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Is neopterin a diagnostic marker of acute appendicitis?

Neopterin akut apandisit tanısında kullanılabilecek bir belirteç midir?
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AMAÇ
Deneyimli bir cerrah için bile akut apandisit tanısı kimi za-
man zor olabilir. Tanıdaki gecikme komplikasyon oranı-
nı arttırmaktadır. Bu deneysel çalışmadaki amacımız, akut 
apandisit tanısında belirteç olarak neopterinin uygunluğu-
nun ve öneminin araştırılmasıdır.

GEREÇ VE YÖNTEM
Otuz beş adet Yeni Zellanda tipi erkek tavşanda oluşturul-
muş akut apandisit modelinde neopterin düzeyleri ölçüldü. 
Hayvanlar apendektomi uygulanana kadar geçen zamana 
göre 5 gruba ayrıldı. (Grup 1: Kontrol, Grup 2: Sham, Grup 
3: 12. saat, Grup 4: 24. saat, Grup 5: 48. saat). Her bir grup-
tan alınan kan örneklerinde (Grup 3, Grup 4 ve Grup 5’te 
apendektomi öncesinde) neopterin düzeyleri enzim immu-
noassey kitinde ölçüldü.

BULGULAR
Akut apandisit tanısı için optimal eşik değeri noktası 
34,475 nmol/lt olarak saptandı. Neopterin düzeyi 34,475 
nmol/lt üzerinde olduğu zaman akut apandisit olma olasılı-
ğı 4,667 kat fazla olarak bulundu. 

SONUÇ
Bu çalışma deneysel bir hayvan çalışması olsa da klinik uy-
gulamalar açısından değerli ipuçları vermektedir. Neopteri-
nin akut apandisit tanısında kullanılabilecek potansiyele sa-
hip bir belirteç olduğunu düşünüyoruz.
Anahtar Sözcükler: Akut apandisit; belirteç; neopterin.

BACKGROUND
The diagnosis of acute appendicitis, even for experienced 
surgeons, can sometimes be complex. A delay in diagnosis 
increases the complication rate. This experimental study 
aimed to investigate the suitability and significance of ne-
opterin as a marker for acute appendicitis. 

METHODS
The levels of neopterin were measured using an acute 
appendicitis animal model in 35 New Zealand male rabbits. 
They were divided into 5 groups as Group 1= control; Group 
2= sham; and Groups 3 (12-hour); 4 (24-hour); and 5 (48-hour) 
(based on the elapsed time period before their appendectomies). 
The neopterin levels of each group were measured by neopterin 
enzyme immunoassay kit in blood samples (taken before 
the appendectomies in Groups 3, 4 and 5).

RESULTS
For the diagnosis of acute appendicitis, the optimal cut-off 
point was 34.475 nmol/L. The probability of acute appendi-
citis was found to be 4.667 times higher when the neopterin 
level was greater than 34.475 nmol/L.

CONCLUSION
This study was an experimental animal study; however, it 
provides valuable clues useful in clinical assessment. Ne-
opterin seems to have great potential as a new diagnostic 
marker for the diagnosis of acute appendicitis.
Key Words: Acute appendicitis; marker; neopterin.
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Acute appendicitis was first defined by Fitz in 
1886. Several years later, McBurney performed the 
first operation for acute appendicitis.[1] The diagnosis 
of acute appendicitis is routinely made using patient 

history and physical examination, usually with high 
precision. However, an ideal diagnostic test has yet to 
be developed. Although the gold standard treatment-
appendectomy-was defined more than 100 years ago, 
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Table 1. The serum neopterin levels of the control and 
the study groups (p=.0001)

Group Neopterin (nmol/L)

 1 28.18±1.74
 2 33.56±0.75
 3 38.16±0.81
 4 49.10±2.63
 5 85.87±2.48

surgeons are still faced with either complications re-
lated to a late diagnosis or unnecessary appendecto-
mies, the rate of which is between 4 and 27% in differ-
ent series.[2] In both cases, the morbidity and mortality, 
as well as the financial cost, are increased. 

Neopterin [D-erythro-neopterin] is a low-molec-
ular-weight (253.2 kDa) aromatic pteridine molecule 
produced mainly by activated monocytes and macro-
phages, and it serves as a marker for cellular immune 
system activation.[3,4] It is shown that there is an increase 
in the levels of neopterin with sepsis, malignancy, acute 
viral infections, and rheumatological diseases.[5] 

In this experimental study, we aimed to investigate 
the suitability and importance of neopterin as a marker 
for acute appendicitis. 

