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Eloszo

A természetgyogyaszat (TGY), a hagyoményos keleti/kinai orvoslas (HKO), a komplementer
vagy alternativ medicina (KAM) kutatdsinak és fejlesztésének pénziigyi tdmogatésa
vilagszerte alulmarad a hatéanyag kozpontii biomedicindlis kutatdsok tamogatottsigéhoz
képest. Ennek ellenére, aranyait tekintve, az elmult tiz évben novekedés tapasztalhaté a
TGY/HKO rendszerek kutatasi tAmogatasdban az Amerikai Egyesiilt Allamokban, Kinéaban,
Dél-Koredban és Oroszorszégban egyarant.

Mind a nyugati, mind a keleti tdrsadalmakban a komplementer medicina médszerei
elismertek, azonban terminolégidja, gondolatrendszere latszélag alapjaiban eltér a modern
biomedicinélis értelmezéstdl. Ez a tény pedig neheziti elismertetését, oktatasat. Ma mér Kinan
beliil is uitkdzSpontot jelent a betegellatisban és kutatasban, neheziti a modern ,,nyugati” és a
hagyomanyos ,.keleti” egyetemi képzést kapott szakemberek kommunik4ciéjat.

Ezért az elmult években egyre er6sodik az ugynevezett integrativ biomedicinalis szemlélet,

mely alapot teremt arra, hogy akdr kongresszusokon, akir szakfoly6iratokban
kommunikaljanak az esetleg teljesen mas hatterd, de gyakran hasonlé médszereket alkalmazd,
kutaté szakemberek. Ennek alapfeltétele az lenne, hogy legyenek olyan fiziolégiai,
sejtbioldgiai szintl eredmények, melyek a TGY/HKO/KAM alapmechanizmusait kutatva, de

integrativ szemléletbdl sziilettek és megalljak a helyiiket 2 modern tudomanyos tirsadalom

publikacios, elbiralasi rendszerén beliil is.



Bevezetés

A természetes gyogymodok kiilonbozd eredetre, valamint eltéré jogi szabalyzasra utald
elnevezéseinek sokfélesége is valdszinisiti, hogy a nyugati orvoslasban is elfogadott, modern,
k6z0s biomedicinalis megkdzelités nehézségekbe titkdzik.

A természetgyogyaszat (TGY), a hagyoményos keleti/kinai orvoslds (HKO), a komplementer
vagy alternativ medicina (KAM) olyan gy6gymodok, kezelési eljarasok dsszessége, melyek
eredete részben fliggetleniil fellelhetd tobb nép gydgyaszati kulturdjaban, ugyanakkor
rendszert formdlva az 4zsiai, azon belil is a kinai torténelmi-irodalmi hattéranyagban
maradtak fent a legrégebbi forrasok.

A fenti gyogymoédokban koz0s elem az ingerpontokra és a  csatorndkra
(akupunktiras/akupresszirds pontok és merididnok) alapozott diagnézis és kezelési terv.
Mivel ezek a pontok és csatorndk a legtobb esetben szinte semmilyen elfogadott anatémiai
struktirédhoz nem vagy csak kevés tudomanyos igényességgel kothetk, és szerepiik
legkiemelkedd a HKO/TGY/KAM rendszerek gyakorldsiban és oktatdsdban, ezért

tudomdnyos vizsgilatuk az egyik els6 lépcs6é a hagyoményos keleti és a modern nyugati

rrrr

Célkitizés

Kutatdsaim kezdeti célja az volt, hogy irodalmi forrdselemzésen keresztiil mutassam be, hogy
vannak eredmények a keleti és a nyugati orvoslds integracidjéban, és ezek az alapkutatds
vilagaban is kezdenek Osszedllni egy lassan atfogéva alakuld, a TGY/HKO tudoményos
szinvonali integrativ oktatdsat tdmogatd rendszerszemléletté. Ez a kezdeti cél késébb

személyes szakmai kapcsolatokkal boviilt, mind a gyogyaszati, mind a kutatéi oldalon.



Mint neurobioldgidban jartas kutaté azt érzékeltem, hogy ,,vakon”, a terdpids ismeretek
sikerességébdl adddé magabiztossidgot és felbuzdulast félretéve, a biologiai alapoktol
kiindulva kell megfogalmazni a kérdéseket és értékelni a kisérleteket. Az elmult 60 évben
tobb latszolagos integraciot serkentd eredmény sziiletett, de az alapkutatasi kérdésfeltevések
preciz kidolgozasanak hidnya sok esetben vakvaganyokra illetve természettudomanyos
igényességgel nem vallalhaté modellekhez vezetett.

Az elmult években végzett kutatdsaim eredményeként az ingerterapia és az akupunktira
biomedicinalis megkozelitésében olyan Uj eredményeink sziilettek, melyek tovébbi hidat

képezhetnek a keleti és a nyugati orvoslas kozott.

Kérdésfelvetés

1. Van-e tendencia az integracidra a stimulativ terapidk, illetve a hagyomanyos keleti
orvoslasi modszerek alapmechanizmus kutatasdban?

2. A kotbészovetes matrix rendelkezik-e olyan tulajdonsagokkal, melyek anatomiai és élettani
alapjat képezhetik szervezet szintli kommunikacios, stabilizacids egységnek? Rendelkezik-e
ez a kotdszovetes rendszer a fenti kérdéshez sziikséges elektrofiziologiai és sejtélettani
reaktivitasi zonakkal, inhomogenitasokkal, illetve kontinuitast teremtd szdvettani képletekkel?
3. Tudjuk, hogy a subdermalis €s az intramusculdris kotdszdvet terdpids szempontbdl igen
sokféle, latszolag eltérd inger modalitésra képes hasonloan reagalni, azaz t6bbféle uton képes
kozvetiteni a terdpias ingereket. Ez esetben léteznie kell olyan sejtélettani molekularis
kapocsnak, mely képes ezeket a kiilonboz6 ingereket integrdlni. Ilyen lehet az
extracellularisan regulalt kindz (ERK) rendszer? Képes-e reagalni a miofascidlis ERK

rendszer elektromos és mechanikus ingerlésre egyarant?



4. A statikus magneses tereket (SMF) gyakran hasznaljak évtizedek 6ta a stimulativ
regeneracids medicinaban és a HKO/TGY rendszerekben is, de ezek neuronélis vagy egyéb
sejteket érint6 kommunikacidt szabalyzo szerepét nem ismerjiik. Van-e elfogadhatd, celluléris
fiziologiai korilmények kozott kimutathaté hatdsa a SMF-nek a  sejthalézati
kommunikaciéra? Ennek vizsgélatara, egy nagy elemszamban, kis kdltségvetéssel és gyorsan
reprodukalhat6 idegsejtmodellt vélasztottunk (drosophila interneuronok) és olyan statikus
magneses teér impulzust, mely a diagnosztikdban és a terdpidban is elfogadottan hasznalt

évtizedek ota.

Moédszerek

1.Kettds-rendszer (two-system therory) munka hipotézis bemutatésa.

2. Virtuélis test meridianok (virtual human bodies ,VCH) harom dimenziés digitalis elemzése.
3. Az emberi test kot6szoveteinek elemzése computer tomographias (CT) és magneses
rezonancias (MRI) modszerekkel.

4. A szdveti elektromos vezetdképesség mérése ,.konduktancia valasz” mérési modszerével.

5. In vitro elektrofizioldgiai vizsgélatok (HEKA Elektronik, Lambrecht/Pfalz, Germany)

6. Immunszerologiai vizsgélatok, radioimmun modszerrel.

7. A kotészdvet és az izomszovet immunhisztologiai és elektronmikroszképos vizsgélatai.

(A moédszerek részletes ismertetése a kozelményekben talalhato.)

Eredmények és megbeszélés

A fascia halézatrdl feltételezik, hogy az egy informdacid-atvivé rendszer mely sejtek, rostok
és extracellularis métrix elemek valtozataibdl tevidik Gssze és amely rendszer felelés a test

-----

differencialt funkciondlis sejtjeinek tdémogatdsaért és regenerdciojaért, a belsd kornyezet



szabalyozasdért. A ,fasciologia” elmélet vilagit r4 az olyan stimulativ terapidknak
mechanizmusaira, mint az akupunktira és a kinai masszazs. Ezek mechanikus stimula-

ciot fejtenek ki a szubkutan fasciakra és kotdszdvetre, hogy azok vélaszt véltsanak ki a
funkcionalis sejtekben és ezaltal okozzanak érzékelhetd terapias hatasokat.

A jelen munkéban bemutatott modell, mint kotészovetes matrix modell, igen igéretes
integrativ teriilet a keleti és nyugati tipust stimulativ terdpidk alapmechanizmus kutatiséban.
Feltétlen eldnye a korabbi modellekkel szemben €s azokat természetesen kiegészitve, hogy a
HKO/TGY rendszerek oktathatdosdgat mar jelenleg is, tébb orszagban konnyiti a
fels6oktatdsban és tanfolyami képzésekben egyarant, ezen tilmenden tovabbi olyan bioldgiai
jelenségekre hivja fel a figyelmet, melyet sem a keleti, sem a nyugati medicina nem ismer
még eléggé, pedig Ugy tlinik, ezek a szdveti regeneracios jelenségek képezhetik a modern

regeneracios gyogyaszat alapjait a jovoben.

Vilaszok a feltett kérdésekre

1. A Kkettés-rendszer hipotézis magyardzattal szolgdlhat a HKO ¢és TGY klinikai
eredményességének magyarazatara, mely rendszerek anatomiai és funkcionalis létezését
szamos biologiai kutatasi eredmény tamogatja. Ez a keleti orvoslas és a modern nyugati
2. A virtudlis meridianok digitalis elemzése, és ezek Osszevetése a test kotOszOvetes
rendszerének CT, MRI elemzésével, valamint elektrofiziologiai vizsgalatokkal, egyértelmiien
tamogatja egy anatomiailag és funkciondlisan is létezd kotOszovetes matrix létezését (4.

kézelmény).



3. Az extracellularisan regulalt kindz (ERK 1/2), valamint a mitogén-aktivalt protein kin4z
(p38) egyértelmiien aktivalhatok voltak akupunktiras manupiléciokkal, mely bizonyitja, hogy
az akpunktura hatdssal van neurohormonalis rendszerekre (5. kézelmény).

4. A statikus magneses tér (SMF) megvaltoztatta a drosophila sejttenyészet lokalis nagy
interneuron haélézatdnak ritmikus, spontdn aktivitisat, és a szoveti natrium és kalium
koncentraciot. Ezen vizsgalatok az egyik elsd, tudoményos igény( in vitro vizsgalatoknak
tekinthet6k, melyek igazoljdk a mégneses tér idegi mikodésekre gyakorolt hatasat (6.

kozlemény).

Ismertek idegrendszeri kérképek, melyekben a harantcsikolt izom fokozott aktivitasat
eszleljik, a kdlium membran transzport zavara igazolhatd, ugyanakkor mégsem talalunk
kielégité neurofizioldgiai magyardzatot az izom hyperaktivitisara. Ezen esetekben joggal
gondolhatunk a myofascialis rendszer szerepére, és megfontolandé az alternativ gyégyitasi

mddszerek kezelésbe t6rténd bevonasa (7. kdzlemény).

A bevezetdben feltett kérdésekre, a tételes valaszok mellett dsszegzésként elmondhaté, hogy a
fasciologia vagy kotészovetes métrix modell képes lehet egyesiteni magaban a keleti
meridianolégia €s a nyugati tipusi stimulécios ingerterapidk alapkutatdsi médszereit, igy
eldmozditva egy kozds terminolégia kialakuldsét, tehat az alapkutatasi szintb8l taplalkozo

integraciot.



A hagyomanvos kinai és a modern nyugati orvoslas kézotti terminoldgiai intepraciot nehezitd

tényezok:

1.Tudoményos-kulturalis kiilonbségek, melyek jelentésen nehezitik a valddi integraciot:
létezik egy Oridsi és értékes tudasanyag a TGY/HKO biomechanikai és bio-elektromagneses
alapmechanizmusait és klinikai alkalmazasait tekintve, mely orosz és kinai nyelven
hozzaférhetd csak. Az orosz és kinai kutatok és klinikusok nagy része csak sajat nyelven
publikdl €s nem érdekeltek a Medline jegyzett, angol nyelvii publikacids kutatdi
tarsadalomban részt venni. Itt még ma is az egyetlen jarhatdo Gt a személyes szakmai
kapcsolatokon keresztiil nyilik meg és rengeteg kozos forditasi és értelmezési munkadrat
igényel a gyakori nevezéktani eltérések miatt.

2. Sok az esettanulméany, kevés az alapkutatés.

3. Alapkutatasban is kevés az integrativ kérdésfeltevés, ezért az eredmények esetenként még
nagyobb szakadékot képeznek, mert nem konnyitik a keleti orvoslés terminologiajan alapuld
HKO és TGY oktatast, mivel a nem integrativ kérdésfeltevésekbdl szarmazo6 eredmények nem
képeznek terminoldgiai hidat.

4. Nagyon kevés az egészséges human alanyon végzett meridianoldgiai kutatds. A
meridianoldgiai kutatdsok nagy része mind keleten, mind nyugaton még mindig tiinet, illetve
betegség kdzpontl, nem fékuszélnak az alapmechanizmusokra vonatkozé kérdésfelvetésekre
5. Az elektroakupunktirabdl és a magnetoterapias eljarasokbodl kifejlodott elektromagneses
stimulacids terapidk jelentds térhoditda ellenére, a mai napig nagyon kevés az olyan
alapkutatdsi kozlemény, mely a nyugati tudomanyos vilag impakt faktoros publikdcios
rendszerében nyugati tudomanyos modszerek bevondsaval targyalja az elektromégneses
stimulacidk sejtbiologiai alapjait. Ezért annak ellenére, hogy ezek a modszerek az orvoslisban

keleten és nyugaton is egyre nagyobb teret hoditanak, a természet tudoményos kutatéi



tarsadalom felé tovabbra is megvan a szakadék, az egyre névekvd szdmi esettanulmény
ellenére

6. Az elektrofiziologiai szemléletli meridianologiai munkdk nagy részben klinikai
szemléletliek, abbdl a prekoncepciobol indulnak ki, hogy a kétészdvetes rendszerben léteznek
elektrofiziologia inhomogenitdsok, melyek Aatfednek az akupunktirdss merididnok
rendszerével, ezért nem végeznek megfelel6 és elegendé kontrollpont mérést a vélhetéen nem
akupunkturas pontokon

7. A neuronhaldzati és neuroanatoémiai modellek részlegesen magyarazzak a szegmentalisan,
dermatémak ¢és miotéomak mentén miiksdd fajdalomesillapité hatdsokat. A gerincveld
substantia gelatinosa 4llomanyaban elhelyezkedd enkphalinerg interneuronokon keresztiil
megvaldsulé kollaterdlis gatlasi mechanizmus (kapukontroll modell) és a raphe magvak,
illetve a periaquaeduktalis kozépagyi sziirkeallomany leszallé szerotonerg, noradrenerg és
peptiderg palyai mint a periférias és kdzponti endogén fajdalomesillapitas rendszerei, sokszor
hasznalt modellek az ingerterapidk hatdsmechanizmusainak bemutatisdban. Szamos
hatranyuk mellett egyik elénytik, hogy a prefrontalis kérgi osszekottetéseket is targyaljak, igy
részben Utmutatéast ad a paciens belsé szandéka, motivacidja és a terapia sikeressége kozotti
Osszefliggés értelmezésére is. Ezek a modellek nem tudnak mit kezdeni a meridian

rendszerrel, mint a HKO hatterét adé funkcionalis egységgel.

