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Acupuncture is used to treat a wide variety of eye diseases, although there is little evidence about the eﬀects of acupuncture
treatment and the mechanisms responsible for them. Foot acupuncture treatment has eﬀects in both mice and humans. The
purpose of this study was to investigate the eﬀects of acupuncture treatment on ocular blood ﬂow in mice. We evaluated ocular
blood ﬂow in C57BL/6J mice after foot acupuncture treatment using laser speckle ﬂowgraphy. The mean blur rate, which is an
index of blood ﬂow velocity, was increased in the foot acupuncture group. Our results showed that, after 3 minutes’ foot
acupuncture, ocular blood ﬂow was signiﬁcantly increased in both the blood vessels and tissue of the eye in C57BL/6J mice. Thus,
performing acupuncture in mice might help to determine its eﬀects. Furthermore, acupuncture is considered to be a possible
treatment for ocular disease.

1. Introduction
Acupuncture is a traditional Chinese medicine, which has
been used for over 5,000 years [1]. It has a variety of eﬀects
on degenerative and psychosomatic diseases involving cerebral or peripheral ischemia [2–6]. In previous studies,
acupuncture stimulation increased the blood ﬂow in several
organs by modulating the central circulatory system and
autonomic nervous system dysfunction [7, 8]. In fact, some
clinical studies have reported that intraocular pressure was
reduced in glaucoma patients and visual acuity was improved in nystagmus patients after acupuncture treatment
[9, 10]. In other studies, electrostimulation improved the
vestibulo-ocular reﬂexes of rabbits with vertebrobasilar insuﬃciency, by inducing improvements in basilar artery
hemodynamics, inner ear blood ﬂow, and blood viscosity
[7]. However, it is still poorly understood as a potential
therapy for ocular disease because there is a lack of reliable
evidence about its eﬀects. In clinical studies, it is diﬃcult to

verify the eﬀects of acupuncture treatment on ocular disease
in detail due to the complexity of patients’ conditions.
Experimental animals can be useful for studying the eﬀects,
potential toxicities, and mechanisms of new treatments
[11, 12]. It has been reported that acupuncture targeting the
acupuncture point has the same eﬀects in mice and humans
[13]. Therefore, the eﬀects of acupuncture and electrostimulation can be examined using mice.
The aim of this study was to investigate the changes in
blood vessel and tissue blood ﬂow seen in the eyes of mice
after foot acupuncture treatment.

2. Materials and Methods
2.1. Study Approval. All experimental procedures were
performed in accordance with the Association for Research
in Vision and Ophthalmology Statement (ARVO) statement
for the Use of Animals in Ophthalmic and Vision Research,
and the experimental protocols were approved and
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monitored by the institutional animal care and use committee of Gifu Pharmaceutical University.
2.2. Animals. Eight-week-old male C57BL/6J mice were
purchased from Japan SLC (Hamamatsu, Japan). The
C57BL/6J mice are the all most widely used inbred strain in
biomedical research. All animals were housed in a controlled
environment (at 24°C ± 2°C under a 12-hour light/12-hour
dark cycle) and received standard laboratory food and ﬁltered clean water ad libitum. Twenty mice were divided
randomly into two groups: the sham acupuncture group and
the foot acupuncture group before acupuncture treatment.
2.3. Acupuncture Treatment. The mice were anesthetized
with a mixture of ketamine (80 mg/kg; Daiichi-Sankyo,
Tokyo, Japan) and xylazine (6 mg/kg; Bayer HealthCare,
Osaka, Japan). The acupuncture was performed by inserting
disposable stainless-steel needles (0.16 mm × 30 mm; Seirin
Co. Ltd., Shizuoka, Japan) to a depth of approximately
3 mm. The Picorina (Seirin Co. Ltd., Shizuoka, Japan) is an
electrical stimulation device, which was speciﬁcally designed
for use during acupuncture treatment. The study protocol
was as follows (see Figure 1(a)): Acupuncture was performed
for 3 minutes under anesthesia, which was induced using
ketamine and xylazine. In the foot acupuncture group,
acupuncture was performed between the thumb and pointer
ﬁnger and between the annular and little ﬁngers on both feet
(see Figure 1(b)). After 3 minutes, the mice were electrically
stimulated at 7 mA for 3 minutes using the Picorina, which
was equipped with a clip that was speciﬁcally developed for
use with a needle electrode. The needle was removed after
the electrical stimulation. In the sham acupuncture group,
acupuncture was performed on the backs of the mice about
4 cm from the tail using the same technique as in the foot
acupuncture group, and ocular blood ﬂow was measured
under the same conditions as in the foot acupuncture group
(see Figure 1(c)).
2.4. Ocular Blood Flow Measurements Obtained Using Laser
Speckle Flowgraphy. In the present study, ocular blood ﬂow
in the choroidal and retinal regions was assessed in detail
using laser speckle ﬂowgraphy (LSFG; Softcare Co., Ltd.,
Fukuoka, Japan) [14–17]. Ocular blood ﬂow was analyzed
before the acupuncture treatment and after the acupuncture
treatment, electrical stimulation, and the removal of the
needle (see Figure 1(a)). The pupils of the mice were dilated
with 1% tropicamide and 2.5% phenylephrine (Mydrin-P;
Santen Pharmaceuticals Co., Ltd, Osaka, Japan) under anesthesia, which was induced with ketamine and xylazine.
After that, hydroxyethyl cellulose gel (Scopisol; Senju
Pharmaceutical Co. Ltd., Osaka, Japan) was applied to the
cornea to prevent desiccation. The mean blur rate (MBR),
which is an index of blood ﬂow velocity, was used as the
main output parameter of the LSFG [18]. A total of 118
images were used to determine the MBR. The images were
continuously taken at a rate of 30 frames per second over a
time period of approximately 4 seconds during one LSFG
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scan. After the image acquisition, the areas of blood vessels
and tissue within the optic nerve head area were automatically detected using LSFG Analyzer software (version
3.1.14.0; Software Co., Ltd. Fukuoka, Japan). The MBR was
determined for the choroidal and retinal regions (MA: the
MBR of all areas), the blood vessels in the choroidal and
retinal regions (MV: the MBR of the vasculature), and the
tissue in the choroidal and retinal regions (MT: the MBR of
the tissue).
2.5. Statistical Analyses. The data are presented as the
mean ± standard error of the mean (SEM). The signiﬁcance
of diﬀerences was determined using the Mann–Whitney Utest. The statistical package for the social sciences 15.0 J for
windows software (SPSS Japan Inc., Tokyo, Japan) was used
for the statistical analyses. P values <0.05 were considered to
be statistically signiﬁcant.

