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 Abstract 
 The association of serum arginase I with oxidative stress was evaluated cross-sectionally in a healthy population. The mean 
levels of serum arginase I in healthy people ( n   �  278) were 32.6  �  22.3 ng/ml. Signifi cant correlations of arginase I were 
observed with age, WBC, RBC, alanine aminotransferase (ALT), high-sensitivity C-reactive protein (hs-CRP), uric acid, 
body mass index (BMI) and urinary 8-isoprostane. Multiple regression analysis showed signifi cant associations of arginase I 
with WBC, RBC, urinary 8-hydroxydeoxyguanosine (8-OHdG), age, HbA1c and urinary 8-isoprostane. In the associations 
of arginase I with 8-OHdG, 8-isoprostane and HbA1c, confounding factors and lifestyle factors such as sex, old age, smok-
ing and alcohol consumption were involved. It was concluded that serum arginase I was associated with oxidative stress and 
HbA1c in addition to age, WBC and RBC in healthy Japanese people and may become a new biomarker for early prediction 
of diabetes mellitus and other oxidative stress-related diseases  .

  Keywords:   Arginase I  ,   oxidative stress  ,   population study  ,   healthy people    
 Introduction 

 Two distinct isoforms for arginase, arginase I and II, 
which differ in sub-cellular localization, are known. 
Arginase I is predominantly expressed in cytosol of 
hepatic cells as a key enzyme for the urea cycle and 
arginase II is expressed in mitochondria of extra-he-
patic cells encoded by a different gene [1]. Both 
isozymes are constitutively expressed in cells and tis-
sues and regulate nitric oxide (NO) generation from 
nitric oxide synthase (NOS) by competition of a com-
mon enzyme substrate, L-arginine, which is metabo-
lized to L-citrulline by NOS and to L-ornithine by 
arginase [2 – 4]. Therefore, the induction of arginase 
in the lung including the airway epithelium and alve-
olar macrophages has been focused on as pathophys-
iological evidence that the consumption of L-arginine 
by arginase may lead the depletion of NO to enlarge 
bronchial smooth muscle associated with airway 
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hyper-responsiveness [5 – 7]. However, there is an 
important difference in the expression of arginase I 
between rodents and humans. In haematopoietic cells 
(erythrocytes and granulocytes), arginase I is not 
expressed in rodents but in humans [8]. 

 Serum arginase levels were evaluated in various 
diseases by activity assay and the ELISA method. In 
asthmatic patients, no agreement was established in 
terms of serum activity for arginase [9 – 12]. Patients 
with sickle cell disease suffered from asthma and 
pulmonary hypertension due to increased serum 
arginase levels by haemolysis [13,14]. In colorectal 
cancer, serum ELISA levels of arginase I increased 
[15]. In renal cell carcinoma and pancreatic cancer, 
an increase in myeloid-derived suppressor cells 
(MDSC) was found to be associated with T-cell 
dysfunction by the depletion of L-arginine due to a 
high level of arginase I released from MDSC [16]. 
yama University Graduate School of Medicine, Dentistry and 
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However, little is known about arginase I in healthy 
populations [17]. 

 Serum levels of arginase may be infl uenced by 
pathophysiological changes of the tissue such as 
infl ammation and carcinogenesis. Induction of argi-
nase was reported in various rodent cells by many 
stimulants of Th2 cytokines such as IL-4 and IL-13, 
growth factors, endotoxin, cAMP-elevating agents, 
oxygen tension and reactive oxygen species (ROS) 
[18,19]. However, in human cells, there is little evi-
dence for the inducer of arginase I such as nicotine in 
cigarette smokers [20] and pregnancy-specifi c glyco-
protein 1a [21]. Although induction of arginase I by 
IL-4 or IL-13 was found to be mediated by a nuclear 
transfer factor, STAT 6, in the lung of asthmatic mice 
model [22], induction of arginase I was not demon-
strated by IL-13 or IL-4 in human cells [8]. 

