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Degradation of serum neopterin during daylight exposure
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2-Amino-4-oxo-6-(D-erythro-1, 2, 3, trihydroxy-

propyl)-pteridine (Neopterin) and its reduced form,

7,8-dihydroneopterin, are produced in large amounts

by interferon-;-activated monocytes/macrophages.

Therefore, the monitoring of neopterin concentrations

in body fluids is a sensitive way to detect Th-1 type

immune response [1,2]. Consequently, measurement

of neopterin concentrations in urine, serum or cere-

brospinal fluid are employed as a laboratory diagnos-

tic tool, e.g. to earlier detect immunologic com-

plications in transplant recipients [3] or to predict

prognosis in HIV infection and malignancy [4–6].

Neopterin concentrations are also increased during

acute virus infections, and increased neopterin con-

centrations are observed in the majority of patients

before antibody seroconversion becomes detectable.

Therefore, in Austria, blood donations are screened

for elevated neopterin concentrations since 1994.

Donations with neopterin > 11 nmol/l are excluded

from transfusion. Neopterin concentrations in serum,

plasma and cerebrospinal fluid specimens are usually

determined by immunoassays [7–11]. Frequent thaw-

ing and freezing cycles are known to influence neo-

pterin concentrations in serum [7]. Furthermore, it is

well known that neopterin in aqueous solutions and

in urines is degraded by direct sunlight exposure

[12], but this effect has never been studied in detail

in serum specimens. We examined the stability of

neopterin in sera kept under various laboratory con-

ditions, with and without daylight or direct sunlight

exposure.

For the first out of three series of experiments,

random serum samples stored at � 20 �C were pooled

and aliquoted (0.5 ml fractions) into transparent,

capped LP4 plastic tubes (Eppendorf, Hamburg, Ger-

many). Duplicates of aliquots were immediately fro-

zen and kept at � 20 �C as controls. To study effects

of light exposure, samples were (i) stored at + 4 �C in

the dark, (ii) exposed at room temperature on the lab-

bench but shielded from direct daylight, or (iii) placed

next to a window and (iv) exposed to direct sunlight.

The exposure time of the aliquots was 0, 4 and 6 days,

respectively. Upon the end of the exposure period, all

aliquots were frozen again and stored at � 20 �C in

the dark until, on day 7, the ELISA (Brahms Diag-

nostics, Berlin, Germany) was performed.

In a second series of experiments, a fresh serum

preparation and two lots of frozen serum were used.

Fresh serum was prepared by allowing 50 ml of fresh

blood to clot for 3 h at room temperature in the dark.

After centrifugation for 2� 15 min at 3000 rpm and

20 �C, the supernatant was removed, aliquoted (200

Ml) into capped, transparent LP4 plastic vials kept at 4

�C in the dark overnight until the experiment was

started. Frozen serum aliquots of known neopterin

concentrations were mixed to give a serum pool of

high-normal neopterin concentration (8.8 nmol/l) and

a serum pool of average-normal neopterin concentra-

tion (5.44 nmol/l). Upon aliquotation into capped LP4

transparent plastic vials, fractions were stored in the

dark at � 20 �C until the experiment was started. The

next day, samples from + 4 �C were removed and

exposed for 0–6 h at + 7 �C to neon-light (cold-room

with lights switched on) or at room temperature in

indirect daylight next to a window. Zero-controls were

left at + 4 �C in the dark. Similarly frozen high- and

low-neopterin samples were exposed for 0–6 h at + 4

�C in darkness or at room temperature next to a

window in direct daylight. Controls were kept at

� 20 �C throughout. The time course was performed
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in the way that samples exposed for 6 h were removed

first from storage and samples exposed for 1 h last. As

the neopterin ELISA was started right after exposure

times were completed, no additional freezing and

thawing of the samples was required.

In the last series of experiments, neopterin degra-

dation in fresh and frozen serum was compared.

Frozen serum was taken from � 20 �C and pooled.

All sera were aliquoted (200 Ml) into LP4 plastic vials

frozen and exposed at + 7 �C in the dark or in neon-

light, and at room temperature in the dark or next to a

window in direct daylight. After exposure times of 0–

12 h, all samples were stored at � 20 �C in the dark

until the ELISA was performed the following day.

