the antagonist muscle (triceps)
show that after as before tizanidine administration,
there was no co-activation of the antagonists during
the flexor responses. The records of fig 2 C were
obtained under the "let go" instructions, in which
experiments the subjects held the initial position
against gravity alone. In the control records, the
voluntary EMG activity that occurs in "resist" trials
at about 100 ms is completely lacking, and no M2 or
M3 activity above background level occurs. The
short-latency Ml response, however, is relatively
unchanged. After the administration of tizanidine,
the Ml is considerably reduced.

Figure 3 shows that similar results were obtained
when extensors were stretched. These were tested
only under "resist" instructions. Again, all reflex
components were reduced, and the later mechanical
deviation was greater after medication.

In total, tizanidine had a depressive action in 8/9
subjects in the brachialis "resist" test (with preload
due to gravity alone) and 7/8 subjects in the test with
an additional preload; in 8/9 subjects in the
brachialis "let go" test; and in 8/10 subjects in the
triceps " resist" test. No effect was seen in one sub-
ject (tested under all conditions), although sedating
and hypotensive effects were apparent in that indi-
vidual. In a second subject, no depressive effect was
seen in the triceps test, although it was seen in the
brachialis tests.
Tables 1 and 2 summarise the depressive actions

of tizanidine, seen at 1/2 to one hour after injection,
when the effects were maximal. The tables therefore
exclude the data for the subject where no effects
were seen and for triceps experiments, from the sec-
ond subject where no effects on triceps were seen. In
the few cases where individual responses (notably
M3) were poorly identifiable, these data could not
be included, leading to the adjusted numbers in the
tables. In table 1, for each subject the overall reflex
activity obtained in a trial was set at 100% (Ml +
M2 + M3 = 100), and the values for each compo-
nent was expressed as % of this total response. It
should be recalled that because of the variation in
torque due to gravity alone, preloads for the differ-
ent subjects tested under the same conditions dif-
fered, varying by at most about 1 Nm. However,
control observations (n = 4 subjects) showed that
for anyone subject, a variation of ± 1 Nm of preload
torque about gravity alone or gravity plus added pre-
load did not affect the normalised distribution of
(brachialis) responses. Therefore, it was considered
justifiable to group together the subjects' data. Also,
in three of the "let-go" tests, a smaller load of 3-9

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.47.10.1109 on 1 O
ctober 1984. D

ow
nloaded from

 

http://jnnp.bmj.com/


Action of Tizanidine on responses offorearm flexors and extensors to torque disturbances

Table 1 Distribution of reflex activity before and after im administration of tizanidine

Control Tizanidine

M. Brachialis M. Triceps M. Brachialis M. Triceps
Resist Let go Resist Resist Let go Resist

Ml 25-7 25-0 69-9 15-5 28-1 29-6 68-0 14-0
±93 (± 5-7) ± 30 ± 11 ± 13 (± 9-8) ± 38-8 ± 11-3M2 41-7 44-4 32-5 46 5 37-1 39-1 32-9 49-3
± 10-8 (± 9-6) ± 273 + 22 ± 12-9 (± 18-2) ± 36 + 23-3M3 32-6 30-6 0 37-9 34-8 31-3 0 36-7

8-3 (± 8-7) ± 0 ± 27-6 ± 13-5 (± 18-6) ± 0 ± 29-8N: 7 6 7 7 7 6 7 7100%

Table 2 Reflex activity following im administration of tizanidine, expressed as percent ofcontrol values. (Control =
100%o)

BA Ml M2 M3

M. Brachalis Resist 47-6 ± 22-7t 52-8 ± 22-1t 48-6 ± 30-8t 57-1 + 32-2*
(64-4 ± 23-6)t (52 6 ± 27-9)t (42.5 ± 26 5)t (38.8 ± 26*3)t

Let go 51-7 ± 25-3t 41-0 ± 29-4* 30-6 ± 47-3*
M. Triceps Resist 52-1 ± 22-4t 50}7 ± 39-4t 65-8 ± 25-9t 58-2 ± 31-6t

