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r several years, a number of au
thors have attempted to scientifi

cally investigate the field of acupunc
ture, specifically the anatomic rele
vance ofacupuncture points and their
connections, known as â€œmeridians.â€•

It has long been known that skin
impedance varies significantly in areas
related to the classic acupuncture
points (1,2). Correlations have also
been made between the acupuncture
â€œmeridiansâ€•and subjective physical
sensations in areas of specific derma
tological lesions (3).

We have attempted since 1978 to
study the migration of radioactive
tracers injected at acupuncture points
using a scintillation camera coupled
to a computer system with image
analysis capability (4). Other authors
have also examined this subject and
obtained reproducible results, includ
ing Bagu (5) and Tiberu (6) in Ro
mania, Lafont and Munsch in France
and Jia-He Tian and Gu (7) in China.
Finally, Dr. S. Kovacs in Barcelona,
Spain has obtained similar results in
the dog using an identical protocol, as
described in this month's issue of the
Journal (8).

The most commonly used radioac
tive tracer for these studies has been
99mTc as sodium pertechnetate. The
injection at the acupuncture point,
localized with anatomical landmarks,
palpation and measurement of local
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impedance, is performed with hyper
dermic needles of5/lO mm, at a depth
of 3-5 mm, as determined by a spe
cific sensation felt by the subject. The
injected volume must be as small as
possible, approximately 0.05 ml with
an activity of 10â€”20MBq.

These efforts have led in two direc
tions: morphological and quantitative
dynamic studies. Our work has been
conducted in over 250 normal and
abnormal subjects. Each experimental
protocol has been carefully controlled.

Morphologically, most authors
have reported that in analytical stud
ies, a radiotracer injected at a control
point shows no preferential migration
after 5 mm, and only a very slight
centrifugal isotropic diffusion around
the injection point.

Conversely, when the injection is
performed at an acupuncture point, a
linear migration is seen from the site
of injection. For instance, when the
injection is performed at the â€œRenal
7â€•acupuncture point (located on the
internal side of the leg, above and
behind the medial malleolus), the mi
gration distance is 30 cm from the
injection point proximally. Such mi
grations, arising from various acu
puncture points located on both the
upper and lower limbs, have always
been found to follow identical path
ways in both control subjects and in
patients with various disease.

The pathways thus evidenced are
anatomically superimposable with
those described in traditional Chinese
medicine under the name of â€œmeridi
ans.â€•Twelve meridians are described

in traditional Chinese medicine in the
upper and lower limbs. Preferential
paths of radiotracer travel are found
along these pathways.

Quantitative analyses performed on
images and on blood sampled up to
60 mm after injection, in both normal
and abnormal subjects, show that less
than 5% ofradiotracer injected at the
acupuncture point migrates along the
preferential pathway. The remainder
of the tracer shows a slow isotropic
diffusion from the point of injection.
This diffused component of the in
jected tracer does not produce a suf
ficient signal to noise ratio to consti
tute an interpretable image ofany lin
ear definable structure such as a vein
or lymphatic vessel. However, 15â€”20
mm after injection, uptake appears in
organs for which the tracer has a high
affinity, such as the thyroid and sail
vary glands for technetium.

Due to the energy of the @mTc
gamma photons, it is difficult to vis
ualize the deeper pathway of the me
ridians in the upper body because of
extensive soft tissue attenuation.

Similar results have been obtained
using other radioactive tracers, such
as â€˜33Xe,2OVfland â€˜97Hg.In man, no
different molecular migratory behav
iors between neutral molecules, an
ions or cations have been shown.

We have tried to establish the
uniqueness of the observed pathways
and thus eliminate a vascular or lym
phatc explanation (9).

Experimental data suggest that
these pathways do not correspond
with vascular routes. The migration
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speed along the preferential pathways
is slow, approximately 3 to 5 cm/mm,
and incompatible with vascular trans
port. In addition, this migration speed
is identical whether a radioactive
tracer such as [@mTc]pertechnetate or
â€˜97Hg-bichlorureis used. Renal counts
show no significant differences in ap
pearance-time and radioactive con
centrations of the two radiotracers,
proof that the migration cannot be of
vascular origin.

