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ROLE OF MAST CELLS IN ACUPUNCTURE EFFECT: A PILOT STUDY
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To better understand the therapeutic effectiveness of acu-
uncture, questions about the underlying mechanisms need to
e addressed. Here we describe the impact of manual stimula-
ion by an acupuncture needle of zusanli (stomach 36 [ST36]) on
nalgesia in rats. The analgesic effect was more pronounced after
timulation of ST36 than after stimulation of a sham point near
he acupuncture point. At the same time, we determined in
issue slices the density of mast cells in the acupuncture points
nd nearby points, as well as the degree of degranulation before
nd after stimulation. We found that the density of mast cells

rom the ST36 of rats was higher than that from a nearby sham (
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oint. In addition, acupuncture resulted in a remarkable increase
n degranulation of the mast cells. Pretreatment of the acupunc-
ure point with disodium chromoglycate not only counteracted
he phenomenon of degranulation but also reduced analgesic
ffect of acupuncture. Our experiments on inhibition of degran-
lation of mast cells in tissue from acupuncture points demon-
trates the possible role of mast cells in acupuncture effects.

ey words: Acupoint, mast cells, DSCG, analgesia, degranula-
ion ratio
Explore 2008; 4:170-177. © Elsevier Inc. 2008)
NTRODUCTION
everal thousand years of medical practice have revealed that
cupuncture, one of the elements in Traditional Chinese Med-
cine, is an effective therapeutic technique to maintain good
ealth and to treat various diseases.1,2 A growing body of scien-
ific literature provides strong evidence for the efficacy of acu-
uncture in analgesia.3,4 Analgesic effects of acupuncture are
ystemic, whereas acupuncture manipulations themselves are
ocal.5-7 However, the physiological mechanisms underlying the
ffects following stimulation of acupuncture points (acupoints)
re still unclear; this is one of the problems which needs to be
olved to establish a scientific basis of acupuncture and is also
ne of the important problems in meridian research. Meridians
ndicate pathways along which the Qi (energy) is spread through
he human body. These pathways form the basis for the spread
f the signals elicited by acupuncture. Meridian research inves-
igates the physiological and physical mechanisms underlying
he signal distribution.8-11 It is believed that during the needling

Shanghai Research Center of Acupuncture and Meridians, Depart-
ent of Mechanics and Engineering Science, Fudan University, Shang-

ai, China
College of Acupuncture-Moxibustion, Shanghai University of Tradi-

ional Chinese Medicine, Shanghai, China
Department of Anatomy, Second Military Medical University, Shang-
ai, China
Shanghai Institute of Cell Biology, Chinese Academy of Sciences,
hanghai, China
his work was supported by grants from National Basic Research Pro-
ram of China (973 Program, No: 2005CB523306, GD), Science Foun-
ation of Shanghai Municipal Commission of Science and Technology
No: 05DZ19745, 06DZ19732, 064319053, 07DZ19722, 07DZ19733,
D) and Fudan University Doctorate Innovation Foundation (DZ).

Corresponding Author. Address: 199 Guo Shou Jing Road, Shanghai,
01203, China
anipulation process, the application of lift and thrust and twist
anipulation pulls the surrounding tissue around the needle

ody, delivering the cellular signal conducted along the pathway
f channels (meridians) and leading to downstream effects that
ctivate certain cellular pathways and facilitate healing.9 Exam-
nation of tissue morphology using techniques including mag-
etic resonance imaging and computed tomography have also
upported the possibility that the physical basis of meridians and
cupoints is a complex system based on connective tissue.12

As one of the resident cells in the loose connective tissue from
he human body, mast cells have attracted the interest of re-
earchers since the 1980s. One working hypothesis has been that
he so-called De Qi sensation in response to acupuncture is re-
ated to the response of local mast cells.13 De Qi sensation is a
nique needle sensation (grasp), including tingling, numbness,
eaviness, and other feelings that occur after an acupuncture
eedle has properly been placed in the acupoint.4,9 Through
echanical stimulation, acupuncture can cause degranulation

f the local mast cells in the acupoint and promote release of
ediators, including arachidonic acid products, biogenic

mines, chemoattractants, cytokines, growth factors, neuropep-
ides, proteoglycans, and proteolytic enzymes.14 These media-
ors act in several biological ways.15 For example, histamine can
ilate capillary vessels and venules, which act on the vascular
ndothelium to expose the basal membrane and exude the tissue
iquid, resulting in a change of electric potential gradient in the
issue along meridians.13 Another example of how the release of
hese mediators can effect systemic change is the way in which
he neuropeptide serotonin, involved in analgesia, body temper-
ture regulation, and nerve activity, can affect endocrine func-
ion in the body.16

