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Neuropeptide-converting enzymes in

cerebrospinal fluid

Activities increased in pain from herniated lumbar disc, but not from

coxarthrosis

Christer Lindh?!, Madeleine Thérnwall2, Ann-Cathrin Hansen?, Claes Post?,
Torsten Gordh3, Gunnar Ordeberg' and Fred Nyberg?

We measured activities of dynorphin-converting en-
zyme (DCE), substance P endopeptidase (SPE) and
angiotensin-converting enzyme (ACE) in cerebrospi-
nal fluid (CSF) in 13 patients with rhizopathic pain
from an herniated lumbar disc, in 9 patients with
pain from coxarthrosis and in 11 control patients
without pain. In the patients with disc hernia and
coxarthrosis, another sample of CSF was analyzed
3-12 months after treatment, when pain had subsid-
ed.

The DCE activity in the patients was higher than
that in both the control patients and the patients

with pain from coxarthrosis (nociceptive pain). Simi-
larly, the activity of SPE was lower in the patients
with herniated lumbar disc than in controls and in
the patients with coxarthrosis. After treatment, the
difference in activity compared to controls was iow-
er, but still significant in patients with herniated
discs. The ACE activity did not differ from controls in
patients with ischialgia, while it was increased in pa-
tients with coxarthrosis. This increase also remained
after arthroplasty with pain relief.

In conclusion, measurements of neuropeptides
may be useful for evaluating neuropathic pain.
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Neuropeptides play an important role in the propaga-
tion and modulation of pain impulses in the central
nervous system (Fields and Basbaum 1989, Yaksh
and Aimone 1989). Extensive studies have been done
on the quantification of these compounds, especially
on opioid peptides and substance P in nervous tissue
or in body fluids from subjects with pain disorders.
Opioid peptides and substance P have been evaluated
in the cerebrospinal fluid (CSF) collected from pa-
tients with depression and with different types of
chronic pain (for review, see Nyberg et al. 1988).
Variations in the levels of CSF endorphins and/or sub-
stance P have been reported in many conditions, such
as chronic lumbar disc pain, chronic organic neuro-
genic pain and migraine (Nyberg 1993).

The activity and concentration of opioid peptides in
neuronal tissue is under enzymatic control. In human
CSF, a dynorphin-converting enzyme (DCE) (Nyberg
et al. 1985) has been identified, as well as an endopro-
tease with high specificity towards substance P (Ny-
berg et al.1984), named substance P endopeptidase
(SPE). In addition to DCE, angiotensin-converting
enzyme (ACE) also can hydrolyze opiopeptides (Te-

renius and Nyberg 1991). Because of their role in hy-
drolyzing amino acid bonds of their substrates, the
specific neuropeptide convertases are believed to be
markers for synaptic activity in pain fibers in the CNS
(Terenius and Nyberg 1991).

We investigated whether these enzymes differed in
patients with rhizopathic pain (from herniated lumbar
disc), compared to nociceptive pain (coxarthrosis)
and to patients with no pain.

Patients and methods

Patients and sampling procedure

Patients in group A (5 women, 8 men; mean age 38
(23-54) years) for an average of 6 (1-13) months had
symptoms of ischialgia caused by a herniated lumbar
disc,verified at myelography and/or at operation. 12
mL of CSF were collected, and divided into 4 aliquots
of 3 mL and kept in MiniSorb tubes (NUNC, Den-
mark). The CSF was frozen immediately at —70 °C.
Samples were taken at lumbar myelography and at re-
peated lumbar puncture (LP) 3-11 months after opera-
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tive removal of a herniated disc or spontaneous sub-
sidence of symptoms.

Patients in group B (6 women, 3 men; mean age 73
(53-95) years) all had pain due to coxarthrosis and
were candidates for total hip replacement. CSF was
obtained in the same manner as in group A—i.e., im-
mediately before operation during spinal anesthesia
and 4-6 months after the operation

All patients graded their pain on a visual analogue
scale immediately before the myelography and spinal
anesthesia, and also before the lumbar control punc-
ture.

Controls (group C) were patients (3 women, 8 men;
mean age 45 (19-71) years) with healed fractures
without pain, admitted for removal of osteosynthesis
material. CSF was taken in the same manner as in
groups A and B, but only one sample was taken from
each patient.