3. Results
3.1. Increased Ocular Blood Flow Was Seen in the Mice after
Foot Acupuncture Treatment. To determine the eﬀects of
foot acupuncture treatment on ocular blood ﬂow in mice,
LSFG was used to measure ocular blood ﬂow in C57BL/6J
mice. Speciﬁcally, LSFG was used to analyze blood ﬂow in
the choroidal and retinal regions based on examinations of
the MBR. In Figure 2, the red color indicates high MBR
values, and the blue color indicates low MBR values. In the
foot acupuncture group, the MBR values observed after 3
minutes’ acupuncture treatment were higher than those seen
before the acupuncture treatment (see Figure 2). On the
other hand, in the sham acupuncture group, ocular blood
ﬂow was not aﬀected by the insertion of acupuncture needles
into the backs of the mice (see Figure 2).
3.2. Increased Ocular Blood Flow Was Seen in the Blood Vessels
and Tissues of the Eye in Mice after Foot Acupuncture
Treatment. To determine the sites at which ocular blood
ﬂow increased in the mice after the acupuncture treatment,
we manually examined the blood ﬂow in the choroidal and
retinal regions via LSFG analysis. The overall MBR of the
choroidal and retinal regions was measured, as was the MBR
of the blood vessels (MV) and tissue (MT) in the choroidal
and retinal regions. Compared with that seen in the sham
acupuncture group, the ocular blood ﬂow of the foot acupuncture group was increased in both the blood vessels and
tissues of the choroidal and retinal regions after 3 minutes’
acupuncture treatment (see Figures 3(a) and 3(b)). Moreover, the overall MBR (MA) was signiﬁcantly increased in
the foot acupuncture group after 3 minutes’ acupuncture
treatment (see Figure 3(c)). However, no changes in ocular
blood ﬂow were seen after electrostimulation or the removal
of the needles.