In the present study, our aim was to investigate the relation-
hip between degranulation of mast cells in acupoints and the
nalgesic effect of acupuncture. The change of pain threshold
PT) in Spraque-Dawley rat tails was adopted as a measure for the

nalgesic effect.17,18 The acupoint commonly used for analgesia,

ved EXPLORE May/June 2008, Vol. 4, No. 3
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usanli (stomach 36, [ST36]), was selected to apply the lifting
nd thrusting and twisting stimulation19-21 under the control of
clinic needle real-time force monitor.22,23 To investigate the

ole of mast cell degranulation in the process of generation of
ain analgesia in response to acupuncture, we treated the acu-
oint with the mast cell stabilizer disodium chromoglycate
DSCG)24 and compared the effects of acupuncture in the
reated points with those not treated with DSCG. In addition,
rom in vitro skin and tissue specimens, we estimated the density
f mast cells in acupoints and nearby sham points, and also the
hange of degree of degranulation of mast cells from the acu-
oints in response to acupuncture.

ETHODS
nimals and Groups
e used 52 male and female laboratory-born Spraque-Dawley

ats provided by the Shanghai Experimental Animal Centre of
he Chinese Academy of Science. They all exhibited normal tail
ick latency and weighed 200 � 20 g (at age of six weeks). The
nimals were housed in cages at controlled temperature (20 �
°C) with a 14/10 hour light/dark cycle. Food and water were
ade available ad lib. All animals were handled with care to

revent infection and to minimize stress. Two rats each were
sed, for control and acupuncture, and for transmission electron
icroscopy. The remaining rats (48) were randomly divided into

ight groups using a random-number table, six rats each for
ontrol group (A); acupuncture to ST36 (B1); acupuncture to
ham point nearby ST36 (B2); injection of DSCG to ST36 (C1);
njection of NaCl to ST36 (C2); acupuncture after pretreatment
f DSCG to ST36 (D1); acupuncture after pretreatment with
aCl to ST36 (D2); and acupuncture after DSCG pretreatment

n the sham point (D3). All the experiments were performed in
ccordance with the principles and procedures outlined in the
uide for the Care and Use of Laboratory Animals issued by the U.S.

igure 1. The structure and principle of force detection. The me-
hanical sensor was used to detect the real-time force on the needle
uring acupuncture manipulation.
ational Academy of Sciences. n

ast Cells in Acupuncture
ociceptive Testing Model
he rat tail was exposed to radiation heat, and the tail flick

atency was measured to detect the heat sensitivity. This model
as been extensively applied in previous research on acupunc-
ure analgesia.25 The method is characterized by simplicity, easy
se, and reproducibility of results. In our experiments, a model
3T tail stimulator analgesia meter (IITC Life Sciences, Wood-
and Hills, Calif) was used to apply the heat stimulation. Each
ime, the skin of the rat tail, with an area of 4 mm2 and 2 cm from
he tail tip, was stimulated with 40% of maximum light strength.
he room temperature was controlled within 22 � 1°C. A 20-
econd cutoff maximum was programmed into the timer to
revent tissue damage. Rats were habituated to the testing appa-
atus for 10 minutes prior to testing. Then, we successively de-
ermined the temperature for tail flick three times to obtain the
asic PT as average (five-minute intervals were allowed between
ach test). Ten minutes after testing the basic PT, the experiment
as started.

cupuncture Stimulation
ince zusanli is a popular acupoint for analgesia studies in animal
xperiments20,21 as well as for clinical treatment,3,4 it was se-
ected as the acupoint in our experiments. Sterilized stainless
teel acupuncture needles (0.25 mm, 1 inch, Suzhou Kangnian

edical Devices Co, Lt, Suzhou, China) were inserted into
T36 of the right hind leg, located 5-mm lateral and distal to the
nterior tubercle of the tibia.26 (The acupuncture point dosage
as as follows: from Table 6-1 of Li (2003),26 the equivalent
osage was calculated according to the surface area ratio between
xperimental animal and the human being, which in our case is
.018, according to conversion formula: DB � (DA � WA) �
ATE/WB. [Note: DB is the dosage for each kilogram weight of