The study was approved by the local ethics com-
mittee at University Hospital, Uppsala, Sweden and
consent was given by all patients taking part in the
study.

Chemicals

Standard peptides used in this study were purchased
from Bachem (Bubendorf, Switzerland) except for
substance P, , and Tyr-substance P, ;, which were
prepared by Dr. Gunnar Lindeberg (Department of
Immunology, University of Uppsala, Sweden). The
protease inhibitors amastatin and phosphoramidon
were obtained from Sigma Chemical Co. (St Louis,
MO, USA) and captopril from Squibb (Princeton, NJ,
USA). The ACE substrate hippuryl-His-Leu was pur-
chased from CRB (Cambridge, UK) and its 4C-la-
beled analogue from NEN Products (Stockholm,
Sweden). All other chemicals and solvents were of
analytical reagent grade and came from commercial
sources. Labeling of peptides with radioactive iodine
was carried out with the chloramine-T method and,
before use in radioimmunoassay, the iodinated pep-
tide was purified by HPLC (Persson et al. 1992).

Test procedures

To determine DCE activity, we used dynorphin A as
substrate and the activity of dynorphin-converting en-
zyme was monitored by following the release of Leu-
enkephalin-Arg, from synthetic dynorphin A by a ra-
dioimmunoassay (Persson et al. 1992). Further degra-
dation was prevented by adding protease inhibitors to
the reaction mixture. Details of incubations, dilutions
and preparations before radioimmunoassay were the
same as described by Persson et al. (1992).

The activity of substance P endopeptidase was
monitored by following the conversion of substance P

to its N-terminal fragment substance P, ,. The forma-
tion of product was guided by a SP, , specific radio-
immunoassay and preparation of mixtures before ra-
dioimmunoassay were the same as described by Pers-
son et al. (1992). The ACE activity was monitored
with hippuryl-His-Leu as substrate, as described by
Lantz et al. (1992). The radioimmunoassays for Leu-
enkephalin-Arg, and substance P, ; were conducted
as described in a previous paper (Persson et al. 1992 ).

Statistics

Statistical analyses of the recorded enzymatic activi-
ties were performed by means of duplicate determina-
tions, using two-factor analysis of variance (ANOVA)
with factor interaction, followed by the student-New-
man-Kreul’s multiple comparison test. All calcula-
tions were carried out on log-transformed data since,
when tested for normality, data were found to be log-
normally distributed.

Results (Table 1)

Before myelography, the patients with ischialgia from
a herniated lumbar disc, graded their pain as 56 SD 13
on a 100 mm visual analogue scale. At the control
lumbar puncture after treatment, it was 13 /3 mm.
The patients with coxarthrosis graded their pain as 49
19 at their first lambar puncture before operation, and
as 7 10 at follow-up. The reduction of pain was signif-
icant in both groups.

DCE activity in CSF from patients with a herniated
disc was increased more than in the control samples.
Postoperatively, the DCE activity showed a tendency
to decline. However, it was still significantly elevated
in comparison with that in the controls. The reduction
in DCE activity seen in these patients was as common
in patients who had only partial pain relief as in those
with total pain relief, i.e., there was no correlation be-
tween a decline in DCE activity and relief of pain.

In contrast to DCE, the levels of SPE activity in
CSF from patients with herniated disc was preopera-
tively significantly lower than in the controls. Follow-
ing operation, the SPE activity increased to reach
control levels. The ACE activity in CSF from these
patients was the same both pre- and postoperatively.

In patients with coxarthrosis levels of both DCE
and SPE, activity remained unchanged when com-
pared to those of controls. Furthermore, no alteration
in their activity was observed following operation. On
the other hand, ACE activity in these patients was sig-
nificantly increased both pre- and postoperatively.
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Table 1. Neuropeptide-converting enzyme activities (mean SEM) in patients with chronic pain and in controls
Enzyme Control Ischialgia Coxarthrosis
Preoperative Postoperative Preoperative Postoperative
DCE (pmol/h*mL}2 (n11) 13 1.2 (n13) 25 22 22 27 ng)y 13 1.3 13 1.6
SPE (pmoth*mL)P (n11) 12 1.8 (n11) 70 1.6 10 27 (ng) 13 32 11 24
ACE (nmol/h*mL)¢ (n11) 1.6 0.14 (n13) 2.0 0.21 1.8 0.20 (n8) 28 024 32 038

aDCE activity expressed as rate of formation of Leu-enk-Arg® (pmol/h*mt) from dynorphin A.
b SPE activity expressed as rate of formation of SP, , {pmol/h*mL) from substance P.
¢ ACE activity expressed as rate of formation of hippuric acid (nmol/h*mL) from hippuryl-His-Leu.