MATERIALS AND METHODS
The study was supported by the Gulhane Mili-

tary Medical Academy Research Fund and was ap-
proved by the Research and Animal Ethics Commit-
tees. Thirty-five New Zealand male rabbits (weighing 
2850–3200 g) were included in the study. Each animal 
was housed individually according to the rules of the 
Animal Ethics Committee.

For the study, 5 groups were constituted, with 7 
rabbits in each group. Group 1 was the control group; 
Group 2 animals received a sham operation; Groups 
3, 4, and 5 underwent appendectomies at 12 hours (h), 
24 h, and 48 h, respectively. The induction of anes-
thesia in each group was through injections of 50 mg/
kg intramuscular (i.m.) ketamine (Ketalar, Eczacıbaşı, 
İstanbul, Turkey) and 4 mg/kg i.m. xylazine (Rampun, 
Bayer, İstanbul, Turkey). In Groups 2, 3, 4, and 5, af-
ter the animals were anesthetized, the abdominal skin 
was opened with a 3-cm midline incision. In Group 1, 
blood samples were obtained after initiating anesthe-
sia. In Group 2, blood samples were obtained after the 
sham operations. 

In Groups 3, 4, and 5, the appendix was exterior-
ized and ligated from its base, preserving the mes-
entery and blood supply. Appendectomies were per-
formed at 12 h, 24 h, and 48 h for Groups 3, 4, and 
5, respectively. Blood samples were obtained before 
appendectomy in Groups 3, 4 and 5. The appendec-
tomy specimens from all groups were examined histo-
pathologically. The blood samples were centrifuged at 
3000 x g for 15 minutes (min), and the sera separated. 
Serum samples were stored at -80°C until the neop-
terin ELISA study.

We used a commercially available neopterin en-
zyme immunoassay kit (Neopterin ELISA, Tanı Med-
ical Laboratories, Ankara, Turkey) for quantitative 
analysis of the neopterin levels in the serum samples. 
This neopterin assay is a competitive enzyme immu-

noassay for the quantitative determination of neopterin 
(nmol/L) in serum, plasma and urine using a high af-
finity monoclonal antibody specific for neopterin. The 
assay was performed according to the manufacturer’s 
instructions.

Statistical Analysis
The Kruskal-Wallis test was used to compare the 

differences between all groups. The Mann-Whitney U 
test was used for evaluating the differences between 
the non-appendicitis and appendicitis groups. A re-
ceiver operating characteristic curve (ROC curve) was 
derived by plotting sensitivity against 1-specificity for 
different possible decision levels to compare the as-
sets of the test performances. The area under the curve 
(AUC) was calculated using the Statistical Package for 
the Social Sciences (SPSS) program. The best cutoff 
points were selected by comparing specificities and 
sensitivities at various levels. The results were evalu-
ated in mean ± SD values. All p values <0.05 were 
considered statistically significant.

RESULTS
According to the neopterin concentrations and the 

obtained optical density (OD) values (at 450 nm) of the 
standards used, intraassay validation of the assay was 
meaningful at p=0.0071, r=-0.8903, r2=0.7927. This 
means that the sample results were also dependable.

In Groups 3, 4, and 5, acute appendicitis was diag-
nosed histopathologically (Fig. 1a-c).

The mean values of neopterin levels were found to 
be significantly different in all groups (Table 1). 

ROC curves were calculated to find the diagnos-
tic value of neopterin. For the diagnosis of acute ap-
pendicitis, the best cutoff point was at 34.475 nmol/L 
(AUC=0.935) (Fig. 2), and sensitivity, specificity, pos-
itive predictive value, and negative predictive value 
were calculated as 87.5%, 100%, 100%, and 78.57%, 
respectively. The probability of acute appendicitis was 
found to be 4.667 times higher when the neopterin 
level was greater than 34.475 nmol/L.

DISCUSSION
The diagnosis of acute appendicitis, even for expe-

rienced surgeons, can sometimes be complex. Delay 
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in diagnosis increases the complication rate, causing 
an increase in mortality and morbidity.[6] On the other 
hand, negative appendectomies are performed (with 
no appendicitis) at rates between 4 and 27% in differ-
ent series.[2] Both cases result in increased morbidity 
and mortality, as well as increased financial cost. In 
the first case, a secondary laparotomy may be needed. 
Every procedure that is performed during an opera-

tion increases the risk of new morbidities. In the sec-
ond case, unnecessary appendectomies are performed. 
According to Flum et al.,[7] in a nationwide analysis, 
261,134 patients had appendectomies in the United 
States in 1997. Of these, 15.3% were unnecessary ap-
pendectomies, resulting in a total hospital expense of 
approximately US $741.5 million.

