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ABSTRACT

A comprehensive high-performance liquid chromatographic, radioimmunoassay, and enzymatic degradation scheme has been devel-
oped to analyze several intact neuropeptides and the corresponding peptides created by in vivo enzymolysis of precursors to study
neuropeptides in human lumbar cerebrospinal fluid (CSF) and to test the hypothesis that defects in the metabolism (synthesis, degrada-
tion) of neuropeptide precursors, neuropeptides, and metabolites play a role in low back pain. CSF samples were obtained from three
different patient groups: controls (C), whose low back pain was relieved without lidocaine; pharmacological responders (PR), whose
pain was relieved by lidocaine and who were candidates for surgery; and pharmacological non-responders (PNR), whose pain was not
relieved by lidocaine and a mid-thoracic anesthetic, and who were not candidates for surgery. The metabolic acitivity involved during
synthesis and degradation of the peptides was assessed by measuring intact, native neuropeptide immunoreactivity in pre-incubated and
post-incubated CSF samples, where samples were incubated at 37°C for 1 h. Pre-incubation radioimmunoassay measurements reflected
the content of intact peptides present in lumbar CSF at the time of sampling, and post-incubation measurements assayed the amount of
peptide that had remained embedded within its precursors [cryptic methionine enkephalin (ME)] and that had been released by the
action of CSF peptidases. Significant differences were found in post-incubation samples for the amount of proenkephalin A [ME,
leucine enkephalin (LE)] and tachykinin [substance P (SP)] peptides. For example, significant differences were observed for ME-like
immunoreactivity (C versus cryptic), SP-like immunoreactivity (PNR versus PR), and LE-like immunoreactivity (PR versus C). No
significant differences were observed among the peptides within the pre-incubation samples. The significant differences observed within
the post-incubation samples demonstrated that the neuropeptides that had remained encrypted within their precursors in the corre-
sponding pre-incubated samples may reflect an altered metabolism of the proenkephalin A (ME, LE) and tachykinin (SP) systems, and
therefore those neuropeptide families may be significant factors in idiopathic low back pain.

0378-4347/92/$05.00 © 1992 Elsevier Science Publishers B.V. All rights reserved



214
INTRODUCTION

Several different neuropeptide systems [1] have
been suggested to play a role in human idiopathic
chronic low back pain (LBP) [2-5] and in other
pathophysiological conditions where opioid and
tachykinin peptides are important [6-10]. For ex-
ample, opioids modulate the firing rate of sub-
stance P (SP)-containing neurons [11]. Previous
data indicated that the amount of total opioid
receptor (TOR) activity in lumbar cerebrospinal
fluid (CSF) correlated with the amount of lido-
caine required to relieve LBP [3], and also that
the amount of TOR was extraordinarily high in
one particular LBP patient [2]. Tachykinin im-
munoreactivity in LBP CSF correlated with the
response of patients to lidocaine [4]. However,
notwithstanding the research aimed towards un-
derstanding pain in general and idiopathic LBP
in particular, many questions remain on the de-
tailed molecular processes involved in LBP.
Whereas it is true that many other systems such
as excitatory and inhibitory amino acids may al-
so play a role in LBP, we have focused in this
study on neuropeptides [12], which exist in much
lower concentration and which provide markedly
more information than amino acids [13].

