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Nitric oxide concentrations in gas emanating
from the tails of obese rats
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This study was undertaken to investigate the effects of oral L-arginine administration and exercising training
on the NO concentration emanating from rat tail and NOx in plasma. Obese (fa/fa) Zucker rats (n= 22) were
divided into four groups: (1) oral L-arginine administration (A) (n= 6), (2) exercise training (E), (3) exercise
training+ L-arginine administration (E+ A) (n= 5), and (4) non-exercise training+ non-L-arginine
administration (N) (n= 6). The control (+/+) Zucker rats (n= 22) were also divided into the same four
groups. The body weight of the E+ A and the A groups was significantly lower than that of the N group.
The NO concentration emitted from the tail was higher in the L-arginine (E+ A and A) groups than in the
non-L-arginine (E and N) groups in both obese and control rats. Exercise training did not affect the skin
gas NO concentration in either obese or control rats. Plasma NOx concentrations in four obese rats were
significantly higher than those observed in control rats. Exercise training did not influence the level of
plasma NOx in obese or control rats. In conclusion, this study confirmed that L-arginine administration
increases the skin gas NO concentration and obesity increases the plasma NOx level. The plasma NOx

concentrations were not affected by L-arginine administration or exercise training in obese or control rats.
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Introduction
It has been reported that NO is detected in exhaled
air1–3 and gas emanating from human skin.3 The con-
centration of NO in exhaled breath and skin gases
strongly depends on several factors, such as inflamma-
tory disease,2 physical exercise,1 smoking,4 breath
holding,4,5 and hypoxia.6

NO is synthesized in endothelial cells from L-argi-
nine by the activity of the endothelial, calcium-depen-
dent isoform of NO synthase.7,8 NO is rapidly
oxidized to NO2

− (nitrite) and NO3
− (nitrate) in vivo,9

and NO3
− is subsequently eliminated via excretion

into the urine.10 It is well known that the serum
levels of NOx (NO2

− and NO3
−) reflect the total NO

production in the body.11 The serum NOx level is
increased by oral L-arginine treatment in Zucker dia-
betic fatty rats12 and in the urine of healthy subjects.13

However, no reports have been published regarding
the effects of the oral administration of L-arginine
on the NO concentration in skin gas.

It has previously been demonstrated that the level of
NOx in plasma increase following dynamic exercise
training.14,15 On the other hand, Pialoux et al.16

reported that exercise training does not influence the
plasma NOx level. Therefore, the effects of exercise
training on the plasma NOx level remain unclear.

L-arginine administration reduces the weight of
abdominal and epididymal adipose tissue in the
setting of diabetes.12,17 However, a few reports have
noted that there are no significant differences in
body weight after L-arginine treatment in healthy
rats18 and or human heart failure subjects.19

Therefore, the influence of L-arginine oral adminis-
tration on body weight remains equivocal.

The present study was performed to evaluate the
effects of L-arginine administration and exercising
training on the NO concentrations emanating from
rat tails and the plasma NOx levels in obese (fa/fa)
Zucker rats.

Methods
Experimental protocol
Male obese (fa/fa) and control (+/+) Zucker rats
were purchased at 5 weeks of age from Japan SLC
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(Shizuoka, Japan). The protocols of the animal exper-
iments were approved by the Ethical Committee of
Nagoya Institute of Technology. The mean body
weight at 5 weeks of age was 109.5± 7.1 g in obese
rats and 103.1± 9.8 g in control rats. The obese rats
(n= 22) were divided into four groups according to a
similar weight: (1) L-arginine group (A) (n= 6), oral
administration of L-arginine (6% in drinking water);
(2) exercise training group (E) (n= 5), treadmill exer-
cise training; (3) exercise training+ L-arginine group
(E+A) (n= 5), oral administration of L-arginine
(6% in drinking water)+ treadmill exercise training;
and (4) non-exercise and non-L-arginine (N) (n= 6).
The control (+/+) rats (n= 22) were divided into
the same four groups according to a similar weight.
In the E and the E+A groups, exercise training was
conducted 5 days/week over 4 weeks. The running
speed was 10 m/minute for 20 minutes in the first 2
weeks, followed by 12.5 m/minute for 30 minutes in
the last 2 weeks. All rats were housed individually in
a temperature-controlled room (22± 1°C), received
food and water ad libitum throughout the experiment
and were maintained on a 12/12 hour light–dark
cycle. The rats received a standard rodent chow (CE-
2, Nihon CLEA, Tokyo, Japan). The body weight
was measured once a week, and food and drinking
water intake was recorded every day. The rats were
accustomed to entering the pipe (22.5 cm in length
and 6.2 cm in diameter) voluntarily before the exper-
iment (Fig. 1).20 After an overnight fast, the rats
were anesthetized with an intraperitoneal injection of
sodium pentobarbital (50 mg/kg body weight),
blood (0.3 ml) was drawn from the heart, and
plasma was obtained and stored at −80°C until the
analysis. The total nitrate/nitrite (NOx) levels in the
plasma were determined in duplicate using a
Nitrate/Nitrite Colorimetric Assay Kit (Cayman,
Ann Arbor, MI, USA). The NOx concentrations in
the plasma were measured spectrophotometrically at
540 nm using the Multiskan JX (Thermo Fisher
Scientific Inc., MA, USA).

