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ABSTRACT

The polyamines are essential for rapidly growing cells. Polyamines is synthesized by two reactions which begin from arginine. The aim 
of this study is to examine the serum levels of the enzymes located in the putrescine synthesis pathway and their relationship with 
lung cancer. In addition, the study also aim determine the oxidant-antioxidant status and the oxidative stress index. This study was 
performed on 36 lung cancer patients and 36 healthy controls. The arginase activity and the ornithine level were determined spectro-
photometrically while the arginine decarboxylase, ornithine decarboxylase and agmatinase levels were determined by using Enzyme 
Linked Immunosorbent Assay (Elisa kit). The total antioxidant (TAS) and total oxidant status (TOS) were determined using a commer-
cial kit auto analyser, oxidative stress index (OSI) was subsequently estimated. We observed an increase in ornithine decarboxylase, 
agmatinase and arginase levels in cancer patients (p< 0.05). however, no significant difference was observed between the two groups 
with regards to orithine and arginase decarboxylase levels (p> 0.05). In the patient group, the TAS values decreased (p< 0.05), while 
the TOS values increased (p< 0.05). In addition, the OSI values increased (p< 0.05). Reduced agmatine level can cause an increase 
in polyamine synthesis and cell proliferation. For this reason, lung cancer prognosis may have a relationship with the agmantine levels.
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ÖZET
Agmatin Eksikliğinin Akciğer Kanseriyle İlişkisi

Poliaminler, hızlı bir şekilde büyüyen hücrelerde esansiyeldir. Poliaminlerin oluşumu, arjininden başlayan iki farklı reaksiyon ile gerçekleşir. 
Bu çalışmadaki amaç, putresin sentez yolunda görev alan enzimlerin serum düzeylerini incelemek ve akciğer kanseri ile olan ilişkisini 
ortaya koymaktır. Ayrıca, oksidan-antioksidan kapasite ve oksidatif stress indeksini saptamaktır. Bu çalışmaya 36 akciğer kanseri 
hastası ve 36 sağlıklı kontrol dahil edildi. Arjinaz aktivitesi ve ornitin düzeyi spektrofotometrik olarak ve arjinin dekarboksilaz, ornitin 
dekarboksilaz, agmatinaz düzeyleri ise elisa kiti kullanılarak tayin edildi. Total antioksidan (TAS) ve total oksidan kapasite (TOS) ticari 
kit kullanılarak otoanalizörde saptandı. Ve oksidatif stress indeksi (OSİ) hesaplandı. Çalışmada akciğer kanserli hastaların serumlarında 
ornitin dekarboksilaz, agmatinaz ve arjinaz düzeylerinde artış gözlendi (p< 0.05). Ornitin ve arjinin dekarboksilaz düzeyleri bakımından 
iki grup arasında istatistiksel olarak anlamlı bir fark saptanmamıştır (p> 0.05). Hasta grubunda TAS değerleri düştü (p< 0.05), TOS 
değerleri arttı (p< 0.05). Buna bağlı olarak OSİ değerleri de arttı (p< 0.05). Azalmış agmatin düzeyi, poliamin sentezinde ve proliferasy-
onda artışa neden olabilir. Bundan dolayı akciğer kanserinin prognozu ile agmatin düzeyleri birebir ilişkili olabilir.

Anahtar Kelimeler: Akciğer Kanseri, Poliamin, Arjinaz, Ornitin, Arjinin Dekarboksilaz, Ornitin Dekarboksilaz, Agmatinaz
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INTRODUCTION
Lung cancer is the most prevalent of cancer deaths 
in the world (1/5th of the deaths realised due to 
cancer, is from lung cancer). Due to the occurrence 
of approximately 1.8 million new lung cancer 
cases per year, it is noted to be the most prevalent 
cancer type.1 Therefore, understanding the mecha-
nisms of lung cancer, is important in the treatment 
of this disease.
The accumulation of polyamines in the tissues in-
crease the proliferation of cells and even has a con-
tribution in bacterial proliferation. In recent years, 
as a result of the aforementioned properties of pol-
yamines, they have become a subject of research 
with regards to neoplastic tissues.2