We developed a comprehensive analytical sys-
tem [high-performance liquid chromatography
(HPLC), radioimmunoassay (RIA), enzymolysis]
to test the hypothesis that neuropeptide metabo-
lism is different in controls versus idiopathic LBP
patients, and that the opioid (proenkephalins A
and B, proopiomelanocortin = POMC) and ta-
chykinin systems are involved. Molecular
processes involved in LBP should be clarified ex-
perimentally by measuring peptide-like immuno-
reactivity [methionine enkephalin (ME)-, leucine
enkephalin (LE)-, SP-, and fS-endorphin (BE)-
like immunoreactivity] in lumbar CSF samples
because the amount of those neuropeptides will
reflect the balance between their synthesis from
precursors and their subsequent degradation to
inactive metabolites, and therefore will reflect
any aberrations in metabolism. For this reason,
peptides were measured in a control (C) popula-
tion and were compared to data from pharma-
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cological responders (PR) and pharmacological
non-responders (PNR). Furthermore, it was im-
portant to measure not only one peptide but also
several other peptides derived from several differ-
ent precursors such as proenkephalin A (ME,
LE), POMC (BE), and tachykinins (SP) because
several neuropeptides may play a role in LBP,
and those neuropeptide systems may interact or
co-vary with each other. The concentration of
free native peptide relative to the amount of the
peptide that remained encrypted within its pre-
cursor (for example, free ME versus the amount
of ME released enzymatically in vitro from pre-
cursors) may be considered a parameter that re-
flects the overall activity of the precursor, the
neuropeptide, and metabolites. These data were
obtained readily from our analytical system be-
cause these neuropeptides are collected from a
gradient reversed-phase (RP) HPLC elution, and
because the late-eluting region in an HPLC chro-
matogram contains several different precursors
[5]; other intermediate-sized precursors may also
elute elsewhere in a chromatogram. Because RIA
cannot establish the amino acid sequence data of
a peptide [13], the term “-like immunoreactivity
(-LI)” is used in this paper.

This study was designed to elucidate some of
the diverse molecular processes involved in the
metabolism of neuropeptides in idiopathic LBP
by measuring the following.

(1) The amount of immunoreactivity corre-
sponding to four different HPLC-purified free
neuropeptides in each CSF sample obtained from
three clinical categories (C, PR, PNR) [4]. Immu-
noreactivity was measured in the HPLC fractions
corresponding to methionine enkephalin (ME =
YGGFM) and to leucine enkephalin (LE =
YGGFL), which both derive from the proenke-
phalin A precursor, substance P;-;; (SP =
RPKPQQFFGLM-NH,), which derives from
the a-, - and y-preprotachykinin precursors, and
B-endorphin (BE; 31 human = YGGFMTSEK-
SQTPLVTLFKNAIIKNAYKKGE), which de-
rives from POMC (Y = Tyr, G = Gly, F = Phe,
M = Met, L = Leu, R = Arg, P = Pro, K =
Lys,Q = GIn, T = Thr,S = Ser, E = Glu,V =
Val, N = Asn, A = Ala, and I = lle).
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(2) The amount of intact ME-LI versus the
amount of ME-LI produced by in vitro treatment
of the precursor HPLC fraction with the two pro-
teolytic enzymes, trypsin (T) and carboxypepti-
dase B (CPB).

(3) The amount of immunoreactivity of these
neuropeptides measured after incubation (37°C,
1 h) of the CSF sample. Incubation allows en-
dogenous CSF peptidases to cleave neuropep-
tides from their precursors.

EXPERIMENTAL

The experimental scheme used to incubate,
separate, and analyze the neuropeptide content
in these LBP CSF samples is shown in Fig. 1. The
pre-incubation and post-incubation samples were
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Fig. 1. Experimental scheme used to incubate, separate, and ana-
lyze endogenous neuropeptides in lumbar CSF samples, includ-
ing intact ME-LI, LE-LI, SP-LI, and BE-LI, and ME-LI pro-
duced by enzyme treatment (T ptus CPB) of the HPLC precursor
fraction. Pre-incubate and post-incubate samples were purified
with gradient RP-HPLC.
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eluted with an RP-HPLC gradient (see Fig. 2) to
separate ME, LE, SP, BE, and the precursor re-
gion. The four native peptide fractions (ME, LE,
SP, BE) were analyzed directly by RIA [5], and
the precursor fraction was treated with T and
CPB before measurement of ME-LI [14,15].

Human cerebrospinal fluid

Samples of human CSF, which were obtained
by lumbar puncture from patients during their
clinical evaluation to determine the cause of their
chronic LBP [3,4], were frozen immediately in
liquid nitrogen and stored at —70°C until ana-
lyzed. Standard clinical laboratory tests were per-
formed on all CSF samples, and the remaining
volume of CSF (generally a few milliliters) was
made available to this study.

Patients were categorized according to their
physiological response (pain reduction) to the in-
jection of a spinal anesthetic [2-5,16]. Patients re-
lieved of pain with either the lumbar puncture
alone or with an injection of a volume of physio-
logical saline equivalent to the volume of CSF
removed were classified as C. If the patients were
relieved of pain with one of the second through
fifth successive levels of medication (0.5, 1.0, 1.5,
and 2.0% lidocaine, respectively) injected into
their lumbar region, then they were classified as
PR and became candidates for surgery. Patients
who were not relieved of pain by lidocaine and a
full mid-thoracic spinal anesthetic were classified
as PNR and were not candidates for surgery. All
CSF samples used in this study were obtained
before any lidocaine injection.

