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ABSTRACT
The use of 4-aminopyridine to treat a neurological
condition is described. In particular, the present invention
relates to the use of 4—amiﬁopyridine to treat spinal cord injured
individuals. It has been found that 4-aminopyridine can reduce
pain and spasticity in a spinal cord injured individual when given
in doses from about 18 to about 30 milligrams intravenously. The
results are quite significant due to the high incidence of these
prdblems and the intractable nature of central pain in the spinal

cord injured individuals. 4-Aminopyridine is also useful in

increasing sensory ability and motor control.
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FIELD OF THE INVENTION

The present invention relates to the use of 4-
aminopyridine (4-AP) in the treatment of neurological diseases.
In particular, the present invention relates to the use of 4-
aminopyridine in spinal cord injured individuals to increase motor
control and sensory ability and to reduce chronic pain and
spasticity.

BACKGROUND OF THE INVENTION

Neurological deficits resulting from traumatic injury to
the spinal cord are traditionally ascribed to transection of axons
in white matter pathways, which normally mediate interaction
between regions of the neuraxis above and below the site of direct
damage. Clinical pathological studies of spinal cord injury
confirm that there is extensive loss of white matter, although the
most severe damage usually occurs within central gray matter
(Kakulas and Bedbrook, 1969; Jellinger, 1976; Kakulas, 1984).
Complete transection of the spinal cord is relatively rare, but
the extent of axonal survival is not usually determined, even in
the small minority of cases where postmortem examination is

performed. The completeness of the lesion is an important issue,
however, since conduction failure in any surviving pathways may
contribute to losses of sensory and motor function; Experimental
studies in animals (e.g. Eidelberg et al., 1977; Eidelberg et al.,
198la; Eidelberg et al., 1981b; Blight, 1983a; Blight and
DeCrescito, 1986; Bresnahan et al., 1987; Noble and Wrathall,
1989; Blight, 1991), and a very few clinical observations

(Noordenbos and Wall, 1976) have shown that complex neurological
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functions can be mediated by a small proportion of surviving
axonal pathways.

Electrophysiological recordings from isolated spinal
cord have shown chronic failure of action potential conduction in
surviving myelinated axons, following a blunt contusion injury
(Blight, 1983b). Some of this conduction block can be overcome,
at the level of single nerve fibers, using the drug 4-
aminopyridine (4-AP) (Blight, 1989). Intravenous injection of this
compound in animals with experimental or naturally occurring
spinal cord injuries, produces significant improvements in
electrophysiological (Blight and Gruner, 1987) and behavioral
function (Blight et at., 1991). An initial study in spinal cord
injury patients was organized by Dr. Keith Hayes, and indicated a
potential for modest therapeutic benefit, mostly at the electro-
physiological level, combined with a lack of serious side effects
(Hayes et at., 1991 and submitted for publicatibn).

SUMMARY OF .THE INVENTION

In accordance with the present invention, a clinical
trial was designed to examine the potential functional benefits of
4-AP in patients with chronic spinal cord injury: A placebo-
controlled, double-blind, crossover design was used to allow for
possible effects of patient expectation, and to minimize observa-
tional bias. A wide range of injury types were examined, based on
the expectation that this approach to treating conduction failure
would vary in its effectiveness with differences in the severity
and distribution of damage to the spinal cord.

The results of the study demonstrated that 4-
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aminopyridine 1s useful in increasing motor control and
sensory ability in spinal cord injured individuals.
Surprisingly, 4-aminopyridine was also shown to reduce
chronic paln and spasticity in certain individuals. The
latter effect was unexpected based on the known
properties of 4-aminopyridine.

Accordingly, the present invention provides the use
of 4-aminopyridine 1in the treatment of a condition that
affects the nervous system.

The present invention also provides the use of 4-
aminopyridine to reduce pain, in particular in a spinal
cord i1njured individual.

The present invention also provides the use of 4-
aminopyridine to reduce spasticity, in an individual
having a neurological condition, for example a spinal
cord injury.

In one aspect the i1nvention provides use of 4-
aminopyridine for the treatment of pain in an individual
having a spinal cord injury or spasticity in an
individual having a neurological condition such as a
spinal cord injury. The invention also provides the use
of 4-aminopyridine in the manufacture of a medicament for
the treatment of pain in an individual having a spinal
cord 1njury or spasticity in an individual having a
neurological condition.

The present invention further provides a commercial
package, comprising 4-aminopyridine, and instructions for

3
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the use thereof to treat pain in an individual having a
spinal cord injury or spasticity in an individual having

a neurological condition.

DESCRIPTION OF THE DRAWINGS

A - o - - — N - S e —— — — ~—- — - -

Figure 1 shows graphs illustrating the time course
of changes in the plasma levels of 4-AP 1n all subjects,
in ascending order of total dose. Most subjects showed

10 some degree of oscillation of the measured drug levels,
perhaps i1ndicative of enterosystemic recirculation. The
period of 4-AP infusion is indicated by the solid bars.