A hagyomanyos kinai és a modern nyugati orvoslds kzotti terminoldgiai integraciot serkentd

alapkutatdsi folyamatok:

1. Az elmult években egyre nagyobb lett az igény a humén és emlds felnétt szervezet nem
csontveldi eredetli endogén szoveti Ossejt tartalékainak megismerésére, mobilizalhatésigara,

sejtregeneracioban betdltétt szerepének vizsgalatéra.



2. Az elektroakupunkturdsan serkentett exogén Ossejtek szovetspecifikus beépiilésének
vizsgéalata egy olyan integrativ teriilet, melyben a szoveti regenerdcids terapidk és az
akupunktiras modszerek kutatdsa kozos talalkozopontra ért. A kotészdvetes rendszer szerepe
felértékel6édott az endogén szovet specifikus Ossejteket vagy legaldbbis pluripotencia
faktorokat mutatd sejteket mobilizalni képes modszerek kutatasaban is. Tobb, egymdst6l
figgetlen kutatocsoport kezdi a kotdszdvetes rendszert mint funkcionalis és biomechanikai
egységet kezelni a kisérleti és terdpids kérdésfeltevések és tervek megalkotasaban is. Ez a
kutatési és terdpids szemlélet tilmutat a HKO/TGY rendszerek hatdsmechanizmus kutatdsén,
a szOveti regenerdcios folyamatok mechanikai ¢€s elektromagneses tton torténd

stimulalhatosaganak mélyebb megismeréséhez vezet.

A 2011-ben az Egészségakadémia folyoiratban megjelentetett kozleményiink zard abrajara
hivatkozva a kovetkez6 mondattal zdrnam a dolgozatom:
Meg kell érteniink a kiilonbséget a traumatikus sebgyogyulas és a gydgyitd mikrotrauma

kozott.

A tézis alapjdul szolgalo kozlemények
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2. Progress in fascial network research. Janos Palhalmi, Lin Yuan, Jozsef Bodis
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3. Possible applications for fascial anatomy and fasciaology in traditional Chinese medicine.
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Koszonetnyilvanitas

Koszonettel tartozom a PTE ETK Doktori Iskolanak, Prof. Dr. Boédis Jézsefnek, és
témavezetdmnek, Dr. Gati Istvdnnak, hogy lehetdséget teremtett egy ilyen nem-
konvencionalis téma bemutatdsira és hogy az eléadasaik alkalméval megmutattdk, hogy a
biomedicindlis szemléletet modern, integrativ moédon lehet képviselni az egészségtudomanyok
oldalardl. Ez azért kiilonosen fontos szamomra, mert megerdsitette bennem, hogy a
hagyomanyos gyogyészati rendszerekbdl ismert egészségkép-énkép kapcsolat preventiv
alkalmazéasanak a nyugati/modern tudomanyban is lehet relevanciaja.

K&szonettel tartozom Dr. Juhasz Gabornak és Dr. Abraham Istvannak akiktsl a szakdolgozati,
illetve neurobiolégiai PhD munkdm soran olyan gondolatrendszereket kaptam, melyeket
idétallosaguk miatt barmely mas tudoményteriileten is lehet kamatoztatni.

Szeretném megkdszonni Dr. Kiss-Szolingen Attilanak és Dr. Eéry Ajandoknak, hogy az
elmult 10 évben rendszeresen lehet6vé tették munkdm egyes allomdsainak bemutatasat
kiilénb6zé orvos-természetgyodgyasz kongresszusokon és egyetemi eléadasokon, ezzel érdemi

szakmai visszajelzéseket nyujtva.
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K6széndm Dr Kulcsar Gébornak, hogy egy 1j, de valdjdban a régi hagyoméanyokban
gytkerezé muszkulo-szkeletalis biomechanikai modellt ismertetett meg velem.

Koszonom Paul Volgyesinek, egyik akupunktira tandromnak, hogy egy jozan, tiszta
gondolati modellt és gyakorlati tudast kézvetitett felénk.

Koszondm Dr. Doc-Fai Wongnak, Kung Fu és Tai Chi tandromnak, akupunktiras
szakorvosnak, hogy olyan virtuéz aku-tii technikakat mutatott, melyeket méashol nem lattam
¢€s megerdsitette bennem, hogy a HKO és a mozgasmiivészet gybkerei kozdsek.

K&szondm Dr. Németh Jozsefnek, allatorvosnak, hogy ravilagitott, az ingerterapiak allatokon
is mikddnek rutinszeriien.

Koszondém Sass Istvan és Németh Istvan villamosmérnok kollégaknak -akik az orosz
bioelektromagneses kutatdsok felé iranyitottdk a figyelmemet- hogy rdmutattak arra, amit a
mai nyugati tudoményon felnétt ,,Medline tarsadalom” kezd felfedezni és miszaki fejlesztés
al4 vonni, az mar t6bb esetben, keleten évtizedek 6ta rutin hasznalatban van.

Ko&szonettel tartozom Prof. Dr. Yuan Linnek és Dr. Bai Yunak a Dél-Kinai Orvosi Egyetem
Fasciology kutatocsoprt vezetbinek, hogy a 2009-es Amsterdami Fascia Kongresszuson
bemutatott munkdm miatt meghivtak kutatocsoportjukba és lehetévé tették a kodzos
kérdésfelvetéseink akadémiai szintil kidolgozasanak elso legfontosabb Iépéseit.
Feleségemnek, Palhalminé Mez6 Annanak kilon készéném, hogy mint fordité és szervezd
szakember tamogatta az elmult évek munkdjat és szervesen részt vett a publikaciok végleges
forméjanak kialakitdséban.

Sziileimnek kiilén szeretném megkodszénni, hogy biztos hattértamogatasukkal kézvetleniil és
kozvetetten is segitették ennek a munkanak a 1étrejottét.

Végezetiil koszonettel tartozom az East-West Biomedicne Kft. tAmogat6i korének, hogy a

kutatdsok €s a szervezémunka pénziigyi oldalat megteremtették.
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The second Fascia Congress was an interdiscipli-
nary event, organized for promoting the connec-
tions between the societies of researchers and clini-
cians working in the field of alternative medicine
and traditional Oriental medicine., The organizers
and participants introduced several aspects of the
connective tissue matrix or so called fascial
network of the human and mammalian body related
to integrative biomedical sciences. During the five
days long schedule, high-quality presentations
from the cellular and molecular levels to the
clinical applications were performed to integrate
the views and models of modern and traditional
clinical and biomedical sciences, It was also a great
opportunity to study each others’ healing methods
at the workshops and to build up research collabo-
rations. The program took place in Amsterdam at
Vrije University, which has a main auditorium
capable of seating 900 people and at numerous
smaller rooms for concurrent sessions.

During the last decades, the important function
of the fascia has been neglected by anatomists and
surgeons. Their viewpoints on fascia were limited
by the traditional dissection process, in which
connective tissues are removed to display underly-
ing tissues. Connective tissues are usually named
based on the surrounding structures, suggesting
minor role for this tissue. From the structural
viewpoint, connective tissues have two distinct
functions: to separate or allow gliding, or to
connect and transfer forces.

The scope of definition and interest in fascia at this
time was extended to all fibrous connective tissues,
including aponeuroses, ligaments, tendons, retinacu-
lae, joint capsules, organ and vessel tunics, the
epineurium, the meninges, the periostea, and all
the endomysial and intermuscular fibers of the
myofasciae. This broad definition offers several

important advantages. Rather than drawing most
often arbitrary demarcation lines between joint
capsules and their intimately involved ligaments
and tendons (as well as interconnected aponeuro-
ses, retinacula, and intramuscular fasciae), fascial
tissue is seen as one interconnected tensional
network that adapts its fiber arrangement, length,
density and viscoelastic properties according to
local tensional demands. This terminology fits the
Latin root of the term “fascia” (bundle, bandage,
strap, unification and binding together) and is also
synonymous to the well known term: connective
tissue,

Fascia or connective tissue research has become a
hot point in the last ten years because of its role in
mediation of the effects of acupuncture and because
of its high content of multipotent, undifferentiated
cell types. The reactive properties of fascia during
acupuncture needling and other mechanical stimu-
lation methods were published and presented by
Helene M. Langevin during the congress. The
work of Professor Yuan Lin fundamentally inte-
grated the Western and Oriental approach in
meridianology research and put forward a new
research area, called fasciaology.

The detailed description and systematic research
of this body-wide network started in the last
10 years. Modern Western scientific results have
lead to the point which is also known from modern
traditional Chinese medicine (TCM) models that
fascial network has to be considered an intercon-
nected organ, since it has its own function and
regulatory processes.

Oral presentations covered the following topics:
histology, anatomy and biomechanics of fascia,
surgical considerations in plastic and musculoskele-
tal interventions, clinical applications and different
methods in alternative medicine and acupuncture.
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Poster presentations mostly introduced treat-
ment methods and several working hypotheses in
clinical and basic researches based on the intercon-
nected continuity of fascial network.

The most prominent impact of the congress is
having proved the role of fascial planes and net-
works in physiological and pathological biomecha-
nics. High-quality scientific and tutorial presenta-
tions provided evidence that fascia plays a funda-
mental role in the mediation of force transmission
between the muscle-tendon units. Authors presen-
ted several mathematical models and also clinical
and basic science studies concluding that the “mus-
culoskeletal system” name is a preconception in
itself. Movement and biomechanical disorders can
be basically understood only by integration of the
mechanical, biophysical and physiological proper-
ties of the fascial system. Promising new approa-
ches were presented to investigate the continuity of
fascial force transmission lines and the viscoelastic
properties of the connective tissue. On the basis of
these above mentioned models even the macrosco-
pic anatomical and physiological and some of the
clinical hypotheses can be reconsidered in terms of
fascial interplay in biomechanics.

Viscoelastic and proprioceptive properties of
fascia were also presented in system level biome-
chanical movement regulation processes, including
implications for different clinical treatment meth-
ods, like musculofascial and connective tissue
stimulation therapies.

Despite the fully detailed and high-quality
biomechanical studies, less was spoken about the
role of fascial continuity in the regulation of inter-
stitial fluid circulation and reactive or regenerative
ability of connective tissue cell types under alterna-
tive or traditional medical stimulation circum-
stances.

Unfortunately the electrophysiological properties
and the regenerative or remodeling potential of
connective tissue system were absolutely lacking
from the major congress topics, but were discussed
during poster sessions.

Connective tissue has an extremely strong regen-
erative and tissue remodeling potential. It is well
known not only from the principles of developmen-
tal biology and molecular histology but also from
the modern models of traditional Oriental medi-
cine. Fascial network is host for several multipo-
tent and undifferentiated cell types in the adult
mammalian organism. Acupuncture is the most
sophisticated and oldest method for stimulating the
connective tissue as an interconnected system, For
example, mesenchymal stem cells can be activated
by mechanical and electromagnetic stimulation too,
According to the modern functional biological mod-
els of TCM, the connective tissue matrix is storing
the regenerative potential of the whole body. This
regenerative or remodeling ability of fascia unfor-
tunately was not highlighted during the main frame

of the congress, but was referred to in poster and
parallel session presentations.

The approach of fasciaoclogy was introduced by
Professor Yuan Lin on the congress. According to
his viewpoint, the fascial network is the basis of
the TCM network of acupoints and meridians. The
histological structure where an acupuncture needle
acts upon is fascial connective tissues containing
nerve endings, capillary vessels, fibroblasts,
undifferentiated mesenchymal cells, lymphocytes,
ete. This connective tissue matrix can be consid-
ered as a supporting storing system containing sev-
eral types of multipotent cells, which play a funda-
mental role in tissue regeneration and remodeling
and can be the biological basis of growth control
system,

It is interesting to note that most of the Western
scientists and even clinicians do not pay precise
attention to every interconnected component of the
acupuncture channels, so called meridian system.
They apply the concept of the surface pathway of
the main channels, because the acupoints are loca-
ted there, but do not really deal with the following
phenomena; internal pathways of the main chan-
nels, the channel divergences, the connecting
(“luo”) channels, the sinews represented by
muscle-tendon units, the functional interconnec-
tion between acupuncture channels, and the over-
lapping between certain parts of channels.

These above mentioned systems almost fully
overlap with the system of fascial lines and inter-
connections and functionally explain even biome-
chanical aspects of the fascial network., For exam-
ple, force transmission line as a function is repre-
sented by the sinews (muscle-tendon meridians)
and myofascial techniques are part of Chinese mas-
sage and manual therapy.

It became obvious that in order to address a rele-
vant and conclusive question both in clinical and
basic research of TCM or integrative biomedicine,
it is essentially important to be fully aware of not
only the different aspects of the fascial network but
also the TCM meridianology and the meaning of its
terminology. And it is even better if someone is
able to successfully apply the system (for example
acupuncture, acupressure) in healing, or at least to
work in strong relation with successful people within
healthcare. In this way, it is easy to avoid building up
misleading experimental protocols for example in the
arca of placebo versus acupuncture research where
many scientists try to compare oversimplified treat-
ment protocols with sham treatments, In these
cases the oversimplification of real acupuncture
makes it useless in itself and obviously will gene-
rate similar result like sham treatment does.

Abstracts of the congress articles can be found on
the congress website (http://www. fasciacongress.
org/2009/abstracts, htm). The abstracts are divided
into different categories and within each category
into being oral or poster presentation.
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Progress in Fascial Network Research
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Summary

The fascia framework is supposed to be an information transmission channel and is composed of variety of
cells, fibres and extracellular matrix components. This system is responsible for the support and regeneration
of the functional, differentiated cells of the body and for regulating the internal environment. The theory of
fasciology sheds light on the mechanisms of the stimulative therapies, like acupuncture and Chinese massage,
which deliver mechanical stimulation of the subcutaneous fascia and connective tissues to cause responses of
specific functional cells and hence result in observable therapeutic effects. The newest findings based on the
molecular and electrophysiological reactivity of the connective tissue system will be discussed in the article.

Keywords: fascia, connective tissue, acupuncture, meridians, cell signalling.

Fejlédés a kotGszovetes Matrix kutatiasban

Osszefoglalds

A fascia hilézatr6l feltételezik, hogy az egy informacié-atvivs rendszer, mely sejtek, rostok és extracellularis
mitrix elemek viltozataibé] tevédik 6ssze és amely rendszer felel8s a test differencilt funkciondlis sejtjeinek

-----

stimulativ terapidknak mechanizmusaira, mint az akupunktiira és a kinai masszazs. Ezek mechanikus stimul4-
ci6t fejtenek ki a szubkutdn fascidkra és kotészovetre, hogy azok vélaszt valtsanak ki a funkcionalis sejtekben
és ezdltal okozzanak érzékelhet6 terapis hatdsokat.

A kozlemény a kotSszoveti rendszer molekuldris és elektrofiziol6giai reaktivitdsaval kapcsolatos legtjabb
kutatdsi eredményeken alapszik.

Introduction periostea, and all the endomysial and inter-

muscular fibres of the myofasciae. There is a

Fascia is the soft tissue component of the
connective tissue system that permeates the
human body forming a whole body continu-
ous three-dimensional matrix of structural
support. It interpenetrates and surrounds all
organs, muscles, bones and nerve fibres, cre-
ating a unique microenvironment for body
systems functioning (1, 2). Definition of fas-
cia extends to all fibrous connective tissues,
including aponeuroses, ligaments, tendons,
retinacula, joint capsules, organ and vessel
tunics, the epineurium, the meninges, the

substantial body of research on connective
tissue generally focused on specialized ge-
netic and molecular aspects of extracellular
matrix. However, the study of fascia and its
function as an organ of support has been
largely neglected and overlooked for several
decades. Since fascia serves both global, gen-
eralized functions and local, specialized func-
tions, it is a substrate that crosses several sci-
entific, medical, and therapeutic disciplines,
both in conventional and complementary /
alternative modalities (3).
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Hypotheses which accord myofascia a cen-
tral role in the mechanisms of therapies have
been advanced for some time in the fields of
acupuncture, massage, structural integra-
tion, chiropractic and osteopathy. Among
the different kinds of tissues that are involved
in musculoskeletal dynamics, fascia has re-
ceived comparatively little scientific atten-
tion. Fascia, or dense fibrous connective tis-
sue, nevertheless potentially plays a major
and still poorly understood role in joint sta-
bility, in general movement coordination, as
well as in back pain and many other
pathologies. One reason why fascia has not
received adequate scientific attention in the
past decades is that this tissue is so pervasive
and interconnected that it easily frustrates
the common ambition of researchers to di-
vide it into a discrete number of subunits
which can be classified and separately de-
scribed. In anatomic displays the fascia is
generally removed, so the viewer can see the
organ nerves and vessels but fails to appre-
ciate the fascia which connects, and sepa-
rates, these structures.

