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Acupuncture and the Opioid System: 
Implications in Management of Migraine 
Shai  P in tov ,  M D * * ,  Eli  L a h a t ,  MD*,  M i r i a m  Alste in ,  P h D  II, Zvi  Voge l ,  P h D * ,  and  

J a c o b  Barg ,  M D ,  P h D  *~ 

We investigated the effectiveness of acupuncture in child- 
hood migraine in 22 children with migraine, randomly 
divided into two groups: a true acupuncture group (12 
children) and a placebo acupuncture group (10 children). 
Ten healthy children served as a control group. Opioid 
activity in blood plasma was assayed by two methods: (1) 
determination of total (panopioid) activity with an opiate 
radioreceptor assay, and (2) determination of [~-endor- 
phinlike immunoreactivity by radioimmunoassay. The 
true acupuncture treatment led to significant clinical 
reduction in both migraine frequency and intensity. At 
the beginning of the study, significantly greater panopioid 
activity was evident in plasma of the control group than 
in plasma of the migraine group. The true acupuncture 
group showed a gradual increase in the panopioid activity 
in plasma, which correlated with the clinical improve- 
ment. After the tenth treatment, the values of opioid 
activity of the true acupuncture group were similar to 
those of the control group, whereas the plasma of the 
placebo acupuncture group exhibited insignificant 
changes in plasma panopioid activity. In addition, a 
significant increase in [~-endorphin levels was observed in 
the migraine patients who were treated in the true 
acupuncture group as compared with the values before 
treatment or with the values of the placebo acupuncture 
group. The results suggest that acupuncture may be an 
effective treatment in children with migraine headaches 
and that it leads to an increase in activity of the opioider- 
gic system. © 1997 by Elsevier Science Inc. All rights 
reserved. 
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Introduction 

Migraine is the most common cause of  headaches in 
both children and adults, It affects 2.7% of children by age 
7 and 10.6% by age 14 [1,2]. In a group of 9,000 Swedish 
children, Bille [1] observed that the prevalence of mi- 
graine headaches increased during childhood from 1% at 
age 6 years to 5% at age 11 years. Of the migrainous 
children, 42% were subject to one or more episodes each 
month that were sufficiently severe to prevent the child 
t¥om carrying on with his or her usual daily activities. 
Another study of  Danish children reported an even higher 
prevalence [3]. The diagnosis of migraine headaches in 
children is based on clinical manifestations, as suggested 
by Prensky and Sommer in 1979 [4] or according to 
specific diagnostic criteria and characteristics as recom- 
mended by the International Headache Society (IHS) in 
1988 [5]. Episodes of migraine are often precipitated by 
trigger factors, which include anxiety, fatigue, mild head 
trauma, stress, exercise, excitement, illness, and certain 
medications [6]. The therapeutic approaches to patients 
with migraine must be individualized based on the 
patient 's age, frequency and severity of  episodes, reli- 
ability of  the patient, as well as the family ' s  attitude 
toward pharmacologic and nonpharmacologic  methods 
of  treatment. Nonpharmacologic  treatments o f  migraine 
headaches include elimination of  trigger factors and 
modification o f  stress through relaxation therapy and 
biofeedback [7]. 

Electroacupuncture has been reported to be of benefit in 
migraine treatment. In this technique, an acupuncture 
needle is attached to a low-voltage electricity source [8]. 
Central pain mechanisms are probably related to a dys- 
function in the endogenous opioid antinociceptive system. 
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This theory was supported by several studies demonstrat- 
ing a decreased level of activity in patients with variable 
pain syndromes [9,10]. We wished to determine the effect 
of conventional acupuncture treatment on migraine head- 
aches in children and any changes in the plasma panopioid 
activity and levels of [3-endorphin, one of its byproducts 
related to the central pain mechanisms. 

