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Summary. The aim of this study was to evaluate the effect of pegylated

interferon-alpha (PEG-IFN-a) on the plasma citrulline=arginine ratio,

regarded as an index of nitric oxide (NO) synthesis, in patients with

high-risk melanoma. Forty patients were randomly assigned to either

PEG-IFN-a treatment (n¼ 22) or to observation only (control group,

n¼ 18). The treatment group received 6mg PEG-IFN-a=kg once a week

during 8 weeks, followed by a maintenance dose of 3mg=kg=wk. Blood

was collected at different time points, plasma concentrations of citrulline

and arginine were measured and the ratio of citrulline=arginine was cal-

culated. Patients treated with PEG-IFN-a showed a significant decrease in

the concentrations of citrulline and in the citrulline=arginine ratio during

the whole study period, both compared to baseline values and to the

control group. The data suggest that therapy with PEG-IFN-a results in

a marked decrease in the synthesis of NO in melanoma patients.
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Introduction

Therapy with interferon-alpha (IFN-a) is used against a

variety of diseases, amongst others renal cell carcinoma,

melanoma, chronic myelogenous leukemia and chronic

viral hepatitis. Unfortunately, treatment with this cytokine

is associated with the development of a wide variety of side

effects, both somatic (e.g. flu-like symptoms, fatigue, ane-

mia, thyroid dysfunction) and neuropsychiatric (e.g. de-

pression and anxiety) (Dusheiko, 1997; Dieperink et al.,

2000; Trask et al., 2000; Van Gool et al., 2003a). Among

the most disturbing toxicities are depressive symptoms and

syndromes, which may occur in 15–40% of the patients in

the course of this treatment (Dieperink et al., 2000).

Many signaling pathways and biochemical mechanisms

are hypothesized to mediate the neuropsychiatric side ef-

fects of cytokine therapy. Influences of cytokines on the

function of for instance the serotonergic system could

underly the pathophysiology of cytokine-induced depres-

sive symptoms and syndromes (Bonaccorso et al., 2002;

Van Gool et al., 2003b, 2004). Cytokines are also known

to induce inducible nitric oxide synthase (iNOS), one of

the three subforms of NOS (Bogdan, 2001; Busse and

M€uulsch, 1990; MacMicking et al., 1997). The nitric oxide

(NO) system has been hypothesized to be involved in

depression (Van Amsterdam and Opperhuizen, 1999;

Hurlock, 2001). NO has been shown to modulate the

effects of monoaminergic neurotransmitters such as sero-

tonin, noradrenaline and dopamine (Kiss, 2000; Prast and

Philippu, 2001), and the activity of the hypothalamus-

pituitary-adrenal axis (Schmidt and Walter, 1994; Van

Amsterdam and Opperhuizen, 1999); both are thought to

be involved in the pathogenesis of depression (Maes and

Meltzer, 1995). The role of NO in the pathogenesis of

depression is further supported by observations that the

antidepressant paroxetine is reported to inhibit NO synthe-

sis (Goodnick and Goldstein, 1998) and NOS inhibitors

have antidepressant-like properties in rodents (Karolewicz

et al., 1999; Harkin et al., 1999). In addition, in one study

assessing a relatively small number of patients, plasma

nitrate levels, an indicator of NO production, were ele-

vated in depressive disorder, while these levels normalized



after successful treatment with antidepressants (Suzuki

et al., 2001).

To our knowledge, only one study focused on the role

of the NO metabolism in IFN-a-induced depression in

humans (Suzuki et al., 2003). These investigators used

plasma nitrate concentrations as a measure of in vivo

NO production. They found an increase of nitrate levels

in chronic hepatitis C patients who developed depression

in the first four weeks of treatment with IFN-a. No change

in plasma nitrate was seen in patients on IFN-a without

depressive symptoms and in patients who developed a

depression later in the course of treatment with IFN-a.