Figure 2 1s a scatterplot to show the correlation

20
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between the administered total dose of 4-aminopyridine (in mg/kg)
and the peak plasma levels measured.' The observed relationship
(least sqQuares regression) is such that for each mg/kg infused
over approximately 2 hours, the peak plasma level achieved was
approkimately 0.27 mg/l.

Figure 3 is'a graph of the plasm@,levels of 4-AP
recorded in two éubjects (EB,GCh) following their second, un-
blinded administration of 4-AP. Plasma levels were'below.the
limit of detection (c¢. 3ng/ml) by 48 hours in both patients.

Figure 4 shows histograms to illustrate the sequence of
changes 1n the neurological score for pin-prick sensation in the
two éubjects (GCh and EB) who returned for a second trial. Aver-
age scores for left and right side are shown for the tested derma-
tomes between C5 and S1. The.maximal improvement in sensory score
for both subjects was obtained at 24 hours after ihfusion of the
drug. The patient examined at 72 hours (GCh)'héd returned
completely to pre-infusion status.

Figure 5 shows histograms to illustrate the sequence of
changes of motor score in the tested muscles on the two sides of
the body in one of the subjects (EB) who returned for a second in-
fusion of 4-AP. As 1in the sensory examination (Fig. 4) increases
in score were sustained at 24 hours after infusion, though the
maximal improvement appeared in this case to be already present at
2 hours,

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Preparation of 4-aminopvridine (4-AP)

The drug was obtained in purified powder form from the
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Reglis Chemical Company (Morton Grove, Illinois) and

prepared as an injectable solution, using a 0.9% saline

vehicle (Uges and Huizinga, 1981), by the pharmacy of St.
Joseph’s Hospital. The pharmacy was also responsible for
testing pyrogenicity, randomizing the order in which drug
and vehicle were administered to different patients, and
for providing an escalating scale of dosage during the
course of the study. The 4-AP for the first two patilents
was prepared at a concentration of 3 mg/ml, and the
concentration was increased to 4 and 5 mg/ml for
succeeding subjects (see Table 1). The drug was further
diluted by a factor of 50 times in dextrose saline before
delivery, and was administered in the form of a
continuous intravenous infusion at a rate of 150 ml/hr
controlled by a peristaltic infusion pump. Therefore the
delivery rate of the drug increased from 9 mg/hr in the
first two patients to 15 mg/hr in the last four. Total
intended dosage may range from about 15 to about 30 mg,
and may particularly range from 18 to 30 mg. The wvehicle
control was i1ndistinguishable from the drug solution and
was delivered in an i1dentical manner.

Subjects

The eight patients enrolled in the study were
selected to provide a range of spinal cord lesions,
including cases of quadriplegia, gquadriparesis,

paraplegia and paraparesis. The chief exclusion criteria

in selection of patients were: evidence of mental
incompetence; infectious disease; previous head injury or
brain damage; history of epileptic seizures or lowered
selzure threshold; cardiovascular, metabolic, kidney or

resplratory abnormalities; known allergy to pyridine

containing compounds; and



10

N 2085785

75048-1

pregnancy. Five male and three female patients were involved,
ranging in age from 18 to 65 years of age. All were chronic
cases, 1.5 - 10 years from the time of injury. Seven were trau-
matic injuries and one was a case of transverse myelitis of un-
knownvorigin. A more complete description of the patient
histories and associated drug dosage is given in Table 1.

All but two of the subjects (HT,GCh) were under medica-
tion for pain and/or spasticity. These patients were required to
suspend any regular medication for the duration of the experi-
mental treatment and evaluation, with a suitable washout period
before the study began. The study was approved by the
Institutional Committee on the Use of Human Subjects and the
Health Protection Board of Canada. All subjects were informed of

the potential risks of the experimental study and each provided

informed consent.
Protocol

The experiméntal désign was a doU51e-blind, piacébo—
controlled, crossover study in which each patient was administered
the drug and a vehicle control on different occasions, separated
by two weeks. The order of delivery was randomized. The randomi-
zation code was held independently by Pharmacy personnel and was
not revealed to the investigators until after tabulation and
analysis of the data.

The schedule of each trial was the same. The patient
was admitted to the hospital on the preceding day and in the early
morning was assessed by neurological examination and electro-

diagnostic evaluation. Administration of the drug or placebo,
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through an in dwelling venous catheter, was then begun and conti-
nued for approximately 2 hours, arranged in 20 minute sequences
based on delivery of 1lml aligquots of the 4-AP solution. The
patient was monitored electroencephalographically at frequent
intervals throughout the procedure. Samples of blood and urine
were obtained from an additional intravenous catheter and from the
urinary catheter respectively. Blood*was obtained at intervals up
to 5 hours from the beginning of drug‘delivery and urine obtained
pre-infusion and at 1 and 2 hours after the beginning of infusion.
The patients were re-evaluated by complete neurological examina-_
tion, by the same examiner, at the end.of the period of drug
delivery. They were then re-examined with the electrodiagnostic
tests. A more limited neurological examination was sometimes per-
formed during drug delivery in an attempt to identify any early
changes, without producing significant testing fatigue. The
electrodiagnostic tests were repeated at 2 houré after the cessa-
tion of drug delivery; Patients showing appafént\effects of the
treatment remained in the hospital overnight and were examined on
the following day. Subsequent contact with the patients was by
telephone interview or as a result of their correspondence regard-
ing longer term changes associated with their treatment.

