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SUMMARY 
Background: A close relationship has been shown between mood disorders and pteridine levels. The aim of this study was to 

examine alterations in the urine neopterine levels of patients with major depressive disorder (MDD) who responded to paroxetine 
during the initial treatment and to compare their levels to those of healthy controls.  

Subjects and methods: Sixteen patients with major depression and 19 healthy controls were enrolled in the study. In order to 
assess depression severity levels, the Beck Depression Inventory, the Beck Anxiety Inventory, and the State-Trait Anxiety Inventory 
were administered. Urinary neopterine values that were measured using high pressure liquid chromatography (HPLC) were 
compared using non-parametric tests for the MDD patients before and after treatment. Urine neopterine levels in MDD patients 
before and after treatment were compared to those of the healthy control group. 

Results: Urinary neopterine levels were recorded as follows: For the MDD group before treatment the mean level was 
187.92±54.79 µmol/creatinine. The same group under treatment at 4 to 8 weeks was at 188.53±4962 µmol/creatinine, and the 
healthy control group showed 150.57±152.98 µmol/creatinine levels. There was no statistically significant difference in the urinary 
neopterine levels among the MDD patients before and after treatment (p=0.938). When urine neopterine levels in MDD patients 
before and after treatment were compared to those of the healthy control group, levels in the MDD group were found to be 
significantly higher (p=0.004 and p=0.005, respectively). 

Conclusions: Findings from the current study suggest that despite treatment response, depression is related to higher levels of 
urine neopterine. Paroxetine treatment has no significant effect on urine levels of neopterine in MDD patients. 
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*  *  *  *  *  

INTRODUCTION 

Humoral and cellular immune functions play an 
important role in the pathophysiology of depressive 
disorders (Maes et al. 1994). A close relationship has 
been shown between mood disorders and pteridine 
levels. Consistently, increased immune system activity 
during depression may lead to increase pteridine levels 
(Maes et al. 1994, Dunbar 1992). Increased production 
of pro-inflammatory cytokines is known to have an 
important role in the underlying pathophysiology and 
symptomatology of depression (Sluzewska et al. 
1996). Neopterine which is involved in the formation 
of monoamines serves as a marker of such cellular 
immune system activation. In recent years, neopterine 
levels have been involved among the candidates for 
immune markers related to major depression (Müller 
2013, 2014). 

Measurements of biopterin and neopterine may 
indicate changes in the metabolism of tetrahydrobiop-
terin (BH4) which acts as a cofactor for tyrosine and 

tryptophan hydroxylases in the initial step of dopa-
mine, serotonin and norepinephrine biosynthesis 
(Barford et al. 1984, Thony et al. 2000). Since neop-
terine and biopterin are end products of pterin 
metabolism, changes in the metabolism of BH4 can be 
assessed (using various approaches) by measuring total 
biopterin and neopterine levels (Barford et al. 1984, 
Thony et al. 2000).  

Research pertaining to pteridine clearly demon-
strated that there is a relationship between pteridine, 
the immune system, and chronic diseases affecting the 
immune system (Daito et al. 1994, Fuchs et al. 1989). 

Increased urinary neopterine levels related to many 
malignant and chronic conditions, such as inflamma-
tory diseases, have also been found (Reibnegger et al. 
1986). The activation of the immune system in chronic 
diseases is associated with an increase in tryptophan 
catabolism and neopterine levels (Murr et al. 2000, 
Huang et al. 2002, Widner et al. 2002). BH4 is 
responsible for the release of several neurotransmitters 
related to mood disorders (Hoekstra & Fekkes 2002). 
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Though antidepressants used in the treatment of 
depressive disorders affect tyrosine hydroxylase and 
tryptophan hydroxylase activities (Miura et al. 2005), 
mixed results have been obtained from the studies of 
the relationship between pteridines and depressive dis-
orders (Cryan & Leonard 2010). These results mainly 
indicate increased total biopterin and neopterine levels 
in depressed patients (Abou-Saleh et al. 1995, 
Hashimoto et al. 1987, Duch et al. 1984). One study 
indicated decreased biopterin levels in depressed 
patients as compared to healthy controls (Hoekstra et 
al. 2001). Some studies found increased BH4 levels 
(Coppen et al. 1989, Knapp et al. 1989) whereas others 
found reduced BH4 levels in depressed patients 
(Hashimoto et al. 1990, O'Toole 1998). Another study 
of patients diagnosed with seasonal depressive dis-
order observed they showed increased neopterine and 
decreased biopterin levels when compared with a 
control group (Hoekstra et al. 2003). 