*p<0.05 " p<0.01, " p<0.001,

Discussion

Various categories of pain, such as nociceptive, neu-
ropathic or idiopathic pain, are recognized by the un-
derlying disorder or by the character and distribution
of the sensation of pain. Different forms of pain are
sensitive to various treatment modalities which may
reflect different pain-generating mechanisms (Arnér
1991). The differences in underlying neurochemical
events may-—at least theoretically—produce different
patterns of pain-related substances in the CSF. Our
study focused on converting enzymes acting on pep-
tides known to be involved in pain transmission and/
or pain modulation. These enzymes have previously
been found in human CSF and they have been consid-
ered useful as markers of activity in the dynorphin
and substance P systems (Terenius and Nyberg 1991).
Furthermore, with regard to DCE a negative correla-
tion between DCE activity and CSF levels of pro-
dynorphin-related peptides has recently been ob-
served (Thornwall et al. 1994),

A correlation between enzyme activity (DCE) and
peptide level was also suggested in animal studies
(Silberring et al. 1992). In arthritic rats, the CSF lev-
els of both DCE and SPE seem to be affected (Persson
et al. 1992) during the acute phase of arthritis. There-
fore, it is likely that the levels of the enzyme activities
relate not only to the peptide concentrations, but also
to disturbances in the pain-processing systems.

Hyyppid et al. (1990), using another method of
analysis, registered a somewhat higher DCE activity
in men than in women, and a slight increase with age,
while the SPE activity did not differ with sex or age.
In our study, the sex distribution was almost equal in
the patients with ischialgia and in the controls, while
the controls were older than the patients with ischial-
gia.

Several studies have indicated disturbances of CSF
opiopeptides in neurogenic pain (Almay et al. 1985,
Nvbere et al. 1988, Grond 1992). Thus, patients suf-

fering from neurogenic pain have decreased levels of
so-called fraction I endorphins (Almay et al. 1985).
Fraction I represents a pool of opioid-active CSF pep-
tides, most of which seem to be derived from the pro-
dynorphin system (Nyberg et al. 1983). Therefore, the
observed decrease in fraction I endorphins should be
consistent with an increase in DCE activity, as we
found in the CSF from patients with neuropathic pain.

The decrease in SPE activity seen before treatment
of the patients with herniated lumbar discs might cor-
respond to an increased level of substance P in the
CSF, since this relation between SPE and substance P
has been observed in animal experiments (Persson et
al. 1992). On the other hand, Almay et al. (1985) re-
ported a decline in the CSF levels of substance P in
patients with neuropathic pain.

The pain in coxarthrosis, regarded as nociceptive,
did not affect the activity either of DCE or of SPE in
our patients. However, the CSF activity of ACE was
higher than in the controls. As ACE is known to me-
tabolize opiopeptides (Spillantini et al. 1986, Lantz et
al. 1992), this increase may reflect changes in neu-
ropeptide concentration, although the mechanisms
are not known.

In rat experiments, decreased DCE activity has
been reported in animals with adjuvant-induced ar-
thritis (Silberring et al. 1992), and decreased DCE and
SPE activities in collagen-induced arthritis (Persson
et al. 1992). The latter type of arthritis is also known
to be associated with increased levels of dynorphin in
the spinal cord (Iadorala et al. 1988). These findings
suggest that the CSF convertases DCE and SPE prob-
ably mirror events that are related to disturbances in
pain-processing pathways.

The enzymatic changes we found may provide in-
sight in the neural mechanisms underlying pain disor-
ders and perhaps recognize different kinds of chronic
pain.



192

Acta Orthop Scand 1996; 67 (2): 189—192

Acknowledgements

This study was supported by the Swedish Medical Research
Council (Grants No. 9459, 9077 and 10357) and Salus 60-
arsfond, Stockholm, Sweden.

References

Almay B G L, Johansson F, von Knorring L, Sakurada T,
Terenius L. Long-term high-frequency transcutaneous
electrical nerve stimulation (hi-TENS) in chronic pain.
Clinical response and effects on CSF. Endorphins,
monoamine metabolites, substance P-like immunoreac-
tivity (SPLI) and pain measures. J Psychosom Res 1985;
29: 247-57.