Two of the patients who reported more prolonged effects
of the drug were returned to the hospital after 4 months for a
second, unblinded trial, which included neurological examinations
daily for 3-4 days. Plasma samples were also obtained daily from

these two patients, for measurement of 4-AP.
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Electrodiagnostic testing

Immediately before and after the 1nfusion of 4-AP or
placebo, and at approximately 2 hours after the end of the in-
fusion, patients were evaluated with a set of.standard electro-
diagnestic tests: conduction in peroneal, posterior tibial and
sural nerves, electromyography of tibialis anterior and gastroc-
nemius muscles during rest and maximal voluntary contraction, and
somatosensory evoked potentiaIS. Petients were also monitored
with electroencephalography, at intervals during the infusion, to

look for evidence of potential for seizure activity.

Neurological Evaluation

Patients were evaluated using a modified form of the
American Spinal Injury Association (ASIA) Standards for
Neurological Classification of Spinal Injury Patients (revised
1990). The modifications were mainly required to simplify the
examination so that it could be performed on patlents lylng on a
bed with intravenous catheters, electrodes and urethral catheters
restricting the range of motion. Examlnatlons performed after the
day of drug delivery were made on an outpatient basis with the
subjects partially clothed, and evaluatien of dermatomes was some-
times incomplete. Each part of the examination was videotaped for
later review and was repeated on the two sides of the body.

Grading of motor abilities was made on the ASIA 0-5
point scale wherever possible:
0 - absent (total paralysis)

1l - trace (palpable or visible contraction producing little or no

movement around joint)
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2 - poor (active movement through much or all of the normal range
of motion, with gravity eliminated - where relevant)
3 - fair (active movement through full range of motion against
gravity)
4 - gbod (active movement against resistance)
5 - normal.
The muscles examined included: deltoid, biceps, triceps, wrist
extensors, wrist flexors; finger flexors and extensors (combined),
hip flexors (iliopsoas), hip extensors,_quadriceps, hamstrings,
ankle dorsiflexors (tibialis anterior) and plantarflexors
(gastrocnemius, soleus), and toe exténsors (extensdr hallucis
longus). The total possible score for the full motor examination
was 130.

Sensory ablilities were graded on an analogous 0-4 point
scale:
0 - absent (no abilitg to detect the.spimulus)“:
1l - trace (patchy or wvariable ability’to‘detéqt stimulus with
little or no resolution of quality)
2 - light (able to detect stimulus but much weaker, or of altered
quality relative to equivalent unaffected areas)
3 - moderate (able to detect stimulus with practically full
quality but reduced intensity)
4 - nonmal 1n quality and intensity of sensation.
The sensory modalities tested were light touch, pinprick,
vibration, joint position, and temperature. The dermatomes tested
for touch and pinprick'were: c5,6,7,8, T1,77-9,L.1,2,3,4,5, and 81,

giving a total possible score of 96 for each modality. Vibration
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sensation was usually tested bilaterally, at the shoulder, elbow,
knee and ankle. Temperature sensation was tested, with the
subject’s eyes closed, by blowing cool air from a distance or
breéthingwarm.air in close proximity on the dorsal surface of the
hands.and feet. Joint position sense was examined, with the
subject’s eyes closed, by imposed flexion and extension movements
of the thumb and great toe. The total possible score for the full

sensory examination was 256 points.

Segmental reflexes (biceps, triceps, knee- and ankle-
jerk) were evaluated in the conventional manner with a reflex
hammer and scored on a 0-4 point scale:

- no detectable response

- weak response

0

1

2 - brisk response of normal amplitude

3 - abnormally large amplitude respohse

4 - large amplitude reSponse‘with somegclonusafi

The total possible score in a patient With'hYperreflexia and

clonus in all tested muscles was 32.

Measurement of 4-AP in plasma and urine

Samples of blood were collected from an in'dwelling
venous catheter in the arm opposite that into which the drug was
delivered. Ten or eleven sﬁch'sampléé were obtained at intervals
up to 5 hours after the initiation of drug delivery (see Fig. 1).
Urine samples were withdrawn from the patients’ urinary catheter
bags at 1 and 2 hours after the initiation of drug infusion.

