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SUMMARY

Background: The aim of the current study was to determine whether the serum prolidase levels are associated with the
etiopathogenesis of depression.

Subjects and methods: This study included 29 patients with major depressive disorder (MDD), who were consecutively recruited
from the psychiatric outpatient clinic, and 30 healthy individuals recruited from the general community. Each patient underwent a
detailed diagnostic evaluation by two psychiatrists using the Structured Clinical Interview for DSM-1V (SCID-I). Serum prolidase
activity and oxidative parameters were measured in the patient and control groups. The severity of depressive symptoms was
assessed using the Hamilton Depression Rating Scale.

Results: Serum prolidase level was significantly higher in patients with MDD compared to healthy subjects (p<0.001). Total
Oxidant Status (TOS) levels and Oxidative Stress Index (OSI) were also significantly higher in patients with MDD (p<0.001),
whereas no significant difference was observed between the groups in the TAS levels (p=0.297). Serum prolidase level did not show
any correlation with markers of oxidative stress in patients with MDD.

Conclusion: Increased serum prolidase levels in patients with MDD may be interpreted as the interaction of prolidase activity,
glutamate transmission and oxidative stress. It is suggested that prolidase activity is involved in the etiopathogenesis of depressive

disorder.
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INTRODUCTION

Prolidase or prolinedipeptidase is one of the unique
enzymes capable of degrading dipeptides in which a
proline or hydroxyproline reduce is located at the C-
terminal position (Endo & Matsuda 1991). Prolidase has
been described in various tissues, including the plasma,
hearth, thymus, brain and uterus (Zanaboni et al. 1994).
It was previously regarded as the collagen synthesis and
cell growth (Wu et al. 2011), but now it has been
recognized for various hormone-releasing factors and
neurotransmitters in the brain (Chi et al. 2009). Proline
is abundant in the brain (Yu et al. 2009). Disruption in
proline metabolism was found to be associated with
attention deficit, mental retardation, autism spectrum
disorder and schizophrenia (Mitsubuchi et al. 2008,
Wyse & Netto 2011). Prolidase has also been detected
in brain (Hui & Lajtha 1978) and it has been shown that
the maintenance of proline levels is regulated by
prolidase (Sayre et al. 2001). Prolidase deficiency is
related to different degrees of mental retardation (Lupi
et al. 2008).

Biological factors undoubtedly play a role in the
etiology of major depressive disorder (MDD) (Maric
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& Adzic 2013, Muller 2013). Glutamatergic trans-
missions have been implicated in the pathophysiology
of depression (Gibbon et al. 2012). An interaction
between proline and glutamate has been demonstrated
in animal models (Henzi et al. 1992, Ortiz et al. 1992)
and it has been suggested that proline-induced gluta-
mate excitotoxicity may be of clinical significance in
psychiatric disorders (Wyse & Netto 2011).

Elevated serum levels of prolidase have been
associated with oxidative stress in some organic
diseases such as mitral stenosis, helicobacter pylori
infection and ovarian cancer (Rabus et al. 2008, Aslan
et al. 2007, Camuzoglu et al. 2009). We hypothesize
that the prolidase activity may be impaired in patients
with Major Depressive Disorder (MDD) and there may
be an association between prolidase activity and oxi-
dative stress in depression. To the best of our
knowledge, this is the first research to investigate the
relationship between prolidase activity and depression.
The aim of this study was to determine whether the
serum prolidase levels are associated with the etio-
pathogenesis of depression, and whether there is a
relationship between prolidase activity and oxidative
parameters in patients with MDD.
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SUBJECTS AND METHODS

Patients

Twenty-nine (29) patients with (MDD), who were
consecutively recruited from psychiatry outpatient
clinics at the university hospital, were included in this
study. Diagnoses of MDD were made by using the
Structured Clinical Interview for DSM-IV (SCID-I).
The severity of depressive symptoms was assessed
using the Hamilton Depression Rating Scale, whose
validity and reliability were demonstrated by Akdemir
et al. (2001). Inclusion criteria were age between 18
and 65 years and being medication-free for at least 30
days prior to blood sampling. The exclusion criteria
included patients who had any other comorbid
psychiatric disorder according to DSM-IV and those
with a history of inadequate cardiac function, renal
dysfunction, diabetes, liver disease, and cancer.