All experiments were run in triplicates. To deter-

mine serum neopterin, an ELItestR Neopterin Screen-

ing ELISA from BRAHMS Diagnostics was used.

The kit was applied according to the manufacturer’s

protocol. The minimal neopterin concentration detect-

able was 2 nmol/l.

In all experiments performed, exposure of serum to

direct daylight resulted in rapid degradation of neo-

pterin. The average half life of serum neopterin in

direct daylight was 3.5–4 h. No difference in neo-

pterin degradation was detected between fresh and

aged serum or between serum containing higher or

lower initial neopterin levels (second series, data not

shown). Fresh serum was prepared shortly before the

experiments were started. Aged serum had been stored

for 3–6 months at � 20 �C in the dark and was frozen

and thawed twice.

When aged, serum (neopterin concentration = 12.4

nmol/l) was kept at room temperature but not directly

exposed to sunlight (i.e., shielded behind a cupboard),

neopterin was more stable, with 89% and 78% of the

initial neopterin concentration still being detectable

after 4 and 6 days, respectively. When the same serum

was stored at + 4 �C in the dark for 4 or 6 days,

neopterin was still 94% or 92% of the starting con-

centration. Storage for up to 6 days at � 20 �C in the

dark did not alter the neopterin concentration (Fig. 1).

Both aged and fresh serum stored at + 7 �C in the

cold-room, either in the dark or at neon-light, or kept

in the dark at room temperature (25 �C) showed no

significant decrease of neopterin during a 12-h testing

period. Fresh neopterin serum (4.5 nmol/l at time

point 0) reached the lower limit of detection of the

ELISA used (2 nmol/l) within 4 h of exposure (Fig.

2a). In addition, the aged serum, neopterin concen-

tration = 8.5 nmol/l at time point 0, dropped to less

than 30% within 4 h of exposure to direct daylight

(Fig. 2b).

As known from previous investigations [9], neo-

pterin is susceptible to degradation when exposed to

direct sunlight, as was demonstrated in urine and in

aqueous standard preparations. In the present study,

similar results were found for serum neopterin regard-

less whether fresh or aged serum was tested. The

Fig. 1. Pooled serum samples were exposed for 0, 4 and 6 days at room temperature (RT) in vicinity to a window to direct sunlight (D) or

protected from direct sunlight (o). Storage at + 4 jC (E) or � 20 jC (.) both in the dark was performed in addition. The detection limit of the

neopterin ELISA applied was 2 nmol/l (all measurements were run in triplicates, data points showing mean valuesF S.E.M.).
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implications for daily routine diagnostics are strict

handling of serum samples to be tested for neopterin:

it is absolutely important to avoid sample exposure to

daylight during all determination procedures. As it

was found that short-time exposure to ambient tem-

perature does not cause significant decrease of serum

neopterin concentrations, sample handling according

to common GLP or GMP rules will not cause any

problems. Routine laboratory procedures can there-

fore be performed without any measurable influence

on neopterin concentrations at room temperature, at

indirect daylight or under artificial (neon) light. Work-

ing with, or even short-time storage of samples in

direct vicinity of a window must be avoided. Thus,

also pipetting of specimens or aliquotting in vicinity

to an unprotected window has to be avoided. In blood

donation settings, collecting samples and measuring

neopterin concentrations are often performed at differ-

ent sites and samples often have to be transferred from

one location to another. During transport, protection

of these samples from direct daylight has to be

guaranteed. If these recommendations are not kept,

significant decline of neopterin concentrations will

take place, which, especially in the blood transfusion

settings, reduces the sensitivity of neopterin monitor-

ing to detect acute virus infections.

Regarding the storage of serum samples: as dem-

onstrated in the present study, short-time storage at

Fig. 2. Fresh (a) and aged (b) serum samples were exposed for 0–12 h in vicinity to a window to direct sunlight at room temperature (D) or

stored in the dark (E). In addition, exposure at + 7 jC to artificial (neon) light (5) or in darkness (y) was performed. The detection limit of the

neopterin ELISA applied was 2 nmol/l (- - - -).
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+ 7 to + 4 �C in the dark or under artificial light (cold-

room) has no effect on serum neopterin. For protec-

tion from sunlight, dark containers or tubes are

recommended. For long-term storage, V� 20 �C in

the dark is strictly necessary.

