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An upper respiratory tract obstruction due to nasopharyngeal diseases such as allergic
rhinitis and tonsillar hypertrophy/sinusitis in growing children inhibits normal nasal
breathing and leads to oral breathing. One symptom of this phenomenon appearing in the
living body is hypoxia. Typically, it is rare for hypoxia associated with an upper respiratory
obstruction to become severe and cause dyspnea, and it generally causes mild hypoxia.
However, there are no previous reports regarding the effect of mild hypoxia on the living
body. Thus, in this study, in order to examine the effect of mild hypoxia on the entire body,
alterations in the immune system of growing rats using a mild hypoxia exposed model were
evaluated.
Six-week-old Wistar male rats were used(n=60)and assigned to either the mild hypoxia
group(18% FIO2)or control group. In both groups, five experimental time points, days 1, 3,
7, 14, and 21, were set. After the rats were sacrificed at each time point, the spleen was
removed and the natural killer(NK)cell ratio(CD3-/CD161+)in splenic lymphocytes were
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compared by flow cytometry.
The NK cell ratio of the day 1 group within the mild hypoxia group was significantly
higher compared to that of the control group(P<0.05). Moreover, the NK cell ratio of the
mild hypoxia groups indicated were significantly lower than those of the control groups for
day 7, 14, and 21(P<0.05).
The exposure to mild hypoxia in growing rats may change the NK cell ratio in the splenic
lymphocytes.

Introduction

nasal breathing is associated with the correct growth and

Nasopharyngeal diseases, such as allergic rhinitis and

development of the maxillofacial complex, in addition to

tonsillar hypertrophy/sinusitis, in growing children cause

having a mutual relationship with various functions,

upper respiratory tract obstructions that lead to a change in

including mastication and swallowing; wherein, this theory

the breathing form from normal nasal breathing to oral

is based on the principle that facial growth is highly

breathing(1). Regarding the effects caused by oral breath-

associated with the functional activity of the head and neck

ing, many previous reports on orthodontics has mentioned

in various ways. Consequently, oral breathing associated

that chronic oral breathing in growing children affects the

with an upper respiratory tract obstruction in growing

growth and development of normal maxillofacial morphol-

children is anticipated to have a negative effect on the

ogy(2, 3). According to the functional matrix theory(4),

normal growth and development of the maxillofacial
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complex(5, 6), and as a result, morphological abnormalities
such as clockwise rotation of the lower jaw, narrowing of the
upper and lower dentition, and a high arched palate may
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occur(2, 3, 7), with the unfavorable development of the

School of Dentistry at Matsudo(approval No.AP14MD032).

teeth-maxillofacial complex(8, 9).

Rats were subjected to a 12‒hour light-dark cycle(lighting

Regarding the systemic influence, due to compensatory

on: 7:00 am, lights-out time: 7:00 pm). During the study, free

oral breathing associated with an upper respiratory

intake of solid feed and drinking water was allowed and the

obstruction, it may result in hypoxia(10). Previously, it has

body weight of the rats was measured every day.

been reported that an upper respiratory tract obstruction
associated with adenoid hypertrophy led to severe hypoxia

Mild Hypoxia Model Rats

including dyspnea and cyanosis; however, this is a rare case

Six-week-old male Wistar rats were randomized into

(11). Mbam et al. reported that when the degree of

either the mild hypoxia group or the control group. We

percutaneous arterial oxygen saturation(SPO2)at night was

chose 18% FIO2 to reproduce mild hypoxia. The rats in the

measured using a pulse oximeter, mouth breathing children

mild hypoxia group were prepared by providing a gas

who were clinically diagnosed with tonsil hypertrophy had a

mixture of atmospheric air and nitrogen (supplied by a

decrased SPO2 compared to normal children(12). In

nitrogen gas cylinder) to the chamber for small animals

addition, Lundberg et al. reported that because oral

using an oxygen controller(Biospherix, Lacona, NY, USA),

breathing lowers the production of nitric oxide(NO), which

which can alter the oxygen level of the mixture gas by 0.1%.

is the vasodilation gas produced in the paranasal sinuses

To prevent any potential harmful results caused by acute

during nasal breathing, the arterial oxygen pressure(PAO2)

pressure fluctuation, a pressure regulator was attached and

during oral breathing decreased compared to nasal breath-

hypoxia at normal pressure was achieved. For the control

ing at awaking(13). Namely, compensatory oral breathing

group, the rats were kept in a similar chamber but under

due to nasopharyngeal diseases may not cause severe

normal atmospheric conditions.

hypoxia, but rather mild hypoxia in addition to lowering the
oxygen supply at the tissue level. While severe hypoxia