Controls

The control group consisted of 30 healthy indivi-
duals recruited from the community. They were
matched in terms of age and gender with the patients.
They had no clinical psychiatric disorder and had not
taken any drug for at least one month prior to the
study. Their psychiatric conditions were evaluated by
the same psychiatrists using the SCID-I. All volunteers
were free of Axis-I disorders. They had no past neuro-
logical, endocrinological, hepatic and renal diseases.
All participating subjects gave their informed consent.
The study was approved by the local ethics committee.

Prolidase Assay

Serum prolidase activity was measured in patient
and control groups. Venous blood samples were imme-
diately centrifuged and stored at -20°C for further
analysis. Serum Xaa-prodipeptidase/prolidase (PEPD)
was measured using ELISA (enzyme-linked immuno-
sorbent assay) test kit (Human Xaa-Pro Dipeptidase/
Prolidase (PEPD) ELISA Kit, Cusabio biotech) accor-
ding to the manufacturer’s protocol. This assay employs
the quantitative sandwich enzyme immunoassay techni-
que. Absorbance (OD) of each sample well determined
at 450 nm with a microliter plate reader (Multiskan GO,
Thermo Scientific) within 5 minutes.Standard curves
were fitted using Titri ELISA software. The fitted curve
was then used to convert sample absorbance readings to
PEPD concentrations.

Measurement of total antioxidant capacity
(TAC)

Serum TAC was measured using a novel automated
measurement method developed by Erel (2004). This
method involves the production of a potent biological
hydroxyl radical. In the assay, ferrous ion solution

(present in Reagent 1) is mixed with hydrogen peroxide
(present in Reagent 2). Thus, it is possible to measure
the anti-oxidative effect of the sample against the potent
free radical reactions initiated by the production of the
hydroxyl radical. The assay is characterized by excellent
precision values of less than three percent. The results
are expressed as mmol Trolox Eq/L.

Measurement of total oxidant status (TOS)

TOS of serum was determined using a novel
automated measurement method, developed by Erel
(Erel 2005). Oxidants present in the sample oxidize the
ferrous ion-o-dianisidine complex to ferric ion. The
oxidation reaction is enhanced by glycerol molecules,
which are abundantly present in the reaction medium.
The ferric ion makes a colored complex with xylene
orange in an acidic medium. The color intensity, which
can be measured spectrophotometrically, is related to
the total amount of oxidant molecules present in the
sample. The assay is calibrated with hydrogen peroxide
and the results are expressed in terms of micromolar
hydrogen peroxide equivalent per liter (umol H,O,
Equiv/L).

Oxidative stress index (OSI)

Percent ratio of TOS level to TAC level was
accepted as OSI. For its calculation, the resulting unit of
TAC was changed to mmol/L, and the OSI value was
calculated according to the following formula: OSI
(arbitrary unit) = TOS (mmol H,O, Equiv./L)/ TAC
(mmol Trolox Eq/L) (Harma et al. 2006).

Statistical analysis

SPSS® for Windows 15.0 software was used for the
statistical analysis of the data. The significance of
differences between the groups was estimated by the t-
test. Chi-square test was used to compare the propor-
tions. Correlation analysis was performed using the
Pearson correlation coefficient. Results were considered
significant at p<0.05.