he rat. DA is the dosage for each kilogram weight of the human
eing. WA and WB are the weight of the human being and the
at. RATE is the ratio coefficients of the surface area from rat and
uman being, RATE � 0.018]. DA � WA � 1 mL, WB � 200 g;
hus, DB � 0.09 mL/kg. It is about 20 �L of DSCG solution for
ach injection with a concentration of DSCG of 0.02 g/mL). The

igure 2. Wave form of needle manipulation at ST36 detected by
cupuncture-needle real-time force monitor. Upper graph: lifting and
hrusting force of needle (mN). Lower graph: twirling moment of

eedle (mN*mm).
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ite 3 mm nearby ST36 (in the direction of the fibula) was taken
s the sham point. The locations of acupoint and nearby sham
oint were clearly separated as shown previously by adding gen-

igure 3. Effect of acupuncture on PT ratio. Manual acupuncture stimula-
ion was performed for 30 minutes. Tail flick response was used as the
easurement of PT and tested every five minutes, and the increased PT ratio

eflected the effects of acupuncture analgesia of rats. The negative change of
T ratio in the control group could be pain hypersensitivity resulting from the
epeated thermal stimulation at the same point. If error bars are not seen, they
re within the size of the symbols. PT, pain threshold; A, control; B1, acupoint
T36 stimulation; B2, sham point nearby ST36 stimulation.

igure 4. Influence of injection of DSCG or NaCl on the PT ratio. For C1,
0 �L of DSCG (20%) or C2, 20 �L of NaCl (0.9%), was injected. Pain
hreshold was measured every five minutes after injection. The injection
lightly increased the PT ratio during the first 10 minutes, but became
educed again thereafter, and there was no significant difference between
he two solutions. If error bars are not seen, they are within the size of the
ymbols. PT, pain threshold; DSCG, disodium chromoglycate; A, control;

1, injection of DSCG to ST36; C2, injection of NaCl to ST36.

72 EXPLORE May/June 2008, Vol. 4, No. 3
ian violet solution to the tip of needle.27 The perpendicular
eedling depth was approximately 7 mm, and we applied the lift
nd thrust and twist manipulation every five minutes. The nee-
ling manipulation was performed for 30 minutes.

uantification of Needling Manipulation. For the quantifica-
ion of the manual acupuncture stimulation, we used a clinical

igure 5. Influence of disodium chromoglycate (DSCG) on the role of
ast cells in the effect of acupuncture analgesia. B1-PT ratio in

cupuncture group was compared with that of D1, acupuncture after
SCG pretreatment, and D2, acupuncture after NaCl pretreatment, and
3, acupuncture after DSCG pretreatment in the opposite leg. If error
ars are not seen, they are within the size of the symbols. PT, pain
hreshold.

able 1. Change of Pain Threshold Ratio at 20 minutes

ID Group Name No. Average � SEM, %

Control 6 �1.9 � 0.1
1 Acupuncture at ST36 6 11.6 � 0.6a

2 Acupuncture at
nearby ST36

6 8.9 � 0.3a,b

1 Injection of DSCG at
ST36

6 1.7 � 0.1a,c

2 Injection of NaCl at
ST36

6 1.4 � 0.1a,b

1 Acupuncture after
DSCG at ST36

6 6.2 � 0.4a,b

2 Acupuncture after
NaCl at ST36

6 8.9 � 0.4a,d

3 Acupuncture opposite
side after DSCG

6 9.3 � .0a,e

T36, stomach 36; DSCG, disodium chromoglycate.
aP � .05 vs group A.
bP � .05 vs group B1.
cP � .01.
dP � .01.

eP � .05 vs group D1.