Moreover, plasma nitrite levels – nitrite is the direct pro-

duct of NO oxidation – did not change significantly in any

group (Suzuki et al., 2003).

The aim of the present study was to investigate whether

the synthesis of NO is affected during treatment of mel-

anoma patients with the pegylated form of IFN-a (PEG-

IFN-a) as well. PEG-IFN-a is more convenient to patients

than standard IFN-a, because it has to be administered

only once a week, while its biological activity is similar

(Bukowski et al., 2002). As an index of NOS activity, we

measured the plasma concentrations of citrulline and argi-

nine by HPLC in the patients under study and calculated

the ratio of citrulline=arginine. The amino acid citrulline,

which is formed concomitantly with NO, is regarded a

more stable marker of NO synthesis than measurement

of the serum levels of nitrate=nitrite (Pall, 2002). How-

ever, it has to be mentioned that citrulline originates not

only from NO production, but also from the action of the

enzyme ornithine carbamoyltransferase. Furthermore, the

enzyme argininosuccinate synthase is capable of citrulline

catabolism in mammals. In view of the previously men-

tioned data, we hypothesized that in humans treatment

with PEG-IFN-a would result in increased citrulline

levels, while arginine levels may decrease.

Materials and methods

Subjects and procedures

Samples were obtained from patients participating in a trial of the

European Organization for Research and Treatment of Cancer (EORTC

18991), evaluating the efficacy and toxicity of PEG-IFN-a-2b versus

controls in high-risk melanoma patients. High-risk melanoma patients

were defined as patients with histological documented regional lymph

node involvement of a primary cutaneous melanoma or unknown primary.

Patients underwent a full lymphadenectomy within 56 days prior to ran-

domization. In case of a synchroneous primary tumor, this was completely

removed as well. Patients were randomized in a 1:1 ratio to the treatment

arm (8 weeks induction with 6mg=kg=wk s.c., followed by a five years

maintenance with 3mg=kg=wk s.c.; the treatment group), or observation

only (the control group). In patients assigned to the treatment group who

experienced severe toxicities, the PEG-IFN-a dose was adjusted according

to protocol. The study protocol excluded patients with organic mental

disorders, with psychiatric disorders at baseline that could be exacerbated

by PEG-IFN-a (e.g. depression) and with alcohol abuse. In addition, we

excluded samples from patients on antidepressant, antipsychotic or anti-

epileptic drugs. Samples were considered ineligible after PEG-IFN-a was

stopped. No samples were analyzed from patients with distant metastatic

disease or a bad general condition e.g. due to cancer progression. This

report concerns with the first 50 patients enrolled in the EORTC study in

our center. Ten subjects had to be excluded, 7 patients because no samples

were taken at all and 3 because of psychotropic drug use. Of the remaining

40 patients, 22 (11 males, 11 females, mean age 45.7 years, range 32–68)

belonged to the treatment arm, and 18 (11 males, 7 females, mean age 46.3

years, range 26–67) to the observation group. Mean doses (SD) of PEG-

IFN-a used were: at 4 weeks 5.70 (0.92), at 8 weeks 5.0 (1.4), at 3 months

2.9 (0.54) and at 6–8 months 2.9 (0.3)mg=kg=wk.

Blood samples were taken at baseline, at 4 and 8 weeks during the

induction phase, and at 3 and 6–8 months. For practical reasons, it was not

possible to obtain blood samples at fixed times or under fasting conditions.

Some samples were missing due to administrative failure at baseline and

during follow-up. Moreover, the number of available samples decreased in

the course of time due to attrition (because of recurrent disease or treat-

ment cessation). The study was approved by the local ethical committee

and patients gave informed consent.

Amino acid analysis

EDTA blood was obtained by venipuncture and after immediate centrifu-

gation (20 min at 2650 g) plasma was separated and frozen at �80 �C. For

amino acid analysis plasma was deproteinized with 5-sulphosalicylic acid

(6%, w=v) and amino acids were assayed by high-performance liquid

chromatography using automated pre-column derivatization with o-phthal-

dialdehyde (Fekkes et al., 1995). The citrulline=arginine ratio was calcu-

lated by dividing the plasma level of citrulline by the plasma level of

arginine.