Plasma and urine samples were stored at -80°C until 4-AP

levels were analyzed by means of column liquid chromatography,

10
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according to a technigque described in detail elsewhere (Kostka et
al, 1992). Briefly, both plasma and urine samples were subjected
to benzoylation by the Schotten-Baumann reaction to convert 4-AP
to N-benzoyl-4-AP (Bz4-AP) prior to liquid-liquid extraction.
Propionyl procainamide (PPA) was chosen as the internal standard.
These extracts were chromatographed on a 15 ¢cm x 4.6 mm ultra-
sphere octyl column using a mobile phase containing 12% aceto-
nitrile and 2 g/L tetramethyl ammonium;percﬁlorate adjusted to
pH 3 with perchloric acid. The extraction recovery of Bz4-AP was
80-85%.
RESULTS

The study was performed according to the established
protocol, with a few exceptions. One patient’(AW) received only
25 mg 4-AP rather than the planned 30 mg total dose. Infusion was
suspended in this case because of a combination of discomfort in
the arm at the site of infusion, and a significanf degree of
agitation and anxiety expressed by the patient. There were no

further complications i1n this case and the patient returned to a

more comfortable condition within less than an hour of suspending

the infusion. One patient (LJ), expected to receive 18 mg of 4-AP
in 6 doses of 3 mg, was not available on the first day of the
trial, and was not studied until the dose had been raised to 5 mg.
Since the pharmacy had prepared a smaller amount of the material

for injection, this subject could only be given 5 doses of 5 mg.

One patient (RB) was unable to maintain suspension of his normal

™

pain medication (Percocet-oxycodone HCI, acetaminophen) and was

allowed to resume on the day of the test.

11
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‘ Three patients receive the placebo and five received the
4-AP in the first trial (Table 1). The pharmacy did not release
the information on the drug or placebo status of the ihfusions to
the investigators until all the data had been evaluated, including

the chemical analysis of blood and urine samples, which was the

last information to become avalilable.

Plasma levels of 4-AP

The time course of changes in plasma levels of 4-AP in
each of the subjects is shown in Fig. 1. Most subjects showed
oscillation in the measured drug levels. Peak levels in the
circulation occurred slightly before or after the end of the in-
fusion period. The peak plasma level recorded correlated signifi-
cantly with the dose administered to the patients in mg/kg/hr
(Fig. 2). All the subjects showed significant plasma level of 4-
AP at 2-3 hours after the end of the drug infusion, when the last
blood sample was Obtained, and-it.waS;hotfpbséiﬁlé to éitrépolate
from this data a likely time course of'drug elimination. Blood
samples were taken daily for 3 days from the two subjects who
returned for a second, unblinded administration of 4-AP. The

plasma levels recorded on the day of infusion and the day after

infusion are shown in Fig. 3. 4-AP concentration was below the
level of detection (c¢. 3 ng/ml) in the samples taken 2 daYs after
administration. The rate of decline of plasma drug concentration
in these two patients indicates that there would be less than 1%
of the peak levels in the circulation by 2 days after the in-

fusion.

12
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Negative side-effects

The most frequently detected side effect of the drug was
discomfort in the arm in which the drug was infused. ‘The inten-
sity of discomfort varied in different patients from no more than
that hormally experiencedwith an intravenous catheter (comparing
with that present in the contralateral arm for blcod sampling) to
aching and burning pain sufficiently strong to require suspension
of drug delivery in one patient. Three of the subjects
(HT,GCu,GCh) reported no unusual sensation in the arm or eny other
negative side effects. TwWO of.the patlients (RB,AW) reported
severe burning and aching in_the arm and both these patients also
experienced heightened anxiety, accompanied by short, alternating
episodes of sweating and shivering, towards the end of the infu-
sion period. Both these patients were marked by volatile persona-
lities and one (RB) by significant generalized enxiety before the
trial. The other subfeCt (AW), the Oniyone Qhecou1d not
complete the infusion phase of the drug trial, also became im-
patient and refused to complete the electrodiagnostic phase of the
placebo trial. Two subjects (LJ,EB) reported a feeling of light-
headedness towards the end of the infusion period. Two patients
(AW, EB) reported delayed burning sensations in areas of skin below
the level of injury, lasting for 1-2 hours, during the night after
the infusion. No other obvious side effeCts of the drug were
detected in the course of the study. No adverse indications were
detected on the electroencephalographic recordings, nor in the

routine monitoring of vital signs.

13
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Electrophysiological effects

Six of the subjects showed no detectable somatosensory
evoked potentials in response to posterior tibial nerve stimula-
tion either before or after injection of the drug. The remaining
two subjects (AW,GCh) showed small amplitude, but repeatable,
somatosensory evoked potentials. These did not change signifi-
cantly in form.or amplitude following infusion of 4-AP or placebo.
No consistent effects on peripheral nerve conduction were detec-
ted. The electromyographic data were consistent with observed
changes in strength of:muscle_contraction, but were too limited in
number of samples collected to be confident of the underlying

variability of the recording.

Neurological effects

No subjects reported any beneficial changes following

injection of the saline vehicle Three subjects (RB SC HT) also

noticed no 1mprovement 1n their condltion follow1ng 1nfu81on of
the 4-AP. These were three of the most severely 1n3ured patients
and included the two subjects diagnosed as Frankel class A - no
motor or sensory function below the level of the lesion, and one
of the two patients diagnosed as Frankel class B. The remaining 5
subjects, with a range of "incomplete" .injuries showed motor
and/or sensory effects, some of which were detected on the
scheduled neurological examination on the day of infusion. Later
effects were reported by the patients themselves, and prompted a

more detailed examination of the time-course.