p < 0-005
tp < 0-01
p < 0-02

Nm was used (producing average speeds of 45°/s
measured over the first 20 ms, or 63°/s over the first
80 ms) to reduce mechanical oscillations that occur
with this test. Since in one subject similar normal-
ised results occurred with the two loads, the data
from all subjects were grouped together. The data of
table 1 are then the mean percentages that each
component comprised of the total response. For the
brachialis "resist" tests, the data in the left column
were obtained with a preload due to gravity alone,
and that in the right column (in parentheses) when
an additional preload was used. Comparing the
response distributions before and after administra-
tion of tizanidine shows that under no test condition
did the drug lead to a redistribution of the
responses. Such a redistribution would have occur-
red had the drug selectively affected any reflex com-
ponent. It may be mentioned that neither were
response latencies changed from their control values
(Ml, 23 ms; M2, 49 ms; M3, 76 ms). Rather, as has
been illustrated in figs 2 and 3 and is summarised in
table 2, the amplitudes (areas under the peaks) of all
responses under all test conditions were reduced.
For table 2, for each subject, the size of each
response component after medication was expressed
as percent of the control value. The values of table 2
are the mean percentages across subjects. Thus, for
example, in the brachialis "resist" tests, after medi-
cation the Ml, M2 and M3 components are all
reduced to about 50% of their control values. Simi-
lar results were obtained with (values in paren-
theses) or without an small additional preload: while
the absolute size of the responses and of the level of

background activity were generally larger with the
small additional preload, the normalised changes
were similar. For "let-go" as well as for "resist"
tests, for triceps as well as for brachialis, all response
components were reduced to about 50-60% of their
control values. The only reduction that was not
statistically significant was that of the M2 in "let-go"
tests: this was probably because under these in-
structions the M2 was so reduced or absent (see fig 2
C) in the control runs, that further reduction was
obscured.

Tizanidine also sizeably reduced the average
background EMG activity: the data are presented in
the first column of table 2. For all test conditions,
the average background activity with tizanidine was
reduced to 50-60% of the control values, the same
degree of reduction as obtained for the response
components. Reduction of background activity may
be seen in figs 2 and 3 by comparing the muscle
activity before and after medication occurring
before the onset of the torque pulse. This suggested
that the decrease in the reflex responses might
wholly be explained by a general depression of CNS
activity, reflected in the lower background EMG
rather than involving selective actions on specific
reflex pathways. Such parallel variation in response
sizes with background activity, for the same preload
and load has been demonstrated for the monkey
biceps during recovery from anaesthesia,26- and in
human thumb flexor during voluntary maintenance
of different levels of exertions.7 This possibility was
tested for in control observations described in the
next section.
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In contrast to the consistent and sizeable depres-

sive effect of tizanidine, 400 mg of chlormezanone
(Trancopal, Winthrop Laboratories) given orally
produced no consistent actions when tested at 1 and
2 hours after administration in another nine sub-
jects (two of whom were also tested with tizanidine).
Of these subjects, reflex responses and background
activity (similarly at 1 and 2 hours after medication)
were mainly similar or decreased from the pre-
medication control levels in four subjects, were
mainly similar or increased in another four subjects,
and were mixed in the remaining subject. Averaged
responses were 90 + 39, 87 + 36, 90 + 42, and 94
+ 46 per cent, respectively, of the control back-
ground, MI, M2 and M3 values (no additional pre-
load, 6-2 Nm load, responses at 2 hours). These
data, indicating ineffectiveness of chlormezanone, a
mild muscle relaxant and tranquilizer,2728 under
these test conditions, serve as controls for the
tizanidine data, indicating that the consistent depres-
sive action of tizanidine was not simply due to the
test situation or a placebo effect. This was further
supported by observations on control subjects
(reported in the next section).
Relation of reflex size to background activity. The
first question to be considered was if, in the absence
of drug treatment, a reduction in background EMG
activity to about 50% was associated with similarly
large reductions of the reflex responses. For this, the
background activity and the responses of brachialis
to torque perturbations, using preload torques and
torque pulses similar to those used in the drug exper-
iments, were examined in four normal subjects
(three of whom had been used in the drug study). In
the absence of any treatment, the level of back-
ground EMG activity occasionally varied a consid-
erable amount for the same test conditions. (These
variations were possibly due to immediate history,
volition, or fatigue, although no trends toward
increasing EMG activity2' or increasing mechanical
displacement produced by the torque pulses, indicat-
ing fatigue, were seen during the experiments.)

In total there were nine pairs of runs where the
average background activity in the "low background
run" ranged from 25 to 65% of that in the paired
"high background" run, differences comparable to
the changes seen with tizanidine. As illustrated in fig

EMG Branch

ItOSuV

Position

4 6 Nm jio

663 Nm

20 40 60 80 100
ms

Fig 4 Relation of reflex responses to background level of
EMG activity. Rectified and averaged brachialis EMG
responses obtained when the background EMG activity was
low (thick lines) and high (thin lines). Responses obtained
under "resist" instructions, for same preload (4.6 Nm) and
torque pulse (6 3 Nm). There was no difference in the
mechanical deviations (continuous line for high background
run and broken line for low background run).

