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Introduction: Slow coronary flow (SCF) is described as the slow passage of contrast to distal coronaries despite anatomically
normal coronary arteries. It has been shown that increased serum prolidase activity (SPA) correlates with collagen turnover. In-
creased collagen turnover might be associated with the development of atherosclerotic plaques.

Aim: To investigate the relationship between serum prolidase activity and slow coronary flow.

Material and methods: This cross-sectional study included 40 SCF patients (mean age: 55.0 +9.5 years, 20 females) and
40 controls (mean age: 53.9 +8.2 years, 21 females) with normal coronary anatomy and normal coronary flow. The Thrombolysis in
Myocardial Infarction (TIMI) frame-count (TFC) method was used for SCF diagnosis. Serum prolidase activity was measured spectro-
photometrically, and the relevant parameters were compared between the groups.

Results: There were no statistically significant differences between the SCF and control groups in terms of basic demographic,
clinical, and laboratory data. However, the SPA was significantly higher in the SCF group compared to the control (702.7 +13.8 and
683.9 +13.2 respectively, p < 0.001). Serum prolidase activity was significantly correlated with the mean TFC (r = 0.463, p < 0.001).
The overall findings of this study support the predictive accuracy of the serum prolidase activity in our cohort, with a statistically
significant ROC value of 681.3.

Conclusions: Our study showed that SPA was increased in SCF patients. The activity of this enzyme was significantly correlated
with the mean TFC.
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Introduction

A recurring problem in clinical practice is determin-
ing the cause of chest pain in patients with normal
coronary arteries. Detailed angiographic investigations
have shown slow passage of contrast in anatomically
normal coronaries, known as slow coronary flow (SCF)
[1, 2]. Postulated mechanisms include microvascular,
endothelial or vasomotor dysfunction and occlusive
disease [2-6].

Types | and lll collagen are found in the cardiac matrix
and comprise ~80-90% of the total collagen. As a result
of cardiac damage due to myocardial fibrosis, hypertro-
phy or infarction, changes in the ratios of types | and
[l collagen lead to structural matrix changes, resulting

in myocardial dysfunction [7, 8]. All of the arteries in the
human body contain elastic lamellae, collagen fibrils and
smooth muscle cells in the middle layer. So human ar-
teries contain large quantities of collagen [9]. Therefore,
any pathological processes affecting the vascular system
will affect the collagen cycle. Proline and hydroxyproline
constitute 25% of the amino acids in collagen. Prolidase
is @ manganese-dependent cytosolic exopeptidase that
cleaves iminodipeptides containing a carboxy terminal
proline or hydroxyproline, and plays an important role
in collagen metabolism, matrix remodeling, and cell
growth [10]. Its activity has been documented in plas-
ma, erythrocytes, leukocytes, dermal fibroblasts, and in
various organs, such as the kidney, brain, heart, thymus,
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uterus, liver, small intestine, stomach, spleen, lung, and
pancreas [11].

Several studies have demonstrated a relationship
between serum prolidase activity (SPA) and cardiovascu-
lar diseases, such as the prevalence of coronary artery
disease, the occurrence of atrial fibrillation in mitral ste-
nosis, hypertension, and left ventricular hypertrophy in
hypertension [12-14].

Aim

The etiology, diagnosis and management of SCF have
been investigated; however, microvascular dysfunction
and its connection with prolidase have not been the fo-
cus of research to date. The aim of this study was to as-
sess the relationship between SCF and SPA.

Material and methods

Patients were selected from those attending the
clinic with chest pains and who had coronary angiogra-
phy after non-invasive ischemia tests between July and
December 2012. Patients with normal coronary arteries
and normal coronary flow (n = 40), and patients with
normal coronary arteries (three major coronary arteries
and their branches > 2 mm) but with slow coronary flow
in at least one coronary artery (n = 40), were included in
the study.