Changes in the neurological examination at 2 hours

Some changes in neurological score were noted in

14
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patients at 2 hours after the start of infusion of vehicle and
drug. The total number of points difference in the pre-infusion

and post-infusion examinations are shown in Table 2. Though the

examiners assigned half point scores in cases where they felt that

subjeéts fell between scbre'categories, any half point differences
between pre- and post-infusion scores have been ignored in.this
analysis. Also omitted from this tabulation are the scores for
vibration sensation, which are shown separately in Table 3. The
most'striking changes 1n score were clearly those following 4-AP
administration, and some of theSe changes will be examined indivi-
dually below. In almost all cases the various dategories of
evaluation showed similar or higher scores following 4-AP adminis-
tration, whereas scores tended to stay the same or‘decrease in the
placebo trial (Table 2). The exception to this trend was found in
vibration sensation, where scores in.three subjec;s decreased
substantially after 4-AP infusicnllTablé.3);r'i. '

The overall changes in motor and seﬁsory score, derived
from Table 2, were compared between the placebo and 4-AP trial
using the Wilcoxon matched pairs test. The change in sensory
score was significantly greater following 4-AP (p=0.03), the
change in motor score was not (p=0.08), given this small number of
cases.

There was a marked tendency for increase in amplitude of
deep tendon reflexes immediately after infusion of 4-AP, compared
with relatively little variation following the placebo administra-
tion (Table 4). The increase in reflex score occurred predomi-

nantly in the arms, probably because the lower limb scores were

15
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already at the maximum value of 4 before drug administration. The
two patients (EB,GCh) examined at longer intervals showed slight
reductions in deep tendon reflex scores at 24 and 48 hours after
infusion, consistent with their reduction in spasticity. Two
other.patients examined at 24 hours after drug administration
(AW,LJ) also showed reduced reflex responses at that time, despite
maintained effects on motor and sensory function.

Later changes in the neurological examination

Neurological examination at 24 hours after administra-
tion of the drug was not a requirement in the original protocol,
and five patients left the hospital on the day of administration.
Three subjects examined on the day after receiving 4-AP
(LJ, AW, GCh) showed sustained improvements in neurological func-
tion, including in one (LJ) a striking improvement of pinprick
sensation and joint position-sense below the lesion that was not
seén at 2 hours.- These findings, together wi;h'the reports from
other patients of sustained or delayed changes in function lead to
a second evaluation of the effects of 4-AP in two subjects, with
daily re-examination uhtil neurological changes were largely
extinguished (see below).
Delaved changes reported by the subijects

The initial study was designed to examine effects that
would be reversed by the day after drug infusion, based on the
published pharmacokinetics of 4-AP and reports of other clinical
experience with the drug. However, the five patients with less
complete injuries all reported some delayed or prolonged effects

during the days after they had received the 4-AP. These reports

16
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were sufficiently complex to be considered individually:
Subiject LJ

This patient reported increased sensation, pain in the
left arm, and some nausea and light-headedness during and imme-
diateiy after the infusion. The next day he felt there was
slightly greater movement in one thumb and index finger. He also
felt there was more sensation below the level of injury, and this
was confirmed by the neurological examination. _The usual burning
pain he experienced in his buttocks was absent, though there was
st1ll some burning in his lower limbs, which had increased '
compared with before the study. Subsequent medical observations

were complicated by the occurrence of a urinary tract infection.

Subject EB

The subject reported no effects of the first infusion
(placebo). Following the second infusion, the subject chose to go
home i1mmediately after the'study was completed.. She felt that her
lower limb muscular spasms were so severe on the day of the trial
that it had been difficult to evaluate her motor performance. The
day after drug delivery there was a "remarkable return of sensa-
tion below the level of the injury to virtually normal sensation
on both sides". There was also a marked reduction in spasticity
for the three days following the infusion. The patient only
returned to her normal requirement for Baclofen on the fourth day.
This reduction in spasticity was accompanied by increased motor
power in the left arm and leg. The fingers of the left hand,
normally capable of only a few flickers of movement, could be

moved back and forth 20-30 times, in contrast to the usual rapid

17
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fatigue. A similar improvement was seen in right ankle movement.
Possible side effects included a "warm sensation under the skin
from neck to back" for two days and an episode of constipation.

This patient returned for more detailed evaluation of long term

effects 1n a second, unblinded trial.
Subject GCh
' This patient showed marked improvement in sensation
below the lesion‘during the course of the 4-AP infusion. He
reported that he suffered no negative side effects and that his
10 legs felt "more normal®. His legs usually felt cold to him, and
there was persistent pain in his feet and legs. For at least 2
days after the drug infusion the pain in the legs was absent,
though it remained to some extent in his feet, and his legs felt
warm, both "internally" and to the touch. By 3 days after the
infusion he had returned to his usual state. Increased motor
power 1n this patient expressed itself'mainly.ih a greater
endurance. Usually, he would have difficulty making repetitive
movements of his toes, but on the day of 4-AP infusion he was able
to move them back and forth many times without the usuai fatigue.
20 This increased motor capacity was also associated with a decrease
in spasticity. . .

