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Summary. The presence of free fructose in human
cerebrospinal fluid has been demonstrated by enzymatic
analysis and high voltage paper electrophoresis. In 39
of 40 patients the cerebrospinal fluid fructose concentra-
tion exceeded that in plasma. A linear correlation (r =
+0.88) was observed between cerebrospinal fluid fructose
and glucose concentrations. Present evidence suggests
that neural tissues are the source of cerebrospinal fluid
fructose, and that fluctuations in cerebrospinal fluid frue-
tose concentration mirror fluctuations in the neural con-
centrations of this hexose. These observations suggest
that increased activity of the sorbitol pathway may exist
in the neural tissues of patients with diabetes mellitus
similar to that recently observed in tissue from animals
with experimental diabetes.

Fructose libre dans le liqguide cérébro-spinal humain.

Résumé. La présence de fructose libre a été démontrée
dans le liquide céphalo-rachidien humain par analyse
enzymatique et électrophorése & haut voltage sur papier.
Dans 39 cas sur 40 la concentration en fructose du liquide
céphalo-rachidien dépassait celle du plasma sanguin. Nous
avons observé une corrélation lindaire (r = - 0.88) entre
les concentrations de fructose et du glucose dans le liquide
céphalo-rachidien. Nos connaissances actuelles suggérent
que le fructose du liquide céphalo-rachidien est produit
par les tissus nerveux et que les fluctuations de la concen-

In 1937 HueBaRD and Russ®ELL [3] reported the
demonstration of free fructose in human cerebrospinal
fluid by using the resorcinol method of Rox [10] and
applying a correction for the interfering color that
resulted from the presence of glucose in their samples.
Fructose concentrations ranging from 0.2 to 7.8 mg 9%,
were observed in cerebrospinal fluid samples from 30
patients with and without clinical evidence of neuro-
logical disease. For technical reasons HUBBARD and
Russenn [3] felt that little significance could be
attached to the individual values for blood fructose in
their series, but it was apparent that in almost every
patient the level of fructose in cerebrospinal fluid
exceeded that in blood. These intriguing observations
have been neglected for almost 30 years because of
scepticism concerning the specificity of the method
employed and because of the inexplicable discrepancy
between the blood and cerebrospinal fluid fructose
concentrations.

* Supported in part by USPHS Grant No. AM
0472206 from the National Institute of Arthritis and
Metabolic Diseases, and by Research Career Develop-
ment Award No. GM 6405 —02 of the National Institutes
of Health.

tration de fructose dans ce liquide reflétent les fluctuations
de la concentration de cet hexose dans les tissus nerveux.
Ces observations nous permettent de croire que la réduc-
tion du glucose en sorbitol et son oxydation subséquente
en fructose sont plus actives dans le tissu nerveux de
malades diabétiques, tout comme cela a été réecemment
observé pour le tissu nerveux d’animaux atteints de dia-
béte expérimental.

Freie Fructose in der Cerebrospinalfliissighkeit des Men-

schen

Zusammenfassung. Das Vorhandensein von Fructose
im Liquor cerebrospinalis beim Menschen wurde enzyma.-
tisch und mit Hochspannungselektrophorese auf Papier
nachgewiesen. Die cerebrospinale Fructosekonzentration
iberstieg in 39 von 40 Fillen diejenige im Blutplasma.
Es bestand eine vorziigliche Korrelation (» = --0.88)
zwischen den Konzentrationen von Fructose und Glucose
im Liquor. Unsere jetzigen Kenntnisse deuten darauf hin,
daB das Nervengewebe den Bildungsort der Liquor-Fruc-
tose darstellt und daB Schwankungen in der Xonzentra-
tion der Fructose im Liquor Schwankungen in der neu-
ralen Konzentration dieser Hexose widerspiegeln. Diese
Beobachtungen sind mit der Moglichkeit einer vermehr-
ten Umwandlung von Glucose iiber Sorbitol zu Fructose
im Nervengewebe von Patienten mit Diabetes mellitus
vereinbar, dhnlich wie dies bei Tieren mit experimentellem
Diabetes beobachtet wurde.