Statistical analysis

Data were stored using SPPS software and analyzed using SAS software.

Estimates of changes of parameters at follow-up compared to baseline

were obtained using mixed model analysis of variance (mixed model

ANOVA) after log transformation of the outcome variables. A two-way

ANOVA model was specified in which the effects of group (2 levels), time

(4 levels) and their interaction on the change from baseline of the outcome

variables were analyzed. Group by time interaction effects with a statis-

tical significance of P>0.10 were eliminated from the model. Further-

more, adjustment was made in the model for the following covariates: the

baseline measurement of the outcome variable at hand, sex, and age. No

structure was imposed on the correlation of the residuals. The effects on

the outcome variable considered, as estimated from the mixed model using

a restricted maximum likelihood technique, were back-transformed and

expressed as percent changes from baseline in adjusted geometric mean

levels. The latter technique enabled us to deal with missing values.

Results

Due to reasons mentioned in the previous section, of the

40 patients included in this study, amino acid levels were

determined in 32 subjects at baseline, in 27 at 4 weeks, in

25 at 8 weeks, in 26 at 3 months and in 17 subjects at

6–8 months. The mean concentrations (�SD) of citrulline

and arginine, and the mean value of the citrulline=

arginine-ratio at baseline in the treatment group
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(n¼ 15) were 26.5 � 6.0 mmol=l, 57.2 � 16.0 mmol=l and

0.491 � 0.147, respectively. In the control group (n¼ 17)

these values were 27.4 � 7.3 mmol=l, 55.2 � 12.2 mmol=l

and 0.514 � 0.167, respectively. Table 1 shows the per-

cent changes (and 95% confidence intervals) of these

parameters in both patient groups (treated or not treated

with PEG-IFN-a) at all 4 time points compared to the

respective baseline value, as well as the changes in the

treatment group compared to the control group. These

percent changes from geometric mean baseline levels

were directly estimated from the model (through back-

transformation), so being adjusted for the baseline covari-

ates included in the model. The concentrations of citrul-

line decreased significantly at all time points in the

patients treated with PEG-IFN-a during the whole study

period, both compared to baseline and to non-treated con-

trols. No changes in citrulline levels were observed in the

non-treated controls. In the treatment group, arginine con-

centrations increased at 3 of the 4 time points compared to

baseline, while in the control group these concentrations

increased at 4 weeks and decreased at 8 weeks. The dif-

ference in arginine levels between the 2 groups (PEG-

IFN-a vs. controls) reached statistical significance at 8

weeks and 6–8 months.

The ratio of citrulline=arginine was significantly

decreased at all time points in the patients treated with

Fig. 1. Time-course of the citrulline=arginine concentration ratio in

plasma of melanoma patients during treatment with PEG-IFN-a (�)

and in an observation only group (�). The results are mean values � SD.

The figures in the graph represent the number of patients in each group.
�p<0.05 vs. control group and vs. corresponding baseline value

Table 1. Comparisons of percent changes from geometric mean baseline concentrations of citrulline, arginine and the

citrulline=arginine-ratio during follow-up between PEG-IFN-a treatment group and control group

Change (%)

4 weeks 8 weeks 3 months 6–8 months

(n¼ 27) (n¼ 25) (n¼ 26) (n¼ 17)

Citrulline

IFN-a vs. baseline �22.8�� �21.8��� �19.4� �21.0��
(�32.8=�11.2) (�30.7=�11.8) (�31.0=�5.8) (�31.4=�9.0)

Controls vs. baseline 1.4 2.7 5.7 3.7

(�10.6=15.1) (�8.6=15.4) (�8.6=22.4) (�9.0=18.2)