Measurement of Percutaneous Arterial Oxygen Saturation

causes symptoms including cyanosis, hypoxic encephalop-

(SPO2)

athy, and central nerve system damage, at present, since

The respiratory status with oxygen exposure(18% FIO2)

there is no direct life-threatening impact, there are no

was measured in both the control, and mild hypoxia groups

reports regarding how the exposure to mild hypoxia in

using a pulse oximeter at five experimental time points, day

growing children might affect the living body. Furthermore,

1, 3, 7, 14, and 21 (D1, D3, D7, D14, and D21). SPO2 was

the effect of mild respiratory disorders associated with nasal

measured using the MouseOx system (STARR Life

obstruction on the endocrine system and the nervous

Sciences, Oakmont, PA, USA). A sensor was attached to the

system have been reported(14, 15). However, there are not

neck of awakening rats for all measurements. And the data

any reports about the immune system.

were analyzed using the MouseOx software program

Therefore, in this study, in order to examine the effect of

(STARR Life Sciences, Oakmont, PA, USA).

exposure to mild hypoxia on the entire body in children, we
focused on the immune system and utilized a mild hypoxia

Sample Collection

model in growing rats to and evaluate the effects on the

In both groups, five experimental time points, day 1, 3, 7,

natural killer(NK)cell ratio, which is one of the cytotoxic

14, and 21(D1, D3, D7, D14, and D21), were set, and 6 rats

lymphocytes that function as a main factor in natural

each(from the mild hypoxia group and control group)were

immunity.

sacrified at each time point for measurement. Once the rats
were euthanized, the spleen was removed and the cells were
separated from the spleen by placing it on a tissue culture

Materials and Methods

plate and passing through mesh with a syringe plunger.

Animals
Sankyo

Then, the cells were suspended in RPMI 1640 medium

Laboratories(Tokyo, JPN). Six-week-old male Wistar rats(n

supplemented with 2% newborn calf serum (NCS). After

=60)were used for the experiments. The animal experimen-

centrifugation for 8 minutes at 4℃ and 1,200 rpm, the

tal protocol used in this study was approved by the Ethics

leucocyte were separated by destroying red blood cells

Committee for Animal Experiments at the Nihon University

using a lysis buffer. The cell tissues and spleen cell

Wistar

male

rats

were

purchased

from
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Fig. 1
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Gating of CD161+/CD3- NK cells from the spleen. (R1= lymphocytes)(R2= NK cells)

suspensions were separated using a cell strainer, after

Results

which leucocyte counts were calculated using a hemocytom-

Measurement of Percutaneous Arterial Oxygen Saturation

eter and the final cell counts were adjusted.

(SPO2)

Flow Cytometry

hypoxia group was significantly lower compared to that of

As shown in Figure 2, the average SPO2 in the mild
In this study, we used the flow cytometer that can

the control group at all time points measured (P < 0.05).

examine the lymphocyte component in leucocytes. NK cells

While the SPO2 of the control group was about 96.5%, and

were characterized as large granular lymphocytes(LGLs)in

mild hypoxia SPO2 of the group was about 94%.

rats expressing CD3-/CD161+ surface markers. The
acquisition of CD161 in the rat is an early event that marks

Measurement of Body Weight

the determination of the NK cell line. As shown in Figure 1,

The body weights of the control and mild hypoxia groups

flow cytometry was used for gating lymphocytes in the

before treatment were not significant different : 130.03 g±

leukocytes of the spleen cells(R1), after which gating of NK

1.58 g vs. 131.13 g ± 1.95 g, respectively. As shown in

cells was carried out(R2). In both groups, the NK cell ratio

Figure 3, a significant difference was observed between the

was calculated by average value. The NK cells in this study

control group and the mild hypoxic group at D1(P<0.05).

were defined as CD161+ CD3-. Immunofluorescent staining

There were no significant differences observed in the body

was conducted using FITC anti-rat CD3 antibodies and APC

weights between the control group and mild hypoxia group

anti-rat CD161 antibodies(BioLegend, San Diego, CA, USA).

at any of the other time points measured.

The samples were then subjected to a FACS analysis(BD
Bioscience, San Jose, CA, USA).

NK Cell Ratio In The Splenic Lymphocytes
The NK cell ratio(CD3-/CD161+)were analyzed by ﬂow

Statistical analysis

cytometry (Figure 4A). The NK cell ratio in the splenic

The values in each figure represent the mean ± standard

lymphocytes in the mild hypoxia group at D1 after

deviation (s. d.) for each group. The Mann-Whitney U-test

treatment was significantly higher than that of the control

was used to compare the means of groups with values of P<

group(P<0.05; Figure 4B). In the D3 groups, there was no

0.05, which was considered to indicate a significant

significant difference between the two groups. In the D7,

difference.