Biological amines such as serotonin, noradrenaline, 
and dopamine have an important role in the develop-
ment of major depressive disorder. Many studies have 
demonstrated the role of these amines (Owens & 
Nemeroff 1994). However, studies of the role of neop-
terine, which is involved in the production stage of 
these amines, do not show the same degree of 
consistency. Our knowledge is limited about the 
relationship between neopterine and the results of 
treatment in specific individuals.  

When we look at studies in this area, urine neop-
terine levels in individuals with depressive disorder 
have consistently been found to be higher than those in 
healthy controls. However, two studies that evaluated 
pre and post treatment changes in urinary neopterine 
levels did not find any significant alteration in urinary 
neopterine levels after treatment. These studies exa-
mined results related to antidepressants with various 
mechanisms of action (i.e., rolipram, tricyclic anti-
depressants, and selective serotonin reuptake inhi-
bitors) and electroconvulsive therapy rather than 
testing a single antidepressant (Abou-Saleh et al. 1995, 
Hashimoto et al. 1994, Celik 2010). Therefore, these 
studies cannot offer a conclusion about the effects of 
specific antidepressant medications on urine neop-
terine levels.  

Another issue is to choose urinary samples to 
examine the neopterine levels instead of cerebrospinal 
fluid (CSF) or serum. Several studies preferred to use 
urinary neopterine levels because of two reasons. First, 
the urine samples might easily be collected and tested, 
and second, the levels of urine and serum neopterine 
measured by HPLC give very consistent results to each 
other (Fuchs et al. 1989, Werner et al. 1987). 

The aim of the current study was to evaluate 
alterations of urine neopterine levels in patients with 
MDD who are under treatment and responsive to 
paroxetine, a Selective Serotonin Reuptake Inhibitor 
(SSRI).  

SUBJECTS AND METHODS 

Subjects 
The study sample consisted of 16 patents with 

MDD diagnoses according to the diagnostic criteria of 
the Diagnostic and Statistical Manual of Mental 
Disorders 4th edition (DSM-IV). Subjects were under 
treatment at the psychiatric outpatient unit of Kirikkale 
University in the study period. Their age range was 
between 20 and 52. Participants had been using no 
other psychotropic medication within 1 month of the 
current treatment. All participants had responded to 4-
5 weeks of paroxetine treatment. The control group 
was recruited from employees working at the same 
university hospital. People included in the control 
group did not have any currently diagnosed psychiatric 
disorder or any history of psychiatric treatment or 
previous psychiatric diagnosis. 

To avoid conditions that might affect levels of urine 
neopterine, all individuals participating in the study 
underwent an interview including a detailed medical 
history, a physical examination and laboratory tests. 
Routine biochemical tests (e.g., liver and kidney 
function tests), a complete blood count (CBC), Anti-
streptolysin O (ASO), C-reactive protein (CRP), ery-
throcyte sedimentation rate, and urinalysis were 
conducted for every participant. Exclusion criteria 
were: any general medical condition that could affect 
psychiatric diagnosis, any acute or chronic disease, any 
recent anti-inflammatory or oral contraceptive medica-
tion use, substance use/abuse, pregnancy, mental/ 
intellectual problems (e.g., mental retardation, de-
mentia, illiteracy) and any other limitations that could 
prevent accurate responses on the assessment scales. 

The Kirikkale University, School of Medicine 
Ethics Committee approved the study protocol. This 
project was conducted in accord with the Helsinki 
Declaration. A written informed consent was obtained 
from each participant in the study.  