 In terms of oxidative stress, several biomarkers 
are known. 8-Hydroxy deoxyguanosine (OHdG), a 
product of the oxidatively modifi ed DNA base gua-
nine, is the most representative product that may 
refl ect oxidative damage induced by ROS [23]. In 
healthy populations, urinary 8-OHdG is associated 
with urinary metals such as arsenic or chromium, 
age, BMI and fasting insulin [24,25]. 8-Isoprostane, 
a group of bioactive prostaglandin F2-like com-
pounds generated by oxidatively catalysed reactions 
of arachidonic acid, are considered as reliable mark-
ers of lipid peroxidation  in vivo  [26]. In healthy pop-
ulations, urinary 8-isoprostane is associated with sex 
and alcohol consumption [25]. 

 Therefore, in this study, we demonstrate the inter-
action of arginase I with several clinical parameters 
including oxidative stress biomarkers in a healthy 
population to identify ROS as inducers of arginase I 
in humans.   

 Materials and methods  

 Study design 

 From 847 individuals who undertook a worksite life-
style study in Okayama city, 300 healthy individuals 
were selected by stratifi ed sampling in sex between 
male and female and in age between under 45 years 
old and over 45 years old; then 257 individuals who 
had no previous history of cancer, stroke, diabetes, 
ischemic heart disease, liver disease, asthma, other 
allergic diseases (allergic rhinitis, atopic dermatitis, 
pollinosis) and the serum of which did not appear to 
be haemolytic were fi nally selected. The ethics com-
mittee of Okayama University approved the study and 
all subjects gave informed consent.   

 Measurement of parameters for whole blood and serum 

 Blood samples were collected after overnight 
fasting. Whole blood and separated serum were 
measured for haematological parameters (RBC and 
WBC) and serum alanine aminotransferase (ALT) 
because arginase I is constitutively expressed in 
granulocytes, red blood cells and liver cells. Low 
density lipoprotein (LDL-c), uric acid and high-
sensitivity C-reactive protein (hs-CRP) were mea-
sured to evaluate the correlation of arginase I with 
atherosclerosis. Haemoglobin A1c (HbA1c) was 
measured for the evaluation of diabetes mellitus. 
Serum arginase I levels were determined using 
ELISA kits of Bethyl Laboratories (Montgomery, 
TX, The Netherlands) and Hycult Biotechnology 
b.v. UDEN, and then other clinical examinations 
involving haematological parameters were performed 
using automated XE-2100 (Sysmex, Kobe, Japan) 
and H7700 (Hitachi High-Technologies, Kobe, 
Japan). Serum hs-CRP was measured by a highly 
sensitive CRP assay (Behring Latex-Enhanced using 
the Behring Nephelometer BN-100; Behring Diag-
nostics, Westwood, MA). NOx (NO 2  

 –    �  NO 3  
 –  ) lev-

els in the serum were determined with a NO 
analyser (model-280i NOA with the Purge Vessel; 
Sievers, Boulder, CO) to evaluate nitric oxide (NO) 
generation [25]. Serum was treated with nitrate 
reductase (Sigma-Aldrich, St. Louis, MO, Tokyo) to 
convert nitrate to nitrite for 30 min at room tem-
perature. Nitrite was further reduced to NO in the 
Purge Vessel containing the reducing agent potas-
sium iodide in acetic acid and NO was subsequently 
detected by the ozone-chemiluminescence method. 
Information on lifestyle factors including cigarette 
smoking, past history and present steroid medica-
tion was obtained using self-reported questionnaires 
or clinical records.   

 Analysis of urinary oxidative stress biomarkers 

 Urinary 8-isoprostane and 8-OHdG were determined 
using a commercially available competitive enzyme 
immunoassay (EIA) kit (Cayman Chemical Com-
pany, Ann Arbor, MI) and an ELISA kit from the 
Japan Institute for the Control of Aging (Fukuroi, 
Shizuoka, Japan), respectively. Spot urine samples 
stored at  – 80 ° C before analysis were used because 
spot urine for 8-isoprostane did not exhibit signifi cant 
variation from levels measured in 24-h urine samples 
in the same healthy individuals by radioimmunoassay 
[27] and the correlation coeffi cient of 8-OHdG by 
ELISA between spot and 24-h urine samples was 
0.87 [28]. The intra-assay and inter-assay CV were 
5.4% and 11.0% for 8-isoprostane and 5.2% and 
8.1% for 8-OHdG, respectively. 

