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5-Hydroxyindoleacetic Acid in the Lumbar Fluid:

A Specific Indicator of Spinal Cord Injury

Abstract. In cats, 19 days after the lower thoracic cord was injured, the concen-
trations of S5-hydroxytryptamine and its metabolite 5-hydroxyindoleacetic acid in
the lumbosacral cord and that of 5-hydroxyindoleacetic acid in the lumbar fluid
decreased. At the same time the concentrations of these substances in the cord
above the lesion and that of 5-hydroxyindoleacetic acid in the cisternal fluid was
not significantly altered. Since high concentrations of 5-hydroxytryptamine and
5-hydroxyindoleacetic acid are present in the human lumbosacral cord, it appears
that the concentration of 5-hydroxyindoleacetic acid in the lumbar fluid of ani-
mals and man reflects the biochemical changes of 5-hydroxytryptamine in the

normal and injured spinal cord.

The number of injuries of the spinal
cord in man is increasing. Efforts are
being made to advance the care and
study of injuries to the spinal cord in
humans (7).

In an effort to develop a method for
studying the biochemical changes in the
injured spinal cord in animals and
potentially in man in vivo, we consid-
ered two relevant findings on animals.
(i) After transection of the spinal cord,
the degeneration of the descending se-
rotonergic nerve fibers takes place in
the cord below the lesion with simulta-
neous decrease of 5-hydroxytryptamine
(5-HT, serotonin) and its metabolite
5-hydroxyindoleacetic acid (5-HIAA)
(2). (ii) The concentration of 5-HIAA
in the spinal fluid of lumbosacral re-
gion (lumbar fluid) reflects the metab-
olism of 5-HT in the spinal cord (3, 4).
Thus, after injury of the serotonergic
fibers, a decrease of 5-HT and 5-HIAA
in the spinal cord below the lesion fol-
lowed by a similar decrease of 5-HIAA
in the lumbar fluid might be expected.
If so, this would open the possibility of
studying the metabolism of 5-HT in the
injured spinal cord by analysis of the
lumbar fluid, which can be obtained
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by lumbar puncture in man in. vivo.
We now report that the concentration
of 5-HIAA in the lumbar fluid reflects
the changes of 5-HT metabolism in the
injured spinal cord of cats.

Adult cats were anesthetized with
thiopental sodium, and a partial lami-
nectomy at T,; vertebraec was per-
formed. The exposed spinal cord of
each cat was squeezed epidurally with
a fine dissecting forceps for 10 minutes.

‘Control animals underwent laminecto-

my, but their spinal cords were left
intact. The wound in each animal was
sprinkled with xanthocillin and sewed
up. The animals with injury of the
cord developed clinical evidence of
complete loss of function below the
lesion (paraplegia, urine retention, and

loss of sensitivity). After the operation
the cats were treated daily with procaine
penicillin (200,000 international units),
and urine retention was relieved by
manual expression. There was no evi-
dence of blockage of communication
between spinal fluid above and below
the site of injury (5).

Nineteen days after the operation,
the spinal cord (about 2 g) below the
lesion (lumbosacral cord), part of tho-
racic cord (about 1 g) above the lesion,
and samples of cisternal (about 1 ml)
and lumbar (about 0.3 ml) fluid were
taken for analysis in animals under
thiopental anesthesia (3, 4); the sam-
ples were then frozen (— 20°C). De-
terminations of 5-HT (6), 5-HIAA (6),
and norepinephrine (7) in the spinal
cord and of 5-HIAA in the cerebro-
spinal fluid (8) were performed the
next day. The concentration of 5-HT
and 5-HIAA in the lumbosacral cord
in humans was also measured.

Nineteen days after injury to the
cat’s spinal cord, there was a 75 per-
cent decrease of 5-HT in the cord be-
low the lesion (lumbosacral cord),
while the concentration of 5-HT in the
thoracic cord above the lesion was not
changed. The concentration of 5-HIAA
in the lumbosacral cord and in the lum-
bar fluid was lowered (by 80 and 68
percent, respectively; P < .001), while
the concentration in the thoracic cord
as well as in the cisternal fluid was not
significantly altered (P > .05) (Fig.
1). Since the decrease of 5-HT and
5-HIAA in the injured lumbosacral
cord was followed by a corresponding
decrease of S-HIAA in the lumbar
fluid (Fig. 1), it appears that by mea-
suring the concentration of 5-HIAA in
the lumbar fluid we can obtain a better
understanding of the metabolism of 5-
HT in the injured spinal cord. Further,
after blockage of the active transport
of 5-HIAA from the spinal cord and
spinal fluid by probenecid (4, 9), we
found a greater increase of 5-HIAA
in the lumbosacral cord and lumbar
fluid in control as compared to -in-
jured animals. This indicates that the

Table 1. Concentration of 5-HT and 5-HIAA in the human lumbosacral cord.

Time from

Sub- S-HT 5-HIAA
ject Age Sex Cause of death death( htc())u';t:)topsy (ng/g) (ng/g)
S.M. 78 Female  Auto accident 23 454 371
T.Z. 35 Female  Cerebral edema 17 557 491
P.L. 77 Male Pulmonary embolism 10 454 673
D.Z. 27 Female  Auto accident 3 650 617
S.M. 84 Male Pneumonia 9 563 799
Mean = S.E.M. 536 =37 590*+74
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turnover of 5-HT in the injured cord
is reduced.