Each CSF sample was divided into two por-
tions: one portion remained frozen (pre-incu-
bate). The second portion (post-incubate) was in-
cubated (37°C, 1 h) to permit endogenous CSF
peptidase activity to lead to more extensive (but
not necessarily complete) metabolism of precur-
sors to intermediate precursors, neuropeptides,
and inactive metabolites. Those experimental
conditions were chosen because we [17] and oth-
ers [18] have shown that synthetic ME added to
human CSF was metabolized by an endogenous
aminopeptidase to GGFM.



216

RP-HPLC purification of endogenous neuropep-
tides

A Varian Model 5000 HPLC system (Walnut
Creek, CA, USA) was used. A guard column pre-
ceded an RP polymer analytical column (Poly-
mer Labs., Amherst, MA, USA; PLRP-S, 150
mm x 4.6 mm L.D.). The volatile ion-pairing
buffer was triethylamine—formic acid [TEAF, 40
mM, pH 3.15; triethylamine (TEA), Pierce,
Rockford, IL, USA; formic acid (F), Mallinc-
krodt, Paris, KY, USA] [19], and the organic
modifier was acetonitrile. Gradients of 90 min
and 120 min have been described elsewhere [5].
The flow-rate of the mobile phase was 1.5 ml
min~!. A portion (1 ml) of a CSF sample was
lyophilized, reconstituted into 0.7 ml of TEAF
buffer, and injected onto the HPLC analytical
column. Fractions were collected manually at
each neuropeptide retention time, and the aceto-
nitrile was evaporated with nitrogen gas; the re-
maining volume was lyophilized, and the residue
was reconstituted in the RIA buffer.

The HPLC retention time of each synthetic
peptide (ME, LE, SP, BE) was calibrated in a
separate experiment to avoid any column con-
tamination. An HPLC analytical column must be
cleaned of any neuropeptide due to any possible
incomplete elution after the injection of a syn-
thetic peptide or a biologic extract [16], and thus
a rigorous column-cleaning procedure was devel-
oped and used in this study. Because an HPLC
column could retain picomole amounts of pep-
tides that could interfere with subsequent RIA
[16], the column was cleaned ten times with the
90-min gradient, and then with a 3-h 100% aceto-
nitrile wash. The next day, the column was
cleaned again with the 90-min gradient, and a
CSF sample was injected (for example, pre-in-
cubation sample No. 1) and eluted with the gra-
dient. A second sample (a repeat of pre-incuba-
tion sample No. 1) was injected following the first
gradient, and the sample was eluted with the
same gradient. Therefore, the column was
cleaned twice with the 120-min gradient and
three times with the 90-min gradient. The next
day, the column was cleaned again with the 90-
min gradient, and another sample was injected
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(for example, post-incubation sample No. 2) and
eluted with the gradient. A second sample was
injected (post-incubation sample No. 2) and elut-
ed. The column was cleaned again. This proce-
dure was repeated each following day for each
CSF sample.

Fractions were collected manually at the indi-
vidual calibrated retention times. Synthetic ME
eluted at 16.8 + 0.04 min, LE at 20.0 + 0.13
min, SP at 32.5 = 1.2 min, and BE at 62.8 + 0.85
min. To insure that we collected each peptide
from a biological sample (a shift in a few tenths
of a minute generally occurs in the HPLC reten-
tion time of a peptide in a biological extract), the
fractions eluting within the range of + 1.5 min of
the expected retention time were collected
manually in polypropylene tubes for intact ME
and LE and within +3.5 min for intact SP and
BE. Therefore, either a 3-min (4.5 ml total vol-
ume) or a 7-min (10.5 ml) fraction was collected.
The precursor fraction was collected for 20 min
(30 ml) from 81 to 100 min. Manual collection
was used to minimize the collection of back-
ground matrix (column bleed, buffers) that might
interfere with RIA. All samples were lyophilized.