 Urinary hydrogen peroxide (H 2 O 2 ) was measured 
by the ferrous ion oxidation xylenol orange version-2 
(FOX-2) method [29]. FOX-2 reagents contained 
100 mM xylenol orange, 250 mM ammonium ferrous 
sulphate, 100 mM sorbitol and 25 mM H 2 SO 4 . Fifty 
microlitres of test sample was added to 950 μl FOX-1 
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reagent, voltexed and incubated at room temperature 
for 30 min and then absorbance at 560 nm was mea-
sured. H 2 O 2  (0 – 50  μ M) was added in the test sample 
as a standard and 2200 U/ml catalase was added as 
a blank control. The intra-assay and inter-assay CV 
for the measurement of urinary H 2 O 2  by FOX-1 were 
3.37% and 4.98%, respectively [30]. Values for 8-iso-
prostane, 8-OHdG and H 2 O 2  were normalized per 
milligram of creatinine (Cre) measured in urine (Cre-
atinine Test Kit, R&D Systems, Minneapolis, MN).   

 Statistical analysis 

 Statistical analyses were performed by GraphPad 
Prism 5.0c for Mac (GraphPad Software, Inc., San 
Diego, CA) and PASW Statistics 18 for Mac. Results 
are expressed as means  �  SD. Gaussian distribution 
of values was analysed by Shapiro-Wilk normality test. 
Unpaired  t -test and ANOVA were used to examine the 
differences in serum levels of arginase I among the 
variables such as sex, age, smoking and alcohol con-
sumption. Pearson ’ s correlation was used to examine 
the relationship between serum arginase I and clinical 
parameters. A stepwise method for multiple regression 
analysis was performed to test the relationship between 
arginase I levels and the variables that had signifi cant 
correlation as tested using Pearson ’ s correlation and 
the variables that are presumably confounding for 
arginase I such as age and sex. A  p -value  �  0.05 was 
considered statistically signifi cant.    

 Results  

 Characteristics of subjects by arginase I 

 The characteristics of the subjects by serum arginase 
I in this study are presented in Table I. Their average 
age was 43.8 years. Smokers accounted for 41.4% 
and the alcohol consumption rate was 68.7%. The 
serum concentration of arginase I in healthy controls 
( n   �  278) was 32.6  �  22.3 ng/ml. A difference in 
arginase I was not observed in terms of sex, smoking 
and alcohol consumption. However, concerning age, 
healthy persons under 45 years old showed signifi -
cantly high levels of serum arginase I compared with 
those over 45 years old (Table I). Urinary 8-OHdG 
showed signifi cantly high levels in males and persons 
over 45 years old compared with the levels in females 
and persons under 45 years old. Urinary 8-isopros-
tane showed signifi cantly high levels in smokers com-
pared with the levels in non-smokers.   

 Pearson ’ s correlation analysis between arginase I and 
clinical examination variables including oxidative 
stress biomarkers 

 The results of Pearson ’ s correlation analysis between 
oxidative stress biomarkers and health assessment 
data are presented in Table II. Serum levels of argi-
nase I were signifi cantly positively correlated with 
WBC, RBC, ALT, hs-CRP, urinary 8-isoprostane, 
uric acid and BMI and negatively correlated with age 
in all healthy populations (Figure 1). Healthy persons 
were stratifi ed by sex (male or female), age (under 
45 years old or over 45 years old), smoking status 
(smoker or non-smoker) and alcohol consumption 
(alcohol drinker or non-drinker). A signifi cant posi-
tive correlation of arginase I with WBC was observed 
in almost all population groups. RBC also showed 
positive correlations with arginase I in population 
groups of males and persons over 45 years old. As 
for age, a signifi cant negative correlation with argi-
nase I was observed in females, smokers and those 
who do not consume alcohol. ALT and hs-CRP 
showed almost the same signifi cant correlations with 
males, persons under 45 years old and smokers. 
However, concerning alcohol intake, ALT showed a 
signifi cant correlation, but CRP did not show a sig-
nifi cant correlation. Among three urinary oxidative 
biomarkers, urinary 8-OHdG showed signifi cantly 
positive correlations with arginase I in females and 
persons under 45 years old, but not in the entire 
population; urinary 8-isoprostane showed signifi cant 
correlations with arginase I in the entire population, 
smokers and those who consume alcohol. Uric acid, 
a serum antioxidant, was positively correlated with 
arginase I in the entire population, males, persons 
under 45 years old and smokers. HbA1c, a biomarker 
of diabetes mellitus, showed signifi cantly positive 
correlations with females, persons over 45 years old 
and non-smokers. BMI, a biomarker of obesity, was 
signifi cantly correlated with arginase I in the entire 
population, males, persons under 45 or over 45 years 
old, smokers, and those who consume alcohol.   

