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Abstract

[Objective] The purpose of this study was to investigate the participation of acetylcholine (ACh) in an increase in
muscle blood flow (MBF) by manual acupuncture (MA).

[Materials and methods] The experimental animal was the male Sprague-Dawley rat (270-350 g, n = 54). They
were pretreated with the muscarinic cholinergic receptor antagonist (atropine; 0.2, 2, and 20 mg/kg IP) or saline as
a control. *'Cr-labelled microspheres were used to measure the MBF in the right hindlimb muscles, including the
tibialis anterior (TA), extensor digitorum longus (EDL), soleus (Sol), plantaris (Pla), and gastrocnemius (Gas). MA,
by using the sparrow pecking technique, was simultaneously applied to the right TA and EDL for 1 minute. The
arterial blood pressure was recorded via a catheter inserted into the right common carotid artery.

[Results] MA significantly increased the MBF of both the TA and EDL in both saline-pretreated and atropine-
pretreated rats. Atropine did not influence the increase in local MBF by MA at either concentration. There were no
significant differences in the mean arterial blood pressure (MAP) before, during, or after MA.

[Discussion and Conclusion] These findings suggest that ACh are not responsible for the increase in local MBF by
MA. The further research is necessary to clarify the mechanism.
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I. Introduction

Acupuncture has been applied to treat various muscu-
loskeletal disorders for pain relief, muscle relaxation,
and circulation improvement. The analgesic effect of
acupuncture has been considered to be induced by dif-
fuse noxious inhibitory control (DNIC), the descending
pain inhibitory system, and the segmental inhibitory
system, which is based on the Gate control theory"). The
improvement in circulation contributes to pain relief by
washing out algesic substances and waste products.

In our previous studies using radiolabelled micro-
spheres for the measurement of muscle blood flow

(MBF), we showed that manual acupuncture (MA) with
the Japanese traditional needle manipulation technique
locally increased MBF without changing the arterial
blood pressure>®. This increase was observed after acute
and chronic denervation. These findings indicate that
some local vasodilators would be mainly responsible for
the increase.

As for the mechanism behind the circulation im-
provement caused by MA and electroacupuncture (EA),
calcitonin gene related peptide (CGRP) released by axon
reflex?, elevation in blood pressure caused by somato-
autonomic reflex”, and local generation of nitric oxide
(NO)? are assumed to be involved. In addition, ACh
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released by somato-autonomic reflex” and axon reflex®
are proposed. ACh has been well known to be a vasodi-
lator in animal and human skeletal muscle”, although
there is no histological evidence of sympathetic cholin-
ergic vasodilator nerves (SCVNs) in rats'®.

Thus, we investigated the effects of the muscarinic
cholinergic receptor antagonist, atropine, on the increase
in local MBF by MA using radiolabelled microspheres
in rats. The blood pressure was recorded during the ex-

periment.
II. Materials and methods

1. Experimental Animal

Male Sprague-Dawley rats (270-350 g, n = 54, Japan
SLC, Inc, Shizuoka, Japan) anesthetized with urethane
(1.2 g/kg ip) were used. They were housed in an air-
conditioned room under a 12:12 light-and-dark cycle
with free access to water and a standard rodent diet. This
study was approved by the ethical committee of Meiji
University of Integrative Medicine (No. 17-44).

2. Acupuncture stimulation

The acupuncture stimulation was the same as our pre-
vious study®”. In brief, the acupuncture used the spar-
row pecking technique (SP) consisting of 30 pecking
times of 1 minute to the depth of 15-18 mm using a
stainless-steel acupuncture needle (0.20 x 30 mm, Seirin
Inc., Shizuoka, Japan). The stimulus point was in the
tibialis anterior muscle (TA) at a 7-8 mm point below
the knee. An acupuncture needle was inserted toward the
ankle joint and penetrated both the TA and the extensor

digitorum longus (EDL).

3. Antagonist

Atropine sulphate, a muscarinic cholinergic receptor
antagonist (Nacalai Tesque Inc., Kyoto, Japan), was
used at 3 concentrations, 0.2, 2, and 20 mg/kg IP.

4. Experimental groups

Table 1 describes the experimental conditions and
groups. The abbreviations are as follows. 'Atro' and
'Saline' are the rat groups pretreated by atropine and
saline, respectively. 'Atro 0.2', 'Atro 2', and 'Atro 20'
describe pretreatment with 0.2, 2, and 20 mg/kg IP of
atropine, respectively. 'Acp' and 'Cnt' describe acupunc-
tured and non-acupunctured (control) rats, respectively.

