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Abstract Prolidase is a specific imidodipeptidase
involved in collagen degradation. The increase in the
enzyme activity is believed to be correlated with the in-
creased intensity of collagen degradation. The aim of
this study was to evaluate the serum prolidase activity
and its relationship between bone turnover markers and
bone mineral density (BMD) in postmenopausal osteo-
porosis. The study included 45 postmenopausal osteo-
porotic, 55 postmenopausal nonosteoporotic and 38
premenopausal healthy women. BMD was measured at
the femoral neck and lumbar spine with DEXA. T score
was more than 2.5 SD below the normal at the lumbar
spine or femoral neck in postmenopausal osteoporotic
patients. Serum levels of prolidase, C-terminal telopep-
tide of type I collagen (C-telopeptide), total alkaline
phosphatase (ALP), osteocalcin (OC), urinary deoxy-
pyridinoline (Dpd) and urinary creatinine were also as-
sayed. C-telopeptide, total ALP, OC, urinary Dpd levels
were significantly higher in postmenopausal osteopo-
rotic group compared with premenopausal women.
However, there was no statistical difference in serum
prolidase activity between the three groups. There were
also no significant correlations between serum prolidase
and any biomarkers of bone turnover as well as BMD.
To conclude, in postmenopausal osteoporotic women
with increased bone turnover, serum prolidase concen-
tration was not correlated with the biomarkers of bone
formation or bone resorption and with BMD.
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Introduction

Osteoporosis is a serious public health problem that is
estimated to affect up to one-third of the postmeno-
pausal women [2]. It is characterized by low bone mass,
microarchitectural deterioration of bone tissue, caused
by an imbalance of skeletal turnover maintained by two
opposite but normally balanced processes of bone for-
mation and resorption that leads to bone fragility and a
consequent susceptibility to fracture [4]. Indeed, type I
collagen constitutes 90% of the organic bone matrix and
the turnover of the organic matrix also increases in
postmenopausal osteoporosis. The increased rate of
collagen synthesis may also lead to a change in the
quality of collagen fibres. Oxlund et al. [13] reported that
bone collagen from cancellous vertebral bone taken
from deceased individuals with osteoporosis had in-
creased extractability and a substantial reduction in the
concentration of divalent reducible collagen cross-links
compared with age- and gender-matched controls. This
change could result in a reduction of the material
strength of the bone trabeculae and explain why the
individuals with osteoporosis had fractures even though
they had a similar amount of trabecular bone as the
healthy controls [4].

Prolidase (E.C. 4.3.13.9.) is a cytosolic enzyme that
is necessary for specific splitting of imidodipeptides at
C-terminal proline or hydroxyproline [3]. The final step
of collagen degradation is catalysed by prolidase and
the lack of this enzyme activity can severely impede the
efficient recycling of proline for collagen resynthesis [5].
The relationship between collagen and prolidase activ-
ity was observed during fibrotic processes, where an
increase in prolidase activity was accompanied by
increase in tissue collagen deposition [7]. Moreover, the
link between collagen production and prolidase activity
has been found in cultured human skin fibroblasts
treated with anti-inflammatory drugs, anthracyclines
during experimental aging of these cells, fibroblasts
chemotaxis and cell surface integrin receptor ligation
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[5, 9]. In view of the above facts, prolidase activity may
be an important factor in the regulation of collagen
biosynthesis. Some studies have also been made about
the serum prolidase activity and collagen turnover [3,
11, 12]. Namiduru et al. observed positive correlation
between cord blood prolidase activity and birth weight
as a result of increased collagen metabolism. It has also
been suggested that its serum activity was elevated in
metabolic bone diseases [3, 12], however; its activity in
postmenopausal osteoporotic women has not been
studied. Our aim of the study was (1) to investigate
serum prolidase activity in postmenopausal osteopo-
rosis (2) its correlation with other bone turnover
markers and BMD.

Materials and methods

Subjects

Three populations were studied. The first consisted of 45
postmenopausal osteoporotic women aged 45–70 years
(mean 55.68±5.58 years). The second group comprised
55 postmenopausal nonosteoporotic women aged
43–69 years (mean 55.21±6.21 years). The women had
natural menopause and no menstrual bleeding for at
least 1 year since their last menstruation in the first two
groups. The third group consisted of 38 premenopausal
nonosteoporotic women aged 30–54 years (mean
41.42±6.19 years) who had regular menstrual cycles.
The ethical committee of Gaziantep University Hospital
approved this study, and a written informed consent was
obtained from each patient.

None of the women had a history of metabolic bone
disease or previous fracture, and none were taking any
medication known to affect bone metabolism. None of
the selected postmenopausal women had been treated
with hormone therapy, bisphosphonates, or calcitonin
before entry into the study. They had normal hepato-
renal function and were free from endocrine distur-
bances, diabetes mellitus and thyroid disorders. There
were no significant abnormalities in urinary calcium
excretion, no history of hypercalcuria or urolithiasis in
either group.