Subjects and Methods 

The 22 children (7 to 15 years of age) included in the study were 
observed, for at least 6 months from first assessment until study entry, in 
the Pediatric Neurology Clinic of Assaf Harofeh Medical Center. All 
children were diagnosed with migraine headaches, according to Prensky 
criteria, including recurrent headaches (at least three attacks in a period 
of 3 months) and symptom-free intervals and three of the following 
manifestations: (l) abdominal pain, nausea, or vomiting with headaches; 
(2) hemicrania; (3) throbbing pulsatile pain; (4) complete relief after a 
brief period of rest; (5) an aura, either visual, sensory, or motor; (6) a 
history of migraine headaches in 1 or more members of the immediate 
family, as suggested by Prensky and Sommer [4]. The children under- 
went a complete physical and neurologic examination, laboratory tests, 
including blood cell count (hemogram), glucose, and kidney and liver 
function. Children with chronic illness or allergies or those receiving 
daily medication were excluded from the study. None of the children 
included in the study received either specific antimigraine treatment or 
opiate-containing preparations. The option of participating in the study 
was offered to all children with migraine in this age group followed in 
our pediatric neurology clinic. The study was designed to include 10 to 
12 children in each group. The children were alternatingly randomized to 
the true acupuncture (TA) and placebo acupuncture (PA) group. The TA 
group included 12 children (7 girls, 5 boys) with a mean age of 9.8 _+ 1.2 
years. Family history of migraine was positive in 5 children. The PA 
group included 10 children (6 girls and 4 boys) with mean age of 10.4 + 
1.6 years. Family history of migraine was positive in 5 children. Parents 
and children received a detailed explanation about the study's design and 
provided their written and informed consent. 

The children included in the study were randomly divided into two 
groups: TA (12 patients) and PA (10 patients). The TA group was treated 
according to the principles of  traditional Chinese medicine with the 
acupuncture needle inserted subdermally; in the PA group, a needle of 
the same size was inserted in stratum corueum (Fig 1A and B). Each 
child attended 10 weekly sessions of acupuncture treatment (either TA or 
PA). None of the children included in the study received chronic 
prophylactic treatment for migraine. Tbe treatment included insertion of 
three acupuncture needles in the upper and lower extremities for 15 rain. 

Neither children nor parents knew which study group they belonged to. 
Three blood samples for panopioid activity were taken: the first before 
treatment, the second after the fifth treatment, and the third after the tenth 
treatment. As a control, we used blood samples from 10 children (6 girls 
and 4 boys, mean age 9.4 _+ 1.5 years) with no migraine headaches who 
were followed in the outpatient clinic after an episode of urinary tract 
infection. All children were asymptomatic at the time of blood sampling. 
All blood samples were obtained after the time of the acupuncture 
sessions, between 8:00 and 9:00 A~, to prevent possible diurnal variation 
differences. 

After entering the study, patients of the two experimental groups (TA 
and PA) completed the same weekly ~[Yequency-intensity questionnaire 
for the 10-week prestudy period, for the 10-week study period, and for 
the next 10 weeks. This migraine diary included details about the number 
of migraine headaches and their duration, intensity, and treatment. 
Patients, with the assistance of their parents, were requested to determine 
pain intensity on a visual analogue scale (scale of 0 ° to 10 °) and to assess 
the frequency of migraine headaches. The questionnaires were given to 
the patients by the clinic nurses who were blinded as to whether the 
patients was in the TA or PA group. 

~,~,~,~ . . . . .  ;~, ,  ~ . ~  

Figure 1. Needle insertion into the skin of  patients during placebo 
acupuncture (PA ) and true acupuncture (TA ) treatments. (A ) TA: Needle 
is inserted in the dermis. (B) PA: Needle is inserted in stratum corneum. 

Plasma Preparation. A mixture of protease inhibitors consisting of 
bestatin, captopril, and phosphoramidon (Sigma, St. Louis, MO) at a final 
concentration of I l, zM each was immediately added to the collected 
blood samples to avoid enzymatic degradation of opioid peptides. Blood 
samples were fractionated, and the plasma was separated from the blood 
cells by 10-min centrifugation at 3000 g. 

Quantitative Determination of  ~-Endorphin Levels in Plasma. fA- 
Endorphin levels in plasma were determined by solid-phase two-site 
immunoradiometric assay kit (Allegro [~-endorphin kit, Wijchen, Hol- 
land), which contains samples of standard [3-endorphin, ~251-1abeled 
antibodies to 13-endorphin, and antibodies to [3-endorphin immobilized 
on plastic beads. Plasma samples were incubated with a mixture of both 
antibodies for 24 hr; the beads were then washed to remove all unbound 
materials. Radioactivity of the complex immobilized on the plastic beads 
(solid-phase antibodies/~g-endorphin/labeled antibody) was monitored 
with a ~/-counter, and the amount of the peptide in the plasma samples 
was determined from a standard curve using 0 to 50 pg human 
[3-endorphin. 