IFN-a vs. controls �23.8�� �23.8�� �23.8�� �23.8��
(�35.2=�10.2) (�35.2=�10.2) (�35.2=�10.2) (�35.2=�10.2)

Arginine

IFN-a vs. baseline 17.3� 31.6��� 23.6 46.7��
(2.0=34.9) (19.9=44.6) (�1.6=55.1) (18.2=82.1)

Controls vs. baseline 14.9� �10.5� �7.4 �1.8

(1.6=29.8) (�19.4=�0.6) (�23.3=11.7) (�18.7=18.6)

IFN-a vs. controls 2.1 47.0��� 33.5 49.4�
(�15.1=22.9) (27.9=69.0) (�0.6=79.3) (12.0=99.4)

Citrulline=Arginine ratio

IFN-a vs. baseline �32.5��� �41.0��� �27.7� �40.6���
(�43.8=�19.0) (�49.6=�31.1) (�44.4=�5.3) (�55.6=�24.7)

Controls vs. baseline �11.6 11.8 8.2 4.3

(�25.0=4.1) (�6.0=33.1) (�13.3=35.9) (15.1=28.1)

IFN-a vs. controls �23.7� �47.3��� �33.9� �42.3��
(�40.2=�2.5) (�57.3=�33.3) (�52.8=�5.2) (�58.8=�22.1)

Change (%)¼ estimation of percent changes (95% confidence interval) from baseline in geometric mean levels within

groups as well as between groups, adjusted for baseline value, age and sex (baseline¼ 100%). Statistical significance:
�0.005<P<0.05; ��0.0005<P<0.005; ���P<0.0005
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PEG-IFN-a compared to both their baseline values and

the control group. No significant changes were observed

at any time point in the control group (Fig. 1).

Discussion

We observed a significant decrease of both citrulline

levels and the citrulline=arginine ratio in plasma of mel-

anoma patients during treatment with PEG-IFN-a, which

suggests that the NOS activity is decreased during treat-

ment with this cytokine. This result was rather unexpected

and contrary to our hypothesis that treatment with PEG-

IFN-a would result in increased NO synthesis. The latter

hypothesis was based on the literature data on induction

of iNOS by cytokines (Bogdan, 2001; Busse and M€uulsch,

1990; MacMicking et al., 1997).

Several comments can be made concerning these un-

expected findings. First, our method of measuring in vivo

NO synthesis by the determination of plasma concentra-

tions of citrulline and arginine is different from the meth-

ods mostly used, i.e. measurement of serum levels of

nitrate or nitriteþ nitrate. Perhaps our index of NO synthe-

sis is less specific in this situation, since treatment with

IFN-a might influence other metabolic pathways of argi-

nine and citrulline as well, e.g. the activity of ornithine

carbamoyltransferase, argininosuccinate synthase, argi-

nase or the uptake of arginine by e.g. macrophages

(Bogdan, 2001). Thus, it remains unclear whether altered

citrulline levels result exclusively from decreased NOS

activity or are also accounted for an increased activity

of argininosuccinate synthase and=or a decreased activity

of ornithine carbamoyltransferase. However, even though

the measurement of nitriteþ nitrate levels in body fluids is

generally regarded as an index of NOS activity, basal

levels of nitrite=nitrate in plasma and serum show great

divergences (Tsikas and Fr€oolich, 2004), probably because

this determination is compromised by dietary sources,

presence of nitrite=nitrate on plastic- and glassware and

the chemical oxidation of NO to peroxynitrite by super-

oxide (Salter et al., 1996). Second, we measured an index

of total NO synthesis, while cytokines regulate solely the

expression and activity of iNOS (MacMicking et al.,

1997). Moreover, in contrast to iNOS, the activity of the

other two subforms of NOS, endothelial NOS (eNOS) and

neuronal NOS (nNOS), is switched on by the elevation of

intracellular Ca2þ levels and the binding of calmodulin

(Bogdan, 2001). Since the three isoforms of NOS differ

with respect to their regulation, the net effect of IFN-a
therapy, hypothetically, might result in an inhibition of the

