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SUMMARY

Cerebrospinal fluid (CSF) polyamine concentrations were
assayed in patients with and without central nervous system
tumors, using a high-pressure liquid chromatographic tech
nique. Definite elevations were found in the CSF polyamine
concentrations of patients with untreated malignant central
nervous system tumors when compared with those concen
trations observed in the CSF of patients without neoplasia.
Patients undergoing successful tumor therapy for malig
nant central nervous system tumors showed CSF polyamine
concentrations that closely approximated the concentra
tions found in the CSF of patients without tumor.

INTRODUCTION

Numerous investigators are exploring the value of polya
mine determinations in the diagnosis of various types of
neoplasia and in the evaluation of the efficacy of tumor
therapy. Primarydiagnosis of brain tumors in particular may
be difficult, and conventional diagnostic procedures are not
devoid of risk. A search for diagnostic markers in CSF3has
been underway for a number of years with only minimal
success to date. Similarly, judging the effectiveness of brain
tumor therapy is an extremely complex problem, frequently
requiring serial procedures and extended periods of obser
vation. The loss of valuable time in treating a disease having
an extremely short survival expectancy can be critical to the
eventual success of brain tumor therapy. Thus, when our
initial investigation of polyamine determinations in CSF
showed promise (3), we proceeded with an expanded study.
We found it necessary to modify our original analytical
methods. Specifically, by analyzing CSF specimens with a
different elution schedule and cation-exchange resin, we
could separate interfering peaks.

MATERIALS AND METHODS

Sample Preparation

Samples of CSF from patients with CNS tumors were
obtained by lumbar puncture, lateral cervical puncture, or
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from the ventricular system at operation. Specimens of CSF
from patients without neoplasia were collected during diag
nostic lumbar puncture. Shortly after collection, all samples
were acidified and centrifuged at 900 x g for 10 mm at 2Â°,
and the supernatants were frozen at â€”2@until analyzed.
Three- to 5-mI aliquots of CSF were lyophilized, and the
residues were reconstituted with 1 ml of 6 M HCI and hydro
lyzed at 11@'for 14 to 16 hr. The hydrolysates were lyophi
lized, reconstituted in 200 @lof 4% 5-sulfosalicylic acid, and
centrifuged at 8000 x g for 10 mm, after which 50-SI ali
quots of the supernatants were analyzed for polyamine con
tent with a Durrum D500 amino acid analyzer, as previously
described (4). A number of samples were reanalyzed on the
amino acid analyzer, using a 2nd elution schedule with a
different cation-exchange resin (5) (Elution Schedule 2).

Chromatography

Columns. Column 1 was a Durrum DC-PA (DC 46-96)
cation-exchange resin (Durrum Instrument Corp., Palo Alto,
Calif.), a sulfonated polystyrene polymer with a bead diame
ter of 6 to 10 @mand 12% cross-linkage, packed to a height
of 8 cm in a stainless steel 1.75-mm internal diameter col
umn.

Column 2 was a Durrum DC-X12-8 cation-exchange resin
(Durrum Instrument Corp.), a sulfonated polystyrene poly
mer with a bead diameter of 8 Â±1 @mand 12% cross
linkage, packed to a height of 11.5 cm in a stainless steel
1.75-mm internal diameter column.

Buffers. Buffer 1L: 0.067 M sodium citrate x 2H@O(final
Na@concentration, 0.20 M), pH 6.16 Â±0.02. Buffer 2L: 0.30 M
sodium citrate x 2H2Oand 1.5 M sodium chloride (final Na@
concentration, 2.40 M), pH 4.68 Â±0.02. Buffer 2R: 0.35 M
sodium citrate x 2H@,Oand 2.00 M sodium chloride (final Na@
concentration, 3.05 M), pH 4.68 Â±0.02. Buffer 3R: 0.35 M
sodium citrate x 2I-1@Oand 2.45 M sodium chloride (final Na@
concentration, 3.50 M), pH 4.68 Â±0.02.

Five ml of Thiodiglycol (Pierce Chemical Co., Rockford,
Ill.) and 1.0 ml of liquified phenol (Matheson, Coleman and
Bell, Norwood, Ohio) were added per liter of each buffer.
Buffers were filtered through a Millipore filter (Millipore
Corp., Bedford, Mass.) (47 mm in diameter; 0.45-@tmpore
size) before use.