In 1964 StEwART and PassoNyNEAU [14] found
substantial levels of free fructose in dog and rabbit
peripheral nerve and in mouse brain. Subsequently
GaBBAY et al. [1] reported that the levels of fructose
and sorbitol in peripheral nerve and spinal cord from
alloxan diabetic rats were markedly increased. They
[1] suggested that ‘“a possible consequence of the
accumulation of sorbitol and fructose and their
inability to escape from the intracellular compartment
may be a harmful osmotic effect”’, and raised the
possibility that this might contribute to the pathogene-
sis of some forms of diabetic neuropathy.

These recent observations led us to re-examine the
findings of HuBBArRD and RussEL [3] with more
specific techniques to determine whether fructose was

'in fact present in human cerebrospinal fluid, and

whether alterations in its concentration might reflect
the derangements in metabolism observed in neural
tissues from animals with experimental diabetes.

Methods

Cerebrospinal fluid was obtained by lumbar punc-
ture from 42 hospitalized patients in whom the proce-
dure was indicated for other reasons. In 29 instances
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the patients were to receive spinal anesthetics for
elective surgical procedures. In 40 patients a heparini-
zed sample of venous blood was obtained at the time
of lumbar puncture. The samples were kept in ice from
the time of collection. Plasma and cerebrospinal fliud
samples were agsayed immediately or frozen and assayed
within 48 hours. Protein-free (Somoavyt )[13] filtrates
were prepared resulting in a 5:1 dilution of the cere-
brospinal fluid samples, and a 20:1 dilution of the
plasma samples. Aliquots of these filtrates, usually
0.25 ml, were assayed for glucose and fructose by the
enzymatic method of KrorzscH and BERGMEYER [6]
using enzymes obtained from Boehringer and Sons. In
this technique glucose and fructose in the sample are
phosphorylated to the corresponding hexose-6-phos-
phate by treatment with yeast hexokinase, ATP, and
Mgt+. Glucose-6-phosphate dehydrogenase from yeast
is added in the presence of TPN and the increase in
optical density at 340 mu determined. The addition of
phosphoglucose isomerase then catalyzes the con-
version of fructose-6-phosphate to glucose-6-phosphate
and the oxidation of the latter results in a second rise
in optical density at 340 mu. Under the conditions
employed in these experiments there was no increase
in optical density at 340 mp with samples of pure
fructose prior to the addition of phosphoglucose
isomerase. A clearly defined plateau was always
observed 10 to 16 minutes after the initial addition of
glucose-6-phosphate dehydrogenase when filtrates of
cerebrospinal fluid or plasma were assayed. Controls
were also included to correct for the presence of any
preformed glucose-6-phosphate or fructose-6-phos-
phate in the samples but these were rarely significant.
With the glucose-6-phosphate dehydrogenase pre-
paration employed in this study, 1 micromole of
TPNH was formed for each micromole of glucose-6-
phosphate added.

By this technique fructose could be determined in
cerebrospinal fluid in concentrations as low as 0.50
mg %, Because of the greater dilution required to
produce protein-free filtrates of plasma, values for
plasma fructose below 2.0 mg 9%, were not assayable.

Results

Significant guantities of fructose (> 0.50 mg9%,)
were found in every one of the 42 cerebrospinal fluid
samples examined with values ranging from 1.8 fo
13.0 mg 9%,. The presence of fructose in cerebrospinal
fluid was confirmed by high voltage paper electro-
phoresis of deproteinized samples using the conditions
described by MaBRry et al. [7]. Using a 0.1 M borate
buffer at pH 9.2 two spots were observed when the
papers were stained with diphenylamine-p-anisidine
reagent, one corresponding to glucose and one to
fructose and galactose. On electrophoresis in borate
buffer at pH 7.3 which permits a better separation of
fructose and galactose the second spot had the mobility
of fructose. The non-glucose spot in both instances gave
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the reddish color of a ketohexose when stained with
naphthoresoreinol {8].