He returned for a second, unblinded trial of 4-AP and
experienced essentially the same effects, with increased sensation
and motor endurance below the level of the injury, reduction of
chronic pain, and marked reduction in spasticity. Muscle spasms
of the legs were quite severe before the second infusion. After

infusion and for more than 24 hours afterwards, spasticity was so

18
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markedly reduced that the patient found unusual difficulty in
making wheelchair transfers, because his legs would not act to
support him in the accustomed way.
Subject AW

' This patient showed increased strength in the lower
limbs after as little as 8 mg of the 4-AP infusion. ﬁe also
noticed a marked.improvement in breathing, being able to use chest
expansion rather than diaphragm breathing. After 21 mg of the
infusion, his arm became quite painful and he became anxious, then
angry, and began to show alternative bouts of sweating and
shivering. Drug infusion was stopped and.the subject returned to
a more comfortable state in about 10 minutes. He was aware of
more sensation and strength in his legs, though this appeared to
be less than during the earlier part of the infusion. The morning
after the infusion, he showed improved strength.aﬁd Sensation in
his legs, was able to stand more rapidly and easily from his
wheelchair, and was very positive about the overall effects of the
drug. He reported, on his return for the second administration 2
weeks later, that the motor and sensory effects, including

improved breathing had lasted about 2 days, and then gradually
faded.

Subiject GCu

This subject was the least severely injured. He did not
notice any changes in his status on the day of infusion, but later
reported that the day after the drug infusion his arms and right
leg had been stronger, by "perhaps about 25%" and he could deal

more effectively with his farm work. He also felt a significant
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reduction in the usual tingling paresthesia in his hands.
Second unblinded administration

The two patients returning after 4 months for a more
prolonged evaluation (GCh,EB) showed effects and side effects
similar to those seen in the earlier, blinded administration of
4-AP. On this occasion, the time course of reversal of the
effects could be examined more closely. The most striking and
widespread change in the neurological status of both patiénts was
the distribution of pinprick sensation below the level of injury.
A remarkable increase in the response to pinprick stimulation
below the level of injury is shown graphically in Fig. 4. The
improvement in sensation appeared to peak at 24 hours and was
sti1ll detectable at 48 hour post infusion in both cases. The
effect seemed to be entirely reversed by 72 hours in the one
subject who was examined at that-time,“There”was some indication
of a proximo-distal delay i1in the onset of'efféct, including an
initial depression of response in the most distal dermatomes,
examined at 2 hours after infusion.

The examination of motor abilities was complicated by
variations in spasticity before 4—AP-administration; as well as
the sdmetimes conflicting effects of the drug on motor control and
motor power. A reduction in the spasticity of leg muscles led at
times to a reduction of motor power, especially in movements at
the hip and knee, where a patient is often able to use the back-
ground rigidity of the muscle as an aid to movement. The data
that is available, points to a prolonged time course of effect on

motor systems similar to that seen in the sensory evaluation.
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However, there was some indication that the peak effect on motor
function was achieved by the first examination at 2 hours
(Fig. 5).
DISCUSSION

This study has shown that moderate doses of 4-AP
administered to chronic spinal cord 1njury patients are associated
with a range of beneficial effects in a significant proportion (5
of 6) of those with "incomplete" injuriés. More pronouncéd neuro-
logical effects were seen in this group of patients than in pre-

10 vious studies.

The objectivity of the neurological effects is supported
by several factors. First, the study was double blind, and though
some subjects and the investigators may have been effectively un-
blinded on the active drug trial by the presence of sidefeffects,
there was no relation between the appearance of side%effedts and
apparent benefit. The most widespread and stfohgest effects were
obtained in a patient without side-effects, and no benefit was
detected in two subjects with side-effects. The effects reported
by the patients were not always those they had been lead to expect

20 as possible. Some of them were also surprising to the investi-
gators, particularly the reduction in pain and spasticity, vyet
these were reported independently by patients not in communication
with each other.

Statistical evaluation of these changes is made diffi-
cult by the small number of cases, by their selection from a wide
range of injury intensities, and by the ordinal scoring used in

the neurological analysis. These limitations should be weighed
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against the reversibility of the drug effect, its repeatability in
the two patients examined a second time, and the properties of the
effects shared between subjects. The benefit derived.from.the
drug appeared to be related to the severity of injury, with the
greatest effects in moderately severe quadriplegia (Frankel class
C). Two patients with neurologically *complete® spinal cord
lesions showed no beneficial effects. The small changes in neuro-
logical score that followed placebo administration in some sub-
jects (Table 2,3) are likely to be the result_of three principal
factors: 1) fatigue induced by repeated testing and the prolonged
immobility required by the study itself; 2) limitations in the
repeatability of score assignments; 3) actual'variatioes-in the
neurological function of the subjects, including the existence of
“patchy" receptive fields within tested dermatomes. The first of
these factors is likely to be the most dominant, and probably
accounts for the preponderance of negative chanées following
placebo administration. The smaller number of negative changes
following 4-AP administration should be taken into account in
addition to the greater number of positive improvements in score.