conversion of arginine to citrulline and NO. An example

of this is a recent study which shows that induction of

iNOS restricts functional activity of both eNOS and nNOS

in pig cerebral artery (Mathewson and Woodsworth,

2004). Third, the patients in this study are melanoma

patients, which in contrast to the patients with hepatitis

C studied by Suzuki et al. (2003) are lacking circulating

immune complexes. In the absence of a viral or microbial

costimulus type I interferons do not induce iNOS (Sharara

et al., 1997). On the other hand, the group of Suzuki

(2003) found no changes in the levels of nitrite, the first

oxidation product of the unstable NO, in hepatitis C

patients treated with IFN-a. Moreover, no change in

plasma nitrate was seen in patients on IFN-a without

depressive symptoms and in patients who developed a

depression later in the course of treatment with IFN-a.

Only in patients who developed a depression early in

the course of treatment with IFN-a, an increase in nitrate

levels was found. Thus, irrespective of whether it con-

cerns hepatitis C or melanoma patients, the effect of treat-

ment with IFN-a on the NO synthesis is probably not an

increase in NO due to iNOS induction. Fourth, we used

pegylated interferon instead of standard IFN-a, which was

used in the other study (Suzuki et al., 2003). Although,

PEG-IFN-a has similar or even more pronounced effects

on tryptophan metabolism compared to standard IFN-a
(Van Gool et al., 2004), the effect on the NO metabolism

may be different.

While citrulline levels decreased at all time points in

the patients treated with IFN-a, arginine levels showed an

increase at all but one time point (only not significant at

3 months). The changes in the arginine levels in the

control group were different to those in the treated group,

i.e. an increase at 4 weeks, a decrease at 8 weeks and no

change at 3 and 6–8 months (Table 1). Although the rea-

son for these differences seen in the control group is un-

known, one should not overrate this finding, because the

confidence intervals at these time points are fairly high.

The finding of the present study, which suggests that

patients treated with IFN-a have a lower NO synthesis

compared to a control group, seems in line with our pre-

vious findings of increased neopterin plasma levels in the

same group of patients, which might compromise the

synthesis of tetrahydrobiopterin, because these pterins

share the same precursor molecule (Van Gool et al.,

2004). Tetrahydrobiopterin is important for the stabiliza-

tion of the eNOS dimers necessary for enzymatic activity.

Moreover, eNOS activity in this cohort of patients may

also be lower, because of both a less functioning serotonin

(5-HT) system – activation of eNOS can be induced by

platelet-derived mediators such as 5-HT and ADP – and a
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decreased amount of platelets due to treatment with IFN-a
(Andrew and Mayer, 1999; Van Gool et al., 2004).

Limitations of this study are 1) the absence of psychiat-

ric measurements in our cohort of patients and 2) that our

method used to determine NO production is not only a

rather indirect method, but also hard to compare to pre-

vious studies measuring plasma nitrate levels. The first

point indeed is a serious flaw of the present study, but

unfortunately cannot be dealt with, because these mela-

noma patients were seen by oncologists who performed

no formal assessment of psychiatric status. Besides, only

2 of the 22 treated patients were diagnosed with a major

depression upon psychiatric referral, which number is too

small for any statistical analysis. Possibly in concordance

with our data, two studies argue against the association of

increased NO production with depression. One study

investigated NOS activity in polymorphonuclear leuko-

cytes of depressive patients by estimating nitrite content

and these investigators reported a decrease in the NO

synthesis in the patients as compared to the controls

(Srivastana et al., 2002). The other study reported signifi-

cantly lower levels of both plasma nitrite=nitrate and

platelet eNOS activity in subjects with major depression

compared with healthy control subjects (Chrapko et al.,

2004).