Mast Cells in Acupuncture
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onitor system, developed in our laboratory, for recording nee-
le force in real time (Figure 1). 22,23 This allowed the synchro-
ous observation of the force with the needling process and gave
quantification index of the needling strength and frequency.
uring the needling and recording process, the rats were fixed
ithin the testing apparatus; the two hind legs extended from

he openings of apparatus and were fixed, leaving the tail ex-
osed naturally. The same conditions were also used to fix the
ats for the nonacupuncture group and the medicine injection
roup to rule out intergroup variations due to stress caused by
he fixation procedure.

edicine Pretreatment at the Acupoints. As a mast cell stabi-
izer,24 20 �L of 0.02g/mL DSCG was injected into ST36 by

icroliter syringe to inhibit degranulation in the acupoint. The
osage and concentration were selected according to the ac-
epted method of conversion between experimental animals and
umans26 The same amount of physiological saline (9% NaCl)
as used as the control solution.

pecimen Preparations and Microscopic Examination
issue samples from acupoints and nearby sham points were
ollected after decapitation under narcosis of the animals (1%
odium pentobarbital 1 mL/100 g). Based on the assumption
hat the effects of needling have uniform spherical spreading in
he acupoint with the needle tip as center, we took the upper part
f tissue from ST36. After cutting, the final size of skin was 3 �
mm2 and of muscle was 3 � 3 � 3 mm3. Sequential paraffin

lices of 4-�m thickness were made after 48 hours of fixation at
°C in fixing solution (10% formalin). The direction of section
as longitudinal to the skin and muscle tissue. The skin sample
as stained with 0.5% toluidine blue28 and the muscle sample
ith 0.5% neutral red.29 We took 20 slices uniformly distributed
long the depth of the tissue sample. The numbers of mast cells
er microscopic view (0.16 mm2 at �200 magnification) were
ounted from four areas per slice and then averaged. Mast cells
ith more than three granules outside of the cell shape or with
mpty cavities in the cytoplasm were considered to be degranu-
ated. The ratios of degranulated to total mast cells were calcu-
ated. Representative photomicrographs were taken at magnifi-
ation of �400 for morphological evaluation. To more closely
bserve the features of degranulation of mast cells, transmission
lectron microscopy slices from acupuncture and control groups
ere made with the same collecting methods of specimens as
escribed above.

igure 6. Representative photomicrographs of stained mast cells (arr
kin stained with toluidine blue and right panels are from muscle sta
r elliptical mast cells are observed in skin and muscle. (C and D) ST36
s judged by extensive changes in appearance with intragranular m
cupuncture with disodium chromoglycate (DSCG) pretreatment; ma
trating that the mast cell stabilizer treatment is partially effective.
ppearance but a lower density compared with those in acupoints. (I

n the skin. Scale bar is 10 �m.

74 EXPLORE May/June 2008, Vol. 4, No. 3
tatistical Analysis
tatistical analysis was performed to compare the tail flick laten-
ies of experimental and control animals. The influence of
SCG on the effect of acupuncture analgesia of rats was esti-
ated from the change of PT ratio Rpt � �P/P0, where P0 rep-

esented the average baseline flick latencies averaged from three
easurements and �P represented the increase or decrease of tail
ick latencies. The density and degree of degranulation of mast
ells in specimens from all groups were calculated. Differences
etween groups were considered significant if P � .05. All data
re represented as mean � SEM.

ESULTS
uantification of Manual Acupuncture Stimulation
e used the clinical monitor system (Figure 1) for recording in

eal-time acupuncture needle force. Figure 2 shows the strength
nd frequencies of manual stimulation. During the acupuncture
n rats, the mean force of lifting and inserting the needle was
ept in the range of 240 to 280 mN, the torque in the range of 10
o 15 mN�mm, and the frequency at approximately 3 Hz.

pecificity of the Acupoints
he influence of acupuncture on ST36 for 30 minutes on rat PT
as observed (Figure 3). We found that PT increased with time
f stimulation reaching a maximum after about 20 minutes
curve B1). The increase in PT ratio reached 13% above the
ontrol value (curve B1-curve A), which means that the tail flick
ccurred after 20 to 25 minutes at about 3.5°C higher tempera-
ure. During the period of 25 to 30 minutes, the PT ratio de-
lined gradually. After withdrawal of the needle at 30 minutes,
he PT ratio continued to decline but did not return to the basic
T ratio within the following 10 minutes. Acupuncture with the
ame intensity was given to the sham point (Figure 3, curve B2).
uring the entire needling process at the sham point, the PT

atio also increased but not as much as after stimulation of ST36.
rom this, we conclude that acupuncture at ST36 has a signifi-
antly superior effect of analgesia than acupuncture at the sham
oint, which shows the specificity of the acupoints.