 Multiple regression analysis for arginase I with clinical 
examination variables including oxidative stress 
biomarkers 

 Multiple regression analysis results by a stepwise 
method are shown in Table III. Signifi cant associations 
of arginase I with WBC, RBC, urinary 8-OHdG, age, 
HbA1c and urinary 8-isoprostane were observed in 
the entire population. That is to say, WBC, RBC, uri-
nary 8-OHdG, age, HbA1c and urinary 8-isoprostane 
were important infl uential factors of serum arginase I, 
independent of sex, hs-CRP, LDL-C, uric acid and 
BMI. In older persons, serum arginase I will decrease. 
If urinary 8-OHdG, HbA1c and urinary 8-isoprostane 
increase, serum arginase I will increase. In this model, 
16.4% of the variation of arginase I was explained. By 
stratifi cation of the entire population into sex (male or 
female), age (under 45 or over 45), smoking status 
(smoker or non-smoker) and alcohol consumption 
(alcohol drinker or non-drinker), a negative associa-
tion of arginase I with age was shown to be dependent 
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on females and smokers. An association of arginase I 
with urinary 8-OHdG was dependent on females, 
those under 45 years old and smokers and then an 
association of arginase I with urinary 8-isoprostane 
was shown to be dependent on smokers and those who 
consume alcohol. Moreover, an association of arginase 
I with HbA1c was dependent on females, those over 
45 years old and non-smokers.    

 Discussion 

 An ELISA system for arginase I was developed in 
the fi eld of liver injury because of the high level of 
arginase I in the liver. Moreover, in sickle cell dis-
ease (SCD), serum arginase I levels are crucial for 
pulmonary hypertension and asthma owing to hae-
molysis-derived elevation of arginase I. Serum argi-
nase I levels in normal controls were reported to be 
51.0  �  3.3 ng/ml [31] and 20  �  6 ng/ml [32]. Our 
result, 31.7  �  22.2 ng/ml, is similar to previous results. 
However, the characteristics of serum arginase I by 
ELISA in healthy populations were not known. One 
report suggested a positive correlation of arginase I 
with age in females ( n   �  60) [31]. In this study, neg-
ative correlations of arginase I with age were observed 
not only in the entire healthy population but also in 
females ( n   �  136). The reason for this discrepancy is 
not clear. 

 Various inducers of arginase I were demonstrated 
in murine mononuclear cells [18,19]. Among these 
inducers, much attention should be paid to ROS 
because arginase I was constitutively expressed in 
neutrophils [8] and activated neutrophils can gener-
ate ROS together with degranulation. Although there 
is no evidence demonstrating the induction of argi-
nase I in human cell lines, H 2 O 2  or hydroxyl radical 
was involved in the induction of arginase I in rodents 
macrophages [33] and porcine vascular endothelial 
cells [34]. In the mechanisms for the induction of 
arginase I by H 2 O 2  or hydroxyl radical, nuclear tran-
scription factors such as NF  κ  -B and AP-1, known 
to be activated by ROS, may be involved [35,36]. 
Therefore, in human neutrophils, it is speculated 
that activation of neutrophils or natural apoptosis-
related neutrophil death [37] accompanied by oxy-
radical generation and release of arginase I from 
neutrophils may occur. In this study, association of 
serum arginase I with urinary levels of 8-OHdG was 
observed in females, persons under 45 years old and 
smokers and that with 8-isoprostane was observed in 
smokers and those who consume alcohol. Previously, 
we demonstrated signifi cant correlations of urinary 
8-isoprostane with smoking status and alcohol con-
sumption in a healthy population [24,25]. The gen-
eration of 8-isoprostane and 8-OHdG is closely 
associated with oxidative stress [23]. These fi ndings 
suggest that the release of arginase I from neutrophils 
may be regulated by oxidative stress, although there 
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is no direct evidence that oxyradicals induce arginase 
I in neutrophils or monocytes in humans. 