 
Procedure 

Participants completed a form consisting of ques-
tions about socio-demographic characteristics, drugs, and 
diseases that might affect neopterine. Diagnoses of major 
depressive disorder were determined using a semi-
structured clinical interview (i.e., Structured Clinical 
Interview for DSM-IV Axis I Disorders-SCID-I) (First 
et al. 1995). Urine samples were obtained from all indi-
viduals who participated in the study to assess baseline 
levels of neopterine. At the same time a set of paper and 
pencil self-measurements including the Beck Depres-
sion Inventory (BDI), the Beck Anxiety Inventory 
(BAI), the State and Trait Anxiety Inventory (STAI-ST) 
were administered to the participants. Urine samples were 
collected again from patients diagnosed with MDD who 
responded to paroxetine treatment by the fourth to the 
eighth week of the study (response was defined as at 
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least a 50 percent reduction in the Beck Depression 
Inventory scores). At that point, the BDI, BAI, and 
STAI-S/T were filled out a second time by the patients.  

All patients were treated with paroxetine. The initial 
dose of paroxetine was adjusted to 20 mg/day. Every 
other week, the dose of paroxetine was increased by 10 
mg/day until a therapeutic response was achieved (defi-
ned as at least a 50% reduction in the BDI score). Daily 
paroxetine doses were taken in the morning after 
breakfast. At the study baseline 26 patients with MDD 
were included. Sixteen patients who responded to 
treatment by the eighth week completed the study. Ten 
patients who did not respond to treatment during the 
study period were excluded from the study. 

 

Measurement of neopterine 
In our study, high pressure liquid chromatography 

(HPLC) was used to measure urine neopterine levels. 
Samples were stored, protected from light, up to 24 
hours at 2-8º C and up to 6 months at -20º C. The 
normal range of urinary neopterine values in adults is 
100-200 mmol/creatinine. Urinary neopterine levels can 
vary slightly depending on age and gender (Hausen et al 
1982). For this study, urine samples were studied in the 
Biochemistry laboratory of Gülhane Military Medical 
Academy/Ankara.  

 

Self-report measures 
The Beck Depression Inventory (BDI) is a 21-item 

scale which measures emotional, somatic, cognitive and 
motivational symptoms related to depression and is based 
on clinical data obtained from observations. It was 
created by Beck (1961). The Beck depression inventory 
is used to measure severity and variations in the intensity 
of depressive symptoms. The Turkish validity and reli-
ability of the scale was established by Hisli (1989). 

The Beck Anxiety Inventory (BAI) measures the 
frequency of anxiety symptoms experienced by indivi-
duals. It is a self-rated Likert-type scale scored bet-
ween 0-3 and consisting of 21 items. The total score 
refers to the rate of elevated anxiety experienced by an 
individual. The Inventory was developed by Beck et al 
(1988), and its reliability and validity in Turkey was 
established by Ulusoy et al. (1998). 

The State-Trait Anxiety Inventory includes two 
different paper and pencil scales each including 20 
questions. One of the sub-scales the Trait Anxiety 
Inventory (STAI-T) rates the feelings of individuals 
independent of circumstances and conditions. The other 
State Anxiety Inventory (STAI-S) measures an 
individual's anxiety level at the time it is evaluated. This 
scale was developed by Spielberger (Spielberg 1970). 
This test was translated to Turkish by Öner and A. Le 
Compte (1985). 

 
Statistical Analyses 

The data obtained were analyzed with SPSS 13.0 for 
Windows. Chi-square tests were used to compare the 
Socio-demographic data. Mann-Whitney U tests were 
used to compare the scale scores and neopterine values 
between the groups. A Wilcoxon test was used to 
compare pre and post treatment urine levels of 
neopterine. Statistical significance was set at p<0.005.  

 
RESULTS 

In the study, the 16 patients with major depressive 
disorder had a mean (± Standard Deviation) age of 
37.5±10.5 years, while the average age of the 19 people 
in the healthy control group was 33.1±9.3 years. The 
sociodemographic characteristics of individuals partici-
pating in the study are shown in Table 1. 

 
Table 1. Socio-demographic data of the patients with MDD and healthy controls  
 MDD Group (Pre-Treatment) Control Group 
 N % N % 
Gender  

Male  
Female 

 
2 

14 

 
87.50 
12.50 

 
13 

6 

 
68.40 
31.60 

Education 
Elementary school 
Secondary school 
High school 
College + 

 
9 
2 
3 
2 

 
56.25 
12.50 
18.75 
12.50 

 
1 
2 

10 
6 

 
5.26 

10.52 
52.63 
31.57 

Marital status 
Single  
Married  

 
3 

13 

 
18.75 
81.25 

 
7 

12 

 
36.80 
63.20 

Occupation status 
Officer  
Worker  
Un-stable  
Unemployed 

 
2 
1 
0 

13 

 
12.5 
6.25 
0.00 

81.25 

 
7 
7 
1 
4 

 
36.84 
36.84 
5.26 

21.06 
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Table 2. Comparison of the BDI, BAI, STAI-S, STAI-T scores, and Neopterin levels between MDD patients (pre-
treatment) and healthy controls  
 MDD (pre-treatment), N=16 