Membrane Preparation. Adult male Wistar rat brains (age 60 days) 
were homogenized at 4°C in 10 vol 50 mM Tris-HCl buffer (pH 7.4) with 
a Polytron homogenizer. The homogenate was centrifuged at 1000 g for 
l0 rain, and the pellet was discarded. The supernatant was centrifuged at 
20,000 g for 20 rain, and the pellet was resuspended in Tris buffer with 
a Dounce hemogenizer to yield a final concentration of 0.6 to 0.8 mg 
protein/mL. Protein concentration was determined by Bradford's 
method [11]. 

Opioid Binding Assay. Binding of diprenorphine to opioid receptors in 
brain membranes was performed with 1 nM [3H]diprenorphine (32 
Ci/mmol; MNEN, Du Pont, Boston, MA) in the presence or absence of 
three dilutions of plasma samples. Membranes (0.3 to 0.4 mg/tube) were 
incubated at 25°C for 40 min in Tris buffer, and the mixtures were 
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Figure 2. ~ffect of  acupuncture treatment on panopioid activity. Data 
are mean + SEM of  panopioid activity. Midtreatment (P <.05) and 
posttreatment (P <.01) activi~.' were significantly different from pre- 
treatment and placebo group panopioid activity. 

filtered through Whatman GF/B filters presoaked in Tris buffer for 1 hr. 
Nonspecific binding was determined in the presence of 5 ~xM etorphine. 
Because binding of diprenorphine is affected by the plasma concentration 
itself, it was important to correct the values obtained according to a 
standard curve of plasma devoid of opioid peptides (to which no protease 
inhibitors were added). The panopioid activity was calculated as % of 
inhibition - 100 × (inhibition of binding by plasma) + (inhibition at the 
same dilution by plasma without protease inhibitors). 

Statistical Analysis. Data were analyzed by Student's t test. The IC~o 
value of [3H]diprenorphine binding was determined by the Inplot4 
computer program (Graph Pad Software, San Diego, CA). The binding 
curve was generated with the Sigma Plot 4.11 computer program (Jandel 
Scientific, Corta Madera, CA) using an equation from the ALLFIT 
program [I 21. 

Results  

Results of physical, neurologic, and blood examinations 
of all children were in the normal range. All children 
included in the study group completed the 10-week acu- 
puncture treatment (either TA or PA) and the subsequent 
follow-up period of 10 weeks. 

There were no significant differences in migraine head- 
ache intensity or frequency between the TA and PA 
groups before initiation of the acupuncture treatment. TA 
treatment led to a statistically significant clinical reduction 
in both frequency and intensity of migraine headaches. 
The migraine frequency (9.3 _+ 1.6 per month) and 
intensity (8.7 _+ 0.4) (mean _+ S.D.) were decreased 
significantly after the treatment to 1.4 _+ 0.6 and 3.3 _+ 1.0, 
respectively. By contrast, no significant changes were 
apparent in the frequency (9.4 -+ 1.5) and intensity (7.8 -+ 
0.6) of the PA group before treatment or after treatment 
(9.3 -+ 1.4 and 6.2 -+ 0.4). 

Panopioid activity of plasma from both TA and PA 
groups (expressed as % of inhibition of [3H]diprenorphine 
binding) was determined before and after treatment and 
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Figure 3. [A-Endorphin-like immunoreactivity in plasma .from control, 
placebo acupuncture, and true acupuncture groups bffore and qfter 
acupuncture treatment. 

compared with the values in the control group. The 
panopioid activity of the TA and PA groups before 
treatment was significantly less than that of the control 
group. After the treatment, no significant change in the 
panopioid activity of the plasma from the PA group was 
evident as compared with the values before treatment. By 
contrast, a significant potentiation of panopioid activity in 
the TA group was evident. The plasma obtained from the 
TA group was more potent in inhibition of [3H]diprenor- 
phine binding (Fig 2) by 13% as compared with the values 
before treatment. This finding is in agreement with the 
clinical improvement observed in the TA group. There 
were no linear correlations between the decrease in the 
frequency of headaches and associated changes in panopi- 
old activity. 

The panopioid activity reflects all plasma components 
that compete with the binding of [3H]diprenorphine to the 
receptor. The [3-endorphinlike immunoreactivity in the TA 
group (Fig 3) was significantly (P <.00l  by Student's t 
test) increased by 50% as compared with both control and 
PA groups (30.1 +_ 2.0, 19.8 -+ 1.3, and 21.5 -+ 0.7 pg/mL, 
respectively). 

Discuss ion 

Migraine headaches are common in children and ado- 
lescents [ 1,5]. The diagnosis of migraine is a clinical one, 
based on the history obtained from the child and the 
family. We preferred to use the criteria of Prensky and 
Sommer [4] for the diagnosis of migraine rather than the 
IHS criteria because we found them more clinically 
applicable in children in terms of the ability of the child or 
guardian to describe the exact duration, frequency, and 
clinical features of the migraine episode. 

