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ABSTRACT
Objective To evaluate the effect of acupuncture
on the serum matrix metalloproteinase-2 (MMP-2)
level and activity in patients with migraine.
Methods After baseline testing, eligible patients
with migraine according to the criteria of the
International Headache Society who volunteered
to join the study were included (n=27). The
patients received 10 sessions of acupuncture
treatment. The points selected were bilateral ST8,
ST44, LI4, LI11, LIV3, SP6, GB1, GB14, GB20,
GV14, GV20, Yintang, Taiyang and ear Shenmen.
Pain was measured using a visual analogue scale
(VAS). Short form-36 (SF-36) was used to
determine their quality of life. Blood samples were
taken before treatment and after the first and last
sessions of acupuncture for measurement of
MMP-2 concentration and activity.
Results The mean VAS was 85.5±16.6 before
acupuncture and was significantly decreased to
39.8±20.6 after 10 sessions of acupuncture
(p<0.0001). There was a significant increase in all
SF-36 scores after acupuncture compared with
values before treatment (p<0.0001). No significant
differences were found in MMP-2 concentrations
before treatment and after the first and last
sessions (p>0.05). However, there were significant
changes in MMP-2 activity (p<0.0001).
Conclusions The results of this study showed a
clinically relevant decrease in MMP-2 activity in
patients with migraine treated with acupuncture.
The mechanism underlying the effect of
acupuncture in alleviating pain may be associated
with a decrease in MMP-2 activity.

INTRODUCTION
Migraine is one of the most common
neurological disorders. It is described by
unilateral throbbing headaches with or
without aura, and characterised by
attacks.1–3 The current global prevalence
of migraine is 10%. It is more common
among women and between the ages of 25
and 55.1 Approximately 6–8% of men and

16–18% of women in America are esti-
mated to suffer from migraine.2 4 5

Acupuncture is a method of treatment
that has been used for thousands of years
for a range of conditions.6 It is a treatment
modality frequently employed in migraine
and is known to be effective.7 The mech-
anism by which it exhibits its effect has not
yet been fully clarified, and various
mechanisms have been proposed. It has
been suggested that the needles stimulate A
delta fibres, closing the ‘pain gates’ in the
CNS so pain is not perceived since the
stimuli fail to reach the thalamus.8 The
mechanisms of the analgesic effects of acu-
puncture involve endogenous opioids
(β-endorphin, encephalin, endomorphin,
dynorphin) as well as serotonin.9

It has been suggested that pain in
migraine occurs as a result of vasodilation
in the intracranial vessels or release of
vasoactive peptides as a result of activation
of the perivascular fibres of the trigeminal
nerve.10 An increase in the concentration
and activity of matrix metalloproteinase
(MMP) in the pathogenesis of migraine
has recently been proposed. MMPs are
neutral proteases responsible for the pro-
teolytic activity of extracellular matrix pro-
teins. An increase in MMP production is
known to result in tissue injury and inflam-
mation. Structures constituting the blood
barrier in the brain contain extracellular
matrix molecules, the substrate for MMPs
(particularly MMP-2 and MMP-9). With
increased MMP activity, the permeability
of the blood–brain barrier is compromised,
and headache occurs with pain-sensitive
meningeal structures being affected.11 12

The proteolytic activities of MMPs
released in the form of inactive zymogens
are inhibited by specific tissue inhibitors
(TIMP). Studies have shown increases in
favour of MMP in the MMP/TIMP ratio in
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migraine.13 Studies have also shown that acupuncture
reduces MMP expression in some inflammatory dis-
eases, such as osteoarthritis.14

This study investigated the effect of acupuncture
therapy on levels and activation of MMP-2, a patho-
logical increase in which has been shown to comprom-
ise the blood–brain barrier, in patients with migraine.

MATERIALS AND METHODS
Study design
The study was carried out between March and
December 2012 at the Ataturk University Research and
Practice Center for Acupuncture and Complementary
Medicine, Turkey. The treatments were fully documen-
ted in accordance with STRICTA.15 Acupuncture was
performed by an acupuncturist with an acupuncture
practitioner licence from the Turkish Ministry of
Health.

Patients
From March to December 2012 a total of 42 patients
with migraine visited the Ataturk University Research
and Practice Center for Acupuncture and
Complementary Medicine seeking acupuncture treat-
ment. Inclusion criteria were a diagnosis of migraine
with/without aura based on the criteria of the
International Headache Society.16 Exclusion criteria were
an additional other type of headache, use of analgesics
on more than 10 days a month, prophylactic headache
treatment with drugs during the previous 4 weeks and
any acupuncture treatment during the previous 1 year.
After baseline evaluation by a neurologist, eligible

patients (n=30) were enrolled in the study. These
patients received 10 sessions of acupuncture treatment
for 5 weeks, two sessions a week. Three of the
patients had incomplete MMP-2 data, so the results
from 27 patients were used in the final analysis.
We estimated that a sample of 25 patients provided a

statistical power of 90% for determining a difference in
MMP-2 level of 675 ng/mL with an α error of 5%.