5. Muscle blood flow measurement and protocol
Figure 1 showed the schema of MBF measurement
and the protocol. *'Cr-labelled microspheres (15 mi-
crometer in diameter) dissolved in saline with 10%
Tween 80 (PerkinElmer Japan Co Ltd, Japan) were used
for the measurement of MBF as in our previous study™>.
The measurement was done according to the following
procedure: (1) the reference sample blood (RSB) was
withdrawn from the left femoral artery using a pull
pump (0.66 ml/min); (2) 10 seconds later, the micro-
sphere solution was injected into the aortic arch by push
pump (0.66 ml/min) through a catheter inserted into the
right common carotid artery and the remaining micro-
spheres in the catheter were continuously flushed with
saline until 120 seconds after the injection start; (3) the
rat was killed with an overdose of urethane; (4) the right

Table 1. Mean_arterial_blood pressure in_the saline-pretreated and_atropine-pretreated rats with_or without manual acupuncture

Mean arterial blood pressure (mmHg)

Experimental Number Manual acupuncture Before MA During MA After MA
Pretreatment
groups of rats (MA) -1-0 min 0-1 min 0-1 min 1-2 min
Saline_Cnt 6 . 88 + 2 88 + 4 88 + 4 90 + 4
saline

Saline_Acp 6 sparrow pecking 80 + 4 74 £ 4 76 + 4 82 + 4

Atro0.2_Cnt 7 80 + 4 80 + 4 80 + 4 80 + 4
0.2 mg/kg IP of atropine .

Atro0.2_Acp 7 sparrow pecking 72 + 6 70 = 4 74 + 4 76 + 6

Atro2_Cnt 7 68 + 4 70 = 4 68 £ 4 68 = 4
2 mgkg IP of atropine

Atro2_Acp 7 sparrow pecking 74+ 2 E 2 74+ 2 74+ 2

Atro20_Cnt T 68 + 4 70 + 4 70 + 4 70 + 4
20 mg/kg IP of atropine

Atro20_Acp sparrow pecking 74+ 4 72 + 4 76 + 4 76 + 4

There were no significant differences in the values or temporal patterns of the mean arterial blood pressure (MAP) between the
acupunctured (Acp) and the non-acupunctured (Cnt) groups for each concentration. There were no significant differences in the MAP be-
fore, during, or after manual acupuncture (MA). Data were expressed as mean * standard error.
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Figure 1. Muscle blood flow measurement and protocol

Figure 1A shows the operation for muscle blood flow (MBF) measurement with “Cr-labelled microspheres and the target
muscles. Figure 1B shows the protocol of atropine injection and the MBF measurement. Refer to the text for the details.

hindlimb muscles, which contained the TA, EDL, the
soleus (Sol), the plantaris (Pla), and the gastrocnemius
(Gas), were excised and weighed; (5) gamma-radiation
levels in the RSB and muscles were counted by gamma
counter (Auto Well Gamma System ARS-600, ALOKA
Co. Ltd., Japan); and (6) the MBF was calculated using
the following equation:

MBF=100xRmxV/(RbxW) (ml/min/100)

where Rm and Rb are gamma-radiation doses (cpm) of
muscle and RSB, respectively; V is the pull pump speed
for drawing blood; and W is the muscle weight (g). The
microspheres were injected at 3 minutes after acupunc-
ture stimulation.

6. Blood pressure

The arterial blood pressure was recorded via a catheter
inserted into the right common carotid artery before,
during, and after MA. This catheter was also used to
inject the microspheres. Thus, the recording was stopped

1 minute before the microsphere injection. MAP was
calculated every 1 minute after the measurement.

7. Statistics

GraphPad Prism 5 for Windows (GraphPad Software
Inc., USA) was used for the statistical analysis. A paired
t-test was used to compare MBF data between 2 groups.
One-way ANOVA test was used to compare values be-
tween multiple groups. A repeated measures two-way
ANOVA test was used to compare MAP data between
the Acp and Cnt groups at each concentration. If there
was a significant difference, the Bonferroni's Multiple
Comparison test was subsequently applied to the data. A
repeated measures one-way ANOVA test was used to
analyse data from each group. If there was a significant
difference, the Dunnett's Multiple Comparison test was
subsequently applied to the data. The significance level
(P) was set at <0.05. All data were expressed as mean +
standard error.
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II1. Results

Figure 2 shows the MBF of the Saline and Atro groups.