X±SD 
Control, N=19 

X±SD U P 

BDI 24.50±12.58 3±2.70 17.00 0.000 
BAI 26.43±11.11 4.94±4.14   2.50 0.000 
STAI-S 47.43±12.69 31.36±5.37 33.00 0.000 
STAI-T 57.56±7.77 38.84±6.09   8.50 0.000 
Neopterin (µmol/creatine) 187.92±54.79 150.57±152.98 65.00 0.004 

BDI - Beck Depression Inventory;   BAI - Beck Anxiety Inventory;   STAI-S/STAI-T - State-Trait Anxiety Inventory 
 
Table 3. Comparison of the BDI, BAI, STAI-S, STAI-T scores, and Neopterin levels between MDD patients (post-
treatment) and healthy controls 
 MDD (pre-treatment), N=16 

X±SD 
Control, N=19 

X±SD U P 

BDI 11.87±10.91 3±2.70  63.00 0.003 
BAI 17.31±9.28 4.94±4.14  30.50 0.000 
STAI-S 37.62±11.09 31.36±5.37  98.50 0.075 
STAI-T 45.75±11.79 38.84±6.09 109.00 0.154 
Neopterin (µmol/creatine) 188.53±49.62 150.57±152.98  68.00 0.005 

BDI - Beck Depression Inventory;   BAI - Beck Anxiety Inventory;   STAI-S/STAI-T - State-Trait Anxiety Inventory 
 
Table 4. Alterations in the BDI, BAI, STAI-S, STAI-S, and STAI-T scores and Neopterin levels pre- to post-treatment  
 Pre-Treatment Values (N=16)

Mean±SD 
Post-Treatment Values (N=16) 

Mean±SD Z P 

BDI 24.50±12.58 11.87±10.91 -3.315 0.001 
BAI 26.43±11.11 17.31±9.28 -2.330 0.020 
STAI-S 47.43±12.69 37.62±11.09 -2.406 0.016 
STAI-T 57.56±7.77 45.75±11.79 -3.440 0.001 
Neopterin (µmol/creatine) 187.92±54.79 188.53±49.62 -0.780 0.938 

BDI - Beck Depression Inventory;   BAI - Beck Anxiety Inventory;   STAI-S/STAI-T - State-Trait Anxiety Inventory 
 
Comparison of the BDI, BAI, and STAI-S/T scores 

(pre-treatment scores for the patient group) for patients 
with MDD and healthy controls showed that the scores 
of the MDD patients were significantly higher than 
those of healthy controls (Table 2). The urinary neop-
terine levels of major depressive disorder patients be-
fore treatment (187.92±54.79 mmol/creatine) was signi-
ficantly higher than those of the healthy control group 
(150.57±152.98 mmol/creatinine) (p=0.004) (Table 2). 
In addition, comparing patients with MDD and healthy 
controls in terms of their BDI, BAI, and STAI-S/T 
scores (this time using post treatment scores for the 
patient group) revealed that BDI and BAI scores were 
statistically significantly higher in the MDD group. But 
the groups’ STAI-S and STAI-T scores were not 
significantly different (see Table 3). Post treatment 
urinary neopterine levels remained significantly higher 
in the MDD group in comparison to healthy controls 
(p=0.005) (188.53±4962 µmol/creatine, 150.57±152.98 
µmol/creatine respectively).  

BDI, BAI, and STAI-S/T scores all decreased 
significantly from pre to post treatment but urinary 
neopterine levels did not alter significantly in the same 
period (see Table 4).  

DISCUSSION 

The present study aimed to explore possible changes 
in urinary neopterine levels for patients with MDD 
related to response to paroxetine treatment, and to com-
pare urinary neopterine levels between MDD patients and 
healthy controls. Results from the current study showed 
that despite the response to the paroxetine treatment, the 
patients’ urine neopterin level, in comparison to those of 
healthy subjects has continued being higher. Paroxetine 
treatment has no significant effect on urinary neopterine 
levels between four to eight weeks period.  

