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Abstract

Urinary pyridinoline (UPD) and deoxypyridinoline (UDPD) are selective markers in kinetic studies of mature collagen
degradation in connective tissue, especially in bone. In patients with renal dysfunction, the determination of UPD and UDPD
is not entirely reliable, while in anuretic patients it is impossible. As renal dysfunction is considered a risk factor for bone
diseases, it is essential to determine both markers directly in the serum (SPD and SDPD). Due to the high serum
concentrations of proteins, which during acid hydrolysis are converted to amino acid hydrochlorides, the system butanol—
water is sometimes separated into two phases during sample preparation. Should this fact not be taken into account, the usual
sample processing on a cellulose sorbent could yield substantially lower faise results. This calls for some preventive
measures: to ensure the homogeneity of the system containing n-butanol it is recommended to add an appropriate third

component, e.g. methanol.
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1. Introduction

Bone turnover is a continuous life-long process,
with osteoblasts promoting the formation of new
bone collagen and osteoclasts stimulating its degra-
dation. A disequilibrium of the two processes results
in pathological bone changes. A consequence of
bone mass destruction is the release into the blood-
stream of certain metabolites, which are finally
concentrated in the urine. Since urinary hydroxy-
proline as a marker of bone degradation has some
disadvantages [1-3], more specific pyridinium cross-
links, pyridinoline (PD) and deoxypyridinoline
(DPD), present solely in mature collagen (they
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stabilize its structure by the formation of covalent
bonds between its chains), are being more frequently
used for the monitoring of this process. These
crosslinks are determined in the urine as UPD and
UDPD [4-6]. The PD:DPD ratio in bone tissue is
approximately 3.5:1 [7,8], while cartilage contains
more PD — a more frequently occurring tissue
crosslink [9,10].

One of the many factors responsible for disorders
of bone collagen is chronic renal failure {11]. Various
bone diseases (e.g. osteoporosis, osteosclerosis, 0s-
teomalacia etc.) may also occur during repeated
long-term haemodialysis. Unfortunately, some of
these patients are completely anuretic, which totally
precludes the determination of both UPD and UDPD.
Even in urinating patients the use of urinary values
as markers of bone collagen degradation is ques-
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tionable because of substantially reduced glomerular
filtration.

For all these reasons we have decided to elaborate
a high-performance liquid chromatography (HPLC)
method for PD and DPD determination in serum (i.e.
SPD and SDPD levels), primarily in patients with
impaired renal function. In healthy subjects the two
crosslinks are eliminated by the kidneys and we
assume that their serum concentrations are too low to
serve as reliable markers of bone mass degradation.
In the course of our study we have established that
most complications, often resulting in false low
results, occur during sample preparation. The actual
HPLC is essentially identical with the HPLC for
UPD and UDPD determination we have described in
previous papers [12,13].

An HPLC method for the determination of SPD
and SDPD in osteoarthrosis and Paget’s disease was
published [14], indicating substantially higher values
of both markers than those found in healthy subjects.
A recently published study, which used the enzyme-
linked immunosorbent assay (ELISA) method for
assessing bone degradation in haemodialysed pa-
tients [11], presents SPD values higher by several
orders of magnitude than the values found in healthy
individuals.

2. Experimental
2.1. Chemicals

We received pure PD and DPD from Prof. Robins,
enabling us to compare the purity of our own
standards and to verify their identity. We have used
the following chemicals: HCl, acetic acid, n-butanol,
sodium sulphate, sodium hydroxide and methanol
(p-a. grade, Lachenma, Brno, Czech Republic). Mi-
crogranular cellulose CC31 was purchased from
Sigma-Aldrich (Prague, Czech Republic).