RESULTS

Mean prolidaseactivity of MDD was 596.4093+
129.934 U/L in the patients and 371.4461+52.792 U/L
in the controls (Table 1). Prolidase activity was signifi-
cantly higher in patients (p<0.001). Socio-demographic
variables did not show any statistically significant
difference between the two groups. TOS levels and OSI
levels were significantly higher in patients with MDD
compared to controls (p<0.001). TAS levels showed no
significant difference between the groups (p=0.297)
(Table 2). The mean serum prolidase level did not show
any correlation with TAS, TOS levels and OSI among
the patients with MDD (Table 3).
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Table 1. Demographic and clinical characteristics of patients with MDD and control subjects

Parameters Patients (n=30) Controls (n=30) p
Age (mean+SD) 30.9+6.3 29.03+5.7 0.290
Gender Female 20 16 0.417
Male 10 14
Marital Status Single 15 9 0.114
Married 15 21
Education Primary school 3 7 0.063
High School 19 16
University degree 7 7
HAM-D score (mean+SD) 16.4+2.6 N/A
Duration of illness 1.6+1.0 N/A

*p<0.05; N/A: Not applicable;

HAM-D: Hamilton Depression Rating Scale

Table2. Serum total antioxidant status (TAS), total oxidant status (TOS) levels and OSI levels in patients with MDD

and healthy control group

Patients (n=30) Controls (n=30) p
TAS (mmolTroloxEq/L) 1.2+0.2 1.240.1 0.305
TOS (Immol H,0, Eq/L) 13.8+7.4 9.9+4.7 <0.001
OSI 11.8+7.4 7.8+£3.6 <0.001

TAS: total antioxidant status; TOS: total oxidant status;

Table3. Correlation analysis between the serum prolidase
levels and other parameters in patients with MDD

Prolidase level r P
TAS 0.228 0.226
TOS -0.043 0.820
OSI -0.131 0.490

TAS: total antioxidant status, TOS: total oxidant status,

OSI: Oxidative stress index

DISCUSSION

The main finding of our study was the higher serum
prolidase level in patients with MDD than healthy
control subjects. Proline is widely distributed in the
central nervous system (CNS) (Hauptmann et al. 1983),
suggesting that proline may serve as a neuromodulator
in synaptic transmission (Crump et al. 1999). Glutamate
is believed to be involved in the etiology of depression
(Palucha et al. 2005). Experimental studies indicate that
there is an interaction between proline and glutamate re-
ceptors (Ortiz et al. 1992). Proline was shown to inhibit
glutamate release in the cerebrospinal fluid and to
induce glutamatergic signaling in the hippocampus
(Cohen & Nadler 1997a,b). Delwing et al. (2007)
suggest that high proline may be neurotoxic and pre-
dispose to brain damage by the decrease glutamate
uptake. It was reported that prolidase deficiency may
lead to mental retardation by the high amount of proline
residues (Lupi et al. 2008).

Oxidative stress has been postulated to have an
important role in the pathogenesis of depression (Michel
et al. 2012). Depressed patients in this study had a
significant increase of OSI level compared to control
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OSI: Oxidative stress index

subjects. The index shows the oxidative imbalance in
depressive patients. This finding is consistent with
previous results (Yanik et al. 2004, Cumurcu et al.
2009) reporting that oxidative metabolism is impaired in
patients with MDD. However, oxidative stress in
patients was not correlated with the prolidase activity.
In some previous studies, it was found that there is an
association between oxidative stress and prolidase
activity in other diseases such as helicobacter pylori
infection and Alzheimer’s disease (Aslan et al. 2007,
Arikanoglu et al. 2013).

The assessment of prolidase activity in neuro-
psychiatric disorders has so far been limited to only
two studies. Selek et al. (2011) investigated serum
prolidase levels in patients with bipolar affective disor-
der and found that serum prolidase level was signi-
ficantly higher in patients than controls, suggesting
that increased prolidase activity may result from
oxidative stress. Our findings support the idea that
prolidase activity may play a role in psychiatric dis-
orders. In a study conducted on patients with Alz-
heimer’s disease, increased serum prolidase activities
were reported and the authors suggested that oxidative
stress may be the main reason for this finding
(Arikanoglu et al. 2013). Increase in the serum proli-
dase level could be explained in two different ways.
First, possible reason of elevated prolidase levels may
be the altered activity of glutamate-proline pathway in
depression. Second, oxidative stress may be an indirect
effect of the level of prolidase activity. Indeed, it was
reported that proline can induce oxidative stress in the
brain (Delwing et al. 2013). Further studies are
required to clarify the role of prolidase in the patho-
physiology of depression.
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There were several limitations in our study. First,
our sample size was rather small. Second, we assessed
only one time point for the measurement of prolidase
levels. Replication with large samples and longitudinal
follow-up will be needed to overcome these limitations.