Blair et al. (1984) found decreased BH4 levels in 
postmortem brain tissue evaluations of four patients with 
a history of severe depression. Based on this observation 
they suggest an association between depressive disorders 
and low BH4 levels. In their study they emphasize that 
BH4 is responsible for the synthesis and release of many 
neurotransmitters and there is a relationship between 
mood disorders and pteridines (Hoekstra & Fekkes 2002). 
Recent experimental studies suggest BH4 may have an 
important role in the pathophysiology of depression 
(Miura et al. 2005). However, previous studies related to 
depressive disorders of neopterine and biopterin, which 
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have a close relationship with BH4, showed conflicting 
results. In many studies increased levels of urinary neop-
terine (Maes et al. 1994, Dunbar et al. 1992) and increa-
sed plasma levels of biopterin (Knapp & Irwin 1989, 
Hashimoto et al. 1990, Hashimoto et al. 1994) were 
demonstrated. But in one study, decreased levels of 
plasma biopterin were found (Hoekstra et al. 2001). 
O'Toole and colleagues (1998) did not find a significant 
difference between plasma neopterine levels in depres-
sed individuals and a healthy control group (O'Toole et 
al. 1998). A recent study has reported a significant 
correlation between serum levels of neopterine and the 
number of depressive episodes (Celik et al. 2010). 
Another study by Krause et al found that women with 
postpartum depression had higher levels of prenatal 
blood neopterine levels in comparison to women 
without postpartum depressive symptoms (Krause et al. 
2014). In our study we found that the urinary neopterine 
levels of patients with MDD were significantly higher 
than in healthy controls. This result is consistent with 
the vast majority of other studies.  

Abou-Saleh et al. (1995) examined 48 patients with 
depressive disorders to determine if their urinary neop-
terine/biopterin ratios before and after treatment changed. 
Although the values were higher in the MDD group than 
in healthy controls before the treatment, there was no 
significant change in these values after placebo, antide-
pressant and electro convulsive therapy. In another study 
with 10 MDD patients, total biopterin levels during the 
depressed period were significantly higher than in healthy 
controls, and a decrease in neopterine levels was also 
detected after remission (Hashimoto et al. 1994). 
Anderson et al. found a significant reduction in elevated 
urinary neopterine/biopterin ratios after Electroconvul-
sive Therapy (ECT) (Anderson et al. 1992). 

After surveying this literature, to the best of our 
knowledge there has been no study examining the effect 
of a single antidepressant medication on neopterine 
levels. In the current study we used paroxetine, an SSRI 
that is widely and successfully used in the treatment of 
MDD. After a response to paroxetine was achieved, we 
measured no significant decrease in urinary neopterine 
levels. Findings from the current study are also in 
accord with the study by Celik et al. (2010) in which 
they found that pretreatment neopterine levels were 
higher in MDD group compared to healthy subjects and 
neopterine level did not predict the response to 
sertraline (a selective serotonin reuptake inhibitor like 
paroxetine).  

BH4 has an important role in the syntheses of 
monoamines, and urine neopterine levels reflect BH4 
levels (Thony et al. 2000, Levine 1988). In addition, no 
previous study has examined neopterine levels after 
treatment with a specific SSRI in MDD patients with no 
prior psychotropic medication history. We believe these 
are the advantages of our study. Results from this study 
suggest that higher urinary neopterine levels in patients 
with MDD may be found concurrently with depression 
but these levels cannot be used as a marker of treatment 

response. A limitation of this study is that it does not 
provide insight into the relationship between higher 
levels of urinary neopterine and remission of MDD. 
Other limitations include the relatively small sample 
size, the exclusions of patients in remission and 
unresponsive patients, evaluation only of urinary levels 
of neopterine, and possible gender differences between 
the two groups. Finally, examination of neopterine 
levels of the control group was performed only once.  

 
CONCLUSIONS 

Notwithstanding certain limitations of this study, our 
findings suggest that despite treatment response, depres-
sion is related to higher levels of urine neopterine. 
Paroxetine treatment has no significant effect on urine 
levels of neopterine in MDD patients.  
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