MA significantly increased the MBF of both the TA and
EDL, which were penetrated by needles. In the Saline,
Atro 0.2, Atro 2, and Atro 20 groups, the P-values were
<0.01, 0.01, 0.05, and 0.001 in the TA, and <0.05, 0.05,
0.05, and 0.01 in the EDL, respectively. There were no
significant differences between the Saline Acp, Atro
0.2 _Acp, Atro 2_Acp, and Atro 20_Acp groups, or be-
tween the Saline Cnt, Atro 0.2 Cnt, Atro 2 Cnt, and
Atro 20_Cnt groups for each muscle.

Table 1 shows the MAP data. There were no signifi-
cant differences in the values or temporal patterns be-
tween the Cnt and Acp groups for each concentration.
There were no significant differences between the values
recorded before, during, or after MA.

IV. Discussion

Some hypotheses have been suggested for the mecha-
nism underlying the increase in MBF caused by MA*®®
or EAY. Two of these hypotheses involve ACh. One
hypothesis is that the increase in MBF is caused by ACh
released from SCVNs via the somato-autonomic reflex”.

100 [] Saline Cnt

* ¥ =%

Muscle blood flow (ml/min/100g)

1 Atro0.2 Cnt
B Salinc Acp Atro0.2 Acp B Awo2 Acp B Awo20 Acp

The other hypothesis is that the increase in MBF is in-
duced by ACh released from SCVNs via the axon re-
flex¥. These hypotheses were derived from the results of
some experiments performed using guinea pigs.

It has been known that SCVNs are present in skeletal
muscles of cats and dogs'". On the other hand, there is

19 mice'?,

no histological evidence of SCVNs in rats
and humans'?. However, many studies have reported
that topical application of ACh dilates the arterioles of
1319 and that vasodilation induced by

physical or mental stress is attenuated by atropine in

rat skeletal muscles

human skeletal muscles. These findings suggest the
existence of muscarinic cholinergic receptors in rat and
human skeletal muscles'®. Neurotransmitter substances
containing ACh are reported to be released from vascu-
lar endothelial cells in humans'”. Joyner et al.'” sup-
ported this report and proposed that local cholinergic
mechanisms are responsible for sympathetic vasodilation
in human skeletal muscles. Such a mechanism may exist
in rats as well as in humans; however, the ACh source is
still unclear. We performed our experiments taking these
points into consideration. In this study as well as in our
previous studies*”, we found that MA significantly
increased the local MBF. However, atropine did not
inhibit the increase in MBF at any concentration. These
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Figure 2. Muscle blood flow in the saline-pretreated and atropine-pretreated rats with or without manual acupuncture
Manual acupuncture (MA) significantly increased muscle blood flow (MBF) of the tibial anterior (TA) and the extensor
digitorum longus (EDL), which were penetrated by acupuncture needle. Atropine did not influence any increase in MBF at
any concentration. Refer to Table | about the experimental condition of each group. Data were expressed as mean X stan-

dard error. ***p <0.001, **p <0.01, and *p <0.05.
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findings suggest that ACh is not responsible for the in-
crease in MBF.

Noguchi et al.” showed that an elevation in blood
pressure caused by EA indirectly increased the MBF in
rats. However, there were no significant differences
between the values obtained before and after MA in this
study, as well as in the data from our previous studies.
Thus, it was suggested that arterial blood pressure would
not be responsible for the increase in local MBF by MA.

From our findings, it is suggested that the increase in
MBF would be mainly caused by local vasodilators. One
of the more promising local vasodilators that may fulfil
this role is the endothelium-derived relaxation factor
nitric oxide (NO). NO is continuously released from the
vascular endothelium following various stimulations and
dilates muscle vessels against vasoconstriction by acting
on the sympathetic adrenergic vasoconstrictor nerves'®.
Tsuchiya et al.® suggested its participation in the in-
crease in MBF by MA in humans. The other candidate is
CGRP via an axon reflex. Sato et al.¥ reported the pos-
sibility of the axon reflex causing vasodilation in skeletal
muscle in rats. However, there is no direct evidence yet
confirming that CGRP participates in an increased local
MBEF following MA. In addition, the participation of
inflammation-related substances, e.g., prostaglandin'®,
20 s expected,
because MA causes microdamage of muscle tissue.
However, the details are still unclear. Thus, further stud-
ies are needed to clarify the mechanism.

adenosine®”, and adenosine triphosphate

V. Conclusion

To further understand the mechanism behind the im-
provement of muscle circulation following acupuncture,
we investigated the effect of atropine on the increase in
MBF by MA in rats. Atropine did not influence any
increase in MBF at any concentration. These findings
suggest that ACh is not responsible for the increase in
local MBF by MA.
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