There are laboratory and radiological methods 
used to assist in the diagnosis of acute appendicitis.[8,9] 
However, to date, neither an ideal laboratory marker 
nor a gold-standard radiological technique with 100% 
sensitivity or specificity has been found. After clinical 
presentation and a careful and detailed physical exam-
ination, if the surgeon still has difficulty with the diag-
nosis or if the case is paradoxic, a diagnostic marker 
with high sensitivity and specificity is required. There-
fore, we aimed to investigate the potential of neopterin 
molecules as markers that can be used as a determi-
nant for the diagnosis of acute appendicitis. 

Neopterin is a low-molecular-weight (253.2 kDa) 
aromatic molecule belonging to the group of pteri-
dines. Neopterin, as well as other pteridines, are de-
rived in vivo from guanosine triphosphate (GTP). The 
enzyme GTP-cyclohydrolase-I catalyzes this reaction 
in monocytes and macrophages. Neopterin is excreted 
by activated monocytes/macrophages, and serves as a 
marker for cellular immune system activation.[3] The 
increase of neopterin levels in sepsis, malignancies, 
acute viral infections, rheumatological diseases, and 
in the follow-up of graft rejection has been demon-
strated previously.[5] Besides being an important mark-
er for follow-up of graft rejection after transplantation, 
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Fig. 2. The ROC plot shows the power of neopterin in the 
diagnosis of acute appendicitis.

 (Color figure can be viewed in the online issue, which is 
available at www.tjtes.org)

Fig. 1. An appendix, (a) 12 h  (b) 24 h (c) 48 h after ligation 
from its base, preserving the mesentery and blood 
supply.

 (Color figure can be viewed in the online issue, which is 
available at www.tjtes.org)

(a)

(b)

(c)
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it is also an important marker used in protecting the 
recipient from infections. Since donor blood samples 
are not usually tested for all possible infections, the 
measurement of neopterin in blood donor samples 
is a useful tool in reducing the risk of infections via 
blood transfusion or transplantation. Neopterin lev-
els may be significantly increased in some disease 
states compared to controls and serial measurements 
of neopterin levels in the same patient may be use-
ful in order to monitor the course. Neopterin may be 
potentially useful for diagnostic/prognostic purposes 
in following up trauma and human immunodeficiency 
virus (HIV) patients, in early detection of graft-vs-
host disease in bone marrow transplantation, in early 
detection of graft rejection, in monitoring disease ac-
tivity in autoimmune diseases, in diagnosis of viral 
infections, in differential diagnosis of acute viral and 
bacterial infections, as a prognostic indicator of malig-
nancy, in monitoring immunostimulatory therapy, and 
in the follow-up of chronic infections.[10,11] From this 
perspective, we studied neopterin in the diagnosis of 
acute appendicitis. 

Several markers, such as serotonin, bilirubinemia, 
serum D-lactate, D-dimer, and C-reactive protein, 
have been studied for the diagnosis of acute appen-
dicitis. Singh et al.[12] and Kalra et al.[13] measured the 
serotonin level of plasma in early acute appendicitis 
and found that serotonin could be used as a marker 
at this stage. Sand et al.[14] found that high levels of 
bilirubinemia and clinical symptoms related with ap-
pendicitis indicated the probability of appendiceal per-
foration. Duzgun et al.[15] stated that there was a corre-
lation between acute appendicitis and serum D-lactate 
levels and that these levels could be used as a diagnos-
tic marker. Mentes et al.[16] studied D-dimer for acute 
appendicitis, and found no relationship between them. 
However, Wu et al.[17] found that C-reactive protein 
was a prognostic marker for early acute appendicitis. 
Our study also showed that neopterin is a valuable 
marker at 48 hours for acute appendicitis. Between 24 
and 48 hours, the level of neopterin was found to be 
particularly significant. 

In our study, the probability of acute appendicitis 
was found to be 4.667 times higher when the serum 
neopterin level was greater than 34.475 nmol/L. The 
mean serum neopterin level of the animals in Groups 
3, 4 and 5 (acute appendicitis groups) was higher than 
in the non-appendicitis groups, indicating that neop-
terin could be used as a serum marker for the diagnosis 
of acute appendicitis.

In conclusion, this study is an experimental animal 
study; however, it provides several valuable clues use-
ful in clinical assessment. Together with a carefully 
extracted medical history, an accurate interpretation 
of the clinical presentation, and a complete physical 

examination, neopterin seems to have great potential 
as a new diagnostic marker for the diagnosis of acute 
appendicitis. 
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