4. Discussion
This study showed the signiﬁcant increase of ocular blood
ﬂow in mice after foot acupuncture. Speciﬁcally, increases in
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Figure 1: (a) Ocular blood ﬂow was measured by laser speckle ﬂowgraphy under anesthesia. The acupuncture was performed by inserting
disposable stainless-steel needles to a depth of approximately 3 mm for 3 minutes. After 3 minutes, the mice were electrically stimulated at
7 mA for 3 minutes using the Picorina, which is an electrical stimulation device that is speciﬁcally designed for acupuncture treatment. The
needles were removed after the electrical stimulation. Ocular blood ﬂow was measured after each treatment. (b) In the foot acupuncture
group, needles were inserted between the thumb and pointer ﬁnger and between the annular and little ﬁngers on both feet, which this
acupuncture points were used as the treatment for ocular disease. (c) In the sham group, acupuncture needles were inserted into the backs of
mice.

ocular blood ﬂow were seen in both the tissue and blood
vessels of the eyes in mice.
It has been reported that acupuncture targeting the vision-related acupuncture points around the orbits and on
the limbs increased blood ﬂow through the supratrochlear
artery, which is a branch of the ophthalmic artery, by inducing changes in vascular resistance [19]. In glaucoma
patients, foot acupuncture treatment reduced the increase in
intraocular pressure seen at 15 minutes after the foot acupuncture at 1, 2, and 5 weeks by activating the autonomic
nervous system [9]. Therefore, we selected the foot as the site
of acupuncture treatment. In the present study, foot acupuncture treatment increased blood ﬂow in the blood vessels
and tissue of the eye in mice (Figures 2 and 3). Acupuncture
increases the release of the vasodilator nitric oxide (NO) in

the skin, which improves the local circulation and contributes to local warmness and the beneﬁcial eﬀects of
acupuncture, such as pain relief and improvements in
sweating and inﬂammation [20]. The NO produced via
endothelial nitric oxide synthase (eNOS) is a fundamental
determinant of cardiovascular homeostasis, and it helps to
maintain the systemic blood pressure, vascular remodeling,
and angiogenesis [21]. Therefore, the increases in blood ﬂow
seen in ocular tissue and blood vessels after foot acupuncture
treatment might have been caused by vasodilation through
the eNOS signaling pathway.
One acupuncture stimulation method involves the
application of electrical stimulation [22, 23]. The frequency and intensity of the electrical stimulus are known
to inﬂuence the eﬀects of electrostimulation [24]. It has
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Figure 2: Eﬀects of acupuncture treatment on ocular blood ﬂow in mice. Color-coded laser speckle images of representative eyes from the
foot and sham acupuncture groups are shown. The mean blur rate (MBR) is an index of blood ﬂow velocity. The red color indicates high
MBR values, and the blue color indicates low MBR values. In the foot acupuncture group, the MBR values observed after 3 minutes’
acupuncture treatment were higher than those seen before the acupuncture treatment. The MBR values of the sham acupuncture group were
not aﬀected by the acupuncture treatment.
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Figure 3: Eﬀects of foot acupuncture on ocular blood ﬂow in the tissue and blood vessels of the choroidal and retinal region in mice. The
graph shows quantitative data obtained via ocular blood ﬂow analysis of the mean blur rate (MBR) of the blood vessels in the choroidal and
retinal regions (MV) (a), the MBR of the tissue in the choroidal and retinal regions (MT) (b), and the overall MBR for the choroidal and
retinal regions (MA) (c). MV, MT, and MA all signiﬁcantly increased after the foot acupuncture treatment. Electroacupuncture treatment
did not aﬀect ocular blood ﬂow in the mice. Data are shown as the mean ± SEM (n � 10). ∗ P < 0.05; ∗∗ P < 0.01 versus the sham acupuncture
group (Mann–Whitney U-test).

been reported that both low-frequency (2–4 Hz) and highfrequency (80–100 Hz) electrostimulation increase pain
thresholds [24]. For example, low-frequency electrostimulation increased ovarian blood ﬂow via a reﬂex
response involving the ovarian sympathetic nerves [24].
The blood pressure in the mice was not changed after the
electrical stimulation intensity in the previous studies
[24]. Therefore, we selected 7 mA, a low frequency, as the
electrical stimulation intensity based on the ﬁndings of
previous studies. The optimal duration of electrostimulation was investigated at the same time as the eﬀects
of foot acupuncture. However, in the present study,
performing electrostimulation after foot acupuncture did
not increase ocular blood ﬂow in mice. In previous
studies, cerebral blood ﬂow was improved by 20 minutes’
electrostimulation in patients that had suﬀered acute ischemic strokes [25]. Therefore, ocular blood ﬂow might
not be altered by a short period of electrostimulation.
We consider that it is not suﬃcient to investigate the
mechanisms for the eﬀects of acupuncture treatment.
Therefore, it is important that some animal models of ocular
diseases are determined the change of the blood pressure and
the mechanisms underlying these eﬀects after foot acupuncture treatment.
We conclude that performing acupuncture treatment in
C57BL/6J mice might help to determine the eﬀects of
acupuncture treatment and the mechanisms underlying
these eﬀects. In addition, acupuncture might be a useful
treatment for ocular disease.
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