CONCLUSION

In this study it was shown that serum prolidase
levels were significantly higher in patients with major
depression compared to control subjects. These levels
were not associated with oxidative stress parameters,
which may be interpreted as an interaction of prolidase
activity, glutamate transmission, and oxidative stress. It
is suggested that prolidase activity has a significant role
in the etiopathogenesis of depression.

Acknowledgements: None.

Conflict of interest: None to declare.

References

1. Akdemir A, Tiirk¢apar MH, Orsel SD, Demirergi N, Dag I,
Ozbay MH: Reliability and validity of the Turkish version
of the Hamilton Depression Rating Scale. Compr
Psychiatry 2001; 42:161-165.

2. Arikanoglu A, Akil E, Varol S, Yucel Y, Yuksel H, Cevik
MU, et al: Relationship of cognitive performance with
prolidase and oxidative stress in Alzheimer disease.
Neuro Sci 2013, 34:2117-2121.

3. Aslan M, Nazligul Y, Horoz M, Bolukbas C, Bolukbas
FF, Aksoy N, Celik H, Erel O: Serum prolidase activity
and oxidative status in Helicobacter pylori. Clin
Biochem 2007, 40:37-40.

4. Camuzoglu H, Arioz DT, Toy H, Kurt S, Celik H, Aksoy
N: Assessment of preoperative serum prolidase activity
in epithelial ovarian cancer. Eur J Obstet Gynecol
Reprod Biol 2009, 147:97-100.

5. Chi H, Liu G, Tong J, Nakayama K, Yamashita K,
Kitaoka N, Kodama H: Activity of prolidaseisoenzymes
in the rat brain: subcellular and regional distribution
during development. Brain Res 2009; 1303:8-14.

6. Cohen SM, Nadler JV: Proline-induced inhibition of
glutamate release in hippocampal area CAl. Brain Res
1997b; 769:333-339.

7. Cohen SM, Nadler JV: Proline-induced potentiation of
glutamate transmission. Brain Res 1997a; 761:271-282.

8. Crump FT, Fremeau RT, Craig AM: Localization of the
brain-specific high-affinity I-proline transporter in
cultured hippocampal neurons:molecular heterogeneity
of synaptic terminals. Mol Cell Neurosci 1999, 13:25-39.

9. Cumurcu BE, Ozyurt H, Etikan I, Demir S, Karlidag R:
Total antioxidant capacity and total oxidant status in
patients with major depression: impact of antidepressant
treatment. Psychiatry Clin Neurosci 2009, 63:639-45.

10. Delwing D, Bavaresco CS, Wannmacher CM, Wajner M,
Dutra-Filho CS, Wyse AT: Proline induces oxidative

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

stres in cerebral cortex of rats. Int J Dev Neurosci 2003;
21:105-110.

Delwing D, Sanna RJ, Wofchuk S, Weyse AT: Proline
promotes decrease in glutamate uptake in slices of
cerebral cortex and hippocampus of rats. Life Sci 2007;
81:1645-50.

Endo F, Matsuda I: Molecular basis of prolidase
(peptidase D) deficiency. Mol Biol Med 1991, 8:117-27.
Erel O: A new automated colorimetric method for measu-
ring total oxidant status. Clin Biochem 2005; 38:1103-
1111.

Erel O: A novel automated method to measure total
antioxidant response aganist potent free radical
reactions. Clin Biochem 2004;37:112-119.

Gibbon AS, Brooks L, Scarr E, Dean B: AMPA receptor
expression is increased post-mortem samples of the
anterior cingulated from subjects with major depressive
disorder. J Affect Disord 2012; 136:1232-7.

Harma MI, Harma M, Erel O: Measuring plasma
oxidative stress biomarkers in sport medicine. Eur J
Appl Physiol 2006; 97:505.