The exclusion criteria were as follows: left ventricular
systolic dysfunction, hypertrophy, valvular heart disease,
pericardial disease, cerebrovascular disease, renal and
hepatic dysfunction, hemolytic disease, active infection,
autoimmune disease, neoplastic disease, osteoporosis,
and any major surgery within the last 3 months. Fur-
thermore, patients with coronary vasospasm, coronary
ectasia and any hemodynamic alterations during coro-
nary angiography were also excluded from the study. Ad-
ditionally, antioxidant drugs or drugs that affected the
collagen cycle (angiotensin converting enzyme inhibitor,
angiotensin receptor blocker, aldosterone antagonist
and statin) were stopped 3 weeks before the start of the
study. However, B-blockers or calcium channel-blockers
were prescribed as an antihypertensive therapy, accord-
ing to the patients’ clinical conditions.

The body mass index (BMI) of all patients was cal-
culated. Details on hypertension, hyperlipidemia, dia-
betes mellitus, family history and smoking were noted.
The study was designed according to the tenets of the
Helsinki declaration and all patients signed an informed
consent form. Complete blood counts, routine biochem-
ical parameters and electrocardiograms were obtained
from the patients’ hospital records.

Blood sampling protocols

Serum prolidase activity was measured in both
groups. Peripheral venous blood samples were taken
from both groups in the fasting state. Blood samples
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were centrifuged at 3000 rpm for 10 min to separate the
serum, which was stored at —80°C for prolidase analysis.

Prolidase assay

The serum was diluted 40-fold with 2.5 mmol/l Mn%,
40 mmol/| Trizma HCl buffer (pH 8.0) and pre-incubated at
37°C for 2 h. The reaction mixture containing 30 mmol/!
gly-pro, 40 mmol/| Trizma HCl buffer (pH 8.0) and 100 pl
of pre-incubation serum in 1 ml was incubated at 37°C
for 30 min. Trichloroacetic acid solution (0.5 ml, 20%) was
added to stop the incubation reaction. The proline levels
in supernatants were assayed by the method proposed by
Myara [15], which is a modification of that of Chinard [16].
The intra-assay coefficient of variability (CV) was 3.8%.

Coronary angiography procedure

Coronary angiography was performed via the femoral
artery, using the standard Judkins technique. Coronary
angiograms were recorded in the right and left oblique
planes using cranial and caudal angulations, with a rate
of 30 frames/s (Allura Xper FD10, Philips Healthcare, Best,
The Netherlands). The patients were assessed for the pres-
ence of SCF during the coronary angiography, and coro-
nary flow rates were quantified by the TFC method. For
objective quantification of the coronary flow, two inde-
pendent observers performed a blind assessment of the
coronary flow in the coronary arteries using the TFC meth-
od [17]. Using this method, the number of cine frames,
recorded at 30 frames/s, required for the contrast to reach
the standard distal coronary landmarks in the left anterior
descending (LAD), left circumflex (LCX) and right coronary
arteries (RCA) was noted. The predefined distal landmarks
were the distal bifurcation for the LAD, commonly referred
to as the ‘pitchfork’ or ‘whale’s tail’, the distal bifurcation
of the segment with the longest total distance for the LCX,
and the first branch of the posterolateral artery for the
RCA. The standard mean values for the normal visualiza-
tion of coronary arteries are described as 36.2 +2.6 frames
for LAD, 22.2 +4.1 frames for LCX and 20.4 +3 frames for
RCA. As the LAD coronary artery is usually longer than the
other major coronary arteries, the TFC for this vessel is
often higher. Therefore, the TFC for LAD is divided by 1.7
to obtain a corrected TFC. The standard corrected mean
value for the LAD coronary artery is 21.1 +1.5 frames. All
participants with a corrected TFC greater than two stan-
dard deviations from the previously published range for
the particular vessel were considered to have SCF [17].
The mean TFC for each patient and control participant was
calculated by dividing the sum of the TFC of the corrected
LAD, LCX and RCA by three.

Statistical analysis

SPSS version 15.0 (SPSS Inc., Chicago, IL, USA) was
used for the statistical analyses. The one-sample Kolm-
ogorov-Smirnov test was used to determine whether the
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data had a normal distribution. Mean values of contin-
uous variables were compared using the independent
two-sample t-test. The results were reported as means *
SD. Categorical variables were compared using the y? test
and were expressed as counts and percentages. Pearson’s
correlation coefficients were used to assess the strength
of the relationship between the continuous variables.
A p value < 0.05 was considered to indicate significance.
The receiver operating characteristics (ROCs) of serum
prolidase levels were examined to identify a cut-off value
for prediction of SPA.