Radioimmunoassay

Commercially available RIA kits for ME, LE,
SP, and BE were used (IncStar, Stillwater, MN,
USA). Borosilicate glass tubes were used for
RIA. [*#°I)Peptide tracers were used in each kit,
and radioactivity was measured in a gamma
counter (LKB Compugamma 1282, Turku, Fin-
land). Cross-reactivities (on a molar basis) for
each antibody were as follows: for the ME Kkit,
LE 2.8%, a-endorphin 0.10%, SP <0.002%, and
a-neo-endorphin <0.002%; for the LE kit, ME
1.1%, BE 1.0%, a-neo-endorphin 0.5%, dynor-
phin; — ;3 0.5%, a~endorphin <0.02%, and y-en-
dorphin <0.02%; for the SP kit, ME <0.002%,
LE <0.002%, BE <0.008%, eledoisin
<0.002%, and physalemin <0.002%; and for
the BE kit, LPH (lipotropin) 5.6%, dynorphin
<0.1%, o-neo-endorphin <0.1%, a-endorphin
<0.1%, LE <0.1%, ME <0.1%, B-LPHg¢; 76
<0.1%, P-LPHg;-77 <0.1%, ACTH; 30
(adrenocorticotropic hormone) <0.01%, x-MSH
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(melanocyte stimulating hormone) <0.1%,
B-MSH <0.1%, prolactin <0.1%, LH (luteiniz-
ing hormone) <0.1%, FSH (follicle stimulating
hormone) <0.1%, TSH (thyrotropin stimulating
hormone) <0.1%, vasopressin <0.1%, oxytocin
<0.1%, and N-acetyl-BE 100%. The sensitivity
of each kit was as follows: for the ME kit 10 fmol
per tube, LE 36 fmol per tube, BE 0.6 fmol per
tube, and SP 3 fmol per tube. RIA data are given
as fmol peptide-like immunoreactivity ml~! CSF
(for example, fmol ME-LI ml~! CSF).

The blanks for each neuropeptide measure-
ment were obtained by measuring the immuno-
reactivity of lyophilized samples at the respective
retention times of ME, LE, SP, and BE after an
extensive cleaning of the column at the beginning
of a day and before any sample injection. The
blank values (n = 2) measured were equivalent to
0 fmol ME-LI ml~! CSF, 140 + 99 fmol LE-LI,
56 + 0.6 fmol SP-LI, and 3.2 + 1.1 fmol BE-LI
(average + S.E.M.). Each neuropeptide mea-
surement reported below was corrected by sub-
tracting its corresponding blank value.

Enzymolysis experiments

Late-eluting HPLC fractions that contained
proenkephalin precursors yielded ME [5,14]
when treated with T [20] and CPB [21]. There-
fore, to measure the amount of total ME-LI that
could be derived from late-eluting ME-contain-
ing precursors in lumbar CSF samples, the sam-
ples were treated with T to produce ME-K or
ME-R. Subsequent CPB treatment removed the
C-terminal basic residue to produce ME.

The late-eluting CSF precursor HPLC fraction
was lyophilized, the residue was redissolved in
Tris (50 mM, 2 ml, pH 7.4) and incubated with
immobilized trypsin beads (Pierce, Bellefonte,
PA, USA; 1.7 U, 30 min, ambient temperature).
The mixture was centrifuged to remove the tryp-
sin beads, and the supernatant was treated within
3 min with CPB (Sigma, St. Louis, MO, USA; 9.7
U, 30 min, ambient temperature). Enzymolysis
was stopped by acidification by adding a suffi-
cient amount of 1% trifluoroacetic acid (TFA) to
change the pH from 7.4 to 3. The mixture was
frozen in liquid nitrogen and lyophilized; the res-
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idue was redissolved in TFA (0.1%, 3 ml). Pep-
tides were separated with a Sep-Pak [22], eluted
with 25 ml of acidified acetonitrile (0.1% TFA-
acetonitrile, 50:50, v/v), and ME-LI was mea-
sured.

Data analysis

The individual neuropeptide-LI measurements
were log-transformed [y = log(y + 1)] [23] and
tested for significance with the Student’s s-test
(unpaired, one-tailed). Significance was defined
at the p = 0.05 level.