 An association of serum arginase I with HbA1c was 
observed. HbA1c is a useful marker for the diagnosis 
Group
Explanatory 

variable  β  p 
Adjusted 

R 2 

0.164 A
All WBC 0.250  � 0.001

RBC
8-OHdG

0.147
0.178

0.012
0.002

Age –0.185 0.003 S
HbA1c 0.159 0.007
8-Isoprostane 0.126 0.025

Male WBC 0.288  � 0.001 0.144
Uric acid 0.212 0.009 S

Female WBC 0.217 0.005 0.253
RBC 0.210 0.010 A
HbA1c 0.285 0.005
Age –0.277 0.001
8-OHdG 0.222 0.004 A

Age  �  45 0.215
WBC
RBC
8-OHdG

0.344
0.231
0.159

 � 0.001 
0.004 
0.042
of diabetes mellitus. High HbA1c means a long-term 
elevation of serum glucose. Chemical changes in hae-
moglobin occur in high serum glucose by Amadori 
rearrangement. During this reaction, superoxide 
    Figure 1.     Pearson ’ s correlation. Serum arginase I was signifi cantly correlated with age (A), WBC (B), 8-isoprostane (C) and RBC (D).  
   Table III. Multiple regression analysis for arginase I by stepwise method.   
Group
Explanatory 

variable  β  p 
Adjusted 

R 2 

ge  �  45 0.066
HbA1c 0.201 0.014
WBC 0.185 0.024

moking ( � ) 0.164
WBC 0.229 0.010
Age
8-OHdG

–0.300
2.635

0.001
0.010

8-Isoprostane 2.390 0.019
moking (�) WBC 0.323  � 0.001 0.134

HbA1c 0.182 0.014
lcohol ( � ) 0.086

WBC 0.265  � 0.001
8-Isoprostane 0.141 0.043

lcohol (�) RBC 0.319  � 0.001 0.201
WBC 0.292 0.001
Sex –0.253 0.023
    β  indicates standardized partial regression coeffi cient.   
 Variables included in the model for all: sex, ALT, NOx, H 2 O 2 , LDL-C, uric acid, BMI; for males: age, RBC, ALT, NOx, 8-OHdG, 
8-isoprostane, H 2 O 2 , LDL-C, HbA1c, BMI; for females: ALT, NOx, 8-isoprostane, H 2 O 2 , LDL-C, uric acid, BMI; for age  �  45: sex, 
ALT, NOx, 8-isoprostane, H 2 O 2 , LDL-C, uric acid, HbA1c, BMI; for age  �  45: sex, RBC, ALT, NOx, 8-OHdG, 8-isoprostane, H 2 O 2 , 
LDL-C, uric acid, BMI; for smoking ( � ): sex, RBC, ALT, NOx, H 2 O 2 , LDL-C, uric acid, HbA1c, BMI; for smoking (-): age, sex, RBC, 
ALT, NOx, 8-OHdG, 8-isoprostane, H 2 O 2 , LDL-C, BMI; for alcohol ( � ): age, sex, RBC, ALT, NOx, 8-OHdG, H 2 O 2 , LDL-C, uric acid, 
HbA1c, BMI; for alcohol (�): age, ALT, NOx, 8-OHdG, 8-isoprostane, H 2 O 2 , LDL-C, uric acid, HbA1c, BMI. 8-OHdG indicates 
8-hydroxyl deoxyguanosine.   
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radicals are simultaneously generated. Moreover, 
ROS are produced in various tissues and cells under 
diabetic conditions [38,39] from the electron trans-
port chain in mitochondria [40] and membrane-
bound NADPH oxidase [41], with the exception of 
the non-enzymatic glycosylation reaction [42]. High 
arginase activities were observed in the serum of dia-
betes mellitus patients [43]. Therefore, the association 
of serum arginase I with HbA1c may contribute to 
oxidative stress. 