In particular there is increasing interest in
certain therapeutic communities in the role
that fascia plays in musculoskeletal strain
disorders such as low-back instability and
postural strain patterns of all types,
fibromyalgia, pelvic pain, and respiratory
dysfunction, chronic stress injuries, as well
as in wound healing, trauma recovery and
repair. Recent findings that advance knowl-
edge of biomechanical and adaptive proper-
ties of fascia may account for clinical obser-
vations in health and dysfunction.

Potential influence of fasciology on modern
medicine and TCM

Traditional Chinese Medicine (TCM), with
a history of thousands of years, has accu-
mulated a wealth of experience during the
struggle against diseases, and has made tre-
mendous contributions to the survival of the
Chinese nation. It formed a set of independ-

2. évfolyam 3. szam

ent theoretical system based on the under-
standing of diseases of that time. In the wake
of the research of life origin and biological
evolution in modern biology, this empirically
based theoretical system began to face chal-
lenges by the Western medicine. However,
even with the rapid development of the
modern medical science, quite a number of
diseases still remain clinically difficult with-
out effective treatments; indeed, the
pathogenesis of some diseases cannot find
sound explanations by modern biological
theories. Some of these diseases, interestingly,
can be treated with TCM therapy with an
unexpected effect. This is why TCM is so
popular and well recognized by patients
even nowadays. TCM seems to have gradu-
ally won worldwide acceptance, as more and
more national legislations of developed
countries have recognized the status of acu-
puncture in the health care system. But cur-
rently TCM is classified into Complemen-
tary and Alternative Medicine (CAM); in
other words, it is not the mainstream medi-
cine. Although modern biology research has
evolved into a molecular era, some of the
mysteries of the human body still wait to be
uncovered. For TCM, the integration of
modern biomedical science seems the only
option for its development in the context of
the prevailing influence of modern medical
science. For this purpose, a research platform
integrating both TCM and Western medi-
cine is essential, based on the theories ac-
cepted by each other.

At present, the worldwide study of TCM
theory focuses primarily on the meridians
in the hope of finding a breakthrough in the
identification of the material basis of the
TCM theory. Great efforts have been made
in such studies, and different hypotheses
have been put forward, but currently no
consensus has been reached over the physi-
cally tangible structures of the meridians and
acupoints (4-11). While using Virtual Hu-
man Technique to mark the areas rich in
connective tissue and construct a three-di-
mensional model of their distribution, a close
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association between the traditional descrip-
tions of the meridians and acupuncture
points and the distribution of the connec-
tive tissue in the reconstructed model can
be found. Such points were located mainly
in the area with rich connective tissues, such
as the muscular septum of the limbs, somatic
motor nerve endings, internal organs with
rich sensory nerve distribution, and the
septum of organs. By lowering the marking
threshold, more connective tissues were dis-
played and a complete framework distribut-
ing all over the body was presented. This
finding was verified in cadavers and found
that the connective tissue framework was
indeed associated with the meridians (7, 12).
After a comprehensive analysis of our find-
ing and the documented descriptions in the
literature concerning the meridians and
acupoints, their diversity and potential clini-
cal application, we propose the following
views on the meridians and acupoints in
TCM:

1. The basis of the meridian is the connec-
tive tissue network of the body. Manipu-
lation (as insertion and rotation) of the
connective tissue-rich area can generate
strong biological information, such as
sensory information, stretching and in-
jury stimuli of the local tissue. Acupoints
and non-points of the whole body can
generate different amount of biological
information, but all of a common quali-
tative nature. In other words, the
acupoints are actually located every-
where of the body.

2. There is an anatomical relevance between
the acupoints and disease sites at differ-
ent anatomical levels, such as the local
structures, spinal cord segments, nerve
pathways and central nerve distributions.

3. The mechanism of acupuncture involve
the generation of a biological effect in re-
sponse to the mechanical stimulation of
the connective tissue, which can regulate
the body functions (the activity of tissue
cells) and life activities (the repair and re-
generation of tissue cells).

Two-system theory

The connective tissue framework was derived
from the residual mesoderm mesenchyme
after its differentiation into multiple organs
and systems in earlier developmental stages.
The extracellular matrix of an organism with
asingle germ layer, the mesogloea of a diplob-
lastic organism, and the mesenchyme of a tri-
ploblastic organism, and the non-specific con-
nective tissue in human were all homologous
structures (11,13). Human non-specific con-
nective tissue framework provides a scaffold
for supporting the functional cells, and also
serves as an undifferentiated cell reservoir and
maintains the internal environment for the
repair and regeneration of the functional cells.
In the sense of the dynamic metabolic balance
of an organism, we propose a new anatomi-
cal approach that views the human body as
having two major systems, supporting-stor-
ing system and functional system which is the
essence of the two system theory. The sup-
porting-storing system consists of undiffer-
entiated non-specific connective tissues, and
the functional system is composed of various
differentiated functional cells. Based on this
theory, we further propose a new research
tield, fasciology, which studies the correla-
tions and interactions between the two sys-
tems (12).
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Fig. 1.
The two-system model of human structure.

From the perspective of fasciology, these fea-
tures of TCM and Western medicine can be
conveniently summarized: TCM emphasizes
on the supporting-storing system, while
Western medicine on the functional system.
(Fig. 1.) The study of fasciology not only
theoretically supports the biological research
of TCM, but also sheds light on a new ap-
proach to the research in modern biomedi-
cal sciences. By fasciology, the mechanisms
of various traditional therapies can be better
explained, and better insights can be ob-
tained into some difficult and complicated
diseases. Consequently, fasciology serves as
a bridge between TCM and Western medi-
cine by combining the wisdom of the ancient
Chinese and the achievements in modern sci-
ence, thus promoting the development of the
healthcare service (14-16).

Continuity and electrophysiology of the
Connective tissue matrix

An extensive, global physiological role for
connective tissue was suggested over 2000
years ago by the ancient traditional Chinese
medicine. Traditional acupuncture is based

on the phenomena that a network of merid-
ians exist within the “fat greasy membranes”
extending throughout the body and that this
network functionally connects all parts of
the body with one another. Recent evidences
suggest that a correspondence may exist be-
tween the traditional meridians and the
body-wide network of connective tissue
matrix (16).

Connective tissue may transmit electrical,
cellular, and tissue remodelling signals
throughout the body, each in response to
mechanical forces but on different time
scales. Many tissues, including collagen, dis-
play immediate local electrical gradients in
response to mechanical stress. Mechanical
contacts between fibroblast cells are actively
altered within minutes. Finally, tissue remod-
elling has been shown in tendons, ligaments
and joint capsules, and if this process is also
present in loose connective tissue it would
provide a body wide pattern to remodel con-
nective tissue based on movement and local
tissue stress. Interactions among these three
systems could provide both short term and
long term responses.
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Fig. 2.
Two views of the relationship between the cell and the surrounding extracellular matrix (ECM).
The traditional view is on the left, in which each element has its autonomy. On the right,
a more current view, in which the nuclear matrix, the cytoskeleton and the ECM
are all mechanically and functionally linked via the membrane integrated
and associated protein complexes (Ref. 17).
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Myofascial meridian, called superficial back line dissected intact from a cadaver.
The anatomical continuity between the different body regions is demonstrated.
Schematic drawings show the overlapping between the traditional (“bladder”)

and the myofascial meridian (Ref. 17).



The idea that electronic mobility and charge
transfer across biological polymeric mol-
ecules may be a fundamental mechanism in
living organisms was first proposed by Szent-
Gyorgyi in 1941 (18). During the next dec-
ades, some evidence was accumulated show-
ing that a number of proteins including col-
lagen can display semi conductive, piezoelec-
tric and photoconductive properties in vitro
(19). Whether these types of electronic phe-
nomena occur, and have biological signifi-
cance, in vivo, however, remains unknown.
One of the main obstacles to studying solid
state physical properties of proteins in tis-
sues 1s the necessity to test these properties
in a wet, ionically-filled environment. Ionic
charge separation occurring locally in re-
sponse to mechanical stresses (e.g. stretch,
compression) is well established in special-
ized connective tissues and can be measured
as stress-induced potentials (or “streaming
potentials™) (20, 21). Ionically derived
potentials are known to have important lo-
cal downstream effects on extracellular ma-
trix biosynthesis (22) but usually decay over
short distances. Electronic currents, on the
other hand, could potentially flow over
larger distances, but would require either a
gradient of one type of charge carrier (lead-
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ing to diffusion current) or a sustained po-
tential difference across some region (lead-
ing to drift current). If such electronic cur-
rents do occur within connective tissue, the
tissue's electrical conductance would be ex-
pected to be affected by various external in-
fluences (e.g. mechanical stress, illumination,
heating).

If such an electro conductive behaviour of
the connective tissue network exists, then
there have to be inhomogenities in biophysi-
cal parameters along the meridian line related
areas comparing to the surrounding regions.
To explore this phenomenon we put for-
ward a new approach for combining the
structural and functional (electrophysiologi-
cal) methods in the investigation of human
fascial network.

The Conductance Density Mapping
Method® was developed to carry out me-
ridian screening in healthy and in diseased
human subjects. The electrodynamic respon-
siveness of the sub dermal connective tissue
in the meridian line and in the non-merid-
ian line was analysed comparatively, namely,
the peak of electrical conductance and re-
sistance response and the dynamics of the
response attenuation (also known as the de-
cay time).

Region Peak Conductance Voll value Peak Resistance kQ Half Peak Decay Time (sec)
Meridian 378+11.7 255460 3.2+1.5
Non Meridian 19.8437 497 6£113.2 1.8+0.8

Table 1.
Electric conductance profile in the meridian and non-meridian regions recorded
from 7 healthy volunteers (Mean=SE)
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We demonstrated that the meridian- and
non-meridian-related subdermal connective
tissues had significantly different electro-
physiological properties. (Table 1.) Similar
results were documented in earlier reports
(23, 24) but comparative and clearly repro-
ducible results on the decay time property
of responses have not been reported. Analy-
sis of the decay or attenuation properties of

Meridian

1007 Conductance Response

[s2] [==]
g .8

Conductance Voll value
=
o
L

the connective tissue resistance responses re-
veals a fundamental difference in the tissue
electrodynamics between the fascial network
that builds up the acupuncture meridians and
the non-meridian areas. This aspect of fascial
physiology can be a new approach to
meridianology research and also to the re-
search of fascial responsiveness properties.
(Fig. 4.)
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Fig. 4.

Typical DC conductance response of Sanjiao meridian compared to the nearby non-meridian
connective tissue area. The peak of the conductance response is significantly higher at the
Sanjiao meridian compared to the non-meridian area. (Ref. 42)

tThe higher peak amplitudes and longer de-
cay time of meridian recordings suggest that
the functional responsiveness of sub dermal

connective tissue is more prominent in the
meridians than in the non-meridian regions.
(Fig. 5.)
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Fig. 5.

Typical DC resistance response and decay time characteristic of the Sanjiao meridian, compared
to the nearby non-meridian connective tissue area. The peak amplitude and the decay time are
significantly different between the Sanjiao meridian and the non-meridian area. (Ref. 42)
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Mechanical stress and fascial tonus
regulation

Mechanical stress is an important extracel-
lular stimulus to maintain the cells survival
and growth, and can regulate the cell me-
tabolism and gene expression profiles. Stud-
ies have shown that regular mechanical
stretch inhibits the expression of MyoD and
MNF in the myoblasts (25). Stretching
stimulation at a certain frequency could pro-
mote the proliferation of C2C12 type my-
oblast cells and these mechanical signals were
thought to generate alterations in some sig-
nalling molecules, such as FAK, Rac-1,
GTPase, and NF-?B (25-27). Fibroblasts are
the major cells responsible for damage re-
pair during wound healing, and they can
differentiate into myofibroblasts, quite simi-
lar to smooth muscle cells with also a con-
tractile function.

stressed

A

Myofibroblasts are connective tissue cells
which contain dense stress fibre bundles that
are mostly composed of alpha smooth mus-
cle actin. First discovered by Majno and
Gabbiani in the early 1970's, they have been
shown to play a major role in wound heal-
ing and to be also involved in many other
normal as well as pathological contractile tis-
sue processes. Most of these cells develop
out of normal fibroblasts stimulated by the
influence of mechanical tension as well as
specific cytokines. (Fig. 6.) Their smooth
muscle-like contractility enables these cells
to maintain a contractile force over long du-
ration times with little energetic costs. An in-
creased presence of myofibroblasts is a driv-
ing factor behind chronic fascial contrac-
tures, such as in plantar fibromatosis, in ex-
cessive scar formation or in frozen shoulder.
Recently, the presence of myofibroblasts (or
myofibroblast-like contractile cells) has also
been demonstrated for normal dense con-
nective tissues such as joint ligaments, me-
nisci, tendons, organ capsules and others.

relaxed

F-actin

Fig. 6.
Immunocytochemical staining of fibroblast stress fibres composed of smooth muscle actin,
after experimental mechanical stimulation (Ref. 28).
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The regulation of cell proliferation and gene
expression by mechanical tension may be an
important factor that affects the outcome of
myofibroblast, although the mechanism of
the mechanical signals and the information
transmission channels remain unknown
(&9

Myofibroblasts are proposed to be present
in normal fascia and increase their number
after mechanical stimulation. The contrac-
tive behaviour of musculoskeletal connective

PROTO-
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no siress fibers
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tissue plays a role in mediating the force
transmission between different body regions
and can be modified by different comple-
mentary and alternative medical modalities.
Force transmission lines, so called “myofascial
meridians” are regulated by the contractile
properties of myofibroblast. This mechanism
can be in the background of different
stimulative therapies like acupuncture, mas-
sage therapy, movement and mobilization
therapies.
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Fig. 7.
The feedback relations between matrix stiffness, adhesion,
maturation and myofibroboast differentiation.