nfluence of DSCG and Physiological Saline on PT
e selected DSCG pretreatment to inhibit degranulation of the
ast cells from the acupoint. Since injection itself may interfere
ith the acupuncture and analgesic effects, we first investigated

he effect of injecting DSCG and physiological saline to ST36

in specimens at zusanli (ST36) and nonacupoint. Left panels are from
with neutral red. (A and B) ST36 before acupuncture; large rounded
acupuncture; most of the mast cells show evidence of degranulation,
material released to the pericellular space. (E and F) ST36 after

of mast cells remain non–degranulated after acupuncture, demon-
nd H) Nonacupoints before acupuncture; mast cells have a similar
) Nonacupoints after acupuncture; portion of mast cells degranulated
ows)
ined
after
atrix

jority
(G a

and J
Mast Cells in Acupuncture



w
t
P
c
s
i

I
A
B
a
b
F
(
A
r
o
t
i
t
t
t
o
m
p

N
M
a
o
b

a
t
d
b
a
m
c
f
t
b
c

D
T
t
s
d

F
f
g
a
(
b
o
(

T

A
N

T

C
A
A
A

M

M

ithout acupuncture (Figure 4). It is shown that injection of
hese two solutions had similar effects. After a slight increase of
T ratio within the first 10 minutes, a slow gradual decrease
ould be observed that may be attributed to sensitization as also
een in the control group. Hence, the influence from injection
tself became very weak after 20 minutes.

nfluence of DSCG and Physiological Saline on
cupuncture Effect
ased on the above result on the influence of injection, we
pplied the needling 20 minutes after injection. The PT value
efore injection was taken as the basal PT and subtracted.
igure 5 and Table 1 demonstrate that pretreatment of DSCG
curve D1) attenuated the analgesic effects of acupuncture.
fter 20 minutes of acupuncture, when the maximum PT

atio was obtained, the sites with DSCG pretreatment dem-
nstrated a reduction of the ratio by 5.4 (D1-B1), which was
wice the decrease (2.7) seen in the sites pretreated with phys-
ological saline 2.7 (D2-B1). A similarly small effect (2.3) on
he PT ratio was obtained after 20 minutes of acupuncture at
he opposite leg (D3-B1). We concluded from these findings
hat the three kinds of pretreatment all weakened the effects
f acupuncture on PT, but to different degrees. Stabilizing the
ast cells in acupoint with DSCG clearly made the most

ronounced attenuating difference.

umber of Mast Cells and the Degranulation Phenomenon
ast cell density and degranulation was investigated by light

nd electron microscopy. In the stained tissue slices, we could
bserve the basophilic granules of the metachromia in mast cells
y light microscopy (Figure 6A-J). The density of mast cells in

able 2. Comparison of Mast Cells in Acupoints and Nonacupoints

Group Name

No. of Mast Cellsa

Skin Muscle

cupoint (n � 20) 34.2 � 2.5 12.4 � 1.4
onacupoint (n � 20) 22.1 � 1.7b 8.5 � 1.0b

aAverage � SEM; 0.16 mm2/microscopic view (�200).
bP � .01 vs acupoint group.

able 3. Degranulation Ratio of Mast Cells in Acupoints

Group Name

MC Degranulation Ratioa

Skin, % Muscle, %

ontrol (n � 6) 29.2 � 1.2 26.3 � 1.8
cupuncture (n � 6) 48.9 � 3.9b 32.2 � 3.1c

cupuncture after DSCG (n � 6) 33.7 � 2.8d 28.5 � 2.3
cupuncture after NaCl (n � 6) 50.4 � 2.5b 29.7 � 2.3

C, mast cell; DSCG, disodium chromoglycate.
aAverage � SEM.
bP � .01.
cP � .05 vs control group.
bdP � .01 vs acupuncture group.

ast Cells in Acupuncture
cupoint skin and muscle tissues was significantly higher than
hat from the sham point (Table 2). The acupuncture raised the
egree of degranulation of the mast cells in the acupoint area of
oth skin and muscle (Table 3). After DSCG pretreatment, the
cupuncture could not significantly facilitate degranulation of
ast cells in skin and muscle of the acupoints. In electron mi-

roscopy (Figure 7), we observed more closely the degranulation
eature in tissue slices after acupuncture; the cell membrane
hinned and extensive intragranular matrix material appeared to
e released to the pericellular space with empty cavities in the
ytoplasm.