Hauptmann M, Wilson DF, Erecinska M: High affinity
proline uptake in rat brain synaptosomes. FEBS Lett
1983, 161:301-5.

Henzi V, Reichling DB, Helm SW, Mac Dermott AB: L-
proline activates glutamate and glyncine receptors in
cultured rat dorsal horn neurons. Mol Pharmacol 1992;
41:793-810.

Hui KS, Lajtha A: Prolidase activity in brain:
comparison with other organs. J Neurochem 1978;
30:321-27.

Lupi A, Tenni R, Rossi A, Cetta G, Forlino A: Human
prolidase and prolidase deficiency: an overview on the
characterization of the enzyme involved in proline
recycling and on the effects of its mutations. Amino
Acids 2008, 35:739-52.

Maric NP, Adzic M: Pharmacological modulation of
HPA axis in depression - new avenues for potential
therapeutic benefits. Psychiatr Danub 2013; 25:299-305.
Michel TM, Pulschen D, Thome J: The role of oxidative
stress in depressive disorders. Curr Pharm Des 2012;
18:5890-9.

Mitsubuchi H, Nakamura K, Matsumoto S, Endo F:
Inborn errors of proline metabolism. J Nutr 2008;
138:2016-2020.

Muller N: The role of anti-inflammatory treatment in
psychiatric disorders. Psychiatr Danub 2013, 25:292-8.
Ortiz JG, Cordero ML, Rosado A: Proline-glutamate
interactions in the CNS. Prog Neuropsychopharmacol
Biol Psychiatry 1997; 21:141-52.

Palucha A, Pilc A: The involvement of glutamate in the
pathophysiology of depression. Drug News Perspect
2005, 18:262-8.

Rabus M, Demirbag R, Yildiz A, Tezcan O, Yilmaz R,
Ocak AR, et al: Association of prolidase activity,
oxidative parameters, and presence of atrial fibrillation
inpatients with mitral stenosis. Arch Med Res 2008;
39:519-24.

Sayre LM, Smith MA, Perry G: Chemistry and
biochemistry of oxidative stress in neurodegenerative
disease. Current medicinal chemistry 2001; 8:721-738.
Selek S, Altindag A, Saracoglu G, Celik H, Aksoy N:
Prolidase activity and its diagnostic performance in
bipolar disorder. J Affect Disord 2011; 129:84-86.

317



Mehmet Hanifi Kokacya, Bulent Bahceci, Ilkay Bahceci, Aziz Ramazan Dilek & Recep Dokuyucu:
PROLIDASE ACTIVITY AND OXIDATIVE STRESS IN PATIENTS WITH MAJOR DEPRESSIVE DISORDER
Psychiatria Danubina, 2014, Vol. 26, No. 4, pp 314-318

30. Wu G, Bazer FW, Burghardt RC, Johnson GA, Knabe DA, 33. Yu XC, Zhang W, Oldham A, Buxton E, Patel S, Nghi N, et
Li P, et al: Proline and hydroxyproline metabolism: al: Discoverry and characterization of potent small
implications for animal and human nutrition. Amino Acids molecule inhibitors of the high affinity proline transporter.
2011; 40:1053-1063. Neurosci Lett 2009; 451:212-216.

31. Wyse AT, Netto C: Behavioral and neurochemical effects 34. Zanaboni G, Dyne KM, Rossi A, Monafo V, Cetta G:
of proline. Metab Brain Dis 2011; 26:159-72. Prolidase deficiency: biochemical study of erythrocyte and

32. Yanik M, Erel O, Kati M: The relationship between skin fibroblast prolidase activity in Italian patients.
potency of oxidative stress and severity of depression. Haematologica 1994, 79:13-8.

Acta Neuropsychiatrica 2004; 16:200-3.

Correspondence:
Mehmet Hanefi Kokacya, MD
Department of Psychiatry, School of Medicine, Mustafa Kemal University

Hatay, Turkey
E-mail: mhkokacya@mku.edu.tr

318