RESULTS

An analytical scheme (Fig. 1) was developed
and used in this study to test the hypothesis that
metabolic defects in neuropeptidergic systems are
one of the contributing factors to LBP. This pa-
per describes the RP-HPLC-RIA analysis of in-
tact and cryptic neuropeptides in human lumbar
CSF. Fig. 2 contains a representative gradient
RP-HPLC chromatogram obtained from the
analysis of one of the human lumbar CSF sam-
ples (patient BR, category PNR, volume = 1 ml,
post-incubation sample). The horizontal bars
along the top of the chromatogram indicate the
fractions that were collected for the four intact
neuropeptides (ME, LE, SP, and BE) and the
precursors. The connected solid-line indicates the
acetonitrile gradient, and the trace indicates the
UV absorbance measured at 200 nm. In general,
UV detection sensitivity (200 nm) for peptides is
at the nanomolar level and RIA at the femtomo-
lar level [13,24,25].

The amount of immunoreactivity measured in
this post-incubation sample is represented by the
height of the vertical hatched bar at the neuro-
peptide’s and the precursor’s retention times, and
the five corresponding ranges of RIA measure-
ments are given in the set of left-hand vertical
axes. Note the wide range of amounts (104, 104,
500, 10, and 10°) for ME-LI, LE-LI, SP-LI, BE-
LI, and precursor ME-LI, respectively. The ar-
row associated with the right-hand side (or top,
for ME-LI) of each vertical hatched bar denotes
the amount of neuropeptide-LI measured for the
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Fig. 2. Gradient RP-HPLC chromatogram of a representative human lumbar CSF sample (1 ml; post-incubate) from patient BR
(PNR). Absorbance units full scale (AUFS) (200 nm) are listed on the far left scale, the percentage of acetonitrile on the right scale, and
retention time (min) on the bottom scale. The retention times of synthetic peptides are indicated by the vertical arrows below the labels
ME, LE, SP, and BE. The fractions collected for ME, LE, SP, BE, and precursors are indicated by the horizontal bars. The mobile
phase flow-rate was 1.5 ml min~!; the organic modifier was acetonitrile; and the buffer was triethylamine formate. The height of each
vertical bar corresponds to the amount of peptide-like immunoreactivity measured in each indicated peptide fraction. The arrow on the
top, side, or bottom of a bar indicates corresponding pre-incubation values. The five different RIA sensitivities for ME-LI, LE-LI,
SP-LI, BE-LI, and ME-LI (after T plus CPB) are shown on the set of separate scales on the left (and to the right of the AUFS scale).

corresponding pre-incubation sample for this
sample; for example, the ME-LI in the pre-in-
cubate sample was 48 200 fmol ml~* CSF.

This representative set of data for one CSF
sample demonstrates that incubation alters the
amount of peptide in the five HPLC fractions,
that this lumbar CSF sample contains a signif-
icant amount of ME-containing precursors, and
that HPLC plus RIA is an appropriate analytical
method for this LBP study. Of course, amino
acid sequence data are needed for each neuropep-
tide-LI measured [13].

Table I contains the immunoreactivity mea-
surements of the native ME-LI, LE-LI, SP-LI,
and BE-LI in pre-incubation and post-incuba-
tion samples, and the measurement of ME-LI in
pre-incubation and post-incubation samples af-
ter proteolytic enzyme treatment of the precursor
fraction. In the pre-incubated samples, only one
set of meaurements was significant: LE-LI, pre-
incubate C versus post-incubation C (p = 0.001).
However, only one patient (No. 4) had a non-
zero value, and thus we do not consider that this
pair of measurements is significant.

The three significant differences that were ob-
served in the post-incubation samples indicated

that the amount of neuropeptides that remained
encrypted within their precursors may play a role
in this population of LBP patients. For example,
LE-LI in the C category was significantly lower
(r = 0.001) in the C versus the PR samples, in-
dicating the more extensive metabolism of LE in
combination with extensive synthesis and/or less
metabolism of proenkephalin A. Second, ME-LI
was significantly lower (p = 0.05) than the cryp-
tic ME-LI (amount of ME liberated by T plus
CPB treatment of precursor fraction). Even
though ME-LI values are not quantitatively
much different from the corresponding pre-incu-
bate values, the incubation did increase signif-
icantly the difference. Third, SP-LI was signif-
icantly lower in PR versus PNR samples (p <
0.001), indicating a higher synthesis-to-metabo-
lism ratio of the tachykinin system in the PNR
group versus the PR group.