The observation that 4-AP ‘administration may have some
negative effect on vibration sensation (Table 3) is intriguing.
Though the sample size was small, the possibility that this reduc-
tion in vibration sensation was actually an effect of 4-AP was
supported by the observation that two of the subjects (EB,GCh)
also showed some reduction in vibration score on a repeat, un-
blinded injection of the drug. It seems feasible that blockade of

potassium channels may selectively affect the transmission of
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signals related to high frequency, low amplitude stimulation.

Neurological Effects in Spinal Coxd Injury

Although, some of the neurological changes associated
with administration of 4-AP in this group of spinal cord injured

patients were similar to those seen previously in patients with

multiple sclerosis (Stefoski et al., 1987; Davis et al., 1990;

Stefoski et al., 1991), including selective increases in motor
strength and recovery of sensory deficits with a relatively rapid
onset, the duration of the changes was surprisingly long, includ-
ing some subjects with improved function extending over 48 hours.
Such changes occurred to variable degree in 5 of the 6 cases of
incomplete spinal cord injury. The benefit was sufficiently
apparent to the patients themselves that four of the patients
expressed a strong desire to be able to receive the drug on a
regular basis.

Some 0f the most intriguing effects, éeen in both
complete and incomplete cases include long lasting reductions in
spasticity and in chronic pain and dysesthesias relating to skin
temperature in the lower extremities. These results are supported
by a number of factors: a) the subjects were not led to expect
such long term effects, but were specifically told that any poten-
tial benefit would last at most for a few hours; b) patients in-
dependently reported similar combinations of changes that neither
they nor the investigators expected (and actually ran counter to
the expectation that 4-AP might make spasticity and paresthesiaé
worse); C) these changes were reported only following drug

administration and not after placebo administration; d) such
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changes resulted in greatly reduced usage of analgesic in one case
and antispastic medication in at least two cases e) the effects
were reproduced by a second administration of the drug 4 months
later in two of the subjects.

‘ There appeared to be two possible explanations for the
long duration of effects: either the elimination of drug was
delayed in these spinal injured subjects, beyond what has been
seen in normal volunteers and multiple sclerosis patients (Uges et
al., 1982; Evenhuis et al., 1981; Stefoski et al., 1991), or else
the drug elicits gecondary changes in the nervous system that lead
to prolonged reduction of spasticity and abnormal pain sensation.
The first possibility was strengthened by the previous observa-
tions of decreased clearance of drugs in'spinal cord injury
patients (Segal et al., 1991) and was tested by examining the
plasma level of 4-AP over the course of 3-4 days from the time of
injection in two subjects showing prolonged effécts of the drug.
Though there were detectable levels of the drug in the plasma the
day after infusion, the time courée of eliminatioﬁ dlearly did not
correlate with the prolonged neurological effects that were seen
on examina;ion and reportédbby the ﬁéE{énts. This indicates that
the 4-AP indeed initiates changes in the nervous system that are
self-sustaining for a period of 1-2 days.

Pain and Spasticity

The mechanism of effect on chronic pain and spasticity
is difficult to agsess, though the importance is critical, given
the high incidence Oof these problems and the intractable nature of

central pain in the context of spinal injury (Beric et al., 1988;
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Tasker, 1990). The anatomical substrates and physiological mecha-
nisms of chronic pain in spinal cord injury are not well under-
stood (Beric, 1990; Kakulas et al., 1990; Xu et al., 1992). One of
the contributing cellular mechanisms may be that injured and
demyeiinated nerve fibers tend to become spontaneously active
(Ochoa, 1982; Smith and McDonald, 1982). Blockade of potassium
channels by 4-AP tends to produce or enhance such spontaneous
activity and to elicit "burst" (multiple action potential)
responses to electrical stimulation in injured nerve fibers
(Waxman et al., 1985; Targ and Kocsis, 1986; Kocsis et al., 1986;
Blight, 1989). It was expected, therefore, that 4-AP might
increase the intensity and incidence of chronic pain and dyses-
thesias.

Similarly, since 4~AP_at'relativeiy high concéntrations
is known to enhance synaptic transmission in the spinal cord
(Lemeignan, 1972; Jankowska et al., 1977; Jankowska et al., 1982),
it was expected that spasticity might be increased,.together with
the overall excitability of the nervous system. In fact, applica-
tion of the drug was associated in aqm@:caseS‘with a relief of
chronic pain and spasticity, so it is bossible that other, more
gspecific effects of'potassium.channel blockade dominate over
generalized increases in excitability. Also, it appeared from the
changes 1in deep tendon reflex amplitude that generalized enhance-
ment of synaptic transmission was more prevalent on the day of
drug administration and waned more rapidly than the specific
changes in sensory and motor function.

Three subjects who suffered from chronic, painful dyses-
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thesias below the level of the lesion (GCh, GCu,LJ)
reported considerable relief following 4—AP infusion,
predominantly proximal in the limb. One subject (EB), who
experienced dysesthesia in the form of a persistent itch
in one shoulder, reported no change 1n this condition

following administration of the drug.

SUMMARY

The above results indicate that 4—aminopyridine
can increase motor control and sensory ability and reduce
chronic pain and spasticity in spinal cord injured
individuals. The latter two effects have not previously
been reported. Although the study was restricted to

spinal cord injured individuals, 4—aminopyridine may also

be useful in treating other conditions that affect the
nervous system, in particular to reduce pain and

spasticity 1n such conditions.