2.2. Sample preparation

In principle, 3.0 ml serum are transformed to 2.0
ml of its hydrolysate, and of this 1.0 ml is used for
preliminary fractionation on cellulose-packed col-
umns. Two approaches are possible: (1) the serum is
first evaporated to dryness in a rotary vacuum

evaporator (SeedVac, Philadelphia, PA, USA) and
the evaporation residue is then hydrolysed in 2.0 ml
6 M HCI (110°C, 16 h, N, atmosphere), or (2) the
serum is first hydrolysed after mixing with an equal
volume of concentrated HC1 (35%), the hydrolysate
is evaporated to dryness and the residue is reconsti-
tuted in 2.0 ml deionized water. In both instances 1.0
ml of the resulting hydrolysate is used for prelimin-
ary fractionation on cellulose columns, being mixed
with 5.0 ml r-butanol-acetic acid (4:1, v/v) and
with e.g. 0.5 ml methanol. The resulting solution is
transferred onto a refining column packed with 1.0
ml (sedimented volume) of microgranular cellulose
CC31. A major part of the undesirable admixtures is
removed by washing the column with 25.0 ml of
n-butanol—acetic acid—water (4:1:1, v/v). The par-
tially purified crosslinking elements are washed out
of the cellulose with 3.0 ml deionized water and the
eluate is then vacuum-evaporated. The residue is
then dissolved in 200 wl of the mobile phase, and 20
pl are used for the injection loop of the HPLC
column (Fig. 1).

23. HPLC

The HPLC determination alone of SPD and SDPD
differs only slightly from the method for UPD and
UDPD determination, which we have published
elsewhere [12,13]. The only differences are: (a) the
mobile phase is an acetate buffer (pH 3.35) con-
taining 0.45 M sodium sulphate (75:25, v/v), (b) the
HPLC oven temperature is 48°C, (c¢) the excitation
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Fig. 1. Review of serum sample preparation.
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and emission spectra are 297 and 400 nm respective-
ly, (d) the sample loop volume is 20 wl and (e) the
achieved detection limit is 200 fmol.

2.4. Apparatus

The HPLC liquid chromatograph SP 8100 (Spec-
tra Physics, San Jose, CA, USA) with an autosampler
(SP 8110) was equipped with a computing integrator
ChromlJet (SP 4400) from the same manufacturer. It
was connected to a fluorescence detector Shimadzu
RF 535 (Shimadzu, Kyoto, Japan).

3. Results and discussion

Serum levels of both pyridinium crosslinks were
measured in a group of chronically dialysed patients
and compared with relevant values found in os-
teoporotic subjects with functioning kidneys, whose
serum values, if at all measurable, may be taken as
practically normal. Although both groups tend to
have significantly higher UPD and UDPD values
[13], in the first group, because of impaired renal
function, this is not necessarily a genuine marker of
osteoresorption dynamics. Moreover, no such data
are obtainable from anuretic patients.

Our preliminary results for a group of post-
menopausal women suffering from osteoporosis
yielded SPD values approximately two orders of
magnitude lower than the corresponding UPD val-
ues. To allow the use of this method for the
determination of serum concentrations of the two
crosslinks, we have to substantially enhance its
sensitivity, e.g. either by using a large volume of the
analysed serum or by improving performance e.g. by
increasing the number of theoretical plates of the
column. For reasons of economy we have decided to
work with a greater HPLC sample injected and a
larger serum volume treated. Unfortunately, this
procedure is burdened by higher concentrations of
undesirable admixtures, i.e. amino acid hydrochlo-
rides, resulting in the acid hydrolysis of the serum
sample.

Because of the greater serum volume, the refining
process on cellulose is more time- and solvent-
consuming. In the case of a thermodynamic equilib-
rium, the system water—n-butanol is, at 20°C, misc-

ible to a limited extent, the aqueous layer containing
6.5% n-butanol and the butanol layer containing
19.8% water [15]. The tendency towards demixing
is, in the case of the serum, most probably supported
by the already mentioned high content of amino-acid
hydrochlorides. In some cases this may cause a more
or less obvious separation of the system into two
phases. Hydrochlorides of the pyridinium crosslinks
(they too are amino acids) are, as quaternary salts,
highly polar. During separation on cellulose columns
they tend to concentrate in the aqueous phase and
this may result in substantial loss of these com-
pounds, although in some instances the volume of
the separated aqueous phase is barely visible. Fig. 2
shows what happens when this fact is disregarded;
however, in this case the two-phase separation was
clearly visible.