If the tracer injection is performed
randomly, partially intravenously, the
observed pathway immediately fol
lows the venous route and disappears
in less than a minute, while the migra
tion seen along a meridian requires
several minutes and disappears slowly
over several dozen of minutes. The
hypothesis of rapid diffusion towards
the vascular bed has also been re
jected. The injection of [99mTc]per
technetate at the â€œLiver3â€•acupunc
ture point (next to the dorsal vein of
the foot) shows a slow axial pathway
of migration conforming to the de
scribed meridian, rather than a more
rapid and transversely oriented flow
as would be expected via the vascular
anatomy.

In orderto eliminate the hypothe@s
of a vascular migration, two radiotra
cers of different energies have been
utilized: @â€œTcand 201'fl Technetium
99m was injected at an acupuncture
point, 2oâ€•flin a vein next to the same
acupuncture point.

The images obtained revealed that
a meridian pathway is distinct from
the vascular pathway. One can see,.
here again, that the meridian pathway
is slow to appear and disappear,
whereas the vascular pathway images
are immediately constituted and very
rapidly fade. This experiment which
separates the meridians pathway from
the vascular route helps to demon
strate the specificity and uniqueness
of these pathways.

In addition, the injection of tracer
at point â€œGallbladder36â€•(located at
the mid-calf) frequently reveals migra
tion both retrograde and anterograde
on the meridian pathway, incompati
ble with the vascular migration hy

pothesis. This same bidirectional mi
gration is found when the injection is
performed at other acupuncture
points, for example â€œStomach41â€•at
the front of the ankle.
Finally,the injectionat point

â€œLargeBowel 18â€•(located next to the
sternocleido-mastoid muscle) on the
left, produces a tracer migration to
ward the upper lip, i.e., in the opposite
direction of the venous circulation.
This migration crosses the facial me
dian line to reach the region of points
â€œLargeBowel 19 and and 20â€•on the
right, located at the nasal base. We
have similarly shown that these path
ways do not correspond to lymphatic
routes.

In order to study the relationship of
these pathways to lymphatics, the
same dose (20 MBq) and volume
(0.05 ml) of [99mTc]pertechnetatewas
simultaneously injected at the acu
puncture point next to the first inter
digital space of the foot, an area for
the conduct ofisotopic lymphography
of the lower limb, the tracer being
then used under its colloidal form
(rhenium sulfur labeled with @mTc).

The â€œLiverMeridianâ€•is located at
this anatomical region, which starts
behind the ungueal external angle of
the big toe, runs along the external
border ofthis toe to the space between
the first and second metatarsal bone
on the dorsal side of the foot. This
pathway contains two principal acu
puncture points: the point â€œLiver1â€•,
located at the external border of the
big toe, next to the transverse depres
sion indicating thejunction ofthe nail
and its matrix; and the point â€œLiver
2â€•,located at the external border of
the big toe, in front of the metatarsal
phalangeal articulation at the base of
the first phalanx, thus at the level of
the first interdigital space.

Twenty megabecquerels of @mTc
were injected at acupuncture point
â€œLiver2â€•ofthe right foot, and simul
taneously, an identical dose was in
jected in the first interdigital space of
the left foot, at a similar depth (ap
proximately 3 mm), the needle being
slightly oriented outside and down, in

order to avoid as much as possible the
liver â€œmeridianâ€•.

This produced a clear pattern of
tracer migration in the right leg in
accordance with the â€œLivermerid
ian,â€•originating from the acupunc
ture point â€œLiver2â€•.

However, there is practically no de
fined migration in the left leg where
the injection was performed with the
isotopic lymphography technique
using a noncolloidal tracer. Con
versely, the colloidal tracer injection
at an acupuncture point does not pro
duce any migration along the merid
ian.