DISCUSSION

This paper demonstrates that LE, ME, and SP
may be three important neuropeptide markers in
the lumbar CSF of LBP patients, and that altered
metabolism of the proenkephalin A and tachyki-
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nin precursors may be important physiological
factors in LBP. These conclusions are obtained
by analyzing neuropeptides in pre-incubation
and post-incubation samples and by analyzing
the precursor fraction in an HPLC gradient.

The data in Fig. 2 demonstrate that immuno-
reactivity was measured in that representative
lumbar CSF sample after HPLC separation (pa-
tient BR; post-incubate) at the retention times of
the four intact neuropeptides and in the enzyme-
treated precursor fraction. The neuropeptide-LI
data in Table I demonstrate metabolic features of
these LBP CSF samples. First, a wide range of
neuropeptide-LI amounts is manifested within
each category and among the neuropeptides. Sec-
ond, significant differences in amounts occur
among neuropeptides in pre-incubation versus
post-incubation samples, and those differences
reflect the fact that proenkephalin A and tachyki-
nin peptides remain encrypted within their re-
spective precursors and are excised by the action
of CSF peptidases.

The PNR category is important to consider be-
cause it apparently contains two sets of patients:
(a) hypochondriacs, malingerers, etc., and (b) pa-
tients with a defective neuropeptidergic system
who truly experience pain, not because of a me-
chanical problem such as a pinched nerve, but
rather due to a defect in neuropeptide processing
[26]. For example, this study demonstrated that
in the post-incubation samples the SP-LI is sig-
nificantly increased in PNR versus PR patients.
This difference is compatible with out hypothesis
and may indicate that some of the PNR LBP pa-
tients studied here have a defect in the metabo-
lism of SP. The increased amount of PNR SP-LI
could reflect an increased production of SP pre-
cursors, a decreased metabolism of SP, or a com-
bination of both factors.

During in vitro incubation with CSF pepti-
dases, some neuropeptides are released from their
corresponding precursors, and some of those
neuropeptides are metabolized further to inactive
metabolites. The enzymes required for the syn-
thesis of a C-terminal peptide carboxamide such
as SP [27] are different from the T-like and CPB-
like enzymes that produce free carboxyl terminal
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neuropeptides. It is tempting to speculate that the
difference observed here may offer clues to clarify
the molecular processes involved in idiopathic
PNR LBP (as opposed to LBP relieved by place-
bo or surgery), and also may be the reason why
patients in that PR group responded to lidocaine
to relieve LBP. SP is assumed to be a neurotrans-
mitter in the primary afferent neuron, and ME
decreases the firing rate of SP-containing neurons
[11].

It is instructive to inspect in greater detail the
analytical measurements obtained from one pa-
tient (also shown in Fig. 2). The ratio of the pre-
incubation to post-incubation amount of the
peptide-LI varied over a wide range. For exam-
ple, ME-LI decreased 600%. LE-LI remained
unchanged, SP-LI increased 200%, BE-LI in-
creased 128%, and the ME-LI from its precur-
sors increased 2730%. The peptidases contained
in the CSF of these patients clearly have acted
upon the proenkephalin A, tachykinin, and
POMC precursors, and have excised the neuro-
peptides from those precursors. Those changes
indicate that CSF contains those intact neuro-
peptide-LI and that incubation metabolizes (ME-
LI decreased) and synthesizes (LE-LI, SP-LI,
BE-LI, and precursor-ME-LI increased) neuro-
peptides. Thus, these multiple neuropeptide sys-
tems display a wide range of metabolic activity.

Because of the rapid velocity of various neu-
rochemical events it was important in this study
to obtain a lumbar sample very quickly in the
clinic and to freeze it immediately in liquid nitro-
gen to stop all metabolic processes. The endoge-
nous neuropeptide content is a reflection of two
different processes in lumbar CSF, namely, syn-
thesis and degradation. On one hand, synthesis is
a process by which neuropeptides are released
from different-sized intermediate precursors. For
example, ME derived from proenkephalin A; LE
could be formed from the proenkephalin A and
proenkephalin B precursors; and SP derived
from several different precursors («-, -, y-pre-
protachykinins). BE derived only from the
POMC precursor. On the other hand, neuropep-
tide degradation occurred by the action of vari-
ous proteolytic enzymes including aminopepti-
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dases [17], dipeptidyl aminopeptidases, enkepha-
linases, dipeptidylcarboxypeptidases, CPB-like,
and T-like activity.

