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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 pat ients  the cerebrospinal fluid fructose concentra- 
t ion exceeded tha t  in plasma. A linear correlation (r 
~-0.88) was observed between cerehrospinal fluid fructose 
and glucose concentrations. Present evidence suggests 
tha t  neural tissues are the source of cerebrospinal fluid 
fructose, and tha t  fluctuations in cerehrospinal fluid fruc- 
tose concentration mirror fluctuations in the neural con- 
centrations of this hexose. These observations suggest 
tha t  increased act ivi ty  of the  sorbitol pa thway may  exist 
in the neural tissues of pat ients  with diabetes mellitus 
similar to tha t  recently observed in tissue from animals 
with experimental  diabetes. 

Fructose libre dana le liquide cgr~bro-spinal humain. 

J~gsumd. La prdsence de fructose libre a dr6 ddmontrge 
duns le liquide cgphalo-raehidien humain par  analyse 
enzymatique et 41ectrophor~se k haut  voltage sur papier. 
Duns 39 cas sur 40 la concentration en fructose du liquide 
c6phalo-rachidien d6passait celle du plasma sanguin. Nous 
avons observd une corrdlation lin6aire (r = ~-0.88) entre 
les concentrations de fructose et du glucose duns le liquide 
c~phalo-rachidien. Nos connaissances actuelles sugg4rent 
que le fructose du liquide cdphalo-rachidien est produi t  
par  les tissus nerveux et que les fluctuations de la concen- 

t rat ion de fructose duns ce liquide reflStent les fluctuations 
de la concentration de eet hexose duns les tissus nerveux. 
Ces observations nous permet tent  de croire que la rdduc- 
tion du glucose en sorbitol et son oxydation subsdquente 
en fructose sont plus actives duns le tissu nerveux de 
malades diabdtiques, tout  comme cela u dr6 rdcemment 
observ6 pour le tissu nerveux d 'an imaux at teints  de dia- 
b6te exp6rimental.  

Freie Fructose in der Cerebrospinalfli~ssiglceit des Men- 
schen 
Zusammenfassung. Das Vorhandensein yon Fructose 

im Liquor eerebrospinalis beim Menschen wurde enzyma- 
tisch und mi t  Hochspannungselektrophorese auf Papier  
nachgewiesen. Die cerebrospinale Fructosekonzentrat ion 
fiberstieg in 39 yon 40 F~illen diejenige im Blutplasma. 
Es bestand eine vorzfigliche Korrela t ion (r = +0.88) 
zwisehen den Konzentrat ionen yon Fructose und Glucose 
im Liquor. Unsere jetzigen Kenntnisse deuten darauf hin, 
dal3 das Nervengewebe den Bildungsort der Liquor-Fruc- 
tose darstel l t  und dal~ Schwankungen in der Konzentra-  
t ion der Fructose im Liquor Schwankungen in der neu- 
ralen Konzentrat ion dieser Hexose widerspiegeln. Diese 
Beobaehtungen sind mit  der MSglichkeit einer vermehr- 
ten Umwundlung yon Glucose fiber Sorbitol zu Fructose 
im Nervengewebe yon Pat ienten mit  Diabetes mellitus 
vereinbar, ~hnlich wie dies bei Tieren mit  experimentellem 
Diabetes beobachtet  wurde. 

I n  1937 HUBBARD and  RVSSBLL [3] r epor t ed  the  
demons t r a t i on  of free fructose in h u m a n  cerebrospinal  
fluid b y  using the  resoreinol  m e t h o d  of l%ov, [10] and  
app ly ing  a correct ion for the  in ter fer ing  color t h a t  
resul ted  f rom the  presence of glucose in the i r  samples.  
F ruc tose  concent ra t ions  ranging  f rom 0.2 to  7.8 mg  % 
were observed  in cerebrospinal  fluid samples  f rom 30 
pa t i en t s  wi th  and  wi thou t  clinical evidence of neuro-  
logical  disease. F o r  technica l  reasons HUBBARD and  
RVSSBLL [3] fel t  t h a t  t i t t le  significance could be 
a t t a c h e d  to  the  ind iv idua l  values  for b lood f ructose  in  
the i r  series, b u t  i t  was a p p a r e n t  t h a t  in a lmos t  eve ry  
pa t i en t  the  level of f ructose in cerebrospinal  fluid 
exceeded t h a t  in blood.  These in t r iguing  observa t ions  
have  been neglec ted  for a lmost  30 years  because of 
scept ic ism concerning the  specif ici ty of the  m e t h o d  
employed  and  because  of the  inexpl icable  d i sc repancy  
be tween  the  b lood and  cerebrospinal  fluid fructose 
concentra t ions .  
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04722--06 from the National  Ins t i tu te  of Arthri t is  and 
Metabolic Diseases, and by  Research Career Develop- 
ment  Award No. GM 6405--02 of the Nat ional  Inst i tutes  
of Health.  