ISCUSSION
his article presents results that suggest a role of mast cells from

he acupoints in the analgesic effects of acupuncture. The mea-
urements of the analgesia and the observations of mast cell
ensity and degranulation in tissue slices indicate a correlation

igure 7. Transmission electron microscopy photomicrographs of
eatured mast cells at zusanli (ST36) in control and acupuncture
roup. (A) Skin mast cell without acupuncture, rounded in shape with
complete intact cytomembrane densely packing the intragranules

arrow). (B) Skin mast cell after acupuncture, which has a thin and
roken cytomembrane, with signs of degranulation, granules outside
f the cell shape (arrowhead) and empty cavity in the cytoplasm
asterisk).
etween them.

175EXPLORE May/June 2008, Vol. 4, No. 3
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First, with the same stimulation intensity during acupuncture,
etter effects of analgesia were obtained by stimulation at acu-
oints than at the nearby sham points. In addition, the densities
f mast cells in acupoints in skin was 54.9% higher than in
earby points, and in muscle was 45.3% higher.
Second, along with the increase in PT caused by acupuncture,

facilitation in degranulation of the mast cells was observed in
he acupoints. After the inhibition of degranulation of mast cells
n acupoints by DSCG, this analgesia was significantly attenu-
ted. This suggests that mast cells from the acupoint area partic-
pate in the acupuncture effect, and degranulation of mast cells
s an important link in producing this effect.

Third, there was also an increase of PT in response to acupunc-
ure of nonacupoints, and the mast cells in nonacupoints also
egranulated, but the effects were significantly less pronounced.
e hypothesize that, although acupuncturing at nonacupoints,

he manipulation of lifting and thrusting, twisting and twirling
ill be partially transmitted to the neighboring acupoint. Nev-
rtheless, compared with ST36, the nearby sham point uni-
ormly displays weaker analgesia than the real point during the
ntire acupuncture procedure. Based on the observation that the
ensities of mast cells in acupoints are significantly higher than
n nonacupoints, the influence from degranulation in acupoints
an be expected to be stronger than from the degranulation in
he nonacupoints.

Our results confirm previous findings that the mast cell den-
ities are about 50% higher in acupoints than in nonacupoints;
his was shown previously for several other acupoints, including
anyinjiao (SP6), yanglingquan (GB34), hegu (LI4), quchi (LI11),
nd neiguan (PC6).13 In this study, we also demonstrate that the
henomenon of mast cell degranulation may be correlated with
he analgesic effect of acupuncture. The reason for greater anal-
esic effectiveness in acupoints compared with nonacupoints
ay be the result of the higher densities of mast cells in acu-

oints. As one of the resident cells in loose connective tissue of
he human body, mast cells are in contact with surrounding
lood vessels, nerves, and lymph channels, forming a complex
ystem of intercellular communications (Figure 8). This network
ay be one of the major physiologic mechanisms underlying

he effectiveness of the acupoints.
After activating the mast cells in the connective tissue, biolog-

cally active components are released in a complex cascade of
ntercellular signaling.15,24 Our experimental results show that
n acupoints, large quantities of these substances are released
fter the mast cells were mechanically stimulated (Figure 6C and
D). The released substances include many biologically active
ubstances, such as histamine, 5-HT, substance P, heparin, and
eukotriene C4.

14,15 These substances not only affect the excit-
bility of the nerve endings but also affect the functional condi-
ion of the blood vessels.30

In conclusion, these data suggest that mast cells participate in
he signaling pathway of acupuncture modulation (Figure 8).
cupuncture—the needle insertion into the acupoint, and the

otating and lifting and thrusting techniques—causes the wind-
ng of subcutaneous collagen fibers.8,9 At the same time, the
eedle movements may transfer the mechanical signal to the
ast cells via the collagen fibers. This triggers the immediate
egranulation of the local mast cells. Through the directional

76 EXPLORE May/June 2008, Vol. 4, No. 3
ow of the tissue fluid, the locally released mediators can pro-
ote the activation of mast cells along the meridians.31 Since

he histamine release in response to acupuncture is a positive
eedback process leading to further degranulation of mast cells, it
an change vascular permeability, resulting in the modulation of
ifferent systems, tissues, and organs of human body, causing
he occurrence of a series of systemic biological effects and po-
entially impacting function of the endocrine, immune, and
eurological systems. Further research is needed on the role of
cupuncture-induced mast cell degranulation on local and sys-
emic effects of acupuncture.
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