Acknowledgements

This work was supported by the Austrian Federal

Ministry of Social Affairs and Generations.

References

[1] Fuchs D, Weiss G, Wachter H. Neopterin, biochemistry and

clinical use as a marker for cellular immune reactions. Int Arch

Allergy Immunol 1993;101:1–6.

[2] Murr C, Fuith LC, Widner B, Wirleitner B, Baier-Bitterlich G,

Fuchs D. Increased neopterin concentrations in patients with

cancer: indicator of oxidative stress? Anticancer Res 1999;

19:1721–8.

[3] Muller TF, Vogl M, Neumann MC, Lange H, Grimm M, Mul-

ler MM. Noninvasive monitoring using serum amyloid A and

serum neopterin in cardiac transplantation. Clin Chim Acta

1998;276:63–74.

[4] Fuchs D, Spira TJ, Hausen A, Reibnegger G, Werner ER,

Werner-Felmayer G, et al. Neopterin as a predictive marker

for disease progression in human immunodeficiency virus type

1 infection. Clin Chem 1989;35:1746–9.

[5] Fahey JL, Taylor JM, Manna B, Nishanian P, Aziz N, Giorgi

JV, et al. Prognostic significance of plasma markers of immune

activation, HIV viral load and CD4 T-cell measurements.

AIDS 1998;12:1581–90.

[6] Fessel WJ, Krowka JF, Sheppard HW, Gesner M, Tongson S,

Weinstein S, et al. Dissociation of immunologic and virologic

responses to highly active antiretroviral therapy. J Acquired

Immune Defic Syndr 2000;23:314–20.

[7] Schennach H, Meyersbach P, Schönitzer D, Fuchs D. Addi-

tional neopterin screening to improve safety of blood dona-

tions. Pteridines 2000;11:76–80.

[8] Werner ER, Bichler A, Daxenbichler G, Fuchs D, Fuith LC,

Hausen A, et al. Determination of neopterin in serum and

urine. Clin Chem 1987;33:62–6.

[9] Mayersbach P, Augustin R, Schennach H, Schönitzer D,

Werner ER, Wachter H, et al. Commercial enzyme-linked im-

munosorbent assay for neopterin detection in blood donations

compared with RIA and HPLC. Clin Chem 1994;40:265–6.

[10] Westermann J, Thiemann F, Gerstner L, Tatzber F, Kozak I,

Bertsch T, et al. Evaluation of a new simple and rapid enzyme-

linked immunosorbent assay kit for neopterin determination.

Clin Chem Lab Med 2000;38:345–53.

[11] Fuchs D, Werner ER, Wachter H. Soluble products of immune

activation: neopterin. In: Rose RR, deMacario EC, Fahey JL,

Friedman H, Penn GM, editors. Manual of clinical laboratory

immunology. 4th ed. Washington, DC: American Society for

Microbiology, 1992. pp. 251–5.

[12] Fuchs D, Hausen A, Reibnegger G, Wachter H. Automatized

routine estimation of neopterin in human urine by HPLC on

reversed phase. In: Wachter H, Curtius HC, Pfleiderer W, edi-

tors. Biochemical and clinical aspects of pteridines, vol. 1.

Berlin: Walter de Gruyter; 1982. p. 67–79.

* Corresponding author. Institute for Medical Chemistry and

Biochemistry, University of Innsbruck, Fritz Pregl Strasse 3, 6020

Innsbruck, Austria. Tel.: +43-512-507-3519; fax: +43-512-507-

2865.

A. Laich a

G. Neurauter a,b

B. Wirleitner a

D. Fuchs a,b,*
aInstitute of Medical Chemistry and Biochemistry,

Leopold Franzens University, Innsbruck, Austria
bLudwig Boltzmann Institute for AIDS Research,

Innsbruck, Austria

E-mail address: dietmar.fuchs@uibk.ac.at

30 November 2001

Letter to the Editors178


	Acknowledgements
	References