Sampling procedure for assessing rat tail skin
gas
Three days before blood sampling experiments, skin
gas was obtained from the tail in all rats. The concen-
tration of NO emanating from the tails was measured
using previously described methods (Fig. 1).20 Food
and drinking water was removed for minimum of 4
hours before skin gas sampling. After a rat entered
the pipe (Fig. 1), the tail was washed with paper
(Kimwipe S-200, Kimberly-Clark Co., Kulesia,
Tokyo, Japan), dampened with distilled water and
inserted into the sampling bag after the tail had
dried, fixed 12 cm from the tail end with a flexible
sealing film (GL Science, Tokyo, Japan). All air in
the bag was sucked out with a glass syringe.
Subsequently, 25 ml of nitrogen gas was infused into
the sampling bag. After 10 minutes, 20 ml of skin
gas was sampled from the bag and injected into
another empty bag.

Analytical conditions of the NO concentrations
emanating from the rat tails
The NO concentrations in the skin gas emanating
from the rat tails were measured using a chemilumines-
cence analyzer (Pico device, Nagoya, Japan). The
sampling flow rate was 100 ml/minute. The analyzer
was calibrated before each measurement using pure
nitrogen and four certified NO concentration gases
(5, 10, 25, and 50 ppb).

Statistical analysis
The values are expressed as the mean± standard error
of the mean (M± SEM). The data were analyzed
using a one-way analysis of variance with repeated
measures, with P< 0.05 determined to be statistically
significant. When differences were obtained, post hoc
analysis was performed using Fisher’s protected least
significant difference. The statistical analyses were per-
formed using the Stat View (ver. 5.0, Abacus
Corporation, California, USA) software package.

Results
Fig. 2 presents the results of a comparison of body
weight between the four groups among the obese
(fa/fa) and the control (+/+) Zucker rats. The mean
body weight of the E group was significantly higher
than that of the other three groups of obese rats (P<
0.05 or P< 0.001). The mean body weights of the L-
arginine administration groups (E+A and A) were
significantly lower than that of the N group (P<
0.001). In the control rats (+/+), the mean body
weight of A group was significantly lower than that
of the E and the N groups (P< 0.05 or P< 0.01).
Fig. 3 presents the results of a comparison of food

intake between the four groups among the obese (fa/
fa) and the control (+/+) Zucker rats. The level of

Figure 1 Collecting systems for assessing skin gas
emanating from the rat tails.
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food intake in the E group was significantly higher
than that observed in the other three groups (P<
0.05 or P< 0.001) of obese rats. On the other hand,
the level of food intake in the A group was signifi-
cantly lower than that of the E and the N groups
(P< 0.05).
Fig. 4 shows the results of a comparison of the NO

concentrations emitted from the skin in the obese and
control rats. The NO levels of the skin gas in the E+A
and the A groups were higher than those observed in
the E and the N groups among both the obese and
the control rats (P< 0.001).

Fig. 5 shows a comparison of the plasma NOx con-
centrations in obese and control rats. The plasma NOx

levels were higher in the E+A, E, A, and N groups of
obese rats compared with that observed in each
respective group of control rats (P< 0.001). There
were no significant differences between the E+A, E,
A, and N groups in either the obese or control rats.

Discussion
This investigation found that body weights and food
intake were significantly higher in obese rats than in
control Zucker rats. This result generally agrees with
the data of Kurtz et al.,21 who demonstrated that
obese Zucker rats provide a useful experimental
model of obesity. In the present study, among the
obese Zucker rats, the mean body weight of the E
group was significantly higher than that of the other
three groups, in spite of the use of exercise training.
The increase in body weight observed in the E group
may be due to the volume of food intake (Figs. 2

Figure 3 Comparison of food intake between the four
groups of obese (fa/fa) and control (+/+) Zucker rats. ***P<
0.001, *P< 0.05 significant difference compared with the N
group of obese rats. +++P< 0.001 significant difference
compared with the E group of obese rats. ###P< 0.001,
##P< 0.01, #P< 0.05 significant difference compared with the
A group of control rats. E, exercise; A, L-arginine; E+A,
exercise+ arginine; N, non-exercise and non-L-arginine.

Figure 2 Comparison of body weight between the four
groups of obese (fa/fa) and control (+/+) Zucker rats. ***P<
0.001, *P< 0.05 significant difference compared with the N
group of obese rats. +++P< 0.001, P< 0.05 significant
difference compared with the N group of obese rats. ##P<
0.01, #P< 0.05 significant difference compared with the A
group of control rats. E, exercise; A, L-arginine; E+A,
exercise+ arginine; N, non-exercise and non-L-arginine.