The polyamines play an important role in many 
different biological processes such as the regula-
tion of ion channels, enzyme activities, translation 
and transcription. At the same time, the polyam-
ines constitute a response to oxidative stress and 
increase the mRNA levels which are necessary 
for protein biosynthesis by forming hypusine.3-6 
The regulation of the polyamine levels in the tu-
mour cells are frequently disrupted.5,7 The poly-
amine levels are found to be particularly higher 
in rapidly proliferating cells.5,7,8 In studies that 
have been made, it was reported that the level of 
polyamine frequently increased in the urine and 
blood of breast, colon, lung, prostate and skin 
cancer patients. In a previous analyses carried out 
on cancer patients, it was observed that the ma-
jor polyamines(putrescine, spermidine, spermine) 
and the acetylated forms of these were increased 
and accumulated.9-15 In addition, the relationship 
between the inhibition of polyamine sythesis and 
cancer theraphy are currently being investegated.10 
It was shown that polyamine level and the tumour 
size reduced with the therapy.16 This indicates that 
cancer cells need polyamines for growth and pro-
liferation. For this reason, it is thought that increas-
ing polyamines provide considerable contributions 
to poor prognosis of cancer.17-20

In this study, we aimed to determine the levels of 
arginine decarboxylase, agmatinase (it gives infor-
mation about the agmatine level indirectly) from 
the enzymes which take charge in the synthesis of 
putrescine that is necessary for the synthesis of the 
major polyamines(spermidine, spermine), argin-

ase, ornithine decarboxylase and ornithine in the 
serums of lung cancer patients and to put forth its 
relatonship with lung cancer. In addition, to exam-
ine the relationship between these parameters and 
oxidative stress factors.

MATERIALS AND METHODS
Patient and Control Group
The 36 patients, who were diagnosed with lung 
cancer and applied to Cumhuriyet University Med-
icine Faculty Oncology Polyclinic were included 
in the study. No restriction was made with respect  
to sex, age or the histopathologic type of cancer as 
well as its degree.
Our control group consisted of 36 healthy individ-
uals who had no systemic diseases(diabetes, hyper-
tension, lung cancer disease).

Blood Samples Collection
Blood samples were taken from the controls and 
lung cancer cases who were not on therapy. The 
serums were obtained by centrifugation at 1610 x 
g for 10 minutes from the blood sample preserved 
at -800C for the study.
Ornithine, arginine decarboxylase, ornithine decar-
boxylase, agmatinase levels and arginase enzyme 
activity have been measured in serum of lung can-
cer patients.
Arginase activity were measured spectrophotomet-
rically according to the method defined by Geyer 
and Dabich and was reported as µmol urea/mL/
hour.21 Ornithine level were calculated spectropho-
tometrically at 515 nm using the method defined 
by Chinard and was reported as µmol/ml.22

Arginine decarboxylase, ornithine decarboxylase 
and agmatinase levels were determined by ELISA 
kit according to the manufacturer’s protocol (Cusa-
bio Biotech, Wuhan, China).
The total antioxidant and the total oxidant status 
were determined by using commercial kit(Rel As-
say Diagnostic)

Statistical Analysis
In the evaluation of data, when parametric test as-
sumptions were fulfilled the significance test of the 
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difference between the two average was applied, 
the parametric test assumptions were not fulfilled 
the Mann Whitney U test was applied. The data 
was given in the tables as arithmetical average± 
Standard deviation and the level of significance 
was taken as less than 0,05.

RESULTS
When the ages of the individuals in the control 
group (mean age 57.44 ± 15.51 ) were compared 
with the ages of the individuals in the case group 
(mean age 61.72 ± 9.04 ), there was no significant 
difference observed (p= 0.157) (Table 1). Also, 
there was no significant difference observed be-
tween gender in the case and control group.
The tumor characteristics of lung cancer patients 
were given on Table 2.
In our study, when individuals in the case and con-
trol groups were compared in respect to their levels 
of agmatinase, arginase and ornithine decarboxy-
lase, the difference between the two groups was 

statistically significant (p= 0.001) The increase in 
the enzyme levels were compared in accordance 
to the control group, respectively agmatinase was 
300%, arginase was approximately 200% and orni-
thine decarboxylase was 100%. Statistically, there 
was no significant difference between the two 
groups with regard to their ornithine and arginine 
decarboxylase levels(respectively, p= 0.860 and p= 
0.424) (Table 3).
Also in our study, when individuals in the case and 
control groups were compared with regard to total 
antioxidant status, total oxidant status and oxida-
tive stress index, the difference between the two 
groups was statistically significant (respectively, 
p= 0.002, p= 0.001 and p = 0.001) When these pa-