 Our study found that uric acid, BMI, ALT as well 
as hs-CRP had signifi cant correlations with arginase 
I by Pearson ’ s correlation analysis. However, the asso-
ciations of arginase I with BMI, ALT and hs-CRP 
were not found by multiple linear regression analysis. 
Therefore, correlations of arginase I with BMI, ALT 
and hs-CRP may be confounded via other variables 
such as RBC or WBC which had high correlations 
with arginase I, BMI, ALT and hs-CRP. Moreover, 
arginase I is constitutively expressed in hepatocytes 
in addition to neutrophils and red blood cells in 
humans. In patients with acute hepatic injury, tran-
siently increased levels of serum arginase I returned 
quickly to normal levels compared with ALT and 
AST [44]. Therefore, although there is no data show-
ing the contribution of hepatic release to serum levels 
of arginase I in a healthy population, the contribution 
of hepatocyte-derived arginase I to serum arginase I 
may be small compared to WBC and RBC. As for uric 
acid, the anti-oxidative effect is well known. Uric acid 
is considered to be the major component in serum 
anti-oxidative capacity. In this study, multiple linear 
regression showed a signifi cant association with argi-
nase I only in males. Therefore, the association of 
arginase I with uric acid was weak. 

 As for the measurement of 8-isoprostane, several 
researchers have pointed out that mass spectrometric 
methods have sensitivity and specifi city compared 
with immunoassays [45]. However, at present, many 
clinical researchers have employed an EIA kit for the 
measurement of 8-isoprostane because there were no 
other suitable methods for large-scale cross-sectional 
study besides immunoassay [46 – 48]. The concentra-
tions of urinary 8-isoprostane as determined by mass 
spectrometric methods in human controls were 
reported to be in the range of 0.16 – 1.88 ng/mg crea-
tinine [49 – 51]. Therefore, our results, in which the 
mean urinary 8-isoprostane was 0.69 ng/mg creati-
nine, did not stray from the values determined by 
mass spectrometric methods. 

 At present, there are two established methods for 
the measurement of urinary 8-OHdG: high-perfor-
mance liquid chromatography with an electrochemi-
cal detection (HPLC-ECD) method [52] and ELISA 
[53]. A good correlation ( r   �  0.833;  p   �  0.0001) for 
urinary 8-OHdG levels was observed between these 
two methods [54]. Moreover, there are two commer-
cial kits for quantifying 8-OHdG using monoclonal 
antibody N45.1 from the Japan Institute for the Con-
trol of Ageing (Fukuroi, Shizuoka, Japan) and another 
monoclonal antibody (clone 1F7) from Trevigen 
(Gathersburg, MD). 

 Although the fi ndings are signifi cant, several limita-
tions should be noted in the study. First, the sample 
size used in this study was small. Secondly, causal rela-
tionships could not be determined because this study 
was a cross-sectional study. Thirdly, some reporting 
bias may have been introduced because the informa-
tion on lifestyle factors like smoking and alcohol con-
sumption was obtained via self-reported questionnaires. 
Fourthly, as there is no validated method for the mea-
surement of urinary 8-isoprostane at the population 
study level, the present results should be interpreted 
with caution. Further studies are needed to examine 
the analytical method of 8-isoprostane in comparison 
with the  ‘ gold standard ’  mass spectrometric methods 
and to confi rm the urinary level of 8-isoprostane in 
healthy subjects with an increased sample size. 

 In conclusion, serum arginase I was associated with 
the urinary level of oxidative stress biomarkers such 
as 8-isoprostane and 8-OHdG and with serum HbA1c 
in addition to age, WBC and RBC in healthy Japanese 
people and may become a new biomarker for early 
prediction of diabetes mellitus and other oxidative 
stress-related diseases in future.  
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