Results

The demographic characteristics of both groups, in-
cluding age, gender, height, weight, body mass index

(BMI), pulse and blood pressure, were similar. Also, cor-
onary artery disease risk factors, such as hypertension,
diabetes mellitus, smoking, alcohol use and cholesterol
levels, were similar in the two groups (p > 0.05), and are
shown in Table I.

Serum prolidase activities were significantly higher
in the SCF group compared to the control group (702.7
+13.8 U/|, 683.9 £13.2 U/l respectively, p < 0.001, Table |,
Figure 1). Serum prolidase activity was significantly cor-
related with the mean TFC (r = 0.463, p < 0.001, Figure 2).
The ROC of SPA for prediction of SCF is presented in Fig-
ure 3. The area under the curve was 0.82. The serum pro-
lidase ROC curve analysis showed a sensitivity of 97.5%
(95% confidence interval (Cl): 86.8-99.9%) and a speci-
ficity of 52.5% (95% Cl: 36.1-68.5%) for the detection of

Table I. Demographic, clinical and angiographic parameters of SCF and control group

Variable SCF group (n = 40) Control group (n = 40) Value of p
Gender (male/female) 20/20 19/21 0.82
Age [years] 55.0 £9.5 53.9 8.2 0.32
Height [cm] 167 +7 165 +16 0.15
Weight [kg] 78.5+9.5 76.4 +11.6 0.38
BMI [kg/m?] 28.0£3.1 28.1+3.6 0.82
Pulse [beats/min] 74 +8 74 £10 0.92
Systolic BP [mm Hg] 128.0 +23.5 130.1+29.2 0.10
Diastolic BP [mm Hg] 75.9 +13.9 74.4 £14.9 0.38
Hypertension, n (%) 18 (45) 18 (45) 1.00
Diabetes mellitus, n (%) 8 (20) 9 (22.5) 0.79
Hyperlipidemia, n (%) 12 (30) 11(27.5) 0.81
Smoking, n (%) 9 (22.5) 8 (20) 0.79
Alcohol, n (%) 9 (22.5) 4 (10) 0.13
CAD family history, n (%) 14 (35) 13 (32.5) 0.81
Total cholesterol [mg/dl] 194.5 +39.7 199.1 +47.4 0.23
LDL-cholesterol [mg/dl] 129.2 +39.7 127.1+37.2 0.79
HDL-cholesterol [mg/dl] 39.6 +10.1 39 +11.8 0.91
Triglyceride [mg/dl] 156.4 +74.5 160.4 +97.6 0.72
Urea [mg/dl] 34 +8 35 +11 0.68
Creatinine [mg/dl] 0.9+0.3 0.9 +0.3 0.96
Aspirin use, n (%) 22 15 0.11
B-Blocker, n (%) 8 11 0.43
Calcium channel-blocker, n (%) 10 7 0.41
TFC (frame/s):
LAD 61.7 £20.5 29.0 £5.8 < 0.001
X 36.2 £10.6 213 +3.5 < 0.001
RCA 39.7 £12.6 20.0 £3.8 < 0.001
Mean TFC (frame/s) 45.8 +8.8 244429 < 0.001
SPA [U/1] 702.7 £13.8 683.9 +13.2 < 0.001

Data presented as mean + SD, SCF — slow coronary flow, NS — non-significant, BMI — body mass index, CAD — coronary artery disease, LDL — low-density lipoprotein,
HDL — high-density lipoprotein, TFC — TIMI frame count, LAD — left anterior descending artery, CX — circumflex artery, RCA — right coronary artery, SPA — serum pro-

lidase activity.
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Figure 1. Serum prolidase activity in patients with
and without slow coronary flow

SCF, using a serum prolidase activity of 681.3 U/l as the
cut-off.

Discussion

This study showed that SPA increased in patients
with SCF when compared to the controls. The activity of
this enzyme was significantly and positively correlated
with the mean TFC.