Table 1. The age ranges of lung cancer patients and controls

Age (in Years)  Patient (n)  Control (n)  P

0-50  4  7 
51-60  11  19
61-70  15 7
>71  6  3

* Median age  61,72±9,04  57,44±15,51  P= 0.157
* Data expressed as mean ± standard deviation

Table 2. The tumor characteristics of lung cancer patients

Tumor Histology and Stage  Patient (n)

Adenocarcinoma
 Localised  0
 Locally Advanced  3
 Metastatic  8
Squamous cell carcinoma
 Localised  0
 Locally Advanced  11
 Metastatic  7
Small cell lung cancer
 Localised  0
 Locally Advanced  1
 Metastatic  4
Non-small cell lung cancer
 Localised  0
 Locally Advanced  1
 Metastatic  1

Table 3. The serum Ornithine, Arginine Decarboxylase, Ornithine Decarboxylase, Agmatinase levels and Arginase activity of lung 

cancer patients and controls

 Patient ( n=36 )  Control ( n=36 )  p

**Arginine Decarboxylase (pg/ml)  206.36±109.66  191.01±126.67  0.424

**Ornithine Decarboxylase (pg/ml)  225.47±122.40  130.29±70.42  0.001

**Agmatinase (pg/ml)  967.72±769.89  233.70±109.88  0.001

**Arginase (µmol urea/ml/hour)  23.88±19.58  7.38±3.91  0.001

*Ornithine (µmol/ml)  0.08±0.02  0.08±0.02  0.860

Data expressed as mean ± standard deviation
* The significance test of the difference between the two averages.
**Mann Whitney U test was applied.
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rameters were compared according to the control 
group, respectively, while the total antioxidant sta-
tus was diminished by 10%, the total oxidant status 
increased by 100%. This case caused an increase of 
100% in the oxidative stress index (Table 4).

DISCUSSION
It is known that there are rapid growth in the cells 
and tissues which have polyamine accumulation. 
For this reason, it plays an important role in the 
formation of benign and malign disease. The poly-
amines are necessary for protein synthesis and re-
sponse to oxidative stress which exist in many dis-
eases. The polyamine regulation is disrupted due to 
the enzymatic changes in cancer patients and this 
lead to an increase in polyamine
levels.4,10,23

In this study, when the levels of arginase and orni-
thine decarboxylase from the enzymes which take 
place in the first reaction mechanism of the putres-
cine formation pathway were compared according 
to the control group, the result revealed an increase 
of 200% and 100% respectively. This increase is 
significant statistically (p< 0.05). In various studies 
that were made, it was reported that arginese activ-
ity increased different cancer types(lung, colorec-
tal, prostate, pancreas, skin and stomach cancer.24-29 
The findings in these studies support our findings.
The increased arginase activity must have caused 
an increase in ornithine levels according to the 
reaction. However, in our findings, it was deter-
mined that ornithine levels did not change when 
compared with the control group (p> 0.05). The 
reason for this was the increase in ornithine decar-

boxylase level which took place in the continuation 
of the reaction. Thus, it demonstrated that ornithine 
which formed by the increased arginase activitity 
changed into putrescine. for this reason, there was 
no significant difference observed when the ornith-
ine level was compared between two group.
In a study, it was reported that when ornithine 
decarboxylase expression on cancerous lung and 
the normal lung tissue was examined, the expres-
sion of the enzyme on the cancerous lung tissue 
increased.30 Also, it was shown that the ornithine 
decarboxylase expression in the other cancerous 
tissues such as prostate, breast, oesaphagus cancer 
increase.31-33 Besides, the increase of the mucosal 
ornithine decarboxylase enzyme activity in colo-
rectal cancer and stomach cancer support our find-
ings.34,35