I n  1964 STBWA~T and  PASSO~V, AV [14] found  
subs tan t i a l  levels of free f ructose  in  dog and  r a b b i t  
per iphera l  nerve and  in mouse brain.  Subsequen t ly  
GABBAY et al. [1] r epor t ed  t h a t  the  levels of f ructose 
and  sorbi to l  in  per iphera l  nerve  and  spinal  cord from 
a l loxan d iabe t ic  ra t s  were m a r k e d l y  increased.  They  
[1] sugges ted  t h a t  "a  possible  consequence of the  
accumula t ion  of sorbi to l  and  f ructose  and  the i r  
i nab i l i t y  to  escape f rom the  in t race l lu la r  c o m p a r t m e n t  
m a y  be a ha rmfu l  osmotic  effect",  and  ra ised the  
poss ib i l i ty  t h a t  th is  migh t  con t r ibu te  to  the  pa thogene-  
sis of some forms of d iabet ic  neu ropa thy .  

These recent  observa t ions  led us to  re -examine  the  
findings of HUBBARD and  I~USSBL [3] wi th  more  
specific techniques  to  de te rmine  whe ther  f ructose  was 

i n  fact  p resen t  in h u m a n  ccrebrospinal  fluid, and  
whether  a l t e ra t ions  in i ts  concent ra t ion  migh t  reflect 
the  de rangement s  in me tabo l i sm observed  in  neura l  
t issues f rom animals  wi th  expe r imen ta l  d iabetes .  

Methods 

Cerebrospinal  fluid was ob ta ined  b y  l u m b a r  punc-  
ture  f rom 42 hospi ta l ized  pa t i en t s  in whom the  proce-  
dure  was ind i ca t ed  for o ther  reasons.  I n  29 ins tances  
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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 assayed immediately or frozen and assayed 
within 48 hours. Protein-free (SoMoGu filtrates 
were prepared resulting in a 5:1 dilution of the cere- 
brospinM 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 KLoTzsct~ and BERGME:CEI~ [6] 
using enzymes obtained from Boehringcr and Sons. In 
this technique glucose and fructose in the sample are 
phosphorylated to the corresponding hexose-6-phos- 
phate by t reatment  with yeast hexokinase, ATP, and 
Mg ++. Glucose-6-phosphate dehydrogenase from yeast 
is added in the presence of TPN and the increase in 
optical density at 340 m# 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 m#. Under the conditions 
empIoyed in these experiments there was no increase 
in optical density at  340 m/~ 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 
eerebrospinM fluid or plasma were assayed. Controls 
were also included to correct for the presence of any 
preformed glucose-6-phosphate or fruetose-6-phos- 
phate in the samples but  these were rarely significant. 
With the glucose-6-phosphate dehydrogenase pre- 
paration employed in this study, 1 mieromole of 
TPNI-I 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 
rag%. Because of the greater dilution required to 
produce protein-free filtrates of plasma, values for 
plasma fructose below 2.0 mg ~ were not assayable. 

Results 

Significant quantities of fructose ( >  0.50 mg%) 
were found in every one of the 42 cerebrospinM fluid 
samples examined with values ranging from 1.8 to 
13.0 mg ~o. The presence of fructose in cerebrospinal 
fluid was confirmed by high voltage paper electro- 
phoresis of deproteinized samples using the conditions 
described by MABRu et al. [7]. Using a 0.1 M borate 
buffer at p t I  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 gMactose. On electrophoresis in borate 
buffer at pH 7.3 which permits a better separation of 
fructose and gMactose the second spot had the mobility 
of fructose. The non-glucose spo~ in both instances gave 

the reddish color of a ketohexose when stained with 
nalohthoresoreinol [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 titan 2.0 mg ~o 
and therefore unassayable by this technique. In the 
remaining l l samples the plasma fructose concen- 
tration ranged from 2.2 to 4.6 mg %. As indicated in 
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Fig. i. ComI~arison of plasma and eerebrospinal fluid fructose 
c o n c e n t r a t i o n s  

Fig. 1, the cerebrospinM 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 puncture and 
whose plasma fructose concentration was 4.6 mg ~ at a 
time when the cerebrospinM fluid fructose concen- 
tration was 2.1 mg ~o. 

As shown in Figure 2, there was a linear relationship 
(correlation coefficient -{-0.88) between the cerebro- 
spinM fluid fructose and glucose concentrations in the 
42 samples studied. 
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F i g .  2 .  T h e  s ign i f i cance  o f  t h e  s y m b o l s  i s  a s  d e s c r i b e d  i n  F i g u r e  1. L i n e  f i t t e d  
b y  t h e  m e t h o d  o f  l e a s t  s q u a r e s  

Discussion 

PARK et M. [9] observed that  in adult rats D-fruc- 
tose infused intravenously does not cross the "Mood- 
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brain barrier" to a measurable extent. The presence 
of fructose in human eerebrospinal 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 -I- NADPH d- H+ ~ Sorbitol ~- NADP+ 
Aldose reductase 

Sorbitol + NAP+ ~-Fructose d- NADI~I ~- 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 ST]~WA~T et al. [15] 
suggest that  the synthesis of fructose from glucose in 
peripheral nerve occurs primarily in the Schwann cells. 
t{owever, 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. 

GA~BAY 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, t{owever, the linear 
relationship between cerebrospinal fluid glucose and 
fructose concentrations observed in these studies (see 
Figure 2) and anticipated by HUBBARD and Rvsssmn 
[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 % 
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. I t  would appear quite likely, however, that  
fluctuations in human cerebrospinal fluid fructose 
concentration mirror fluctuations in the neural con- 

centrations of this hexose. Viewed in this light, these 
data suggest that  alterations in the activity 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 

nag % rag % 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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