Intervention
Classical acupuncture points were used without a
formal traditional Chinese medicine diagnosis in the
acupuncture group. Neither manual needle stimula-
tion nor moxibustion were used. Needles were stain-
less steel, 0.25 mm in diameter and 25 mm in length.
Sterile, disposable and single-use needles were used.
The depth of insertion was 0.5–1 cun. The needles
were left in place for 30 min and de qi was not
sought. The points selected were bilateral ST8, ST44,
LI4, LI11, LR3, SP6, GB1, GB14, GB20, Taiyang and
ear Shenmen and unilateral GV14, GV20 and Yintang.
All acupuncture points were selected and localised on
the basis of the WHO Standardised Acupuncture
Point Location (WHO Regional Office for the
Western Pacific, WHO Standardised Acupuncture

Point Location in the Western Pacific, WHO, Manila,
Philippines, 2008).

Outcome measurement
Pain severity was measured using a 100 point visual
analogue scale (VAS) and Short Form-36 (SF-36) was
used to determine quality of life. The data were col-
lected at baseline and after 10 sessions of treatment.
Blood samples were collected three times in order to
measure the serum MMP-2 concentration and activity.
The first was collected before acupuncture, the second
after the first session of acupuncture and the last after
all 10 sessions. Adverse events were monitored for
3 months from initial acceptance of acupuncture treat-
ment to the end of treatment.

Biochemical analyses
Serum was separated from the blood samples by cen-
trifugation at 5000g for 5 min at 4°C and stored
immediately at −20°C until assay.
MMP-2 activity in the serum samples was determined

using commercially available human Biotrak enzyme-
linked immunosorbent activity assay kits (Amersham
Pharmacia Biotech, Piscataway, New Jersey, USA). Total
MMP-2 concentration was measured using Boster
Immunoleader ELISA kits (Wuhan Boster Biological
Technology, Wuhan, China). Measurements were per-
formed in accordance with the manufacturers’
instructions.

Statistical analysis
All analysis was carried out using SPSS 18 software.
Numerical variables are expressed as mean±SD and
categorical variables as n (%). Numerical data were
checked for normal distribution. The t test and
repeated measures analysis of variance (ANOVA) were
used for comparisons. Repeated measures ANOVA
with Tukey correction was performed on the averaged
MMP-2 activity. Significance was set at p<0.05.

RESULTS
The study sample consisted of 20 women (74.1%) and
7 men (25.9%). The mean age was 32.1±11.1 years.
No serious adverse events were documented. Mean VAS
was 85.5±16.6 before acupuncture, which decreased
significantly to 39.8±20.6 after 10 sessions of acupunc-
ture (p<0.0001). The difference in VAS scores analysed
using paired comparisons was significant (t=9.11,
p<0.0001). The decrease in VAS was approximately
51.2±25.7%.
There was a significant difference in all SF-36

scores after acupuncture compared with the pretreat-
ment values (p<0.0001; table 1).
The mean MMP-2 concentration and activity are

shown in table 2. No significant differences were
observed between MMP-2 concentrations before treat-
ment, after the first session or after the last session
(p>0.05). However, there were significant changes in

Original paper

Cayir Y, et al. Acupunct Med 2014;32:376–380. doi:10.1136/acupmed-2014-010612 377



mean MMP-2 activity, which decreased significantly
after the first and final sessions compared with base-
line values (p<0.0001 for both).

DISCUSSION
The results of this clinical trial indicate a significant
decrease in MMP-2 activity and clinically significant
improvements in VAS and SF-36 scores in patients
with migraine treated with acupuncture by the end of
the 10 sessions. To the best of our knowledge, this
study is the first trial to investigate the effect of acu-
puncture on MMP-2 concentrations and activity in
patients with migraine.
Clinical studies have shown that acupuncture is an

effective method for treating migraine. Many trials
have suggested that acupuncture plays an important
role in managing pain in patients with migraine
without causing any serious side effects.17–19

Migraine is a chronic type of headache with recur-
rent symptoms that lead to a reduction in quality of
life during and between crises. According to WHO,
migraine alone ranks 19th among all causes of years
spent with disability.20 21 It is very important to
relieve pain and increase quality of life. In our study a
decrease of more than 50% in mean VAS scores was
observed in patients with migraine after 10 sessions of
acupuncture treatment. Our findings are in line with
previous research.22