Measurement of bone markers

A blood sample and a spot urine sample were collected
at 9:00 and 11:00 A.M. after an overnight fast and
between days 2 and 6 of the menstrual cycle in pre-
menopausal group. There were no strict controls over
sleeping hours, diet or physical activities. All subjects
continued their usual routine of diurnal activity and
nocturnal rest.

Serum total alkaline phosphatase (ALP) was deter-
mined by spectrophotometric (using p-nitrophenyl
phosphate) method (Abbott, Aeroset, USA). Both the

intra and interassay coefficients of variation (CV) were
less than 3.9%. Serum C-terminal telopeptide of type I
collagen (C-telopeptide) was measured by chemilumi-
nescent immunometric assay (ECLIA Elecsys 170,
Roche, Germany). The intra and interassay CV were 2.5
and 4.5%. Urinary deoxypyridinoline (Dpd) was deter-
mined by chemiluminescent immunometric assay
(Immulite 2000, USA). The intra and interassay CV
were 2.5 and 4.5%. Urinary creatinine was measured by
spectrophotometric Jaffe’s method (alkaline picrate
without deprotein, Abbott), the intra and interassay CV
were less than 2 and 4%, respectively. Osteocalcin (OC)
was assayed by chemiluminescent immunometric assay
(Immulite 2000). The intraassay variation was 2.35%
and interassay variation was 2.55%.

Prolidase assay

Serum was diluted 40-fold with 2.5 mmol/l Mn2+,
40 mmol/l Trizma HCl buffer (pH 8.0) and preincubated
at 37�C for 2 h. The reaction mixture containing
30 mmol/l gly-pro, 40 mmol/l trizma HCl buffer (pH
8.0) and 100 ll of preincubation serum in 1 ml was
incubated at 37�C for 30 min. Adding 0.5 ml of 20%
trichloroacetic acid solution then stopped the incubation
reaction. The supernatant was used for measurement of
proline by the method proposed by Myara which is a
modification of Chinard’s method [10]. All reagents were
of analytical grade and obtained from Sigma (St. Louis,
USA) and Merck (Darmstadt, Germany). Intra and
interassay precision performances of the assay were
determined from a serum pool on ten replicates in a
single run and in ten different runs, respectively, yielded
CV of 3.8 and 9.0%.

Bone density measurements

Bone mineral density (BMD) of lumbar spine and fem-
oral neck were measured by Hologic QDR 4500 W
(Hologic Inc., Bedford, MA, USA) fan beam DXA
scanner. The within subject coefficient of variations were
both 1% for lumbar spine and the femoral neck.

Statistical evaluation

Values shown in the text and tables are mean ± SD.
Analysis of covariance was used to measure age, bone
turnover markers, BMD and prolidase levels followed
by Scheffe F test. Pearson’s correlation coefficient was
estimated to quantify the strength of the association
between prolidase, bone turnover markers and BMD.
Significance was defined as P<0.05. The entire statisti-
cal analysis was carried out using the Statistical Package
for Social Sciences (SPSS Inc., Chicago, IL, USA) 11.0
for Windows.
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Results

Table 1 showed the patient characteristics, mean ± SD
of each bone turnover marker, BMD and prolidase
levels between the three groups. There were no signifi-
cant differences in terms of age and time since meno-
pause between postmenopausal osteoporotic and
nonosteoporotic group, but the mean value of age in
premenopausal nonosteoporotic women was signifi-
cantly lower than other groups. There was also no sig-
nificant difference in mean value of body mass index
(BMI) between the groups.

Total ALP was not significantly higher in postmen-
opausal osteoporotic women compared with postmen-
opausal nonosteoporotic group, but OC, C-telopeptide
and urinary Dpd levels in postmenopausal osteoporotic
women were significantly higher than in postmenopausal
nonosteoporotic women. In addition, total ALP, OC,
C-telopeptide and urinary Dpd levels in postmenopausal
osteoporotic and postmenopausal nonosteoporotic
group were significantly higher than in premenopausal
nonosteoporotic group. Although prolidase activity was
lower in postmenopausal osteoporotic women compared
with postmenopausal nonosteoporotic and premeno-
pausal nonosteoporotic group, there was no significant
difference in prolidase levels between the groups
(P>0.05).

There was also no correlation between serum proli-
dase levels and bone turnover markers in postmeno-
pausal osteoporotic women (Fig. 1). Moreover, no
significant correlation exists between serum proli-
dase and LS BMD and FNBMD in postmenopausal

osteoporotic patients (r=0.63, P>0.05 and r=0.28,
P>0.05, respectively).

Discussion

Prolidase is a highly specific peptidase. It is the only
enzyme known to catalyse hydrolysis of compounds in
which the sensitive peptide bond involves the imino
nitrogen of proline or hydroxyproline and provides the
conservation of proline [11]. The conformational
restrictions imposed by proline in a peptide chain appear
to imply important structural or biological functions.
This enzyme plays an important functional role and is
expressed in all human tissues and cells. Hereditary
prolidase deficiency, the multisystemic disorder is char-
acterized by a wide spectrum of clinical manifestations
including skin ulcers, mental retardation and suscepti-
bility to infections.