In most normal tissues and on compliant culture substrates, fibroblasts exhibit only immature
if any cell-matrix contacts and do not develop stress fibres. However, these small complexes
are sufficiently strong to promote initial matrix remodelling and tension development.
Increasing matrix tension lead to the formation of the proto-myofibroblast, characterized
by mature adhesions and contractile stress fibres that are composed of cytoplasmic actins.
The contractile force exerted by stress fibres further augments tension in the matrix,
promoting gradual supermaturation of focal adhesion molecules. The concerted action
of tension, TGFB and fibronectin induces de novo expression of smooth muscle actin,
which organizes transitorily in the cytoplasm. (Ref. 41)

Molecular reactivity of the subcutaneous
fascia for mechanical and electrical
stimulation

Extracellularly regulated kinases (ERK) play
a major role in transferring both mechanical
and biophysical signals between the extra-
cellular matrix and the intracellular micro-

compartment (30). Electroacupuncture can
promote ERK signal transduction in rat sub-
cutaneous fascia, ERK1/2 and p38 mi-
togen-activated protein kinase (p38 MAPK)
are also activated in the fibroblasts during
collagen matrix contraction under isomet-
ric tension (30). Activation of ERK1/2 is in-
dispensable in cell proliferation and survival



(31-33). It has been reported that mechani-
cal stimulation results in the activation of
ERK 1/2 and p38 MAPK in various cells,
including osteoblasts (34-36). The members
of the MAPK family, including ERK1/2, N-
terminal Jun kinase (JNK1/2) and p38
MAPK, have been proposed as the funda-
mental signalling components linking extra-
cellular stimuli to intracellular responses.
ERK family proteins play a key role in trans-
forming the mechanical stretch signal to the
level of ligand-activated transcription factors
in osteocytes and osteoblasts (37, 38). As a
mechanical therapy, acupuncture produces
shear stress or mechanical stretch at the cel-
lular level in the fascia and muscle tissues,
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suggesting the possible roles of ERK1/2, p-
ERK1/2, p38 and p-p38 in the effect of acu-
puncture on the fascia and muscle. It has
been previously found that the activity of
ERK1/ 2, JNK and P38 MAPK increased
following low shear stress treatment; inhibi-
tion of ERK1/2, JNK1/2 and p38 MAPK
with PD98059, SP600125 and SB203580,
respectively, led to the suppression of the
shear stress-induced IL-8 gene expression
(39). It is interesting to notice that in our
experiments, directed ion movement evoked
by electric acupuncture caused more inten-
sive ERK signal elevation than simple me-
chanic acupuncture (40). (Fig. 8.)
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Fig. 8.

Immunohistochemical staining of ERK1/2 in the fascia in different groups (X400).
A: Control group; B: Manual acupuncture at ST36 group; C: Electro-acupuncture
at ST36 group; D: Manual acupuncture at non-acupoint. The number of positive
cells increased after acupuncture in B, C and D groups (arrowhead) (Ref. 40).
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Langevin and his colleagues suggested (7)
that fibroblasts of the connective tissue form
an extensive interconnected cellular net-
work, and communicate with each other
through close apposition. It is reasonable to
hypothesize that the effect of fascia on the
immunity, blood vessels and internal organs
is different from that of the nervous system.
Furthermore, MAPK cell signalling pathway
is present in almost all the eukaryotic cells,
and serves as the primal intercellular com-
munication pathway. We hypothesize that
acupuncture affects the cellular morphology
of the fascia connective tissue to cause al-
terations in the expressions of MAPKSs sig-
nal proteins such as ERK1/2 and P38, hence
affecting the biochemical profiles and finally
the functional status of the organism. We
found that acupuncture can promote the
expression of ERK1/2 and P38, which sug-
gests a new perspective in the understand-
ing how mechanical acupuncture signals in
the fascia are transferred. Understanding of
the regulatory role of fascia connective tis-
sue in the physiologic and pathologic states
of the body and the mechanism of signal
transduction of MAPK from a biological
viewpoint can be of vital importance. Ques-
tions, including how the changes of the sig-
nal proteins are conducted in the fascia con-
nective tissue, and whether this paracrine
communication within the fascia can spread,
remain to be answered.

Fibroblast secretes matrix metalloproteinases
and tissue specific matalloproteinase inhibi-
tors (MMP and TIMP), which play an im-
portant role in reconstruction and matrix
remodelling and basement membrane perme-
ability. TIMP is directly related to the malig-
nant cell phenotype, tumour cell metastasis
and collagen fibre content within the tissue,
and participates in the injury repair process.
The undifferentiated mesenchymal cells in
the connective cells possess the ability of
multipotent differentiation and transdiffer-
entiation. It is indicated that increased local
number of mesenchymal stem cells, or their
transdifferentiation, promotes tissue damage

repair. Studies using gene transfer technique
have shown the possibility of reversing the
fibroblasts to the original state of embryonic
stem cells which possesses multipotent dif-
ferentiation ability across all the three germ
layers (43-45).

Connective tissue specific transforming
growth factor (CTGF) plays an important
role in the various pathophysiological proc-
esses such as matrix formation and degra-
dation, organ fibrosis, tumorgenesis, and
distant metastasis of cancer cells (45). The
stimulation by tensile stress (twisting and
insertion of the needle) causes lowered ex-
pression of CTGF (46). The experimental
tensile stimulations are very similar to the
traditional Chinese acupuncture stimulation,
in which the needle inserted in the connec-
tive tissue interacts and tightly intertwines
with the collagen fibres by electrostatic force,
and twisting the needle causes increased fi-
bre tension, which is translated into intrac-
ellular signals to cause cytoskeletal remodel-
ling induced by activation of the Rho path-
way and alterations in the target gene tran-
scription (47-49). The effect of stretch
stimulation on CTGF expression shows a
correlation to the stimulation frequency,
amplitude and time, and this effect was also
affected by such cytokines as IL-6 and PG
(50). The CTGF mRNA encodes a distinct
mitogen with immunogenic and chemotac-
tic capacities, which can induce fibroblast
proliferation and secretion of extracellular
matrix to regulate cell proliferation, differ-
entiation, embryonic development and
wound healing — this might be the biologi-
cal significance of fascia. TGF is constituted
by two subunits, & and B. Three isoforms of
TGF have been identified in mammals,
namely TGF-p1, TGF-B2, and TGF-B3.
TGF plays important roles in the outcomes
of many diseases. It was reported that me-
chanical stress can also regulate its transcrip-
tion (51).

Tensile stimulation down-regulated the ex-
pression of TGF-B1, similar to the results of
other researches (52). Many types of cells



can synthesize TGE. Four groups of the main
downstream effectors of TGF have been
found, namely the cell cycle-related factors
(including cyclins, CDKs, and CDIs), tran-
scription factors (c-myc, RB, c-fos, c-jun,
myb, and E2F), apoptosis-related factors
(Bcl-2 and Bax), and mesenchymal elements.
The transcription level of TGF-B1 also plays
an important role in the modulation of the
immune function, cell growth and differen-
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tiation, extracellular matrix synthesis and
storage, embryonic development, and
wound healing (53). From another prospec-
tive, the alterations of TGF-p1 mRNA ex-
pression in the connective tissue in response
to mechanical stimulation demonstrate the
important biological functions of fascial tis-
sues that may related to tissue remodelling,
regeneration and self-renewal.

CTGF

TGF-p1

Fig. 9.
Loose connective tissue is involved in the response to tensile load, which causes changes
in the cell proliferation and CTGF and TGF-B1 gene transcription. CTGF, TGF-p and
GAPDH mRNA expression in different groups. From top to bottom: twisting group, insertion
group, and blank control group. The size of the PCR products of CTGF, TGF-p and GAPDH
are 499 bp, 329 bp, and 426 bp, respectively. (Ref. 52)

Summary

The above findings led many researchers to
the following facts, those generated a work-
ing hypotheses which we call microtrauma
model of the stimulative therapies.
Different modalities of stimulations used in
Chinese and oriental or natural medicine -
so called microtraumatic stimulation of the
subcutaneous connective tissue- evokes the
following local reactions:

— Local neuroimmunomodulatory reac-
tion: neuropeptiderg modulation of con-
nective tissue microenvironemnt via C-
fiber efferent activity is pivotal in the ini-
tiation of changes of the communication
between fibroblasts, T-helper cells,
macrophags, adipocytes and free nerve
endings

— tissue remodelling and proliferation of
multipotent connective tissue cells

— changes of electrophysiological,
biomechanical, molecular properties of
fascial meridians

— cell migration through the myofascial
meridians(?)

— epitehlial-mesenchimal transition initi-
ated by a substance P mediated mecha-
nism

— better connective tissue circulation and
activation of regenerative cell potential

— enhancement of collagen synthesis and
MMP (matrix metalloprotease) activation

— ERK activation and increase of local,
paracrine hormone synthesis (IGF-1,
IGF-2, TGFbetal, TNFalpha, TNF beta,
FGF-1, FGF-2).
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The investigation of the above micro tissue
remodelling process thought to be a key to
the understanding and integrating of the
natural stimulative therapies and some as-
pects of the oriental medical interventions.

Needle manipulation

Extracell, Matrix deformation

Fasciology is a new method for putting for-
ward the appropriate integrative research
questions and for integrating the education
of the traditional/natural oriental medicine
on the basis of modern biomedical aspects.
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Fig. 10.
Mechano- or electric stimulation evoked changes of the molecular microenvironment
spreads away from the locus by the contribution of extracellular matrix mediated
mechanotransduction. (Ref. 54)
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Abstract

Research using medical imaging instruments such as computed tomography and
magnetic resonance imaging has led to the proposal that the fascial network dis-
tributed over the human body is the anatomical basis for the acupoints and merid-
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KEY WORDS:
acupoints; ians of traditional Chinese medicine. Therefore, we put forward a new theory of
anatomy: anatomy called fascial anatomy. In fascial anatomy, a human body is divided into
fasciaolo, 2 two major systems. One is the supporting-storing system of unspecialized connec-
i g_V' tive tissues. The other is a functional system. An undifferentiated non-specific
m‘?n L . connective tissue network, with the participation of the nervous and the immune
p”"‘{°;vesse"_ systems, constitutes the supporting-storing system of the human body. The vari-
traditional Chinese ous differentiated functional cells in the body that are supported and surrounded
medicine by the supporting-storing system constitute the functional system. The discipline

that studies the supporting-storing system and the mutual relationship between
this system and the functional system in a living human body is called fasciaology.
The establishment of fascial anatomy and fasciaology opens a new research field in
anatomy; consequently, fasciaology will play a significant role in biological medi-
cine and traditional Chinese medical research, as well as future clinical practice.

the computer constructed areas rich in fascial con-
nective tissues were found to be very close to the
locations of meridians and collaterals [1-3]. Based
on the visible Chinese human digital datasets, vir-

1. Introduction

Meridian and collateral theory is the basis of tradi-
tional Chinese medicine (TCM). Much work has been

carried out to find the anatomical component of
meridians and collaterals; however, their existence
is still disputed [1]. In the visible Chinese human
project, a national basic research program of China,

tual three-dimensional (3-D) structures of the areas
rich in fascial connective tissues along meridians in
the body’s trunk and limbs were constructed [4].
They revealed a line-like structure similar to that
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of acupoints and meridians or collaterals [5]. Fur-
thermore, these fascial strings were also close to
virtual meridians in distance. More fascial connec-
tive tissue areas were constructed into 3-D struc-
tures, and more line-like structures were found.
After the 3-D structures of all fascial connective
tissues throughout the body had been constructed,
a body-shaped connective tissue network appeared.
Subsequently, based on computed tomography and
magnetic resonance images of living human bod-
ies, the 3-D structures of fascial connective tissue
were constructed [6]. Similarly, fascial connective
tissue also appeared in a line-like pattern and was
co-localized with traditional Chinese meridians.
Furthermore, using dynamic ultrasound, “Degi” (a
sore and numb feeling at acupoints) was found to
occur only when a needle penetrated or stimulated
the connective tissue of the fascia [7]. The histo-
logical composition of meridians has been regarded
as non-specific connective tissue, including loose
connective tissue and fat tissue [8-11]. The effec-
tive sites of acupuncture are therefore thought
to be fascial connective tissue, including, amongst
others, cells and tissues inside sites such as nerve
endings, capillaries, fibroblasts, undifferentiated
mesenchymal cells and lymphocytes.

The fascia of the human body is homologous
in structure to the extracellular matrix of a single
germ layer organism, the mesoglea of a diploblastic
organism, and the mesenchyme of a triploblastic
organism. Their common function is to sustain sta-
bility of the internal environment of an organism
[12]. During evolution, the constitutive elements of
organisms can be summarized into two types of sys-
tems (Figure 1), which are (1) the supporting and
storing system containing adipose and loose con-
nective tissues and (2) the functional systems com-
posed of specialized cells. In other words, the fascial
network, the mesenchyme, and the extracellular
fluid are homologous, and their common function is
to sustain stability of the internal environment of
an organism. The mesoderm further evolves into
organs and systems with specific functions, includ-
ing the locomotor, urinary, reproductive and circu-
latory systems [13]. Mesenchyme remnants then
differentiate into connective tissues that are dis-
tributed throughout the body. The network of fascial
connective tissues provides support for the func-
tional systems, which are composed of specialized
cell [14]. The functions of the connective tissues
play an important role in maintaining a longer life
span for the organism. Organisms whose fascia sys-
tems are not well evolved have shorter life spans;
conversely, those organisms with well evolved fas-
cia systems have longer life spans.

Consequently, two new terms have been defined.
First, fascial anatomy is a new anatomical theory
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Figure 1  Schematic diagram showing that the fascia
of the human body is homologous in structure to the
extracellular matrix of a single germ layer organism, the
mesoglea of a diploblastic organism, and the mesen-
chyme of a triploblastic organism. SS=supporting-storing
system; FS=functional system; CC=cerebral cortex;
CN=central nerve; EP=epidermis; Res=respiratory sys-
tem; DS=digestive system; ES=endocrine system; LS=loco-
motor system; US=urinary system; Rep=reproductive
system; CS=cardiovascular system; FCT=fascial connec-
tive tissue; ECF=extracellular fluid.

[4,6,8]. According to fascial anatomy, each living
arganism is composed of two major systems. One is
the supporting-staring system, which is composed
of a network of unspecialized connective tissues.
The other is the functional system, which contains
organs and tissues surrounded by the supporting-
storing system. Second, fasciaology is the research
field that studies the supporting-storing system and
the mutual relationships between the above two
major systems in a living organism. The theories of
fascial anatomy and fasciaology highlight the sig-
nificance of fascial research, which is important
not only in the field of TCM but also in other fields
of biomedical research and clinical therapy. TCM
theories may be scientifically interpreted through
the use of fasciaology.

2. Anatomy of Fascia
2.1. The origin of fascia

The fascia network is homologous with the extra-
cellular matrix of a single germ layer organism, the
middle lamella of a two germ layer organism, and
the mesenchyme of a three embryonic layer or-
ganism. When the structures are retrospectively
displayed and modeled, the components of an or-
ganism during each period can be summarized into
two major systems (Figure 1). Functional systems
are composed of cells with specific functions. They
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Figure 2 (A,B) Schematic diagram of a sea urchin
embryo, the ectoderm is its functional system, and the
blastocoel is its supporting-storing system (SS). (C,D)
Diagram of a jellyfish, the ectoderm and the endoderm
are its functional system while the mesoglea is its SS.

derive from twists and folds of the ectoderm and
the endoblast (Figure 2). In contrast, the network
fascia is composed of undifferentiated mesoderm
tissue. The major histological compositions of fas-
cia are loose connective tissue and adipose tissue.
These tissues provide a stable internal environment
for the cells of the functional system [15,16]. The
above theory is the basis of fascial anatomy.

2.2. Fascial anatomy

Fascial anatomy is a new perspective on anatomy.
It classifies body structures into the supporting-
storing system and the traditional functional sys-
tem. This perspective is also applicable to all living
organisms, from a primitive unicellular organism to
a higher mammal. It studies the morphological trans-
formation during organic evolution from simple to
complex. It also investigates how an organism main-
tains a longer life span through the evolution of the
supporting-storing system.

During evolution, the constitutive elements of
each organism can be divided into two major sys-
tems, the supporting-storing system composed of
undifferentiated cells from the network of unspe-
cialized connective tissues, including adipose tissue
and loose connective tissue, and the functional sys-
tems composed of specialized cells (Figure 3). The
boundary of the two major systems is the basement
membrane originating from the endoderm and ec-
toderm and the basement-like membrane origi-
nating from the mesoderm. Undifferentiated stem

Functional
| system

v
“44-4 -

Fascial connective tissue

Figure 3  Schematic diagram showing that the living
condition of an organism is like that of a lit candle. The
fascial system composed of the network of unspecialized
connective tissues is equivalent to the wax of the can-
dle, and the functional system is equivalent to the flame.
CC=cerebral cortex; CN=central nerve; EP=epidermis;
Res=respiratory system; DS=digestive system; ES=endo-
crine system; LS=locomotor system; US=urinary system;
Rep=reproductive system; CS=cardiovascular system,
FCT=fascial connective tissue; SS=supporting-storing
system.

cells in the supporting-storing system incessantly
migrate over the above membranes, differentiate
into committed-stem cells, and further differentiate
into functional cells. The structures and functions
of an organism are maintained by the incessant sup-
plementation and refreshment from the supporting-
storing system to the functional system. Meanwhile,
under the regulation of the nervous and immune
systems, the fascia network throughout the body
regulates the functional and living status of cells
and provides a stable environment for the survival
of functional cells [17,18].