4, and summarised in table 3, the Ml, M2 and M3
response components were decreased in parallel
with decrease in background activity. Indicated in
the first row of table 3, in the nine pairs of runs, the
M3 response was always smaller in the low back-
ground run (9/9), while the Ml and M2 responses
were nearly always decreased. In the second row of
table 3, the response amplitudes in the low back-
ground runs are expressed as percentages of the
amplitudes in the paired high background runs, and
the mean calculated from all trials (n = 9), including
the responses where no change occurred. Associated
with a mean reduction of background activity to
47%, the reflex responses were significantly reduced
to about 60-65%. In addition, there were another
three pairs of runs where the low background runs
were associated with loss of reflex responses. These
results show that large reductions in background
activity are associated with equally large reductions
in responses, sufficient to account for the
tizanidine-induced changes.

Secondly, although in these control subjects
tested over 3 hours large changes in background
activity for the same stimulus conditions did some-

Table 3 Change in reflex activity associated with change in background EMG level

BA Ml M2 M3

I with low BA - 8/9 7/9 9/9
Mean Amplitude with low BA (t SD) 47 t 13 66 t 27t 66 t 36* 61 t 21t
*p < 0-05
tp < 0-01
tpa< 0-002
2-tailed Student's t test for small dependent samples
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times occur, this was much rarer than the reverse, in
that the same preload led to the same background
activity. Thus, for 229 pairs of trials matched for
both preload and test conditions, background activ-
ity varied by less than 15% in 188 trials, or 82% of
the pairs. Also, when large changes in background
activity did occur there was no tendency for this to
be a decrease over time: activity increased in the
later trial for seven and decreased for five of the
total 12 pairs of runs discussed above. These obser-
vations that background activity was, in the main,
very stable over time in control subjects, add to
those on the lack of consistent action of another
mild agent in the same test situation, to support the
conclusion that the depressed background activity
and reflex responses seen on testing tizanidine were
due to action of that drug.

Discussion

After im injection, tizanidine has a strong depres-
sive, but relatively short-lasting, action on EMG
background activity and on all the reflex responses
to torque perturbations. Rather than being selective,
the effects on the reflex responses appear to be sec-
ondary to a "general depressive" action of
tizanidine as is indicated by the decrease in the
background EMG activity. However, the possibility
that selective actions may occur in parallel has not
been ruled out: it is simply that they are not required
to account for the results obtained. Although in dis-
agreement with the conclusion of Hassan and
McLellan3 of an independent action on stretch
responses, the present results are in fact in agree-
ment with their data, where tizanidine decreased the
EMG activity during both stretching and shortening
phases of a sinusoidal stimulus, indicating a depres-
sion of the overall mean level of EMG activity.

In light of the present interpretation, the appar-
ently contradictory results obtained in anaesthetised
or spinalised' or in decerebrate2 cats are under-
standable. In anaesthetised or spinalised cats, only
weak or no reduction in monosynaptic reflexes were
seen with tizanidine, and in decerebrate cats, the
tonic (after 100 ms) EMG activity but not the early
phasic reflexes were decreased by tizanidine. In
none of these experiments was the level or change in
background activity monitored. However, anaes-
thetisation or spinalisation themselves depress spi-
nal cord activity and consequently reflex size,29 and
this would obscure further reductions due to
tizanidine. Only weak reductions may be expected
in such preparations. On the other hand, decerebra-
tion leads to artificially high background activity and
exaggerated stretch reflexes,30 and this could over-
ride the depressive action of tizanidine.

The decreased myotonic activity indicated
decreased spinal motoneuron excitability: this could
result from an action of tizanidine at the spinal cord
level, and/or at a supraspinal site or sites. The sedat-
ing effects and effects on the EEG suggest supraspi-
nal sites may be involved, although these effects
could themselves be secondary to relaxed muscle
tone. Neither is the mode of action of tizanidine
understood: whether it interferes with excitatory
transmission, or enhances inhibitory mechanisms,
although the latter has been proposed.' 2

Spasticity is characterised by pathological overac-
tivity in stretch reflex circuits.3' Although tizanidine
does not act selectively on these circuits, through its
general depressive action, it has an antispastic effect,
which makes it useful for clinical application.

The torque motor was built at the Department of
Electrical Engineering of the Technical University
of Munich. Tizanidine was supplied by Sandoz, Ltd,
Basel, Switzerland. The study was partly supported
by Sonderforschungsbereich, SFB 50.
The technical help of Mrs N Pahlke was greatly

appreciated.
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