The main message and conclusion of the present study

is that in our cohort of melanoma patients treatment with

PEG-IFN-a results in a decrease in the plasma levels of

citrulline and in the ratio of citrulline=arginine, which we

speculate could reflect diminished NO synthesis. We are

currently performing a longitudinal study in which serial

biochemical parameters measured in patients treated with

(PEG-) IFN-a will be related to serial assessments of

psychopathology. Results of the latter study may give an

answer to the question whether or not the inhibition of

NOS is in some way involved in the development of neu-

ropsychiatric disturbances induced by this cytokine.

Acknowledgements

The authors thank Mrs A. C. C. Voskuilen-Kooyman, Mrs E. Taal, Mrs.

M. Mulder, Mrs C. H. C. van Noort, Mrs T. J. P. Pronk and Mr H. van der

Meulen for their skilled technical assistance.

References

Andrew PJ, Mayer B (1999) Enzymatic function of nitric oxide synthases.

Cardiovascular Res 43: 521–531

Bogdan C (2001) Nitric oxide and the immune response. Nat Immunol 2:

907–916

Bonaccorso S, Marino V, Puzella A, Pasquini M, Biondi M, Artini M,

Almerighi C, Verkerk R, Meltzer H, Maes M (2002) Increased

depressive ratings in patients with hepatitis C receiving interferon-

alpha-based immunotherapy are related to interferon-alpha-induced

changes in the serotonergic system. J Clin Psychopharmacol 22:

86–90

Bukowski RM, Tendler C, Cutler D, Rose E, Laughlin MM, Statkevich P

(2002) Treating cancer with PEG Intron: pharmacokinetic profile and

dosing guidelines for an improved interferon-alpha-2b formulation.

Cancer 95: 389–396

Busse R, M€uulsch A (1990) Induction of nitric oxide synthase by cytokines

in vascular smooth muscle cell. FEBS Lett 275: 87–90

Chrapko WE, Jurasz P, Radomski MW, Lara N, Archer SL, Le Mell�eedo

JM (2004) Decreased platelet nitric oxide synthase activity and plasma

nitric oxide metabolites in major depressive disorder. Biol Psychiatry

56: 129–134

Dieperink E, Willenbring M, Ho SB (2000) Neuropsychiatric symptoms

associated with hepatitis C and interferon alpha: A review. Am J

Psychiatry 157: 867–876

Dusheiko G (1997) Side effects of alpha interferon in chronic hepatitis C.

Hepatology 26: 112S–121S

Fekkes D, van Dalen A, Edelman M, Voskuilen A (1995) Validation of

the determination of amino acids in plasma by high-performance

liquid chromatography using automated pre-column derivatization with

o-phthaldialdehyde. J Chromatogr B Biomed Appl 669: 177–186

Goodnick PJ, Goldstein BJ (1998) Selective serotonin reuptake inhibitors

in affective disorders-I. Basic pharmacology. J Psychopharmacol 12:

S5–20

Harkin AJ, Bruce KH, Craft B, Paul IA (1999) Nitric oxide syn-

thase inhibitors have antidepressant-like properties in mice. 1. Acute

treatments are active in the forced swim test. Eur J Pharmacol 372:

207–213

Hurlock EC 4th (2001) Interferons: potential roles in affect. Med

Hypotheses 56: 558–566

Karolewicz B, Bruce KH, Lee B, Paul IA (1999) Nitric oxide synthase

inhibitors have antidepressant-like properties in mice. 2. Chronic

treatment results in downregulation of cortical beta-adrenoceptors.

Eur J Pharmacol 372: 215–220

Kiss JP (2000) Role of nitric oxide in the regulation of monoaminergic

neurotransmission. Brain Res Bull 52: 459–466

MacMicking J, Xie Q-W, Nathan C (1997) Nitric oxide and macrophage

function. Annu Rev Immunol 15: 323–350

Maes M, Meltzer HY (1995) The serotonin hypothesis of major depres-

sion. In: Bloom FE, Kupfer DJ (eds) Psychopharmacology: the fourth

generation of progress. Raven Press, New York, pp 933–944

Mathewson AM, Wadsworth RM (2004) Induction of iNOS restricts

functional activity of both eNOS and nNOS in pig cerebral artery.