Amino Acid Analyzer Parameters. With Elution Schedule
1 (utilizing Column 1), separation of the polyamines was
accomplished in 70 mm with a 3-buffer system, as follows.
Buffer 1L was directed to the column for 27 mm to elute the
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Patient

AgePolyamineconcentratio

ml)n
(pmoles/Spermi

No.(yr)SexDiagnosisPutrescinedineSpermine1

43FSeizuredisorder237193@a2
38FSeizuredisorder139101â€”3
27MSeizuredisorder148108+â€œ4

41MSeizuredisorder232193â€”5
19MSeizuredisorder92108â€”6
29FSeizuredisorder139115â€”7

19MSeizuredisorder201127â€”8
27FSeizuredisorder12997â€”9

57FAtaxia187165â€”10
65FAtaxia255145â€”11
2FFamilialataxia101101â€”12
51MChorea98122â€”13

6MCongenitalchorea235212â€”14
47FPituitarycyst201171â€”15
39FFacialpain214164â€”16
60FBasilar aneurysm(unruptured)171174â€”17

10MHypertelorism258108â€”18
63FIdiopathichemiparesis227154â€”19

42FSyringomyelia259184â€”20
46MEmptysella138134â€”21
64FLow-pressurehydrocephalus278243â€”22

57FDementia194293â€”23
57FCerebellardegeneration104124â€”24
27FIdiopathic occipitalblindness142107â€”25
6FBilateral opticatrophy196115â€”26
9MCranialsynostosis194145â€”27

19FTurner'ssyndrome196115Â±â€˜28
39FCushing'sdisease221214â€”29

26FPseudotumorcerebri141119â€”Mean

Â±S.D.184 Â±54150 Â±48

L. J. Marton et a!.

amino acids; Buffer 2L was then pumped for 23 mm to elute
putrescine and spermidine, followed by Buffer 2R for 20 mm
to elute spermine.

With Elution Schedule 2 (utilizing Column 2), separation
of the polyamines was accomplished in 76 mm with a 4-
buffer system, as follows. Buffer 1L was directed to the
column for 27 mm to elute the amino acids; Buffer 2L was
then pumped for 15 mm to elute putrescine, followed by
Buffer 2R for 13 mm to elute spermidine, and, finally, Buffer
3R was pumped for 21 mm to elute spermine.

The buffer flow rate was 18.5.ml/hr, arid the ninhydrin
flow rate was 9.5 mI/hr for both procedures. Column tem
perature was held isothermally at 66Â°.Full-scale deflection
on the recorder was set at 0.1 absorbance unit at 590 nm.
Following each analysis, the column was regenerated with a
solution of 0.2 M NaOH and 0.67 mM disodium EDTA and
then was equilibrated with Buffer 1L.

With either of these elution schedules, cadavermneelutes
between putrescine and spermidine. However, histamine
virtually coelutes with cadaverine, and peaks in this area
should be interpreted with caution.

Reference group: polyamine concentrations and diagnosis for patients without neoplasia
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Chart 1. Analysis of a single CSF sample by 2 different elution schedules.
A, abbreviated chromatogram (spermine is not shown) obtained by Elution
Schedule 1; B, abbreviated chromatogram obtained by Elution Schedule 2.

Table 1

a Not detectable.

b Definitely detectable, but not quantifiable.

CJust detectable.
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Chart 2. Putrescine concentrations in reference and tumor groups. â€”,
mean value of the reference group; - - - -, Â±2S.D. The individual symbols
represent individual patients in each column so that the corresponding value
may be found on Chart 3.
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Chart 3. Spermidine concentrations in reference and tumor groups. â€”,
mean value of the reference group; - - - -, Â±2S.D. The individual symbols
represent individual patients in each column so that the corresponding value
may be found on Chart 2.
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RESULTS

Chart 1 shows the results of the analysis of a single CSF
sample by the 2 different elution schedules. Chart 1A is the
abbreviated chromatogram (spermine is not shown) ob
tamed by Elution Schedule 1. The putrescine peak is
broader than one might expect, based on the peak width of
ideal runs for pure polyamines, and is suggestive of 2 or
more coeluting peaks. Interpretation of this peak as putres
cine alone may result in an incorrectly high estimate of CSF
putrescine concentration. Chart lB is the abbreviated chro
matogram obtained by Elution Schedule 2. The putrescine
peak is much smaller, and now it is separated from other
peaks not identified on the previous chromatogram. Elution
Schedule 1 was found to be adequate for most CSF sam
pIes, although a number of samples resulted in broad pu
trescine peaks and had to be rerun by Elution Schedule 2.
We now utilize ElutmonSchedule 2 exclusively.

Table 1 indicates the polyammneconcentrations found in
the CSF of 29 patients with various neurological disorders
other than CNS tumors. These patients served as our refer
ence group. In Charts 2 and 3, results from this group are
plotted in the 1st column. The individual symbols represent
individual patients in each column so that the correspond
ing value may be found on either graph.