The functional system does not refer to the tra-
ditional nine major systems in systemic anatomy,
which include the musculoskeletal, nervous, endo-
crine, cardiovascular, immune, respiratory, urinary,
digestive and reproductive systems; rather, it re-
fers to all the cells, tissues and organs that are
wrapped and segmented by the supporting-storing
system. The functional system is composed of vari-
ous committed stem cells and functional cells.
These cells differentiated from the mesoderm and
the folded endoderm and/or from ectodermal
cells [9]. Functional cells work together to fulfill
living activities.

Fascial anatomy studies the structure of an or-
ganism based on the two-system theory. Fascial
anatomy is different from traditional regional anat-
omy and systematic anatomy. Regional anatomy
usually only studies human structures according to
different regions of the body, whereas systematic
anatomy studies the human body according to both
the morphologies and functions of organs. Fascial
anatomy encloses a third parameter, time (Figure 4),
studying not only the structures and functions of
the body, but also the morphological transformation
during organic evolution and embryonic develop-
ment. It investigates how an organism, such as an
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Figure 4 The relationship between fascial anatomy,
systematic anatomy and regional anatomy.

advanced primate, can maintain a longer life span
through evolution of the supporting-storing system
from the mesoderm. Therefore, fascial anatomy
helps scientists better understand the biological
essence of an organism by reminding them to study
anatomy in a dynamic perspective, that is, all cells
and organs maintain their normal structures and
functions through the interaction between the
supporting-storing system and the functional system.
In other words, fascial anatomy switches anatomi-
cal study from the “dead” to the “living”. When the
supporting-storing system wears out, the body will
die. If the living condition of an organism is regarded
as a lit candle, then the fascial system, the network
of unspecialized connective tissues containing adi-
pocytes and stem cells, corresponds to the wax of
the candle, and the functional system corresponds
to the flame of the candle (Figure 3). The support-
ing-storing system provides energy and cell reserve
for the functional system, in the same way that the
wax of the candle provides fuel to the flame. When
the wax is depleted, the flame will extinguish, as
with the human body. When the supporting-storing
system wears out, the body will die.

3. Physiology of Fascia

Fasciaology studies the supporting-storing system,
looking, for example, at how this system influences
the functional system after medical treatments,
and how its mesenchymal stem cells differentiate
into functional cells and supplement the functional
system. Fasciaology also studies the role of the
supporting-storing system in the living human body
and the interactions between the two major sys-
tems involved in the mechanisms of acupuncture
and TCM, evolutionary biology, holistic therapies,
integrated medicine and complementary medicine.
The research methods of fasciaology include devel-
opmental biology analysis, non-specific connective
tissue function research, stem cell research, cyto-
biology, molecular biology, and TCM theory research.
Fasciaology also studies the curative property of

mesenchymal stem cells for certain diseases, such
as senile dementia, cancer, osteoporosis, degener-
ative disease, etc. Fasciaology helps us to study the
mechanism of some therapies, such as the acupunc-
ture, herbal medicine, holistic therapies, integrated
medicine and complementary medicine of TCM.
Therefore, fasciaology promotes the discovery of
new therapies.

Stem cells in the supporting-storing system are
undifferentiated cells. These cells have potential to
differentiate into committed stem cells. Committed
stem cells are the intermediate types of cells be-
tween stems cells and functional cells. They may
also have certain proliferating ability to increase
in number. Functional cells are those that possess
strong specialized physiological functions in the
human body. However, they have already lost prolif-
erating ability. All functional cells have a short life-
span because the maintenance of normal morphology
and physiological functions of an organism requires
an incessant renewal of functional cells. This cor-
rects the erroneous idea that the number of certain
functional cells is unchangeable in the human body.
For example, it had previously been thought that
the number of neurons in the central nervous system
could only decrease rather than increase after birth
and that myocardial cells could only increase in vol-
ume, but not in number. Fasciaology corrects these
mistakes and provides clear explanations [7].

Cells can migrate and differentiate over the germ
layers. According to traditional developmental bi-
ology, cells can only differentiate in their own blas-
toderm rather than migrating into another germ
layer. Recently, differentiation over blastoderms has
been found to occur in special conditions, for exam-
ple, during recovery from a trauma and the growth
of a carcinoma. The theory of fasciaology addresses
the above scientific question of cell differentiation.
In fasciaology, all cells originate from the stem cells
of the supporting-storing system. As previously men-
tioned, stem cells are undifferentiated cells from
the mesoderm. Undifferentiated stem cells differ-
entiate into various committed stem cells and fi-
nally into functional cells during migration over
basement and basement-like membranes [6].

4. Biomedical Significance of Fascial
Anatomy and Fasciaology

Fascial anatomy studies the morphological changes
from growing to aging and offers a new perspec-
tive on the study anatomy. Therefore, it is different
from both regional anatomy and systematic anat-
omy. In developmental biology, the mesoderm-
derived mesenchyme differentiates into multiple
organ systems during individual development, while
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the endoderm and ectoderm form a network of non-
specific fascial connective tissues. This network is
an independent system composed of stem cells and
constitutes the supporting-storing system regulated
by the nervous and the immune systems [19]. Stem
cells in non-specific connective tissue constantly
differentiate into committed stem cells and func-
tional cells. Therefore, human cells can be classi-
fied into three categories: stem cells, committed
stem cells and functional cells. To maintain a longer
biological life span and a stable interior environ-
ment in the body, body cells constantly renew
themselves. In fascial anatomy, human life involves
the continuous consumption of the supporting-
storing system.

Fasciaology is a combination of developmental
biology, embryology, cytobiology, anatomy, TCM,
and holistic therapies. With the theory of fasciaol-
ogy, scientists may perceive the human body in a
simpler, easier and more understandable way be-
cause the human body and all other organisms are
simplified into two major systems. In this way, we
can understand how important the supporting-
storing system is, and determine the key effect of
non-specific connective tissue upon the human body.
The mechanisms of some therapies can also be
easily understood in fasciaology and inscrutable TCM
therapies can be explained in a scientific way [8].

The simple generalization that each organism
is composed of two major systems may explain
the mechanism of TCM and may free TCM from
the shackles of its traditional theories and ancient
records, promoting the modernization of Chinese
medicine. The proposal of fasciaology also frees clas-
sical acupuncture therapy from the fetters of an-
cient meridian records by looking at the human body
from a new perspective. The simple theory explains
the mechanism of TCM and ushers it into a new
frontier of medical science. This theory will guide
people to find new and more effective treatments.

5. Possible Applications of Fasciaology
Research in TCM

The theory of fasciaology may scientifically ex-
plain the mechanism of TCM which is an empirical
subject. The foundation of TCM theories originates
from many subjective assumptions rather than scien-
tific experiments [20]. There may be some placebo
effects and other unknown mechanisms existing in
TCM therapy. Different ancient TCM books have
different records on TCM theories [21], creating the
impression that TCM is a pseudo-science. In fas-
ciaology, stimulated stem cells in the supporting-
storing system differentiate to functional cells in
the functional system, and therefore, provide a cell

supplement for this system. This may be one of the
mechanisms for TCM therapy. The result is a mobi-
lization of the body’s reserves of stem cells and a
regulation of the endocrine system. Electrolyte
balance and the water balance in the body can also
occur via this system allowing disease cure. Al-
though TCM treatment regimes differ from person
to person, a common principle and mechanism for
treatment has been addressed above [22,23].

In TCM, there are many kinds of physical treat-
ments, including acupuncture, Gua Sha, plum blos-
som needle, and so on. They all stimulate the fascia
network so as to regulate the metabolism and func-
tions of the functional cells [11,24]. The essence
of TCM meridians may be explained in the view of
fascial anatomy. The anatomical basis of meridians
is the fascia network throughout the body, and the
histological composition of meridians is non-specific
connective tissues, including loose connective tis-
sue and fat tissue. The histological structure where
an acupuncture needle produces an action is fascial
connective tissue containing nerve endings, capillary
vessels, fibroblasts, undifferentiated mesenchymal
cells, lymphocytes, etc. [25-27]. Acupoints are
those sites that produce strong biological reactions
when stimulated. Since fascial connective tissue is
distributed throughout body, acupoints may exist
in every part of the body [28-30]. The difference
between clinically so-called acupoints and non-
acupoints and between main acupoints and supple-
mentary acupoints is the intensity of the biological
reactions rather than the structural components.

Since non-specific connective tissue is the ana-
tomical basis of meridians and acupuncture and the
connective tissue network is distributed through-
out the body, the targets of acupuncture therapy
may exist all over the body [22,31,32]. Acupoints
in the human body are sites that can generate sig-
nificant response when stimulated. Non-meridian
extra acupoints are areas rich with fascial connec-
tive tissues, and they are located outside meridi-
ans. The locations and depths of these areas differ
among individuals, as do their sensitivity, causing
therapeutic effects to also differ [33-35]. The an-
cient records of meridians and acupoints, as well as
those of herbal medicine, have no scientific basis.
These books, therefore, can only serve as refer-
ences and should not be strictly followed as text-
books [11,23,24,36]. Fascial research may provide
evidence for the accuracy of acupoints.

6. Primo-vascular System in the Fascia
Several authors have suggested that an acupuncture

meridian corresponds to connective tissue, as his-
tological features can distinguish the acupuncture
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points from surrounding tissues [37,38]. Heine found
that acupuncture points perforated the dermal fas-
cia that separated subcutaneous tissue from muscle
tissue [39-41]. He demonstrated the lung meridian
as a fascia-myo-tendon chain [42,43], a finding
which has been supported by others [44-48]. Some
others consider acupuncture points as neurovascu-
lar bundles [49-51] or veins perforating the dermal
fascia [52]. Langevin observed that most acupoints
appeared to coincide with intermuscular or intra-
muscular connective tissue planes [11].

Although many investigators have observed a
close connection between acupuncture meridians
and fascia, separate anatomical structures corre-
sponding to acupuncture points or meridians that
are not known in Western biology or medicine have
also been suggested. Bong-Han Kim is unique in the
sense that he found a novel circulatory system that
formed a weblike network throughout an animal’s
body [53,54]. His claims, however, remained un-
confirmed by other groups, except for a Japanese
anatomist Fujiwara [55] who reproduced some parts
of Kim’s claims. Only recently has intensive rein-
vestigation revealed the primo-vessels (Bonghan
ducts) that correspond to the meridian-like struc-
tures in the animal body [56]. It turns out that
almost all the primo-vessels lie in the fascia. For
example, the primo-vessels on the surfaces of in-
ternal organs were sometimes attached to the peri-
toneal fascia surrounding abdominal organs or
abdominal walls. The primo-vessels were well vis-
ualized by using Trypan blue and were observed
to form a network in the omentum and the peri-
toneum, which are representative fascia [57]. A
surprising discovery was made by using this Trypan-
blue-staining method; that is, the primo-vascular
system existed on the fascia surrounding tumor tis-
sues [58], which, in turn, raised two possibilities.
One is control or treatment of a tumor by acupunc-
ture through the primo-vascular system. Another
is the metastasis of cancer through the primo-
vessels. These two opposing possibilities may offer
novel approaches to cancer biology and medicine.
Further observation of primo-vascular systems on
the arachnoid mater of the brain and perineurium
of nerves have been reported very recently [57].

The close relationship between the primo-vascular
system and the fascia is natural considering recent
developments in anatomical understanding and in
applications to manual and movement therapies,
including acupuncture, of the fascia system [59].
The significance of fascia anatomy as a supporting-
storing system is augmented by the presence of the
novel primo-vascular system in various fascia. It also
explains why acupuncture meridians (or the primo-
vessels) are difficult to identify by using ordinary
histological techniques involving hematoxylin and

easin. The primo-vessels are made of the same ma-
terial, collagen fibers, as the fascia, and their dis-
tinction requires specific techniques, which need
to be fully developed in the future,

7. Conclusions

The anatomical basis of acupoints and meridians is
the fascial network distributed throughout the body.
Meridians consist of non-specific connective tissues,
including loose connective tissue and fat tissue.
Acupoints are sites that produce strong biological
reactions when stimulated. The non-specific con-
nective tissue network has been proposed as the
supporting-storing system in the hypotheses of fas-
cial anatomy and fasciaology. Recent observation
of the primo-vascular system in various fascia sur-
rounding internal organs and tumor tissues allows
more detail and evidence for these hypotheses.
These hypotheses are being investigated through
research into the mechanism of acupuncture and
TCM, evolutionary biology, holistic therapies, inte-
grated medicine, and complementary medicine.
Research methods include developmental biology
analysis, aging mechanism research, non-specific
connective tissue function research, stem cell re-
search, cytobiology, molecular biology, and TCM
theory research.
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ABSTRACT

Objective The theory of meridians and collaterals is the basis of acupuncture in the traditional Chinese medicine;
however, their anatomical existence is still unknown. The aim of this study is to introduce new and combined
research approaches to the investigation of the anatomical basis and physiological properties of the fascial network
and the acupoints and meridians. Methods Based on the digital datasets of Virtual Chinese human (VCH) bodies,
3-dimensional (3-D) structures of the virtual meridians and fascia connective tissue-rich areas were constructed.
The shortest distances between the virtual acupoints and the constructed fascia connective tissues were measured.
The 3-D structures of the fascial connective tissue-rich areas were also constructed based on CT and MRI images of
living human subjects, and also compared with meridians. The electrophysiological properties of a sample
meridian were analyzed on the basis of Conductance Density Mapping© method to investigate the physiological
inhomogenities of the human connective tissue overlapping the above mentioned anatomical structures. Results
The 3-D structures of fascial connective tissue-rich areas in the VCH bodies showed a special beads-on-strings
pattern of distribution. The reconstructed fascial lines co-localized precisely with the traditional meridian lines.
The more fascial connective tissue areas were constructed, the more string-like structures were found. When the
3-D structures of all the fascial connective tissues throughout the body were constructed, a body-shaped
connective tissue network appeared. The 3-D structures of the fascial connective tissue-rich areas constructed from
both CT and MRI images also showed beads-on-string patterns, and co-localized with traditional Chinese
meridians. In physiological experiments, the Sanjiao (triple warmer) channel was the chosen sample meridian. The
peak amplitudes of conductance, resistance responses and decay time of the resistance response showed
statistically significant difference (P=0.00392, 0.00454, and 0.000377, respectively) between the subdermal
connective tissue overlapping the meridian and non-meridian areas. Conclusions The fascia network throughout
the body is the anatomical basis of acupoints and meridians in traditional Chinese medicine. The histological
composition of the meridian is the non-specific connective tissue (including loose connective tissue and fat tissue).
Connective tissue related to the meridian areas expresses intensified functional responsiveness compared to
non-meridian fascia lines. We put forward a new approach for combining the structural and functional
(electrophysiological) methods in the investigation of human fascial network. According to this view, the human
body consists of two major systems: one is the supporting and storing system and the other is the functional
system. The anatomical discipline based on this division method is named fascial anatomy. The discipline which
studies the supporting and storing system and the mutual relationship between this system and the functional
system is named fasciology.