A quantitative study was conducted
after selecting two mirror regions of
identical shape and size on the leg
along the â€œLiverMeridianâ€•pathway,
and two similar â€œbackgroundnoiseâ€•
regions outside of the pathways. The
counts obtained on the background
areas are identical.

There was a great difference in
counts in the region of the â€œLiver
meridianâ€•depending on the point of
injection: â€œLiver2â€•or interdigital
space. The ratio, after normalization
and background subtraction is 7.5, in
favor of the injection side performed
at the acupuncture point.

Later images after one and two
hours did not reveal any uptake in the
lymphatic nodes ofthe leg and pelvis,
on the side where the injection was
performed at acupuncture point
â€œLiver2â€•, whereas the lymphatic
chain appeared on the left side where
the injection was performed according
to the classical isotopic lymphography
technique.

These results suggest that the me
ridian pathways do not coincide with
lymphatic routes, and in the example
above, the minimal activity seen in
the left leg interdigital space injection
(1 3.5% of right leg) realistically cor
responds to a fraction of tracer which
has diffused towards the â€œLiverMe
ridian.â€•

This morphological study allows us
to affirm, contrary to certain authors
(10), that the preferential pathways
evidenced by radioactive isotopes
have unique characteristics, are super
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imposable on the meridians described
in traditional Chinese medicine, and
are distinguishable from vascular and
lymphatic routes.

These pathways may run along the
limbs, with the neurovascular bun
dies. In this manner, according to
BjornNordenstrÃ¶mfrom the Karolin
ska Institute ofStockholm (11), some
interstitial spaces would constitute a
preferential ionic pathway, corre
sponding to the meridians known in
acupuncture. In addition to the mor
phological aspect, dynamic and quan
titative studies permit us to evaluate
migration speed along the pathways
(7).

In control subjects and in patients
presenting with unilateral renal pa
thology, two sodium pertechnetate in
jections of identical volumes and ac
tivities are simultaneously performed
at acupuncture points â€œKidney7â€•(at
the medial part of the lower leg right
and left). The acquisition, starting at
injection time, consisting of 128 se
quential images of 2, 4 or 8 sec con
stitutes a dynamic study of radiotracer
migration along with the meridian
and allows the generation ofcurves to
quantify the evolution of radioactivity
in regions of interest located on me
ridian pathways. For normal subjects,
on both sides, the median slopes of
the curves are ofthe same magnitude.
Conversely, for a subject presenting
with unilateral renal disease, the
slopes are very different (12).

It was of interest to us to evaluate
the effect ofneedle stimulation as acu
puncture points in the migration of
these tracers since such stimulation
accounts for the clinical practice of
acupuncture. Stimulations were per
formed at acupuncture points ana
tomically located proximal or tibial to
the radiotracer injection points. Such
stimulations were of several types in
cluding:

S Mechanical, using other acu

puncture needles;
â€¢Electrical, circulating a continu

ous or alternate electric current
between two acupuncture needles.

S Thermic, using a heating stimu

lation needle, and known in tra
ditional Chinese medicine as
â€œMoxibustionâ€•.

To avoid a subjectiveresponse from
the patient, in some trials we have
used a laser beam (produced by a he
lium-neon tube of 28 MW power) as
an agent of stimulation, because it
does not provoke any sensation, tac
tile or thermic. A series of laser stim
ulations was conducted on healthy
subjects.

Two injections of sodium pertech
netate (99mTc)of identical activity (20
MBq) and volume (0.05 ml) were si
multaneously performed at acupunc
ture points â€œKidney7â€•right and left
(located at the medial side of the leg,
above and behind the medial rnalleo
lus). The acquisition consisted of 128
sequential images of 8 sec each. In
areas of interest defined on the
preferential pathways, time-activity
curves were constructed.

Eight minutes after injection, a 2-
mm stimulation was performed uni
laterally at the point â€œKidney2â€•on
the left. This point is located on the
medial border ofthe foot, at the lower
internal extremity ofthe scaphoid and
first cuneiform articulation.