Although 4—aminopyridine was administered
intravenously in the present study, it 1s expected that
oral administration would also be useful and may remove
the side effect encountered in the present study which
was pain in the arm around the site of infusion. A
commercial package 1s envisioned, contailning, as active
ingredient, 4-aminopyridine, together with instructions
for the use thereof, to treat pain and spasticity 1n a
spinal cord injured i1ndividual. Moreover, the 4-
aminopyridine i1n the commercial package may be 1in a

quantity from about 15 to about 30 mg.
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Table 1. Characteristics of subjects and 4-aminopyridine dose

administered.
SUBJECT INJURY 4-AP DOSE
Initials Sex Age L-evel Frankel Years Cause mng per Total Total
Class 20 min. (mg ) {mg/kg)

RB M 42 Fall 4 24 0.36

SC F 39 Unknown t 5 30 0.62

HT* F 29 Diving 3 18  0.37

LJ M 32 Dix%ing 5 25 0.34

EB* F 18 Diving 4 24 0.33
10 GCh* M 44 Construction .- 3‘3 5 0.53

AW M 46 surgery 5 25 0.26

ACu M 65 sports 3 18 0.22

*Received placebo in flrst trial, 4-AP in second

tTransverse myelitis of unknown origin
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Table 2. Changes in neurological score at 2 hours after infusion
of vehicle (placebo) or 4-aminopyridine. The totals (across all
tests) for both negative (-ve) and positive (+ve) changes in score
for each patient are shown. The total possible scores for each

patieht were 130 (motor) and 224 (sensory).

SUBJECT PLACEBO . 4-AP
Change 1n Score* Change in Score*
Motor Sensory ‘ Motor Sensory
-ve  +ve -ve  +ve -ve +ve -ve  +ve
RB 0 0 0 0 0 0 0 0
SC 0 0 0 0 0 0 0 0
HT 0 0 -0 0 0 0 0 +3
LJ 0 +1 -9 +3 0 -0 0 +32
EB 0 +1 -0 0 0 +4, =5 +14
GCh 0 0 0 0 0 +16 0 +27
AW -2 0 -7 +2 0 +4 0 420
GCu -4+l =11 +6 0 £2 -2 0
TOTAL -6 +3 =27 411 0 +26 -7 +66

*Ignoring half point assignments and excepting vibration sensation

score (Table 3).
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Table 3. Changes in total score for vibration sensation at 2

hours after infusion of vehicle (placebo) or 4-aminopyridine.

The total possible score for each subject was 32.

*Data not recorded.
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Table 4. Changes in score for deep tendon reflexes at 2 hours

75048~1

after infusion of vehicle (placebo) or 4-aminopyridine. The total

possible score for each patient was 32.

SUBJECT PLACEBO 4-AP

arms legs arms legs

RB 0 +1 ] +4 +2

SC 0 0 4 +1

HT * 0 +1 | -2

LJ +2 0 ' * o *

10 EB * . - o
GCh 0 0 +4 ' 0

AW -0 0 . - S -%3

GCu -0 -1 | 0 -2

TOTAL . +2 0 +13 +2

*Data not recorded.
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WE CLAIM:

1. Use of 4-aminopyridine for the treatment of pain 1n

an individual having a spinal cord injury.

2. Use of 4-aminopyridine for the treatment of
spasticity 1n an 1individual having a neurological

condition.

3. The use according to claim 2 whereiln the

neurological condition 1s a spinal cord injury.

4 . The wuse according to any one of claims 1 to 3,
wherein said 4-aminopyridine is used in a dose from about

15 to about 30 mg.

5. The wuse according to claim 4, wherein said 4-

aminopyridine 1s an intravenous preparation.

6. The use according to claim 4, wherein said 4-

aminopyridine 1s an oral preparation.

7. A commercilial package comprising 4-aminopyridine, and
instructions for the use thereof to treat spasticity in

an 1lndividual having a neurological condition.

8. The commercial package according to claim 7 wherein

the neurological condition is a spinal cord injury.

9. A commercial package comprising 4-aminopyridine and
instructions for the use thereof to treat pain 1in an
individual having a spinal cord injury.

43



CA 02085785 2004-01-29

10. The commercial package according to any one of
claims 7 to 9 comprising about 15 to about 30 mg of 4-

aminopyridine.

11. Use of 4-aminopyridine 1in the manufacture of a
medicament for the treatment o©of pain in an individual

having a spinal cord injury.

12. Use o0f 4-aminopyridine 1n the manufacture of a
medicament for the treatment of spasticity 1in an

individual having a neurological condition.

13. The use according to claim 12 wherein  the

neurological condition 1s a spinal cord injury.
14. The use according to any one of claims 11 to 13
wherein said 4-aminopyridine 1is used in a dose from about

15 to about 30 mg.

15. The use according to claim 14 wherein the medicament

1s an intravenous preparation.

16. The use according to claim 14 wherein the medicament

1s an oral preparation.
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