It was important to distinguish among three
separate types of patient populations that pro-
vided the lumbar CSF. The control category in-
cludes patients in whom the clinician determines
that no surgery is required. Either the lumbar
puncture itself or the injection of saline relieved
the pain. The transient LBP could have derived
from physical or emotional stress and not from a
defective neuropeptidergic system.

PR, however, do require surgery to relieve
their LBP. Their pain derives from spinal cord
nerve problems and probably not from a defec-
tive neuropeptide metabolism. However, the dif-
ferent neuropeptide levels may reflect the attempt
of the neuropeptidergic pathways to relieve the
pain and to re-establish homeostatic conditions.

The PNR do not require surgery. Indeed, the
clinician requires an objective criteria to identify
this class of patients, and this rational study com-
bining chromatographic, analytical, and enzy-
matic methods may be a step in that direction. It
is clear that some of these PNR patients may be
hypochondriacs or malingerers, and thus an ap-
propriate test (Minnesota MultiPhasic Invento-
ry, MMPI) and work history may help to identify
those patients. However, a very important sub-
group of idiopathic LBP patients may also be in-
cluded in this PNR group. For example, we hy-
pothesize that some of the PNR have a defective
neuropeptidergic system associated with the syn-
thesis or degradation of precursors and/or a syn-
thesis or degradation problem in the metaboliz-
ing of the neuropeptides. Clearly, the tachykinin
(SP) and proenkephalin A (ME, LE) data in Ta-
ble I show that those two neuropeptidergic path-
ways operate at different levels in these LBP pa-
tients; specifically, SP-LI is much higher in the
PNR versus PR patients. Thus, the data in this
study are compatible with our hypothesis.

Neuronal events consist, in part, of the syn-
thesis of precursor molecules in the cell body, an-
terograde axonal transport and metabolism of
precursors, pre-synaptic vesicular storage of neu-
ropeptides, synaptic release, metabolism, and dif-
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fusion of neuropeptides and post-synaptic recep-
tor binding of neuropeptides. Furthermore, neu-
ropeptides that were released into the CSF derive
from synaptic diffusion, pre-synaptic and post-
synaptic receptor binding and release, and free
nerve-endings. The brain is considered to be the
site of synthesis of enkephalins and endorphins,
and the spinal cord dorsal root ganglia to be one
of the main sites of the synthesis of tachykinins.
Within the CSF, large and intermediate-sized
precursors are metabolized by enzymes to neuro-
peptides and to inactive metabolites. Therefore,
each CSF sample reflects the steady-state equilib-
rium of these multiple dynamic processes.

The measurements in this present work are in
agreement with these general concepts and with
data found in previous studies [3-5,16,28], where-
in it was suggested that the amount of TOR cor-
related with clinical findings [3] and that tachyki-
nins play a role in LBP [4]. It is important to
study human CSF rather than animal CSF be-
cause of known species differences in neuropep-
tide processing [29].

Other workers have studied the presence of
neuropeptides in CSF [18,30], but in another clin-
ical population such as psychiatric patients; they
used a much larger volume of CSF. In another
study, SP was not detected by HPLC-RIA, but
rather, an N-terminally extended SP was detected
[31].

CONCLUSIONS

Chronic idiopathic human LBP involves the
metabolism of several neuropeptides, including
protachykinin, which produces SP, and proenke-
phalin A, which produces ME and LE.

ACKNOWLEDGEMENTS

The authors acknowledge gratefully the finan-
cial assistance of the National Institutes of
Health (GM 26666), the typing assistance of
Deanna Reid and Vicki Antwine, and Dianne C.
Cubbins and Grant Somes for assistance with the
statistical analysis.