Frequent and severe headaches that cannot be ade- 
quately controlled by using analgesic agents or specific 
migraine medications have become a difficult manage- 

Pintov et al: Acupuncture and Opioidergic System 131 



ment problem and prevent normal activities. Therefore, a 
variety of  nonpharmacologic treatment methods have been 
suggested in an attempt to prevent or at least to decrease 
the frequency and severity of  migraine episodes. These 
modalities focus on the elimination of  trigger factors, 
regular diet, normal sleep patterns, discontinuation of  
inappropriate and overused analgesics, relief of stress, and 
use of  counseling, relaxation therapy, and biofeedback 
[6,13-16]. 

Acupuncture treatment has been shown to be of  clinical 
value as an analgesic therapy [17]. Although the exact 
mechanism of this treatment remains unclear, it is apparent 
that reproducible neurologic and chemical changes occur 
in response to acupuncture and that these changes almost 
certainly modify the response to, and the perception of, 
pain. 

The biochemistry of  migraine is complex. Many con- 
tradictory or never-replicated findings in often small 
patient groups have been published. The following obser- 
vations in the platelet-free plasma and urine appear to have 
some solid relationship to the pathophysiology of  migraine 
[19]: 

• Systemic derangement of  5-hydroxytryptophan metab- 
olism relevant to the peripheral vascular component of  
migraine pathophysiology 

• Changes in neuroexcitatory amino acids and magnesium 
• Alterations in methionine-enkephalin levels 
• Hormonal fluctuations which appear to be important in 

establishing the threshold for a migrainous episode 
• Changes in vasoactive peptides in the craniovascular 

circulation 
• Catecholaminergic changes suggesting sympathetic 

overactivity 

Because pain mechanisms may be related to a dysfunc- 
tion in the endogenous opioid antinociceptive system, 
investigators have examined the changes in panopioid 
activity and [3-endorphin levels in blood and cerebrospinal 
fluid (CSF) of  patients with migraine. Two studies [9,10] 
demonstrated decreased level of  [3-endorphins in plasma 
of  adults during the episodes, but not in migraine-free 
periods. Two other studies [20,21] demonstrated a de- 
crease in [3-endorphin in CSF of  adult patients. However, 
one study [22] failed to demonstrate significant differ- 
ences in plasma [3-endorphins during migraine episodes in 
adults. Of interest is a study [23] in which the daily 
variations in [3-endorphins, ACTH, and corticosteroids in 
plasma of prepubertal untreated children with migraine 
demonstrated higher levels of  [3-endorphins in the mi- 
graine group as compared with the control group. 

In other studies, 13-endorphins were used as a marker for 
assessing the influence of  nonpharmacologic treatment 
methods in patients with migraine. An increase in the level 
of  [3-endorphins in plasma, as compared with pretreatment 
levels and those of  a control group, was observed in 
patients with migraine who were treated with electroacu- 
puncture [17] and behavior therapy [24]. Therefore, we 

preferred to correlate the clinical efficacy of  acupuncture 
treatment (change in frequency and severity of episodes) 
performed in a blind fashion from the patient point of view 
with biochemical changes, i.e., alterations in 13-endorphin 
level and panopioid activity after treatment sessions. 

Several previous reports have suggested a role of the 
opioidergic system in the pathogenesis of migraine head- 
aches. However, the results are slightly conflicting; e.g., 
Baldi et al. 19] measured the level of  [3-endorphin in 
plasma of  adult migraine patients in migraine-free periods 
and during the episodes. Decreased levels of  [3-endorphin 
were evident in plasma samples during the episodes, but 
not in the migraine-free periods. Another study demon- 
strated a decrease in [3-endorphin in CSF of  patients with 
migraine [20]. Leone et al. [10] reported that levels of  
13-endorphin in peripheral blood mononuclear cells of 
adult patients with migraine were significantly reduced as 
compared with those in cells of  adult patients with 
tension-type headaches. 

We conclude that acupuncture may be an efficient 
alternative treatment for children with migraine head- 
aches. This nonpharmacologic treatment is safe and cost- 
effective, with no side effects, and can be repeated 
according to clinical need. It is limited to children who are 
sufficiently mature to cooperate during the treatment 
sessions. Larger series and more experience is required to 
assess the efficacy of  this promising treatment. 
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