Migraine is caused by the release of pain-producing
inflammatory substances around the cranial nerves/
blood vessels.23 MMPs are important mediators of
inflammation.24 Research has emphasised that increased
MMP concentrations and/or activities may be associated
with migraine pathophysiology.11 25 26 MMP-2 is

involved in the disruption of the blood–brain barrier
during attacks in patients with migraine. It has been sug-
gested that patients with increased MMP-2 levels could
benefit from the use of MMP inhibitors.13 Several data
have demonstrated that cyclo-oxygenase inhibitors have
a significant inhibitory effect on the activities of MMP-2
and MMP-9.27 28 Cyclo-oxygenase inhibitors have an
anti-inflammatory effect and are usually used in the
treatment of migraine.29 The anti-inflammatory effects
of acupuncture have also been shown in previous
studies.30 31 One study reported that electroacupuncture
caused cyclo-oxygenase-2 inhibition and thus estab-
lished an analgesic effect in the spinal dorsal horn.31

Chen et al30 showed that acupuncture inhibited an
abnormal increase in MMP-2 in the endometrium in
rats with induced endometriosis. Acupuncture has also
been shown to downregulate the expression of MMP-1
and MMP-3 in rats with induced osteoarthritis.14 The
results of our study showed a decrease in MMP-2 activ-
ity in patients with migraine patients with acupuncture
without a decrease in MMP-2 concentration. This sug-
gests that acupuncture may reduce MMP-2 activity
through inhibition of the inflammatory process.
Although there was a decrease in MMP-2 concentration
after acupuncture in our study, the difference was not
significant. This may be attributed to the low sample
size and number of acupuncture sessions involved.
Additionally, it may be that acupuncture is unable to
reduce MMP-2 synthesis, but that this treatment modal-
ity may cause anti-inflammation and relieve pain by
reducing the activity of existing MMP-2 enzyme.
Altered concentrations of MMP-9 have been

reported to demonstrate important pathophysiological
changes in migraine and in response to drug therapy,
similar to MMP-2. In the present study we did not
have resources to measure MMP-9, which has been
suggested to have diagnostic and prognostic value in
many disease conditions. A good correlation has been
shown between MMP-9, MMP-2 and TIMP-2 concen-
trations in serum and plasma samples.32

An imbalance between MMPs and TIMPs has been
observed in different diseases. MMP-2 activity is
decreased as a consequence of increased TIMP-2
levels. This could explain our findings, because
MMP-2 levels were not affected and therefore
increased concentrations of the endogenous inhibitor
TIMP-2 could account for the decreased MMP-2
activity. The remodelling of the extracellular matrix
depends on the critical balance between MMPs and
TIMPs. Changes in circulating MMPs/TIMPs concen-
trations are implicated in the pathophysiology of a

Table 1 Mean±SD Short Form-36 (SF-36) scores before and
after acupuncture

SF-36

p Value
Before
acupuncture

After
acupuncture

Physical functioning 75.3±15.1 87.5±11.7 p<0.0001

Role-physical 57.4±35.2 81.4±20.6 p<0.0001

Bodily pain 35.4±19.0 78.5±20.0 p<0.0001

General health
perception

50.9±18.3 64.8±16.6 p<0.0001

Vitality 35.1±14.3 59.7±17.1 p<0.0001

Social-functioning 63.0±19.8 72.3±15.3 p<0.0001

Role-emotional 52.4±33.5 69.0±24.3 p<0.0001

Mental health 51.0±23.8 69.4±19.3 p<0.0001

Table 2 Mean±SD levels of matrix metalloproteinase-2 (MMP-2) concentration and activity

Baseline After the first session After the last session p Value

MMP-2 concentration (ng/mL) 799.46±727.64 571.13±522.11 510.48±283.43 0.212

MMP-2 activity (ng/mL) 1717.34±421.25 1368.37±450.75* 1176.30±406.48* p<0.0001

*p<0.0001 compared with baseline values.
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variety of diseases.33 34 It is possible that increased
TIMP levels affect MMP activity, and this issue should
be addressed in further studies.
This study has several methodological limitations.

The main limitation is the lack of a control group. Large
studies with control groups including patients who are
treated with sham acupuncture are needed to clarify the
relation between acupuncture and MMP-2 concentra-
tions and activity. Many drugs may affect MMP concen-
tration/activity. In a previous study it was shown that
some antihypertensive drugs may change the circulating
MMP concentration.33 It is possible that the effects of
the drugs used by our patients may have altered the
MMPs. This may be considered as a limitation. Also,
there was no follow-up after acupuncture therapy in our
trial. Further studies are required to establish possible
effects of acupuncture on MMP-2 and other MMPs in
migraine.

CONCLUSION
The results of this study showed a clinically significant
decrease in MMP-2 activity in patients with migraine
treated with acupuncture. The mechanism underlying
the alleviating pain effects of acupuncture may be
associated with a decrease in MMP-2 activity.

Summary points

▸ Matrix metalloproteinases (MMPs) are implicated in
the mechanism of migraine.

▸ MMP-2 concentration and activity were measured
before and after a course of acupuncture.

▸ The activity of MMP-2 was significantly reduced after
treatment.
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