As shown in Figure 1, the plasma fructose con-
centration in 29 of the 40 plasma samples obtained at
the time of lumbar puncture was less than 2.0 mg9,
and therefore unassayable by this technique. In the
remaining 11 samples the plasma fructose concen-
tration ranged from 2.2 to 4.6 mg %,. As indicated in
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Fig. 1. Comparison of plasma and cerebrospinal fluid fructose
concentrations

Fig. 1, the cerebrospinal fluid fructose concentration
exceeded the plasma fructose concentration in 39 of the
40 patients in whom a comparison was possible. The
single exception was a 68 year old diabetic who had
been fasting for 22 hours prior to lumbar puneture and
whose plasma fructose concentration was 4.6 mg 9, at a
time when the cerebrospinal fluid fructose concen-
tration was 2.1 mg 9%,.

As shown in Figure 2, there was a linear relationship
(correlation coefficient +-0.88) between the cerebro-
spinal fluid fructose and glucose concentrations in the
42 samples studied.
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Fig. 2. The significance of the symbols is as deseribed in Figure 1. Line fitted
by the method of least squares

Discussion

Parx et al. [9] observed that in adult rats D-fruc-
tose infused intravenously does not cross the “blood-
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brain barrier” to a measurable extent. The presence
of fructose in human cerebrospinal fluid in concen-
trations generally greater than that found in plasma
therefore suggests that neural tissues are the source of
cerebrospinal fluid fructose.

Both aldose reductase and sorbitol dehydrogenase
activities are known to be present in rat peripheral
nerve [11].

Glucose - NADPH -+ H+ = Sorbitol + NADP~

Aldose reductase

Sorbitol 4- NAD+ = Fructose + NADH | H-~
Sorbitol dehydrogenase

These enzymatic reactions provide the basis for the
synthesis of fructose from glucose in seminal vesicles [2]
and lens [16, 5, 4]. The data of STEWART et al. [15]
suggest that the synthesis of fructose from glucose in
peripheral nerve oceurs primarily in the Schwann cells.
However, the presence of fructose and sorbitol in
brain [14, 11], although in much lower concentrations
than in peripheral nerve and spinal cord, suggests that
the sorbitol pathway may also be operative in other
cells of the nervous system.

GABBAY et al. [1] demonstrated a linear increase in
nerve fructose levels with increasing blood sugar levels.
This suggests that the plasma glucose concentration
may be a regulating factor in fructose synthesis in
neural tissue as it is in the synthesis of fructose in
seminal vesicle [8].

Certain problems arose in the present study from
_ the authors’ reluctance to perform lumbar punctures
solely to obtain cerebrospinal fluid samples for assay.
Thus a comparison of plasma glucose and cerebrospinal
fluid fructose concentrations in'subjects who were
fasting at the time of lumbar puncture was possible in
only 23 instances. In this sub-group a significant
relationship between plasma glucose and cerebrospinal
fluid fructose could not be demonstrated although a
general trend was apparent. However, the linear
relationship between cerebrospinal fluid glucose and
fructose concentrations observed in these studies (see
Figure 2) and anticipated by HuBBARD and RUSSELL
[3] are in keeping with the view that an increased
glucose concentration in the perfusing blood leads to an
increased level of fructose in neural tissues.

We have recently had the opportunity of assaying
samples of cerebrospinal fluid from a patient recovering
from non-ketotic hyperosmolar diabetic coma who had
presented with a blood sugar in excess of 1200 mg 9,
and multifocal Jacksonian seizures. As shown in Table
1, the cerebrospinal fluid fructose declined with the
decrease in cerebrospinal fluid glucose concentrations
as predicted from the relationship depicted in Fig. 2.

The relationship between the fructose concen-
trations in specific neural tissues and cerebrospinal
fluid remains to be determined, as does the manner in
which fructose enters and leaves this fluid compart-
ment. It would appear quite likely, however, that
fluctuations in human cerebrospinal fluid fructose
concentration mirror fluctuations in the neural con-
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centrations of this hexose. Viewed in this light, these
data suggest that alterations in the aetivity of the
sorbitol pathway may exist in the neural tissues of
patients with diabetes mellitus that are similar to those
observed in animals with experimental diabetes.

Table 1.
Cerebrospinal Fluid Plasma
Date Glucose Fructose Glucose Fructose
mg % mg % mg % mg %
5/25 168 13.0 . 328 2.2
6/6 86 4.3 80 : <2.0

In both instances samples were obtained approxi-
mately 3 hours postprandially.
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