When the enzyme levels in the second pathway 
taking place in the putrescine formation were 
compared to the control group, it was found that 
arginine decarboxylase levels did not change (p> 
0.05), but the agmatinase level increased with a ra-
tio of 300% (p< 0.05). In this case, the putrescine 
formation increase. On the other hand, the enzyme 
level’s raising to 4 times should be diminish the 
amount of agmatine which is a natural substrate of 
the enzyme.
In the researches that were made, it was found 
that agmatine inhibited cell growth and prolifera-
tion.36,37 It was also fixed that agmatine decreased 
polyamine synthesis by increasing the expression 
of antizyme that mediates the degradation of or-
nithine decarboxylase.36 Another effect of the ag-
matine on the polyamine levels was also the di-
minishing of putrescine, spermidine and spermine 

Table 4. The serum Total Antioxidant Status, Total Oxidant Status, Total Oxidative Index of lung cancer patients and controls

 Patient ( n=36 )  Control ( n=36 )  p

*Total Antioxidant Status 2.20±0.53  2.57±0.45  0.002
(mmol/Trolox Equiv./L)

**Toplam Oxidant Status 50.93±29.72  28.61±14.61  0.001
(µmol H2O2 Equiv./L)

**Oxidative Stress Index  22.72±12.32  11.76±9.04  0.001

Data expressed as mean ± standard deviation
* The significance test of the difference between the two averages.
** Mann Whitney U test was applied.
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in the cell by increasing the spermidine-spermine 
acetyl transferase (SSAT) activity.38

The increase in polyamine concentration causes 
the increase of growth stimulation by means of in-
crease of the transcription factors such as c-myc, c-
fos and c-jun expression, the decrease in polyamine 
level arrest the improvement of the cell-cycle.39-41 
The decreasing polyamine levels stabilize the tran-
scripts (p53, TGF-β ve junD) of the genes which 
inhibited growth.42-44 The absence of spermidine 
causes inhibition of the hipusination. This case 
causes inhibition of the function of factor eukary-
otic translation initiation factor 5A (elF5A) which 
is bounded to the hipusination and a decrease of 
the cell growth.45,46 The polyamine levels in differ-
ent cancer patients found is high compared to the 
control group.47-48 These data strongly support our 
finding.
Oxidative stress can be defined as an increase in 
the oxidant molecules or a decrease in the antioxi-
dant capacity. The increasing oxidative stress in-
dex causes the decrease in the defense capability of 
the organism against the oxidative damage.49 In our 
study, when the oxidative stress index was com-
pared with the control group, a 100% increase in 
the patient group was determined. The polyamines 
owned a capability of forming a response against 
the oxidative damage.50 According to our findings, 
the increasing polyamine levels did not prevent the 
oxidative damage.
In conclusion, the findings obtained from this pi-
lot study suggested that the increase in the enzyme 
levels which take part in the putrescine formation 
pathway causes more putrescine by influencing 
the direction of the synthesis. The increasing pu-
trescine concentration naturally cause an increase 
in the synthesis of spermidine and spermine from 
the other major polyamines. While the increase in 
the polyamine levels inevitably causes the uncon-
trolled proliferation and increasing prevalence of 
the cancer cells, it fails in the prevention of the oxi-
dative damage.
The agmatine can prevent the excessive putrescine 
formation in the synthesis reaction mechanism. It 
accomplishes this through two way (its effect on 
the two critical enzymes). In the first, agmatine in-
hibit the expression of the ornithine decarboxylase 
enzyme in the first synthesis pathway by means of 

antizyme molecule. In the second, it decreases the 
putrescine, spermidine and spermine levels by in-
creasing the SSAT activity.

Conclusions
The increase of polyamine synthesis which play a 
role in the progression of lung cancer stem from 
agmatine inadequacy resulting from high agmati-
nase levels together with the differentiated enzyme 
levels in the polyamine biosynthesis pathway. The 
reason for this is non-prevention of the increase in 
the amount of putrescine which is a precursor in 
the synthesis of other major polyamines because of 
remain incapable the decreased agmatine’s regulat-
ing role on the putrescine formation mechanism. 
There is a need for studying the relationship be-
tween agmatine and cancer prognosis in other 
types of cancer, as well. Future studies on this 
subject may provide greater contribution to cancer 
treatment.
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