Key words: fasciology; methodology; acupuncture; meridianology; virtual human technique

INTRODUCTION fundamental basis of acupuncture, moxibustion
and massage therapy in Traditional Chinese
The theory of meridian system is the  Medicine (TCM) " The meridian system is

composed of 12 principal meridians and 8 extra
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meridians. The principal meridian systems,
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including their deep and surface pathways and
also divergent and connecting channels, provide
the linking between different organs, and the
extra meridians communicate with the principal
meridians **’. This meridian map has been well
established by the ancient Chinese, and is still
the basis of the treatment methods like traditional
Chinese acupuncture, moxibustion and Chinese
massage therapy. Efficiency of these methods is
not questionable *, but the meridians are still
"invisible" to modern scientists.

Many efforts have been made to prove the
existence of acupoints and meridians, which
have been described as different substances, such
as neurovascular bundles, neuromuscular
attachments, sensory nerve endings, perivascular
space and perineurial vessels *'”, Recently, more
and more researchers have suggested that a
correspondence may exist between acupuncture
meridians and connective tissues ", However,
there is an argument about the types of
connective tissues. Omura et al " linked the
acupuncture points mainly to dense connective
tissue, while Langevin and Yandow ™ viewed
the meridians as the network formed by
interstitial connective tissue. These studies
examined only small parts of the human body
and only a few meridians.

Since the meridian concept is more
functional than structural, scientists have made a
huge effort to describe several electro-
physiological properties of acupoints and
meridians in relation to their surrounding areas. A
tremendous amount of studies proves the special
electrical features of acupoints and meridians, but
surprisingly only a few of them are able to meet
modern scientific criteria ™. Conductance
Density Mapping®©, developed by East-West
BioMedicine Ltd., is a systematic method to
explore the electrical properties of acupoints and
meridians based on the multidimensional
analysis of electric resistance parameters recorded
through the puncturing needles. In this way the
electric properties of connective tissue planes
related to meridian and non-meridian areas can

be compared very precisely, In this study, the
basis of the method is demonstrated on a sample
meridian part.

The virtual human technique is a new
methodology: visualization of 3-D human
renderings allows an accurate anatomical and
functional mapping and a quick analysis of
structure-to-function relationships "**". The data
of Virtual Chinese Human (VCH) bodies was
employed in this project. The first aim of this
study was to investigate the anatomical structures
of acupoints and meridians 3-dimensionally in
VCH bodies. The second aim of this study is to
demonstrate how the Conductance Density
Mapping® method can be combined with the
anatomical approaches to differentiate the
meridian-related connective tissue planes from
their surroundings on the basis of the functional
properties.

METHODS
Anatomical studies
VCH image datasets

Digital image datasets, including a set of
VCH Male 1 (VCH-M1) and a set VCH Female 1
(VCH-F1) were collected and prepared . A
176-cm-tall male cadaver and a 155-cm-tall
female cadaver were perfused with a red filling
material through the femoral artery before
freezing and embedding. The red filling material
was a mixture composed of gelatin, cinnabar
and starch. The whole cadavers were sectioned
by a JZ1500A vertical milling machine at intervals
of 0.2 mm. Images of all the sequential sections
were captured with a FujiFinePixS52Pro camera
and saved as Tagged Image File Format (TIFF).
The digitized VCH male and female image
datasets were established .

Construction of 3-D structures of connective tissue

From the image database of VCH-M1, 100
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images of the upper extremity and 100 images of
the lower extremity, all at 5 mm intervals, were
sequentially selected . Using 4 marker points
on the original images, image registration was
performed followed by confirmation with a
standard edge detection algorithm (Sobel).
During the localization, the parameters were
adjusted according to the actual images. After
removal of the backgrounds in the images, 3
groups of images were obtained (Fig.1). The
images were then compared with the standard
human body tomograms to identify the
connective tissues. Green circles were inscribed
in the center of thick connective tissue areas,

which were on the border of the subdermal and
intramuscular connective tissues and usually
showed triangular or polygonal shape (Fig.2A,
C). The diameter of a green circle was half of the
maximum diameter of the thick connective
tissue area (Fig.4A). The maximum diameter of
this thick connective tissue area is the vertical
distance between the intermuscular septum and
the subcutaneous thick connective tissue under
the dermis. Subsequent image segmentation and
diminution by bicubic interpolation resulted in 3
groups of images, each with a size of 810x 390
pixels. The images were converted into grey
color. Finally, a 3-D model was reconstructed.

Fig.1 Marking procedure. The areas rich in connective tissues in a VCH image are marked in A. The muscular
tissue is extracted B, and the connective tissue areas are auto-marked by the software C. D shows the marked VCH
image.
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Fig.2 3-D reconstruction. Circles are inscribed in the connective tissues in VCH (A) and CT (B) images. The 3-D
structures are then reconstructed (C and D).

Methodological approach

The distances between the ftraditional
(virtual) meridian lines and the fascial lines were
analyzed bidirectionally in the following two
ways: (1) 10 points were randomly selected on
each examined fascial line. The distances
between these points and the traditional
meridian lines were measured. (2) 10 acupoints
were randomly selected on each examined
traditional meridian. The distances between
these acupoints and the fascial lines (indicated
by areas containing rich connective tissue,
showing special "beeds on string" structure)
were measured.

These 2 datasets (derived from the distances,
measured by mm) were compared with the
results of the visual observers, who were experts
in anatomy and meridianology. Overlapping
(colocalization) between the traditional meridians

and fascial lines was accepted when the result of
visual observation was identical with the result
of the bidirectional procedure described above.

Comparison of 3-D connective tissue strings with
traditional meridians in VCH image datasets

The 3-D connective tissue structures were
rendered from the green circles inscribed in the
VCH images close to the anterior and posterior
midlines of the trunk, as well as close to the
medial and the lateral lines of the upper and
lower extremities. For this introductory
methodological study the courses of six major
constructed connective tissue strings were
compared with those of meridians in TCM,
including Ren and Du meridians in the trunk,
Large Intestine meridian of Hand-Yangming (LI)
and Triple-warmer meridian of Hand-shaoyang
in the upper limbs, as well as Kidney meridian
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of Foot-shaoyin (KI) and Galdbladder meridian
of Foot-shaoyang (GB) in the lower limbs. The
vertical distances were measured between the
traditional meridians and the reconstructed
fascial lines (the so-called connective tissue
strings) at 10 different, randomly selected points
on respective lines. Results are summarized in
Tab.1.

Study of CT images of living human bodies

The lower limbs of 12 volunteers were
scanned by GE Lightspeed 16 row spiral CT.
Circles were added into the connective tissue-
rich areas in the CT images in a fashion similar
to that in VCH images (Fig.2B, C). The 3-D
structures were then reconstructed through 3-D
volume rendering. The output data were
transformed from DICOM to JPEG format. The
correlation between the acupoints and fascia
converging areas was analyzed. We measured
the distance between the traditional meridians
and the reconstructed fascia converging lines.
First, 10 acupoints were selected along every 6
standard meridian lines, then the vertical
distance from the 10 acupoints was measured in
every traditional meridian to the reconstructed
fascia converging lines in the vicinity *'.

Study of MRI images of living human bodies

Magnetic resonance (MR) images of the
volunteers were randomly selected for 3-D
connective tissue reconstruction. The traditional
Chinese meridians and acupoints were marked
on one upper limb of the volunteers, and a
plastic tracer-filled tube was placed along the
marked meridians. GE 3.0 MRI was used to scan
the limbs. The fascia converging areas in the MRI
images were marked and their 3-D structures
were reconstructed using MIMICS11.02 software.
The distances between the tracer-filled traditional
(virtual) meridians and the fascial lines were
analyzed.

Physiological study

The measurement was carried out with a
tissue conductance recording electroacupuncture
device produced by Minel Ltd. During the
recording, a maximum of 10 pA direct current
was applied to test the conductance between the
electrode tips inserted into the acupoints. In Voll
scaling system, the conductance values are
expressed as a percentage of the maximal
conductance on a 1/x scale (zero resistance:
100% or 100 Voll value), and 50 Voll value
equals 100 kQ. When DC resistance recording
occurs, for the therapists, it is easier to use a
so-called Voll scale which is proportional to the
conductance and magnified to the specific range
of human tissues, so that the nonlinear nature (1/
x scale) of the recording method is not so
disturbing. For research purposes, it is important
to record both the Voll values and resistance in
kQ in parallel to render the results comparable
to earlier clinical observations for accurate
analysis.

With this measurement technique it is not
the sweet gland activity parameters of the
vegetative tone that are reflected, but those of
the deep tissue electrodynamics. Stainless steel
(0.3 mm diameter) acupuncture needles were
used for recording to generate comparable
results with ongoing clinical observations.

The Conductance Density Mapping Method®
was developed to carry out meridian screening
in healthy and in diseased human subjects. In
this study the most elemental part of the method
was applied, only in DC recording mode to look
for functional inhomogenities overlapping the
anatomical inhomogenities of connective tissue.

The negative electrode was connected to the
needle inserted to Sanjiao 6 acupoint and the
positive electrode was connected to the Sanjiao 9
acupoint and to the control measuring nonacupoint
(CMP) approximately 3 cm from Sanjiao 9. The
electrodynamic responsiveness of the subdermal
connective tissue in the meridian line (Sanjiao
6-9) and in the non-meridian line (Sanjiao
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6-CMP) was analyzed comparatively, namely,
the peak of electrical conductance and resistance
response and the dynamics of the response
attenuation (also known as the decay time). The
decay time was calculated at the half attenuation
point compared to the peak response.

The results from the 7 healthy volunteers
were analyzed by one-way ANOVA.

RESULTS
Anatomical study
Datasets of VCH bodies

A total of 9 232 and 8 556 TIFF images were
obtained from the male and female cadavers,
respectively. The database size was 161.56 GB
for VCH-M1 and 149.7 GB for VCH-F1.

3-D constructions of VCH connective tissues
The reconstructed fascia strings (green) overlapped

the traditional meridians (red) (Fig.3). The
reconstructed fascia strings showed beads-on-
string structures in certain parts of the limbs and
the body trunk. For instance, the reconstructed
connective tissue line in the back and in the
abdomen showed a beads-on-string pattern and
overlapped the traditional Du and Ren
meridians (Fig.3A). This is partly due to the
regional anatomical structure, the vertebral
column. The green connective tissue strings in
upper limbs were colocalized with the classical
Large Intestine meridian of Hand-yangming and
Triple Energizer meridian of Hand-shaoyang
that were indicated in red (Fig.8B). The
connective tissue strings in lower limbs were
also colocalized with the Kidney meridian of
Foot-shaoyin and Gallbladder meridian of
Foot-shaoyang (Fig.3C). The results showed a
strong consistency between the intermuscular
connective tissues and distributions of meridians.
Data are shown in Tab.1.

!
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Fig.3 Reconstructed fascial lines (green) and classical meridians (red) in the trunk (A), upper limbs (B) and lower limbs

A B
(C) in the VCH body.
The data show an exiremely strong

colocalization between traditional meridians and

fascial lines reconstructed from the connective
tissue converging areas. Even in the case of
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Tab.1 Vertical distances between cognominal meridians pairs at 10 randomly selected points (mm)

Meridians Distances between TCM meridians and fascial lines Meant5D
Large Intestine

A | -1. : -3. 1L 1.2 X . i 313,
Meridian (LT) 14.1 1.7 1.0 21 3.2 8 3.8 0.4 3.6 3.313.9
Sanjiao Meridian (S]) 0.1 02 0.2 0.8 29 8.1 95 02 06 30 2543.5
Kidney Meridian (KI) 18.8 10.2 7.9 -5.7 25 -6.7 6.5 -5.6 1.1 9.0 74+4.8
Gallbladder Meridian 100 415 96 45 14 41 05 25  -16 41 54455
(GB)
Ren Meridian (RN) 0 0 0 0 0 0 0 0 0 0 0
Du Meridian (DU) 0 0 0 0 0 0 0 0 0 0 0

Kidney meridian, the 7.4+4.8 mm difference is
within the error margin of the imaging and
marking procedure.

When more connective tissue 3-D structures
were reconstructed, more fascia strings, or
meridians, were found. When the fascia connective
tissues of the whole body were reconstructed
and their 3-D structure was rebuilt, the complete
fascia network was presented (Fig4). The
connective tissues were extensively distributed
over various parts of the human body and
formed a complete connective tissue framework.
All the human organs were coated with
connective tissues, which also extended into the
organs to form septa within the organs.

Study of CT images

The distribution of the rebuilt fascia
meridians overlapped with that of the
traditional ones. When the classical meridians
were compared with connective tissue string
reconstructed from the CT images, the
distribution of the reconstructed fascia meridians
overlapped with the traditional ones (Fig.5).

Study of MRI images

When the classical meridians were compared

with the reconstructed connective tissue string
from MRI images, the distribution of the
reconstructed fascia meridians colocalized with
that of the traditional ones. The results were
similar to those from VCH study (Fig.6).

Physiological study

All the 3 calculated parameters of DC
resistance  properties showed statistically
significant differences between the meridian and
non-meridian datasets. The conductance profile
expressed on Voll scale (Fig.7) was sharp and
quickly attenuated, while the resistance decay
profile (Fig.8) was more elongated as expected
on the basis of the literature. The higher peak
amplitudes and longer decay time of meridian
recordings  suggest that the functional
responsiveness of subdermal connective tissue is
more prominent in the meridians than in the
non-meridian regions (Tab.2).

DISCUSSION

Disputes still remain in the existence of the
anatomical basis of the meridians and collaterals
in TCM. In the Virtual Chinese Human (VCH)
project, the computer-constructed areas rich in
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D

Fig4 The connective tissues in VCH images are marked and their 3-D structures are rendered (A to C).
When fascia connective tissues of the whole body are marked and their 3-D structures are rebuilt, the

complete fascia network is generated (D).

fascial connective tissues were found to distribute
in a pattern very close to that of meridians and
collaterals. These areas containing rich fascial
connective tissues constitute a linear structure,
and colocalized with the meridians in TCM. On
the other hand, "Deqi" (a sore and numb feeling
at acupoints) was found, by means of dynamic
ultrasound, to occur only when a needle

penetrated or stimulated the connective tissue of
the fascia . Histologically, the meridians are
thought to be composed of non-specific connective
tissues, including loose connective tissues and
fat tissues * . Therefore we propose that the
effective sites of acupuncture should be the
fascial connective tissues, including the cells and
tissues inside these sites, such as the nerve
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Fig.5 Reconstruction of the 3-D structures of the areas containing rich connective tissues based on the CT

images of the lower limbs.

endings, capillaries, fibroblasts, undifferentiated
mesenchymal cells, lymphocytes, etc.

In this work we combined the anatomical
approach of fasciology with an electrophy-
siological method for mapping the connective
tissue areas related to the meridians. Conductance
Density Mapping© method can be conveniently
combined with the VCH research and also with
the CT- and MRI-based research methods for
investigating the physiological nature of
meridians and acupoints. We demonstrated that

the meridian- and non-meridian-related subdermal
connective tissues had significantly different
electrophysiological properties. Similar results
were documented in earlier reports ¥, but
comparative and clearly reproducible results on
the decay time property of responses have not
been reported. Analysis of the decay or
attenuation properties of the connective tissue
resistance rtesponses reveals a fundamental
difference in the tissue electrodynamics between
the fascial network that builds up the
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Fig.6 Based on MRI images of upper limbs, the constructed connective tissue strings (A1, B1) are compared with
blue Large Intestine meridian of Hand-yangming (A, A2) and Lung meridian of Hand-taiyin (B, B2). The
constructed connective tissue strings are rendered yellow and the traditional meridians are shown in blue.