The entire system has to be homogenized by the
addition of another appropriate solvent well mixing
with both water and n-butanol, e.g. methanol. We
have to verify, however, whether this system with a
modified polarity will not influence the irreversible
sorption of the crosslinks on cellulose and thus result
in losses during their determination. Fig. 3 dem-
onstrates that an addition of almost 50% methanol
has practically no effect on SPD determination. In
this instance the scale of methanol addition is
intentionally greater than in Fig. 4.

Fig. 4 demonstrates that the drying of the
hydrolysate (first three anterior columns) results in

SPD [ng/ml]
3

_, With methanol
Without methanol

[
SerumA SerumB SerumC  SerumD

Fig. 2. Losses in pyridinoline determination, due to inappropriate
processing, especially when the separation of the system into two
phases (see Section 2) is disregarded.
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SPD {ng/ml}

1al. determination

2nd. determination

© o.om MeOH 0.5rml MeOH 1.0rml MeOH 1.5m) MeOH Z5mi MeOH
1 ml hydrol.+ 5 mi BuOH/AcH(4:1 v/v)

Fig. 3. Effect of methanol addition on the irreversible sorption of
crosslinking elements during their refining on cellulose (see
Section 2).

lower SPD values (compare first three posterior
columns), probably due to the chemical disintegra-
tion under high temperatures and long drying period.
In this figure we can also see the losses due to the
absence of methanol (last three columns). It should
be emphasized that compared with Fig. 2 the values
in Fig. 3 and Fig. 4 concern samples in which the
phase separation was barely visible and, consequent-
ly, the addition of methanol had relatively little
impact. For methodological reasons we have used in
Fig. 3 and Fig. 4 a “mixed sample” obtained by
pooling individual sera.

Fig. 5 shows higher mean SPD values in urinating
and anuretic dialysed patients as compared with
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1 ml hydrol.+ 5 ml BUOH/AcH(4:1 v/v)

Fig. 4. Effect of the sequence of serum sample drying and
hydrolysis on the results of pyridinoline determination.
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Fig. 5. Mean values of serum and urinary pyridinoline in patients
with a renal disease (both urinating and anuretic patients) and
0Steoporosis.

patients with osteoporosis and normal renal functions
(anterior columns). As an approximation we may say
that 80 ng/ml correspond to 200 pmol/ml. The SPD
values, as compared with UPD values (posterior
columns), in osteoporotic patients are approaching
the sensitivity limit (approx. 200 fmol) of the
method.

The purpose of our study was to adapt our HPLC
method for UPD determination and to optimize the
sample preparation so as to ensure that the method
will provide, with sufficient accuracy and sensitivity,
relevant SPD values. Briefly: 3 ml of serum are
evaporated to dryness; the evaporated residue is
hydrolysed for 16 h at 110°C in 2 ml 6 M HCI; after
filtration 1 ml of the hydrolysate is mixed with 5 ml
n-butanol—acetic acid (4:1, v/v) and with 0.5 ml
methanol to prevent possible phase separation. The
mixture is fed into the cellulose column, washed
with 25 ml n-butanol-acetic acid—water (4:1:1, v/v),
the sorbed crosslinks are washed out with 3 ml
water, dried and reconstituted in 200 pl of the
mobile phase and 20 pl are injected into the HPLC
column.

All results from this study are in ng/ml serum. It
will most probably be necessary to establish to what
extent the higher serum levels of the pyridinium
crosslinks are due to a deteriorated renal function
and what is the effect of a possible bone disease on
these values. Changes in renal filtration are reflected
in higher serum creatinine values. When assessing
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the intensity of collagen metabolism in patients with
renal insufficiency, it would probably be appropriate
to relate the SPD values to serum creatinine con-
centrations, thus to some extent ruling out the impact
of renal function. This step can, however, be fully
accurate only when both the pyridinium crosslinks
and creatinine are eliminated by the kidneys in
exactly the same way, i.e. when their clearance is
identical. This remains to be verified. At worst, we
have to consider these values as only approximative.
We hope to investigate this problem in our future
work.
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