Nitric Oxide 11: 331–339

Pall ML (2002) Levels of the nitric oxide synthase product, citrulline, are

elevated in sera of chronic fatigue syndrome patients. J Chronic Fatigue

Syndr 10: 37–41

Prast H, Philippu A (2001) Nitric oxide as modulator of neuronal function.

Prog Neurobiol 64: 51–68

Salter M, Duffy C, Garthwaite J, Strijbos PJLM (1996) Ex vivo measure-

ment of brain tissue nitrite and nitrate accurately reflects nitric oxide

synthase activity in vivo. J Neurochem 66: 1683–1690

Schmidt HHW, Walter U (1994) NO at work. Cell 78: 919–925

Sharara AI, Perkins DJ, Misukonis MA, Chan SU, Dominitz JA, Weinberg

JB (1997) Interferon (IFN)-alpha activation of human blood mono-

nuclear cells in vitro and in vivo for nitric oxide synthase (NOS) type 2

mRNA and protein expression: possible relationship of induced NOS2

to the anti-hepatitis C effects of IFN-alpha in vivo. J Exp Med 186:

1495–1502

Srivastana N, Barthwal MK, Dalal PK, Agarwal AK, Nag D, Seth PK,

Srimal RC, Dikshit M (2002) A study on nitirc oxide, b-adrenergic

receptors and antioxidant status in the polymorphonuclear leukocytes

from the patients of depression. J Affect Dis 72: 45–52

Influence of PEG-interferon-a on NO synthesis 125



Suzuki E, Yagi G, Nakaki T, Kanba S, Asai M (2001) Elevated plasma

nitrate levels in depressive states. J Affect Dis 63: 221–224

Suzuki E, Yoshida Y, Shibuya A, Miyaoka H (2003) Nitric oxide

involvement in depression during interferon-alpha therapy. Int J

Neuropsychopharmacol 6: 415–419

Trask PC, Esper P, Riba M, Redman B (2000) Psychiatric side effects of

interferon therapy: prevalence, proposed mechanisms, and future direc-

tions. J Clin Oncol 18: 2316–2326

Tsikas D, Fr€oolich JC (2004) Trouble with the analysis of nitrite, nitrate,

S-nitrosothiols and 3-nitrotyrosine: freezing-induced artifacts? Nitric

Oxide 11: 209–213

Van Amsterdam JG, Opperhuizen A (1999) Nitric oxide and biopterin in

depression and stress. Psychiatry Res 85: 33–38

Van Gool AR, Kruit WHJ, Engels FK, Stoter G, Bannink M, Eggermont

AMM (2003a) Neuropsychiatric side effects of interferon-alfa therapy.

Pharm World Sci 25: 11–20

Van Gool AR, Fekkes D, Kruit WHJ, Mulder PGH, Ten Hagen TL,

Bannink M, Maes M, Eggermont AMM (2003b) Serum amino acids,

biopterin and neopterin during long-term immunotherapy with

interferon-alpha in high-risk melanoma patients. Psychiatry Res 119:

125–132

Van Gool AR, van Ojik HH, Kruit WHJ, Bannink M, Mulder PGH,

Eggermont AMM, Stoter G, Fekkes D (2004) Pegylated interferon-

alpha2b treatment in melanoma patients: influence on amino acids,

5-hydroxyindolacetic acid and pteridine plasma concentrations.

Anticancer Drugs 15: 587–591

Authors’ address: Dr. D. Fekkes, Laboratory of Neurobiology, Room

Ee 1438, Erasmus MC, P.O. Box 1738, 3000 DR Rotterdam,

The Netherlands,

Fax: þ31 10 4089495, E-mail: d.fekkes@erasmusmc.nl

126 D. Fekkes et al.: Influence of PEG-interferon-a on NO synthesis