222

REFERENCES

1

w

10

11

12

13

14

15

16
17

D. T. Krieger, M. J. Brownstein and J. B. Martin, (Editors),
Brain Peptides, Wiley, New York, 1983, p. 1032.

D. M. Desiderio, D. Liu and G. Wood, Life Sci., 43 (1988)
577.

D. M. Desiderio, H. Onishi, G. Fridland, G. Wood and D.
Pagidipati, Biomed. Chromatogr., 2 (1987) 47.

T. Higa, G. Wood and D. M. Desiderio, Inz. J. Pept. Protein
Res., 33 (1989) 446.

D. Liu, C. Dass, G. Wood and D. M. Desiderio, J. Chroma-
togr., 500 (1990) 395.

C. Gillberg, L. Terenius and G. Lonnerholm, Arch. Gen. Psy-
chiatry, 42 (1985) 780.

A. Kemper, F. Koalick, H. Thiele, A. Retzow, R. Rathsack
and B. Nickel, Durg Alcohol Depend., 25 (1990) 319.

J. P. Orlowski, Pediatrics, 78 (1986) 233.

D. M. Orth, R. Guillemin, N. Ling and W. E. Nicholson, J.
Clin. Endocrinol. Metab., 46 (1978) 849.

G. Salar, S. Mingrino, M. Trabucchi, A. Bosio and C. Seme-
za, J. Neurosurg., 55 (1981) 935,

T. M. Jessel, in D. T. Krieger, M. J. Brownstein and J. B.
Martin, (Editors), Brain Peptides, Wiley, New York, 1983,
pp- 315-332.

T. L. Yaksh, J. Neurosurg., 67 (1987) 157.

D. M. Desiderio (Editor), Mass Spectrometry of Peptides,
CRC Press, Boca Raton, FL, 1991, p. 421.

H. E. May, F. S. Tanzer, G. H. Fridland, C. Wakelyn and D.
M. Desiderio, J. Lig. Chromatogr., 5 (1982) 2135.

P. W. Tinsley, C. Dass, J. W. Trimble and D. M. Desiderio,
Exp. Eye Res., 51 (1990) 671.

D. Liu and D. M. Desiderio, J. Chromatogr., 422 (1987) 61.
J. J. Kusmierz and D. M. Desiderio, J. Chromatogr., 574
(1992) 189.

18

19

20

21

22

23

24

25

26

27

28

29

30

31

S. HARAJIRI et al.

F. Nyberg, M. Thornwall and J. Hetta, Biomed. Biophys.
Res. Commun., 167 (1990) 1256.

D. M. Desiderio and M. D. Cunningham, J. Lig. Chroma-
togr., 4 (1981) 721.

C. Dass, G. H. Fridland, P. W. Tinsley, J. T. Killmar and D.
M. Desiderio, Int. J. Pept. Protein Res., 34 (1989) 81.

F. S. Tanzer, E. Tolun, G. H. Fridland, C. Dass, J. Killmar,
P. W. Tinsley and D. M. Desiderio, Int. J. Pept. Protein Res.,
32 (1988) 117.

T. Higa and D. M. Desiderio, Int. J. Pept. Protein Res., 33
(1989) 250.

R. R. Sokal and F. J. Rohlf, Biometry, Freeman, New York,
1981, p. 419.

D. M. Desiderio, Analysis of Neuropeptides by Liquid Chro-
matography and Mass Spectrometry, Elsevier, Amsterdam,
1984, 235 pp.

G. H. Fridland and D. M. Desiderio, J. Chromatogr., 379
(1986) 251.

W. L. Miller and L. K. Johnson, J. Clin. Endocrinol. Metab.,
55(1982) 441.

A. F. Bradbury and D. G. Smyth, in R. Hakanson and J.
Thorell (Editors), Biogenetics of Neurohormonal Peptides,
Academic Press, London, 1985, pp. 171-186.

D. M. Desiderio, G. H. Fridland, J. T. Francisco, H. Sacks,
J. T. Robertson, R. C. Cezayirli, J. Killmar and C. Lahren,
Clin. Chem., 34 (1988) 1104.

R. Allen, E. Orwoll, H. Kammer and J. Kendall, J. Clin.
Endocrinol. Metab., 53 (1981) 887.

F. Nyberg, P. Greves, C. Sundquist and L. Terenius, Bio-~
chem. Biophys. Res. Commun., 125 (1984) 244.

G. Toresson, E. Brosin, A. Wahlstrom and L. Bertilsson, J.
Neurochem., 50 (1988) 1701.