This is the first report about the serum prolidase
concentrations and its correlation with bone turnover
markers and BMD in postmenopausal osteoporotic
women. In the present study, this enzyme activity in
plasma was found to be slightly decreased in postmen-
opausal osteoporosis, but it was not statistically different
from other groups without osteoporosis. Moreover, no
correlation was observed between this enzyme activity
and markers of bone turnover or BMD in postmeno-
pausal osteoporosis.

There are few studies about the relationship between
serum prolidase concentrations and bone metabolism [3,
5, 8, 12]. Oner et al. [12] studied the effect of low dose
oral theophylline therapy on some bone turnover

Table 1 Patient characteristics, bone turnover markers and BMD values between the groups

Postmenopausal
osteoporotic women
(n=45)

Postmenopausal
nonosteoporotic
women (n=55)

Premenopausal
nonosteoporotic
women (n=38)

Clinical characteristics
Age 55.68±5.58a 55.21±6.21 41.42±6.19
Time since menopause (years) 4.48±4.41 3.67±3.53 –
BMI (kg/m2) 30.27±4.75 31.67±5.19 30.94±5.12
BMD (g/cm2)
FN BMD 0.63±0.07a,b 0.79±0.09a 0.88±0.08
LS BMD 0.72±0.08a,b 0.94±0.09a 1.09±0.12

Bone turnover markers
Total ALP (U/l) 99.24±34.74c 93.21±25.19d 74.33±29.30
OC (ng/ml) 30.24±12.32a,e 23.95±9.27f 16.68±4.87
C-telopeptide (ng/ml) 0.72±0.39a,b 0.48±0.27a 0.22±0.10
Urinary Dpd (nmol/mmol creatinine) 14.52±11.06a,e 9.04±5.25f 3.60±4.68
Prolidase (U/l) 1,491.60±463.2 1,517.74±470.89 1,613.84±607.25

BMI body mass index, BMD bone mineral density, FN BMD femur neck bone mineral density, LS BMD lumbosacral bone mineral
density, total ALP total alkaline phosphatase, OC osteocalcin, C-telopeptide C-terminal telopeptide of type I collagen, Urinary Dpd
urinary deoxypyridinoline
aP<0.0001 versus premenopausal nonosteoporotic women
bP<0.0001 versus postmenopausal nonosteoporotic women
cP=0.001 versus premenopausal nonosteoporotic women
dP<0.05 versus premenopausal nonosteoporotic women
eP<0.01 versus postmenopausal nonosteoporotic women
fP<0.01 versus premenopausal nonosteoporotic women
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markers and serum prolidase activity in mild asthmatics.
Since theophylline has been known to increase bone
turnover, they observed elevated levels of total ALP,
OC, urinary hydroxyproline as well as serum prolidase
activity. Although no correlations were found between
theophylline concentration and bone turnover markers,
serum prolidase activity was positively correlated with
blood theophylline levels [12].

Erbagci et al. [3] found an association between serum
prolidase concentration and bone turnover in diabetic
patients. Although, osteoporosis related to type 2 dia-
betes mellitus was not fully acknowledged, it has been
thought that long-term metabolic consequences of dia-
betes would accelerate bone loss and relative deficiency
of insulin and/or insulin like growth factors might have
implications on collagen metabolism [3, 5, 6]. However,
Myara et al. [10] reported that plasma prolidase activity
was not elevated in bone metastasis and primary bone
cancers. They also emphasized that its plasma level was
also unrelated to age and sex.

Osteogenesis imperfecta (OI) is an autosomal domi-
nant disorder associated with defects in the synthesis or
structure of type I collagen, the major protein of bone
and skin and the molecular defects of type I collagen in
fibroblasts from the proband with OI has been shown to

be accompanied by a decrease in prolidase activity in
these cells [5].

Serum prolidase activity and its relation with some
biochemical markers of bone metabolism were studied in
metastatic and nonmetastatic breast cancer (BC)
patients. It has been observed that serum prolidase levels
were significantly higher in BC, but there was no dif-
ference between the patients who had bone metastasis or
not. They reported that prolidase activity might be
increased as a result of high estrogenic state in BC
patients since estrogens have been known to stimulate
collagen metabolism [1, 14, 15] and this enzyme activity
had not been affected by increased bone turnover [8].

In conclusion, we observed that there was no differ-
ence in serum prolidase activity in postmenopausal
osteoporotic women compared with postmenopausal
nonosteoporotic and premenopausal nonosteoporotic
controls. We think that prolidase activity might be bal-
anced between two opposite forces, has been suggested
to increase as a result of collagen turnover in osteopo-
rosis, and might be negatively affected by lack of
estrogen in postmenopausal osteoporosis. Therefore,
few studies have demonstrated that collagen synthesis
and prolidase activity were stimulated by estrogen in
cultured cells [16, 17]. It has also been reported that
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Fig. 1 Correlations between
serum prolidase levels and
biochemical markers in
postmenopausal osteoporotic
patients
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collagen content in various organs like skin and bone
decreases [15] in menopause with loss of estrogen and is
known to be reversed by hormone replacement therapy
[1, 14]. We think that more studies with larger groups
are needed to investigate serum prolidase activity and its
relation with bone metabolism in the future.
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