In recent years, studies have found that intimal thick-
ening, diffuse calcification, and atheroma plaques did not
cause luminal irregularity in the majority of patients with
SCF [3]. It was suggested that oxygen-hemoglobin discor-
dance, and vasomotor and endothelial dysfunction might
be responsible for SCF pathophysiology [2-6]. For this rea-
son, the disease was termed ‘microvascular angina’ be-
cause of the possible microvascular involvement [18, 19].
In these studies, the prevalence of recurrent ischemia and
myocardial infarction was higher in SCF patients compared
to healthy individuals during the long-term follow-up. De-
spite this, the causes of chest pain and myocardial isch-
emia remain an ongoing issue for these patients [19, 20].

The cardiac matrix contains mainly types | and Ill col-
lagen. Proline and hydroxyproline constitute 25% of the
amino acids in collagen [7]. Prolidase hydrolyses proline
and hydroxyproline-containing dipeptides intracellularly;
proline re-enters the protein cycle and hydroxyproline is
excreted in the urine [7, 8]. Elevated prolidase activity
in fibroblasts is associated with increased lysosomal en-
zymes and fibroblast locomotion, indicating increased
collagen turnover [21]. Arterial walls contain mostly col-
lagen [9]; therefore, conditions that affect the arterial
system also affect collagen turnover.
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Figure 2. Significant positive correlation between
corrected mean TIMI frame count and serum pro-
lidase activity (r = 0.463, p < 0.001)
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Figure 3. Receiver-operating characteristic (ROC)
curve calculation for the serum prolidase activity
in slow coronary flow

Serum prolidase activity might also be an indicator of
bone turnover [22]. A low level of SPA was reported to be
related to osteoporosis [23] and osteoarthritis [24] due
to reduced bone turnover. In patients with uremia, low
SPA was suggested as a contributory factor to the imino
acidopathy [25].

Cardiac damage due to myocardial fibrosis, hypertro-
phy, and infarction causes changes in the ratio of types
I and Il collagen, which lead to alterations in the ma-
trix structure and impairment of myocardial function
[7]. Serum prolidase activity is elevated in hypertensive
patients and is related to increased collagen turnover
[14]. The reported correlation between ascending aorta
dilatation and decreased SPA could be related to collagen
re-synthesis [26].

Alterations in the vascular wall intimal extracellular
matrix collagen turnover play a role in the development
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of atherosclerotic plaques, vascular remodeling, and
plague ruptures, causing acute coronary syndrome [27-
29]. This is further supported by intravascular ultrasound
studies on SCF patients with prominent intimal hyper-
plasia and extensive calcification [3, 30]. Furthermore,
a study of 321 patients revealed that SPA was related to
coronary artery disease and other diffuse clinical charac-
teristics [12].

Our results showed that SPA can be used as a pre-
dictor of SCF. This was the first study to employ a serum
prolidase cut-off value for prediction of SCF; a serum pro-
lidase level of 693.3 U/l was found to be predictive of SCF.
Increased SPA may indicate an increased vascular intimal
collagen turnover rate in SCF patients; therefore, endo-
thelial dysfunction can lead to increased microvascular
resistance, and may play a pivotal role in the pathophys-
iology of SCF. Serum prolidase activity can be measured
easily, and in adults does not vary greatly. Therefore, it
may be an appropriate measure for use in managing SCF.
However, larger studies are needed to confirm our hy-
pothesis.

The limitations of this study included the small num-
ber of patients, the cross-sectional design, and the lack
of follow-up of the patients. Because of the lack of long-
term follow-up data, conclusions regarding the predic-
tive value of SPA for cardiovascular events could not be
reached. Measuring serum and urine proline or hydroxy-
proline levels would add to the value of this study; how-
ever, we did not have the opportunity to perform these
measurements.

Conclusions

This study is the first report of a correlation between
SPA and SCF, and suggests that increased prolidase activ-
ity may play a role in the development of SCF. Although
the specificity of SPA is low, it may be used in the man-
agement and follow-up of SCF patients. However, further
clinical studies are needed to clarify the pathophysiolog-
ical role of serum prolidase activity in SCF.
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