Tab.2 Electric conductance profile in the meridian and non-meridian regions recorded from the 7 healthy

volunteers (MeantSE)
Region Peak Conductance Voll value Peak Resistance k2 Half Peak Decay Time (sec)
Meridian 37.8+11.7 255466 3.2+1.5
Non Meridian 19.843.7 497.64113.2 1.84+0.8
Meridian Non Meridian
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Fig.7 Typical DC conductance response of Sanjiao meridian
compared to the nearby non-meridian connective tissue area.
The peak of the conductance response is significantly higher at
the Sanjiao meridian compared to the non-meridian area.

Fig.8 Typical DC resistance response and decay time
characteristic of the Sanjiac meridian, compared to the nearby
non-meridian connective tissue area. The peak amplitude and
the decay time are significantly different between the Sanjiao
meridian and the non-meridian area.
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Electrophysiological properties of connective tissue
planes along and next to sanjiao meridian
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middle lamella of a
two-germ-layer organism, and
the mesenchyma of a three-
germ-layer organism. The
components of an organism
during each evolutionary period
can be summarized into two
major systems (Fig.1), namely
* the supporting and storing
system containing adipose and
loose connective tissues, and the
1 functional system constituted by

In percentage of Meridian Values

specialized cells. In other words,
the fascial network, mesenchyme
and extracellular fluid (ECF) are
homologous, and their common

T T T
Non Meridian
Peak
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Fig.9 Significant differences in the electrical properties between the connective tissue
plane near the Sanjiao meridian and the surrounding subdermal connective tissue (n=

7, ANOVA),

acupuncture meridians and the non-meridian
areas. This aspect of fascial physiology can be a
new approach to meridianology research and
also to the research of fascial responsiveness
properties.

Our results show that connective tissues
permeate the whole body and form a network.
The acupoints are located in the connective
tissues either between the muscles or between
the muscle and bones 7. The fascia has a
self-regulating function to adapt to the body
pressure, and massage therapy can affect its
tension, viscoelasticity and structure **- It is
also responsible for maintaining the structural
integrity of the body. The fascia connective
tissue is rich in blood vessels, nerves, lymph,
and provides the matrix that allows for
intercellular communication. It may play an
important role in surveillance and regulation of
the body "%,

From an evolutionary point of view, the
fascia network is homologous with the extracellular
matrix of a single-germ-layer organism, the

T
Non Meridian

function is to maintain the
stability = of the internal
environment of an organism.
The mesoderm further evolves
into organs and systems with
specific functions, including the
locomotor  system,  urinary
system, reproductive system, circulatory system,
and so forth **. The residues of the mesenchyme
then differentiate into connective tissues which
are distributed throughout the body. This theory
is the basis of fascial anatomy.

Here two new terms must be defined: (i)
Fascial anatomy. According to fascial anatomy,
each living organism is composed of two major
systems, one is the supporting-storing system
constituted by the network of unspecialized
connective tissues, and the other is the functonal
system containing the organs and tissues that
are surrounded by the supporting-storing
system. (ii) Fasciology. This term refers to the
study of the supporting-storing system and the
relationships between the supporting-storing
system and the functional system in a living
organism ***. The theory of fascial anatomy and
fasciology highlight the significance of fascial
research, which is important not only in the field
of TCM, but also in other biomedical research
and clinical therapies. Some TCM theories may

Decay Time
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also find scientific interpretations in fasciology.

In the theory of Fasciology, the functional
system does not refer to the conventionally
established nine major systems in systemic
anatomy; rather, it refers to a system consisting
of all the cells, tissues and organs encapsulated
and segmented by the supporting-storing
system. The functional system contains a variety
of committed stem cells and functional cells.
These cells are different from the mesoderm and
folded endoderm and/or ectoderm cells ™. The
functional cells work together to fulfill living
activities. Fascial anatomy studies the structure
of an organism based on the two-system theory.
Different from the conventional regional and
systematic anatomy, which studies human
structures in terms of their morphologies and
functions, fascial anatomy integrates a third
dimension, time (Fig.4). It studies not only the
structures and functions of the body, but also the
morphological transformation during evolution
and embryonic development. Therefore, fascial
anatomy helps scientists better understand the
biological essence of an organism, because it
reminds scientists to study anatomy from a
"living" perspective, in which all cells and
organs maintain their structures and functions.
In other words, fascial anatomy switches
anatomical study from "dead" to "living". When
the supporting-storing system wears out, the
body will die.

Fasciology studies the supporting-storing
system in light of its influences on the functional
system, differentiation of mesenchymal stem
cells into functional cells, and cell supplementation
of the functional system. Fasciology also studies
the role of the supporting-storing system in the
living human body and the interactions between
the two major systems, which form the basis of
the mechanisms of acupuncture and TCM,
holistic therapies, integrative medicine and
alternative or complementary medicine. The
research methods of fasciology include deve-
lopmental biclogy analysis, non-specific connective
tissue function research, stem cell research,

cytobiology, molecular biology, electrophysiclogy
and TCM theory research. Fasciology also
studies the curative property of mesenchymal
stem cells on certain diseases, such as senile
dementia, cancer, osteoporosis,
disease, etc., and explores the mechanisms of
such therapies as acupuncture and herbal
medicine in TCM, holistic therapies, integrative
medicine, and alternative or complementary
medicine. Therefore, fasciology may potentially
promote the discovery of new therapies. The
mechanisms of some therapies, including the
inscrutable TCM therapies, can also find
explanations in fasciology ™.

The essence of TCM meridians may be
explained from the view of fascial anatomy. The
anatomical basis of meridians is the fascia
network throughout the body, and the
histological composition of meridians is non-
specific connective tissues, including loose
connective tissue and fat tissue. The histological
structure where an acupuncture needle stimulates
is the fascial connective tissue 7. Acupuncture
points are the sites that produce strong biological
reactions when stimulated. Since fascia connective
tissue is distributed throughout body, acupoints
may exist in every part of the body ™ *.
Moreover, we believe that Gua Sha therapy is
also targeted at the dermal dense connective
tissue all over the body. The difference between
the acupoints and non-acuppoints, as well as
between main acupoints and supplementary
acupoints, is more of the intensity of biological
reactions than of structural components. This is
confirmed by our electrophysiological results
that showed a prominently different electrody-
namical nature of the subdermal connective
tissue under acupoints and non acupoints. Early
studies by R. Voll and Nakatani (Nakatani 1958)
have demonstrated that tissue conductance
recorded from or above the degenerative tissues
is not sustainable and quickly decays. In modern
electrophysiology, it can be explained by the
changes in ion channel composition and time-
constant characteristic and also by the changes

degenerative



Fasciology Vol.1

Bai Y. Research methods in fasciology: implications for acupuncture meridianology. 29

in the molecular composition and quality of
interstitial matrix under degenerative conditions.
Our research shows that meridian and acupoint-
related tissue show stronger
responsiveness and more sustainable resistance
characteristics than their surrounding tissues.
This electrodynamical nature of acupoints and
meridians is consistent with the concept of
fasciology, according to which the connective
tissue under acupoints and meridians possess
stronger regenerative potentials.

Since the non-specific connective tissue is
the anatomical basis of meridians and acupuncture,
and the connective tissue network is distributed
throughout the body, the targets of acupuncture
therapy may exist all over the body P* 7,
Acupoints in the human body are the sites that
can generate significant response when
stimulated. Non-meridian extra acupoints are
the areas rich in fascial connective tissues, and
they are located outside the meridians. The
histological composition of the target areas of
acupuncture can be classified into 5 types,
namely the dermal dense connective tissue,
subcutaneous loose connective tissue, loose
connective tissue in the intermuscular septum,
and loose connective tissue around the
neurovascular tract, and loose connective tissue
in the hilus and tunica of the visceral organs.

The location and depth of these areas are
different in all individuals, as is sensitivity,
hence the therapeutic effects vary ™ * * The
ancient records of meridians and acupoints as
well as herbal medicine of TCM lack a scientific
basis. Fascial research may provide the evidence
for the accuracy of acupoints.

connectives

CONCLUSIONS

The anatomical basis of acupoints and
meridians is the fascial network throughout the
body. The histological composition of meridians
is non-specific connective tissues, including
loose connective tissue and fat tissue. Acupoints

are the sites that produce strong biological
reactions when stimulated. The non-specific
connective tissue network is proposed as the
supporting-storing system in the hypotheses of
fascial anatomy and fasciology. These hypotheses
involve researches of the mechanisms of
acupuncture and TCM, evolutionary biology,
holistic therapies, integrative medicine, and
alternative/complementary medicine.
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Modulatory effect of acupuncture on extra-

cellular signal-related kinase 1/2 and p38

mitogen-activated protein kinase signaling
pathways in rat subcutaneous fascia
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ABSTRACT
Objective To study the changes of expressions of ERK1/2 and p38 in the subcutaneous connective tissue after

acupuncture treatments and investigate the molecular biclogical reactivity of subcutaneous fascia in different body
regions overlapping the meridian and non-meridian lines. Methods Twenty Sprague-Dawley rats were randomly
divided into 4 groups. The rats in the control group received no treatment. The rats in the other 3 groups received
manual acupuncture at acupoint ST36, electro-acupuncture at acupoint ST36, or manual acupuncture at a
non-acupoint (inguinal fat pad). Ten days after the treatments, the rats were sacrificed and the tissues, including
the fascial and muscular tissues at the acupuncture sites, were collected for immunohistochemical (IHC) staining
and Western blotting to evaluate the expression of ERK1/2, phosphorylated ERK1/2 (p-ERK1/2), p38 and
phosphorylated p38 (p-p38). Results THC staining showed an increase in the positive ERK1/2 signals in all the 3
acupuncture groups, among which the non-acupoint acupuncture group showed the strongest signals.
p38-positive signals increased significantly only in the non-acupoint group. Western blotting revealed significantly
increased expressions of ERK1/2, p-ERK1/2 and p-p38 in the all 3 acupuncture groups, and the expression
intensity was the strongest in the non-acupoint acupuncture group and the least in the ST36 acupoint manual
acupuncture group. Conclusions Acupuncture results in up-regulation of ERK1/2 and p38 in the subcutaneous
fascia. Subcutaneous connective tissues in different regions show variations in the intensity of reactivity to
mechanical or electrical needling stimulation. This indicates that needling manipulation of the fascial/connective
tissue network evokes a local, extracellular mairix-initiated response, besides the common neurohormonal
regulating effect of acupuncture,

Key words: acupuncture; extracellular signal-related kinase 1/2; p38 mitogen-activated protein kinase;
subcutaneous fascia

INTRODUCTION acupuncture points and meridians of the human
body is closely related to the connective tissue

It has been suggested that the distribution of npetwork ™ Subcutaneous fascia, a part of the
loose connective tissue, is the site directly stimulated

Received: 2011-05-09 Accepted: 2011-06-30 by the acupuncture needle. During the therapy,

Corresponding author: Yuan Lin, E-mail: yuanlfascia@yahoo.  the needle closely contacts the collagen fibers of
com.cn, Tel:+86 20 61648637; fax:+86 20 613648637 the connective tissue, and the latter transfer the
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mechanical signals to cause various biochemical
and functional responses . However, it is still
unknown how the needling-induced extracellular
signals are translated into intracellular responses.

Extracellularly regulated kinases (ERK) play
a major role in transferring both mechanical and
biophysical signals between the extracellular
matrix and the intracellular microcompartment.
According to our previous study *, electro-
acupuncture can promote ERK signal transduction
in rat subcutaneous fascia. ERK1/2 and p38
mitogen-activated protein kinase (p38 MAPK)
are also activated in the fibroblasts during
collagen matrix contraction wunder isometric
tension'®. Activation of ERK1/2 is indispensable
in cell proliferation and survival 7. It has been
reported that mechanical stimulation results in
the activation of ERK 1/2 and p38 MAPK in
various cells, including osteoblasts '"***,

In this study, we aim to examine the
biological effects of acupuncture on ERK1/2 and
p38 MAPK signaling pathways in the subcutaneous
fascia, and compare the effects of different
acupuncture methods on the two signal pathways
in different body regions related to different
meridian lines.

MATERIALS AND METHODS
Materials

KeyGen protein extraction kit and KeyGen
protein assay kit were purchased from Guangzhou
Jetway Biotechnology, China. Mouse anti-p-
ERK1/2 and anti-p-p38 monoclonal antibodies
(mAbs), rabbit anti-ERK1/2 and anti-p38 polyclonal
mAbs, Immobilon®-P polyvinylidene difluoride
(PVDF) membranes, and enhanced chemilumines-
cence (ECL) detection kit were purchased from
Santa Cruz Biotechnology, USA. Goat anti-rabbit
and anti-mouse peroxidase-conjugated secondary
mAbs were from Zhoushan Goldenbridge
Biotechnology, China. Alkaline phosphatase-
conjugated streptavidin- biotin complex (SABC-AP,

rabbit IgG) and SABC- AP (mouse IgG) kits were
provided by Wuhan Boster, China. Tissue
homogenizer was from Fluko Company, Germany.
Trans-blot semi-dry electrophoretic transfer cell
was from BIO-RAD Laboratories, Inc., USA. All
the other reagents used were of analytical grade.

Animals grouping and treatments

Twenty female Sprague-Dawley rats (SPF
grade, Certificate N0.24301050) weighing 180-220
g were provided by the Experimental Animal
Center of Southern Medical University. The rats
were randomized into 4 groups (n=5), namely
the control group without treatment, acu-ST36
(Zusanli, the 36th acupoint of the Stomach
Meridian of Foot-Yangming) group receiving
mechanical acupuncture at the acupoint S5T36
with twisting manipulation for 4 min (120 times
per minute), ele-acu-ST36 group treated with
electro-acupuncture at the acupoint ST36 at the
frequency of 2 Hz (current intensity of 48 mA)
for 20 min, and non-acupoint group receiving
mechanical acupuncture at a non-acupoint (midpoint
of the inguinal groove) with twisting manipulation
for 4 min (120 times per minute). The treatments
in every acupuncture group were performed
once daily for a total of 10 days.

Paraffin sectioning

After anesthesia with 10% CCL,CH(OH)., the
rats were sacrificed by perfusion with 0.86%
saline followed by 4% paraformadehyde (PFA) in
0.1 mol/L phosphate buffer (pH 74). The
subcutaneous tissues and muscles surrounding
the needling point (with an area 1 cm in diameter)
were removed and fixed in 4% PFA overnight at
4 °C. The tissues were dehydrated and embedded
in paraffin for sectioning at a 4 mm thickness.

Immunohistochemical staining

The paraffin sections were rehydrated and
treated with 3% H,O; for 2 min in an icebox,
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followed by microwave treatment. After rinsed
in 0.01 mol/L phosphate buffered saline (PBS,
pH 7.4), the sections were treated with citrate
buffer for 15 min, followed again by microwave
treatment. The sections were then allowed to cool
down at room temperature and blocked with 1%
bovine serum albumin (BSA) for 30 min. Then
sections were incubated with either rabbit
anti-ERK1/2 and rabbit anti-p38 mAbs (both at 1:
50), with microwave treatment for 2 min. After
washing thoroughly in PBS, the sections were
incubated with 1:400 anti-rabbit secondary mAb
for 2 h. Finally freshly prepared DAB solution
was added to the sections for observation under
microscope. The presence of yellow or brown
granules in the cells indicated a positive staining.