A marked variation of the tracer's
rate of migration was noted simulta
neously with stimulation, not only on
the stimulation side (left), but also
contralaterally (right).

It is known that the efficacy of (low
power laser beam) irradiation espe
cially in rheumatology, is best when
the beam cutting frequency is low,
around 20 Hz. We have found the
same applies to the efficacy of laser
stimulation of an acupuncture point.

After injection at points â€œKidney
7â€•(right and left), two 2-mm unilat
cmi stimulations were conducted, one
at the 5th minute at the point â€œKidney
2â€•left, and the other one at the 9th
minute at the point â€œKidney2â€•right.
The cutting frequencies were 48 and
24 Hz, respectively. The curves ob
mined revealed that the 48 Hz stimu
lation failed to produce a response,
whereas a lower cutting frequency (24

Hz) significantly modified the tracer's
rate, both uni- and contralaterally,
with synchronizedchange of relatively
similar amplitude. A low cutting fre
quency, around 20 Hz, therefore
seems to be optimal to provoke a re
sponse to stimulation.

Stimulation trials were conducted
after injection at two points of â€œLarge
Bowel 4â€•(right and left) located in the
anatomical snuffbox. At the 320th
second, an inflated armband was se
cured at the root of the right arm, at
a pressure at least 50% of the systolic
arterial blood pressure, and main
tamed until the 640th second.

During the setting of the armband,
a 2-mm needle stimulation was per
formed from the 400th and 520th sec
ond, at the point â€œLargeBowel 11â€•
(located between the injection point
and the armband, at the external side
of the elbow). The curves revealed a
right sided interruption ofthe tracer's
flow, coinciding with the constriction
due to the armband, and no response
to stimulation. On the left, contralat
emily without armband compression,
a positive response to stimulation as
evidenced by a modification of the
tracer's rate was observed.

Thus a constriction constitutes an
efficient obstacle to the rate of the
tracer in preferential pathways in con
nective tissues, but does not hinder
the contralateral, simultaneous trans
mission of information.

This contralateral response under
constriction is in accord with the clas
sical hypothesis of information trans
mission by a reflex nervous route,
with release ofneuromediators (13).

Subsequently, at the biological
level, laboratory experiments con
ducted in collaboration with Doctor
Nicolas from the Cytology Laboratory
of the Military Hospital of Percy in
Paris (14) showed modifications of
granulocyte membrane potentials
during stimulation of an acupuncture
point using either a needle or a laser
beam. The cell membrane potential
was measured with a fluorometric
method on blood sampled 1 mm after
the end of injections or stimulations,
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and compared with control blood
from the same subject.

The simple injection of a radioac
tive tracer at an acupuncture point
did not cause any change in the gran
ulocyte membrane potential, com
pared to control blood. On the other
hand, if the stimulation of an acu
puncture point did not incur any
modifications in the erythrocyte
membrane potential, it did cause a
statistically significant change in this
potential in granulocytes. Finally, no
modification of erythrocytes or gran
ulocytes membrane potential was
noted when stimulating a placebo
point. There findings suggest the abil
ity of acupuncture point stimulation
to provoke constant and reproducible
changes in cellular physiology.

In conclusion, the migration of a
radioactive tracer from one acupunc
ture point to another, along pathways
superimposable with the meridians
described by traditional Chinese mcd
icine, taking into account the migra
tion speed and few patterns, does not
indicate a intravascular lymphatic or
igin. These pathways are likely related
to connective tissue diffusion follow
ing the vascular nervous packs along
the limbs (11).

During the stimulation of acupunc
ture points, a rapid and simultaneous
response is noted in contralateral me
ridian. As well as on the stimulated
side, these responses are identical both
in time and in amplitude and dura
tion. This simultaneous contralateral
response suggests a neuro-chemical
mechanism in information transmis
sion.

Pierre de Vernejoul

Pierre AlbarÃ©de
Jean-Claude Darras

C.H. U. Neckerâ€”EnfantsMalades
Paris, France
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