D14, and D21 groups, the ratio of NK cells in the mild
hypoxia groups was significantly lower than that of the
control groups(P<0.05), because there was no significant
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Fig. 2

Change of SPO2 in the control in mild hypoxia exposure groups (18% FIO2).
* P<0.05, control vs. mild hypoxia group.

Fig. 3

Effects of mild hypoxia on body weight (g) at D1, D3, D7, D14, or D21.
* P<0.05, control vs. mild hypoxia group.

change in the ratio of the NK cells in the control group.

hypoxia exposure models, a low level of oxygen was set at
18%. In addition, when SPO2 was measured using a pulse

Discussion

oximeter for small animals, the mean SPO2 of the mild

NK cells, discovered in 1975 by Kiessling et al. and

hypoxia group was below 95%, a level identified as hypoxia.

Herberman et al, are important contributors to early

This suggests that the respiratory function was affected by

immune defense against infected or transformed cells(16,

mild hypoxic exposure(Figure 2).

17). In this study, we tested the hypothesis that exposure to

Mild hypoxia is considered to be a stressful situation.

mild hypoxia in growing rats can affect early-stage immune

Stressful situations correspond to particular changes in

defense and alter the immune system through changes to

environmental conditions that have various influences on

the NK cell ratio in splenic lymphocytes.

the living body, including the immune system. Previously, in

Previously, in a pulmonary hypertension study using

a study of nasal obstruction model rats, an acute elevation of

hypoxia model rats, it was reported that severe weight loss,

glucocorticoids, a stress hormone, and decrease in body

tremor behavior, and a high mortality rate were observed at

weight was confirmed(19). In the present study, the mild

FIO2 = 11% (18). In the present study, to generate mild

hypoxia group demonstrated reduced body weight at D1,
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Fig. 4A

Fig. 4B
Fig. 4

Change in the number of the NK cell ratio in lymphocytes in the control and mild hypoxia groups at D1, D3, D7, D14, and D21.
Ａ）The distribution of the NK cell ratio(CD3-/CD161+)in the spleen was analyzed by flow cytometry.
Ｂ）The percentage of both NK cell ratio(CD3-/CD161+)in splenic lymphocytes in the control and mild hypoxia groups.
* P<0.05, control vs. mild hypoxia group.

which we speculate was due to the influence of acute stress

al(20)(Figure 3).

caused by respiratory failure. There was no difference in the

The results of this study demonstrated that the NK cell

body weight in the D3 groups, although the week-old of rats

ratio in the spleen significantly increased in the mild hypoxia

and methods differ in the experimental method, mild

group on day 1 after initiation of the study compared with

respiratory disorder in long-term does not affect the body

the control group. Previously, it was demonstrated that the

weight. These findings are consistent with those of Funaki et

innate immune cell counts indicated by the NK cell counts
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increase under acute stress(21). In addition, in a report by

present study, the NK cell ratio in both groups were

Oya et al, that evaluated the immune function of animals

compared during experimental period, with no substantial

exposed to acute restraint stress, it was reported that the

change observed in the NK cell ratio of the control group

ratio of innate immunity including the NK cells was

(Figure.4). Therefore, it is reasonable to presume that the

enhanced 24 hours after the initiation of the study(22). In

effect of mild hypoxia affected the NK cells through stress.

the present study, similar results were obtained, and thus it

Although this experiment examined the NK cell ratio, the

is considered that exposure to mild hypoxia placed stress on

activity of the NK cells has been previously reported to be

the rats, enhancing their NK cell ratio. One important factor

decreased in acute stress, and different mechanisms may be

of immune modulation due to stress is the hypothalamic-

involved in controlling the number and function of NK cells.

pituitary-adrenocortical(HPA)axis which secretes cortisol

Therefore, further investigation of the control mechanisms

from the adrenal cortex and leads to immune suppression

is necessary. In conclusion, the present study demonstrated

(23, 24). However, according to a report by Kimura et al, no

that exposure to mild hypoxia(simulating acute stress)may

significant change was observed in cortisol immediately

change the splenic NK cell ratio in growing rats, increasing

after exposure to acute stress(25). Moreover, according to

the NK cell ratio temporarily, thereby decreasing the NK

the finding that cardiovascular activity may be enhanced

cell ratio during experimental period. This finding implies

immediately after exposure to acute stress(26), it should be

the potential of mild hypoxic conditions associated with

considered that under acute stress, immune modulation is

compensatory mouth breathing to alter the immune system

not affected by HPA axis activation, but is largely affected

of the living body.

by activation of the autonomic nerve system. Regarding the
action mechanism, adrenaline and noradrenaline, which are
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