Arnér S. Differentiation of pain and treatment efficacy. The-
sis, Karolinska Institute, Stockholm, Sweden 1991.

Fields H L, Basbaum A I. Endogenous pain control mecha-
nisms. In: Textbook of Pain (Eds. Wall P D, Melzack R).
Churchill Livingstone, Edinburgh London Melbourne
New York 1989; 206-17.

Grond S. Privalenz und Charakteristik neuropathischer
Schmerzen bei malignen Erkrankungen. Der Schmerz
1992; 6: 99-104.

Hyyppa M T, Alaranta H, Lahtela K, Nykvist F, Hurme M,
Nyberg F, Le Grevés P, Sakurada T, Terenius L. Neu-
ropeptide-converting enzyme activities in CSF of low-
back pain patients. Pain 1990; 43: 163-8.

Tadorala M J, Brady L S, Draisci G, Dubner R, Enhancement
of dynorphin gene expression in spinal cord following ex-
perimental inflammation: stimulus specificity, behav-
ioural parameters and opioid binding. Pain 1988; 35: 313-
26.

Lantz I, Thérmmwall M, Kihlstrém J-E, Nyberg F. A compari-
son of human lung, brain, CSF and plasma angiotensin-
converting enzyme with regard to neuropeptide metabo-
lism. Biochem Int 1992; 26: 415-26.

Nyberg F. CSF opioids in pathophysiology. In: Handbook of
Experimental Pharmacology (Eds. Herz A, Akil H, Simon
E J). Springer-Verlag Berlin Heidelberg 1993; 104/11:
653-72.

Nyberg F, Wahlstrom A, Sjolund B, Terenius L. Character-
ization of electrophoretically separable endorphins in hu-
man CSF. Brain Res 1983; 259: 267-74.

Nyberg F, Le Grevés P, Sundgvist C, Terenius L. Character-
ization of substance P (1-7) and (1-8) generating enzyme
in human cerebrospinal fluid. Biochem Biophys Res
Commun 1984; 125: 244-50.

Nyberg F, Nordstrom K, Terenius L. Endopeptidase in hu-
man cercbrospinal fluid which cleaves proenkephalin B
opioid peptides at consecutive basic amino acids. Bio-
chem Biophys Res Commun 1985; 131: 1069-74.

Nyberg F, Vaergy H, Terenius L. Opioid peptides and sub-
stance P in the cerebrospinal fluid. Regulation and signif-
icance to pain. In: Basic Mechanisms of Headache (Eds.
Olesen J, Edvinsson L). Elsevier Science Publishers B.V.
Amsterdam 1988; 241-58.

Persson S, Post C, Holmdahl R, Nyberg F. Decreased neu-
ropeptide-converting enzyme activities in cerebrospinal
fluid during the acute but not the chronic phases of col-
lagen-induced arthritis in rats. Brain Res 1992; 581: 273-
82.

Silberring J, Sakurada T, Nyberg F. Dynorphin-converting
enzyme in the rat spinal cord. Decreased activities during
acute phase of adjuvant-induced arthritis. Life Sci 1992;
50: 839-47.

Spillantini M G, Panconesi A, Del Bianco P L, Sicuteri F.
Enkephalinase and angiotensin-converting enzyme activ-
ities in human venous and arterial plasma. Neuropeptides
1986:; 8 (2): 111-7.

Terenius L, Nyberg F. Peptidases and proteases in cere-
brospinal fluid. Significance in volume transmission. In:
Volume Transmission in the Brain. Novel Mechanisms
for Neural Transmission (Eds. Fuxe K, Agnati F). Raven
Press New York, 1991; 415-24.

Thormwall M, Schwarzmayr S, Almay B, Post C, Varpy H,
Nyberg F. Dynorphin-converting enzyme in human cere-
brospinal fluid. A negative correlation between activity
and levels of prodynorphin-derived opioid peptides.
Regul Peptides (Suppl 1) 1994; [55-6.

Yaksh T L, Aimone L D. The central pharmacology of pain
transmission. In: Textbook of Pain (Eds. Wall P D, Mel-
zack R). Churchill Livingstone, Edinburgh London Mel-
bourne New York 1989; 181-205.





