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Abstract
It is well known that amygdala plays a critical role in the development of stress responses and anxiety. It has been reported that nerve cells in the
amygdala fire less by prolonged expiration, but clear evidence has not been shown. As a “ninja” technique, there is an extremely prolonged expiratory
breathing technique called Okinaga, which keeps expiration for one minute. As a pilot study, I examined brain changes by Okinaga with fMRI. One
ninja participated. He performed Okinaga for 30 minutes, after spontaneous breathing for 10 minutes. The last 5 minutes of each breathing session
were compared by fMRI. A significant decrease in blood flow in the left amygdala and a significant increase in blood flow in the occipital and temporal
lobes including the visual cortex and its surrounding area were observed. Although these results are interesting, suggesting that the prolonged
expiratory breathing may lead to meditation, I need to investigate further by increasing the number of participants.
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Introduction
Amygdala has been shown to play a critical role in the
development of stress responses and anxiety [1]. As nerve cells
in the amygdala fire less during quiet breathing with prolonged
expiration [2], it is thought that the prolonged expiration will
alleviate stress response and anxiety. Although the prolonged
expiratory breathing is an important factor in yoga and mindfulness,
the effect of prolonged expiratory breathing itself on the amygdala
has not been investigated. In Japan, people known as “ninja” were
most active 400 to 500 years ago and perhaps best known for their
skill in conducting covert missions. Ninja has a breathing method
called Okinaga which exerts extremely prolonged expiration. The
duration of expiration reaches as much as 1 minute. Okinaga is
originally intended to erase signs of oneself when stealing but is
also thought to have been used to eliminate anxiety. Really, the
old document knows that the ninja had overcome anxiety and
stabilized the mind by Okinaga. The ninja often risked his life and
appears to have mitigated the stress response in order to survive.
“Oki” means “breathing”, “naga” means “prolonged” in Japanese
respectively. Ninja mastered this special breathing technique with
training that began in early childhood. At the current time, there
is only one genuine ninja who has repeatedly exercised training
from childhood. In this study, I investigated the effects of Okinaga

on brain function, using functional magnetic resonance imaging
(fMRI).

Methods

Participant and ethical considerations
The procedures followed were in accordance with the ethical
standards of the ethics committee of Mie University Graduate
School of Medicine. One ninja participated in this study. He is 68
years old and healthy: He is only living ninja who trained from
childhood. He gave his written informed consent to participate in
the study.

Breathing technique

After spontaneous breathing for 10 minutes, the ninja
performed Okinaga for 30 minutes. Okinaga is a very slow breathing,
and expiration can require up to 1 minute.

Laboratory environment

The study was performed between 18:00 and 19:00 in an airconditioned MRI laboratory, maintained at 20–23ºC.

fMRI data acquisition

Data were recorded during the final 5 minutes of spontaneous
breathing and final 5 minutes of prolonged expiration breathing.
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Functional images were acquired on a Ingenia 3.0T Omega HP
(Philips Japan, Ltd.). A custom-built head holder was used to
prevent head movement. The echo planar imaging sequence was
acquired in 30 slices with slice thickness = 3.5 mm, repetition time
= 3000 ms, echo time = 35 ms, flip angle = 90°, field of view = 230
mm x 230 mm; sequence duration was 600 s for each subject; 200
time points were acquired; voxel dimensions were 2.4 x 2.4 x 3.5
mm.

Statistical analysis

A t-test was conducted via the attached software; the
significance level was set to 0.05.

Result

Figure 1 shows a section of the amygdala of the ninja. In the left
amygdala, blood flow was significantly decreased during prolonged
expiration breathing; blood flow decline was also observed in the
left hippocampus. In contrast, blood flow increase was seen in part
on the right amygdala, but no change was observed in most areas.
Blood flow significantly increased in the temporal and occipital
lobes including the visual cortex and its surrounding area (Figure
1).

Figure 1: fMRI image of the ninja. red circle; left amygdala, purple
circle; right amygdala, green circle; visual region.

Discussion
What I showed in this pilot study is the possibility that
suppression of the left amygdala and activation of the occipital
and temporal lobes may occur when the extremely prolonged
expiratory breathing is acquired.

The amygdala causes emotion based on pleasure/discomfort
sensory information, enabling an appropriate reaction [1].
Especially in cases of fear [3] and uncertainty [3], the amygdala
activates the hypothalamus-pituitary-adrenal (HPA) axis [4] and
the sympathetic nervous system [5], thus causing a stress reaction.
Suppression of the amygdala function is important for alleviating the
stress response. It has been reported that the amygdala is involved
in various psychiatric disorders; in particular, it is important in
depression and post-traumatic stress disorder [6]. In patients with
depression, hyperactivation has been reported in the left amygdala,
in response to emotional stimuli; this is interpreted as vulnerability
to depression [7]. The metabolism of the left amygdala has been
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reported to correlate with blood cortisol [8] and corticotropin
releasing hormone [9], indicating a close relationship between the
left amygdala and the HPA axis.

In the 8-week Mindfulness Based Stress Reduction (MBSR) study,
respective activity reductions were reported in the right amygdala
[10] and left amygdala [11]. Meditation and yoga practitioners have
been reported to exhibit a small right amygdala; these people are
suggested to be more adaptable while experiencing stress [12].
Many studies have reported that mindfulness, yoga, and meditation
cause decreased activity in the right amygdala; however, in some
cases, a decrease in the activity of the left amygdala has also been
observed. It is not clear what may cause these differences. Many
reports show the model right amygdala mediates an initial, fast,
perhaps automatic detection, followed by a more evaluative and
discriminative response by the left amygdala [13].
In this study, it was notable that the ninja, in addition to exhibiting
suppression of the left amygdala, showed enhanced activity of the
occipital and temporal lobes. Among them, an increase in blood
flow in the visual cortex is particularly notable. In fact, the ninja
explained that his perception is sharp when performing Okinaga, as
he performs Okinaga by envisioning various images. The sharpness
of perception during Okinaga may be preparation for sudden
attacks by enemies. Conversely, enhancement of visual cortex
activity may indicate that Okinaga could be applied as meditation.
The ninja explained that he performs Okinaga with a visual image
such as the integration of the sun and the self. Ninja may have
overcome anxiety by integrating with nature. Several previous
fMRI studies have shown increased activity in visual regions during
concentrative forms of meditation [14]. The 8-week MBSR training
course enhances functional sensitivity within the auditory and
visual networks, as well as promoting sensory processing; reflective
surprises of sensory experiences are observed [14]. Mindfulness
directs attention to breathing, thereby increasing awareness of
it. Attention to breathing downregulates amygdala activation
and increases amygdala-prefrontal integration [15]. Mindfulness
may strengthen reasoning, controlled by the prefrontal cortex,
and suppress sensations of overwhelming fear and anxiety in the
amygdala. Whether this also applies during Okinaga is not yet clear.
Thus, further verification is necessary.

Conclusion

Examination of the detailed mechanism is a component of
future work; however, this study showed that, during Okinaga,
suppression of the left amygdala and activation of the visual cortex
occurred. This process may enable the ninja to control anxiety and
suppress the stress response.
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