Figure 4 Comparison of the NO concentrations in the rat
tails between the four groups. **P< 0.01. The NO
concentrations were significantly higher in the L-arginine
groups (A and A+ E) than in the non-L-arginine groups (E and
N) of obese rats. ++P< 0.01. The NO concentrations were
significantly higher in the L-arginine groups (A and A+ E) than
in the non-L-arginine groups (E and N) of control rats.

Figure 5 Comparison of the NOx concentrations in the
plasma between the four groups. The NOx concentrations
were higher in the obese rats than in the control Zucker rat.
***P< 0.001. The NOx concentrations in the plasma were
significantly lower in the obese Zucker rats than in the control
rats.
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and 3) and hypertrophy of skeletal muscle.22 On the
other hand, the mean body weights of the A groups
(E+A and A) were significantly lower than those of
the non-L-arginine groups (E and N). The level of
food intake in the A group was the lowest of the four
groups of obese Zucker rats. Our results agree with
the data of Fu et al.,12 who demonstrated that L-argi-
nine treatment markedly decrease body weight due to
a reduction in the weight of abdominal and epididy-
mal adipose tissue in Zucker diabetic fatty rats.
Lucotti et al.17 also reported that oral L-arginine
administration decreases adipose fat mass in type 2
diabetic patients. In addition, L-arginine adminis-
tration enhances the peroxisome proliferator-activated
receptor γcoactivator-1α (PGC-1α) expression and
activates AMP-activated protein kinase (AMPPK).12

The increases in the PGC-1α expression and
AMPPK level increase the oxidation of energy sub-
strates in skeletal muscle and adipose tissue.12 These
results suggest that L-arginine administration pro-
motes the loss of body weight in obese patients.
No reports have been published regarding the effects

of L-arginine treatment on the skin gas NO concen-
tration. A new and interesting finding of this study is
that the NO concentrations emanating from the rat
tails in the L-arginine groups (E+A and A) were sig-
nificantly higher than those observed in the non-L-
arginine administration groups among both obese
and control rats (P< 0.001). NO is synthesized in
endothelial cells from L-arginine, a substrate, by the
activity of the endothelial, calcium-dependent
isoform of NO synthase.7,8 These results suggest that
L-arginine administration induces increases in the
NO concentration in skin gas.
Our study showed that exercise training has no effect

on the skin NO concentrations in obese and control
rats. Maroun et al.23 also reported that the state of
physical conditioning has no effect on the resting
expired NO concentration.
The present study clarified that the plasma NOx

levels were higher in obese rats than in control rats.
This finding is consistent with those of previous
studies showing that the serum NOx concentrations
are significantly higher in human subjects with meta-
bolic syndrome than in healthy controls.24 Although
the exact mechanism regulating the plasma NOx

level is not well understood, the elevation of the
plasma NOx level may be due to an increase in oxi-
dative stress.25 Lauer et al. (2002)26 suggested that
NO can produce peroxynitrite in the presence of super-
oxide. Peroxynitrite has a very short half-life and
reacts with tyrosine residues in protein to form nitro-
tyrosine.27 Although nitrotyrosine was not assessed
in this study, Ma et al. (2011)27 reported that the
levels of nitrotyrosine are higher in obese subjects
than in controls due to increases in oxidative stress.

Maejima et al.25 also demonstrated that the plasma
NOx level is positively correlated with lipid peroxi-
dation. In this study, the level of food intake was
significantly higher in the obese rats than in the
controls (Fig. 3). Because a high-calorie diet induces
oxidative stress,28 the elevation of the NOx levels
observed in obese individuals may be due to increases
in oxidative stress. In the present study, there were no
significant differences in the plasma NOx concen-
trations between the four groups (E+A, E, A, and
N) in either obese or control rats. Our study showed
that L-arginine administration does not affect the
plasma NOx level, similar to the findings of a previous
study, in which the plasma NOx levels remained
unchanged after L-arginine infusion in healthy
subjects.13

Exercise training also did not influence the levels of
plasma NOx in obese or control rats. This result is in
accordance with previous findings by Pialoux
et al.,16 who reported that, in their study, the plasma
NOx concentrations were not significantly different
between the trained and the sedentary groups.
However, it has been demonstrated that dynamic exer-
cise training markedly increases the levels of NOx in
postmenopausal hypertensive15 and elderly females.14

Chirico et al.29 also demonstrated that the plasma
NOx levels are higher in trained subjects than in
untrained subjects immediately after a maximal
exercise test. The conflicting results observed
between previous reports and our studies may be due
to differences in the subjects (rats or humans), training
methods (exercise type, intensity, training period), or
disease (obesity, diabetes, hypertension).
In conclusion, this study confirmed that oral L-argi-

nine administration increases the skin gas NO concen-
tration and obesity increases the plasma NOx level.
The plasma NOx concentrations were not affected by
L-arginine administration or exercise training in
either obese or control rats.
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