After injury to the cord the concen-
tration of 5-HIAA in the cisternal fluid
was three times higher than that in the
lumbar fluid (Fig. 1). Thus, it appears
that not only after a single intracister-
nal injection of 5-HIAA (3) but also
in these long-term experiments, the
concentrations of 5-HIAA in the cister-
nal and lumbar fluid do not show a
tendency of equilibration. This sup-
ports our previous conclusion that 5-
HIAA in the lumbar fluid reflects the
metabolism of 5-HT in the spinal cord
but not that in the brain (3, 4). Fur-
thermore, after injury to the spinal
cord, the concentration of 5-HIAA in
the lumbar fluid follows that in the
adjacent lumbosacral cord, but not its
concentration in the cranially located
thoracic cord (Fig. 1). This indicates
that 5S-HIAA in the lumbar fluid de-
rives primarily from adjacent spinal
tissue and that little, if any, derives
from the remote parts of the spinal
cord.

However, whether 5-HT and 5-HIAA
are present in the spinal cord of man,
and at what concentration, remains un-
known. Since we did not find any data
concerning the presence of 5-HT and
5-HIAA in the human spinal cord, we
took a sample of the spinal tissue
(about 1.5 g) from the end of the
lumbosacral cord at autopsy and froze
it (—20°C) immediately. Determina-
tions of 5-HT and 5-HIAA in the cord
were made within 24 hours after au-
topsy. Human lumbosacral cord con-
tains a relatively high concentration of
both 5-HT and 5-HIAA (Table 1).
The concentration of 5-HIAA is about
three times higher in lumbosacral cord
of man than in that of the cat (com-
pare Fig. 1 and Table 1). Despite the
fact that the cord samples were taken
from subjects that differed with respect
to cause of death, the interval between
death and autopsy, age, and sex, the
lumbosacral cord samples contained in
each case relatively high concentrations
of 5-HT and 5-HIAA (Table 1), sug-
gesting that in man the concentration
of these substances in vivo is also great.
The high concentration of 5-HIAA in
the lumbosacral cord suggests that
lumbar fluid in man is also supplied
with 5-HIAA from this nearby potent
source.

It seems paradoxical that the con-
centration of 5-HIAA in the human
lumbar fluid is about three to four
times lower (I0) than that in the lum-
bar fluid of the cat (Fig. 1), although
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Fig. 1. Concentration of 5-HIAA in dif-
ferent parts of the spinal cord (nanograms
per gram) and cerebrospinal fluid (nano-
grams per milliliter) in control cats and
in cats with injury to the spinal cord.
Four to six animals were used to obtain
the means + S.E.M. (vertical bars).

the concentration of 5-HIAA in the
human lumbosacral cord is about three
times higher than that in the cat (com-
pare Fig. 1 and Table 1). The anatomi-
cal relationships of the lumbar fluid
in man and in cat differ in that lumbar
fluid taken for analysis in man is lo-
cated predominantly in the voluminous
lumbar sac positioned caudally to the
lumbosacral cord. But in cats there is
no lumbar sac so that their lumbosacral
cord is in a direct contact with lumbar
fluid located in a thin subarachnoid
space. Thus, 5-HIAA that diffuses from
the human lumbosacral cord down into
the lumbar sac is diluted by the large
volume of the fluid. In addition, S5-
HIAA is continuously removed by an
effective transport mechanism from the
spinal subarachnoid space into the
blood (9, 11). These mechanisms prob-
ably keep the concentration of 5-HIAA
in the lumbar sac extremely low, at the
limit of sensitivity of most methods
used for 5-HIAA measurements, so
that 5-HIAA in the fluid of the lumbar
sac cannot sometimes be identified at
all (12). If so, then the changes of
5-HT metabolism in the human spinal
cord might hardly be detected by anal-
ysis of 5-HIAA in the fluid of the
lumbar sac (13).

The concentration of 5-HIAA in the
lumbar fluid which is adjacent to the
human cord is probably much higher
than that in the lumbar sac because, as
shown above, 5-HIAA in the lumbar
fluid reflects primarly the concentra-
tion of 5-HIAA in the adjacent spinal
tissue, but not that from the remote
parts of the cord.

Our experiments with cats indicate
that the concentration of 5-HIAA in
the lumbar fluid is an indicator of in-
jury of serotonergic nerve fibers and

that it may serve as an index of injury,
degeneration, or eventual regeneration
of these fibers in the spinal cord. To
make a similar study in man, a method
has to be devised for sampling the lum-
bar fluid not from the lumbar sac but
from the spinal subarachnoid space
adjacent to the lumbosacral cord. Not
only 5-HIAA but also probably some
other substances in the lumbar fluid
might serve as indicators of injury of
nerve pathways in the spinal cord. For
instance, we and others (2) have found
that the concentration of norepineph-
rine as well as that of 5-HT de-
creases in the cord below the lesion.
Possibly the concentration of 3-meth-
oxy-4-hydroxyphenyl glycol, a metabo-
lite of norepinephrine, in the lumbar
fluid (I4) could reflect the injury of
adrenergic descending nerve pathways
in the spinal cord.
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