The analysis of putrescine concentrations in Chart 2
shows that there is a significant difference between the
reference group and those patients with glioblastomas,
medulloblastomas, and astrocytomas, although there is
some overlap between the astrocytoma group and the refer
ence group. Meningiomas are a variable group, and most of
the pituitary adenomas fell within the reference range. The
groups of patients undergoing successful chemotherapy
(definite clinical evidence of tumor regression) for glioblas
tomas, medulloblastomas, and astrocytomas were statisti
cally different from their untreated counterparts.

Chart 3 shows the results for spermidine concentrations,
which were in general similar to those in Chart 2. However,
intergroup differences were less marked, with the exception
of the meningiomas, in which the increase in the spermidine
concentrations was greater than that seen for putrescine,
compared to the reference group.

In Chart 4, putrescine and spermidine concentrations are
plotted together for the reference group, glioblastomas,
medulloblastomas, astrocytomas, meningiomas, and other
primary and metastatic brain tumors. Using this type of plot,
only 2 tumor samples fall within the 2 S.D. box (outer
dashed line box) of the reference group; one is a pinealoma,
the other a metastatic melanoma. Chart 5 shows the same
type of plot for pituitary adenomas, treated glioblastomas,
treated medulloblastomas, and treated astrocytomas. Here
we note a much greater overlap with the reference group
range.

Although spermine was present in a number of the tumor
specimens, its elevation was sporadic and appeared to fol
low no distinct pattern.

DISCUSSION

Studies attempting to ascertain the usefulness of polya
mine determinations in the diagnosis of cancer have been
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Chart 4. Plot of putrescine concentrations versus sper
midine concentrations for the reference group (â€¢),glio
blastoma ( 0). medulloblastomas (0), astrocytomas (t@),
meningiomas (x), and other primary (U) and metastatic
(A) brain tumors. â€”, means for the putrescine and sper

midine concentrations of the reference group; inner
dashed-line box, Â±1S.D.; outer dashed-line box, Â±2S.D.
for the reference group.
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that a method must measure only a single polyamine, but
that if 2 or more polyamines are being measured simultane
ously, interfering compounds must be excluded. The ra
dioimmunoassay (2) and enzymatic assay (1) for polyamines
measure a combination of polyamines, but probably will be
useful for clinical diagnostic purposes. At least initially,
such assays should be evaluated concurrently by analytical
procedures for measuring discrete polyamines in order to
document the variations in individual polyammnelevels and
to relate these variations to tumor growth and tumor cell
kill.

This study reveals that definite, statistically valid eleva
tions exist in the CSF polyamine concentrations of patients
harboring untreated malignant CNS tumors, compared with
those concentrations observed in the CSF of patients with
out neoplasia. Furthermore, patients who have undergone
successful tumor treatment and who are clinically improved
have CSF polyammne concentrations that closely approxi
mate the levels found in the reference group. Polyamine
concentrations in CSF bore no relationship to the CSF
protein concentrations, and we conclude that CSF polya
mine concentrations are not merely reflective of alterations
in the blood-brain barrier. On the basis of these observa
tions, it appeared that poIyam@nevalues might have a quan
titative relationship to tumor burden. In order to test this
possibility, we performed serial CSF polyamine analyses on
a number of patients undergoing chemotherapy for CNS
tumors over a period of months. In several of these patients,
significant increases, particularly in putrescine concentra
tions, preceded a decline in clinical status due to tumor
regrowth. We are continuing serial studies on many of our
patients in order to verify this potentially useful finding. In a
separate study, we have followed a selected group of pa
tients with multiple lumbar punctures during the 1st week
following chemotherapy. Our preliminary observations
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Chart 5. Plot of putrescine concentrations versus spermidine concentra
tions for pituitary adenomas (+), treated glioblastomas (C), treated medullo
blastomas (@)and treated astrocytomas (0), â€”--, means for the putrescine
and spermidine concentrations of the reference group (plotted on Chart 4);
inner dashed-line box, Â±1 S.D.; outer dashed-line box, Â±2 S.D. for the
reference group.

plagued by contradictory results attributable to analytical
methods used by different investigators. As we have shown
in this study, one should realize that differences may exist
between the substance actually measured and the sub
stance supposedly measured. Therefore, any analytical
method for measuring polyamines must be scrutinized and
confirmed by corroborative procedures. This is not to say
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Polyamines and CNS Tumors

show that a significant rise in CSF putrescine concentra- REFERENCES
tion occurs 4 to 6 days after treatment in those patients
harboring responsive tumors.

One of the technical drawbacks of studies on CSF has
been the requirement for 3 to 5 ml of sample. Recently, we
described a modified assay that utilizes a fluorescent re
agent (o-phthalaldehyde) instead of ninhydrin, and in
creases the sensitivity by 6- to 10-fold (5). With this method
implemented in our routine polyamine analyses, not only
can we utilize polyamine determinations more routinely for
our brain tumor patients, but we will also be able to initiate
corroborative studies in small animal models.
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