Western blotting

After anesthesia, the rats were sacrificed and
the subcutaneous tissues and muscles surrounding
the needling point were removed and separated.
The fresh fascia and muscle tissues were
separately lysed in a buffer solution containing
4% phenylmethylsulfonyl fluoride. The lysates
were incubated on ice for 10 min, vortexed for
45 s and kept on ice for another 10 min. After
centrifugation, the supernatant was collected and
the proteins were quantified using bicinchoninic
acid method. Briefly, the lysate proteins diluted
in 6x Laemmli sample buffer were loaded at 30
ng per lane, separated by sodium dodecyl
sulfate- polyacrylamide gels containing 10%
acrylamide, and electrotransferred to PVDF
membranes. After blocking with 5% non-fat milk
in TBST containing 50 mmol/L Tris, 200 mmol/L
NaCl and 0.1% Tween-20 (pH 7.2-7.4), the
membranes were incubated with anti-ERK1/2,
anti-p38, anti-p- ERK1/2, and anti-p-p38 mAbs
separately (all diluted at 1: 400 in TBST
containing 5% BSA) at 4 °C overnight. After
washing, the membranes were incubated separately
with horse radish peroxidase- conjugated secondary
mAbs (1: 400, diluted with TBST containing 5%
BSA) for 2 h at room temperature. Finally, the

blots were developed by the ECL kit with Kodak
Image Station 2000MM System and digitalized
with Image Tool 3.0 software. The expressions of
ERK1/2, p-ERK1/2, p38 and p-p38 were
presented as the ratios of their gray scales to that
of B-actin.

Statistical analysis

All the data were analyzed with SPSS 13.0
software package. The data were presented as
Mean+SD and analyzed using One-way ANOVA.
Least Significant Differences (LSD) method was
used for multiple comparisons if ANOVA gave a
significant result. When heterogeneity of
variance existed between the data groups,
approximate F analysis Welch Methods was used
to compare differences and Dunnett's T3 method
was used to perform comparisons between
multiple groups. A P value less than 0.05 was
considered to indicate a statistical significance.

RESULTS
Immunohistochemical staining

In all the 4 groups, positive ERK1/2 signals
were located mainly in the cytoplasm surrounding
the nuclei of the fibroblasts and macrophages
(Fig.1). The signals increased after acupuncture,
especially in the fascia of the non-acupoint
group. Positive p38 signals (weaker than the
ERK1/2 signals) were also detected in the fascia
of all the groups (Fig.2). A significant increase of
p38 signals was found in the fascia of the
non-acupoint group.

Expressions of ERK1/2 and p-ERK1/2

Compared with the control group, ERK1/2
and p-ERK1/2 expressions were enhanced
significantly in all the acupuncture (experimental)
groups (Fig.3 and 4). Their expressions in the
fasciae were also significantly stronger than those
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F;g.l Immunochistochemical staining of ERK1/2 in the fascia in different groups (x400). A: Control group; B: Manual acu-
puncture at ST36 group; C: Electro-acupuncture at ST36 group; D: Manual acupuncture at non-acupoint. The number of
positive cells increased after acupuncture in B, C and D groups (arrowhead).

in the muscular tissues (P<0.001). Among the
acupuncture groups, the non-acupoint group
showed the most obvious increase in the
expression of ERK1/2 in both the fascia and
muscular tissues, followed by ele-acu-5T36
group, and then by acu-ST36 group. p-ERK1/2
expressions showed a similar pattern among the
groups (Fig.3 and 4).

Expressions of p38 and p-p38

The expression of p38 also increased

significantly in both the fascia and muscles in all
the experimental groups, when compared to the
control group (Fig.5). The differences of p38
expressions between the fascia and muscles were
significant in all the experimental groups (P<
0.001). In both the fascia and muscle, p38
expressions increased the most obviously in the
non-acupoint group, followed by ele-acu ST36
group, and then by acu-ST36 manual
acupuncture group. The expression of p-p38 was
not detected probably due to its weak expression
in the fasciae and muscles.
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Fig.2 Immunohistochemical staining of p38 in the fascia in different groups (x400). A: Control group; B: Acu-5T36 group; C:

Ele-acu-5T36 group; D: Non-acupuncture group.

DISCUSSION

In this study, we investigated the molecular
biological effects of acupuncture stimulation in
the fascia and the surrounding muscular
structures. This is different from the commonly
used study models of acupuncture, which
examine mainly the organ-specific effects of
acupoint stimulation. We explored the general
biological mechanism of acupuncture by observing
the expressions of ERK1/2 and p38 MAPK
signal pathway proteins, which represents a new
approach to the study of the mechanism of
acupuncture.

The members of the MAPK family, including
ERK1/2, N-terminal Jun kinase (JNK1/2) and
p38 MAPK, have been proposed as the
fundamental signaling components linking
extracellular stimuli to intracellular responses.
ERK family proteins play a key role in
transforming the mechanical stretch signal to the
level of ligand-activated transcription factors in
osteocytes and osteoblasts .

ERK1/2  isoforms are  ubiquitously
expressed and activated by dual-specific MAPK
kinases (MAP or ERK kinase 1 and 2, MEK1/
MEK?2) in response to stimuli ‘. It has been
demonstrated that fluid shear stress activates
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ERK1/2 and low shear stress activates ERK1/2,
JNK1/2 and p38 MAPK in human umbilical vein
endothelial cells (HUVECs) **'. The inhibition of
ERK1/2 decreases shear stress-induced c-fos
expression ™ and nuclear factor-kB (NF-xB)
activity .

In this study, we demonstrated that in the
control rats, the expression of ERK1/2 was
slightly higher, whereas p-ERK1/2 expression
was slightly lower in the fascia than in the
muscles. Acupuncture stimulation caused a
more obvious increase of p-ERK 1/2 expression
in the fascia than in the muscles. This may be
attributed to the fact that the acupuncture effect
is produced by the mechanical coupling between
the needle and the connective tissue to cause
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Fig.3 Western blotting detection of ERK1/2 in the fascia and muscle
in different groups. Lane 1: Control group; Lane 2: Acu-ST36 group;
Lane 3: Ele-acu-ST36 group; Lane 4: Non-acupuncture group (A). In
each lane, the upper band represented ERK 1 and the lower
represented ERK2. The ratios of the intensities of ERK1 and ERK2 to
that of B-actin were calculated, and presented as Mean+SD. *P<0.05
vs control group; 'P<0.001 vs control group

winding of the tissue fibers around the needle
during needle rotation, but not by muscle
contraction . Both ERK1/2 and p-ERK1/2
participate in cell differentiation and proliferation,
and play a role in the maintenance of normal
metabolism of an organism ™. Further study is
still needed to fully understand the biological
significance of the up-regulation of ERK1/2 and
p-ERK1/2 in the muscles, which may provide
important insights into the mechanism of the
therapeutic effect of acupuncture.

We found that among all the acupuncture
groups, the non-acupoint group showed the
most obvious increase in ERK1/2 and p-ERK1/2
expression in both the fascia and muscle tissues.
p38 MAPK is activated both by stress (such as
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osmotic pressure, heat shock and ultraviolet
radiation) and by chemical mediators (such as
lipopolysacharides, tumor necrosis factor-a, and
interleukin-1). Activated p38 MAPK has been
shown to regulate the generation of inflammatory
cytokines "*”, In the present work, the increase
of p38 MAPK in both tissues was the most
obvious in the non-acupoint. Dissection of the
non-acupoint and ST36 acupoint areas in rats
revealed much richer subcutaneous fascia and
fat pads in the non-acupcint (inguinal groove
region) than in the ST36 region. A twisting
needle in the inguinal region can stimulate a
greater extent of connective tissues and needs a
stronger pull-out strength than that in the ST36
acupoint. This may explain the reascn for the
most significant upregulation of ERK1/2,
p-ERK1/2 and p38 expressions in the non-acupoint
group. Another possible explanation is that there
are regional differences in the connective tissue
reactivity to needle-induced trauma. This is why
the following experiments are necessary to
compare the tissue response of histologically
similar body regions located at the meridian and
non-meridian lines. The expression of p-p38 was
not detected in the samples possibly because of
limitations of the experimental conditions.

As a mechanical therapy, acupuncture
produces shear stress or mechanical stretch at
the cellular level in the fascia and muscle tissues,
suggesting the possible roles of ERK1/2,
p-ERK1/2, p38 and p-p38 in the effect of
acupuncture on the fascia and muscle. It has
been previously found that the activity of ERK1/
2, JNK and P38 MAPK increased following low
shear stress treatment; inhibition of ERK1/2,
JNK1/2 and p38 MAPK with PD98059, SP600125
and SB203580, respectively, led to the
suppression of the shear stress-induced IL-8
gene expression . It is interesting to notice that
directed ion movement evoked by electric
acupuncture caused more intensive ERK signal
elevation than simple mechanic acupuncture.

The fascia and connective tissues exist
throughout the human body and form a
3-dimensional intercellular matrix for support,
continuity, and communication. According to

Yuan Lin and his colleagues ', after the
mesoblastic mesenchyme differentiates into the
functional organs and systems, the rest of the
mesenchyme forms the fascia and connective
network. The latter provides cellular storage and
supply functions for further reproduction of the
functional cells, and participates in the
regulation of the functional status of the body.
However, it is still unknown how the fascia
network  regulates the  physiopathological
conditions of the body ',

Langevin and his colleagues suggested
that fibroblasts of the connective tissue form an
extensive interconnected cellular network, and
communicate with each other through close
apposition. It is reasonable to hypothesize that
the effect of fascia on the immunity, blood
vessels and internal organs is different from that
of the nervous system. Furthermore, MAPK cell
signaling pathway is present in almost all the
eukaryotic cells, and serves as the primal
intercellular communication pathway. We
hypothesize that acupuncture affects the cellular
morphology of the fascia connective tissue ™ to
cause alterations in the expressions of MAPKs
signal proteins such as ERK1/2 and P38, hence
affecting the biochemical profiles and finally the
functional status of the organism. We found that
acupuncture can promote the expression of
ERK1/2 and P38, which suggests a new
perspective in the understanding how mechanical
acupuncture signals in the fascia are transferred.

Understanding of the regulatory role of
fascia connective tissue in the physiologic and
pathologic states of the body and the mechanism
of signal transduction of MAPK from a
biological viewpoint can be of vital importance.
Questions, including how the changes of the
signal proteins are conducted in the fascia
connective tissue, and whether this paracrine
communication within the fascia can spread,
remain to be answered.

[24]

CONCLUSIONS

Acupuncture needling results in up- regulation
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of ERK1/2 and p38 in the subcutaneous fascia,
which is possibly correlated to the pathway of
MAPK signal transduction. This indicates that
acupuncture may rely on another regulating
system, the general fascia connective tissue
network, besides the common neuro- hormonal
regulating network.
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Yang Y, Yan Y, Zou X, Zhang C, Zhang H, Xu Y, Wang X,
Janos P, Yang Z, Gu H. Static magnetic field modulates rhythmic
activities of a cluster of large local interneurons in Drosophila
antennal lobe. J Neurophysiol 106: 2127-2135, 2011. First published
July 20, 2011; doi:10.1152/jn.00067.2011.—With the development of
superconducting magnets, the chances of exposure to intense static
magnetic fields (SMFs) have increased. Therefore, safety concerns
related to magnetic field exposure need to be studied, especially the
effects of magnetic field exposure on the central nervous system, Only
a limited number of studies prove a direct connection between
magnetic fields and electrophysiological signal processing. Here we
described a cluster of large local interneurons (LNs) located laterally
to each antennal lobe of Drosophila melanogaster, which exhibit
extensive arborizations throughout the whole antennal lobe. Dual
recordings showed that these large LNs demonstrated rhythmic spon-
taneous activities that correlated with other LNs and projection
neurons (PNs) in the olfactory circuit. The results suggest that 3.0-T
SMF can interfere with the properties of the action potential, rhythmic
spontaneous activities of large LNs, and correlated activity in pairs of
ipsilateral large LN/LN in the olfactory circuit. This indicates that
Drosophila can be an ideal intact neural circuit model and that the
activities of the olfactory circuit can be used to evaluate the effects of
magnetic field stimulations.

neural circuit; Drosophila melanogaster

ALL LIVING ORGANISMS are continuously exposed to the natural
geomagnetic field, which is ~0.5 G. With the development of
superconducting magnets, especially the introduction of mag-
netic resonance imaging (MRI) in the twentieth century, the
chances of exposure to intense static magnetic fields (SMFs)
around several teslas (T) have increased (Schenck 2005; Silva
et al. 2006). Considering the rapid increase in the strength of
magnetic fields used in medical diagnosis, various studies have
investigated the effects of acute or chronic exposure to SMFs
on humans and animals over the past 30—40 years. These
studies indicate that SMFs are capable of influencing a number
of biological systems (Gowland 2005; Saunders 2005). A
significant decrease in both amplitude and variability of the
evoked response in the striate cortex of adult cats was detected
after exposure to a 1,200-G SMF, which is considered to be
due to the action of the magnetic field at the synapse (Rosen
and Lubowsky 1987). Further research on the effects of a
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1,230-G SMF in principal cells in the cat lateral geniculate
body suggested that the spontaneous discharge frequency was
decreased and the discharge pattern was changed on account of
the distortion of ion channels (Rosen and Lubowsky 1990).
Evidence has shown that the action of SMFs is mainly based on
their effects on the molecular structure of excitable mem-
branes, especially imbedded ion channels, which can interfere
with the mechanism of calcium and sodium channel activation
(Miyakoshi 2005; Rosen 2003b). A previous study has shown
that exposure to a 120-mT SMF results in a slight reduction in
the peak calcium current amplitude, a shift in the current-
voltage relationship, and a slowing of the channel activation
rate without any change in the inactivation rate (Rosen 1996).
Since ion channels play important roles in cellular excitability
and neural function, the effect of SMFs on the nervous system
has attracted more scholarly attention. Exposure to 2- to 3-mT
SMF has been proven to modulate synaptic excitability in a
mouse hippocampal slice preparation (Wieraszko 2000). How-
ever, previous studies have mainly focused on cultured neurons
and brain slice preparations; the effects of SMFs on intact
neural circuit function are still far from being completely
understood.

The antennal lobe of Drosophila, serving like the vertebrate
olfactory bulb, provides an ideal intact neural network model
to investigate neural circuit function (Ng et al. 2002). Three
classes of neurons form synapses in the antennal lobe and
participate in the processing of olfactory information, includ-
ing olfactory receptor neurons (ORNSs), projection neurons
(PNs), and local interneurons (LNs). The ORNs expressing the
same olfactory receptors project to the same glomerulus and
connect to the PNs in the antennal lobe, modulated by LNs.
Then PNs transmit olfactory information to the mushroom
body and the lateral homn (Shang et al. 2007; Wilson et al.
2004). The morphology, physiology, and development of PNs
and ORNSs have been widely documented, while LNs have not
received much attention (Chou et al. 2010; Das et al. 2008). A
previous study has shown that correlated spontaneous activity
exists in the Drosophila antennal lobe, which is essential for
information processing by neural circuits (Kazama and Wilson
2009). Thus the Drosophila antennal lobe could be an ideal
model for investigating the effects of SMFs on the central
nervous system, especially on the network of neural circuits,
and may provide more information about the mechanisms of
SMF action and the risk factors associated with the use of
intense SMFs.

0022-3077/11 Copyright © 2011 the American Physiological Society 2127
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To address these questions, we describe a cluster of large
LNs in the Drosophila antennal lobe and report the effects of
3.0-T SMF on their extracellular and intracellular spontaneous
activities by using a Drosophila whole brain recording system
(Gu and O’Dowd 2007) in wild-type Canton-S female fly
pupac 2 days before eclosion. Our results demonstrated that
these large LNs generated rhythmic spontaneous activities that
correlated with the activities of other LNs and PNs in the
ipsilateral antennal lobe, and we found that 3.0-T SMF can
modulate the rhythmic activities and correlated activity of large
LNs.

METHODS

Fly strains. Drosophila melanogaster stocks were reared on stan-
dard cornmeal agar medium supplemented with dry yeast at 24°C and
60% relative humidity. All experiments were performed on wild-type
Canton-S female flies 2 days before eclosion. In our lab, flies produce
new adults in 14 days. To accurately record the time point, flies that
are 2 days before eclosion are double-identified by red eyes and
transparent wings in the puparium.

3.0-T SMF exposure. The experimental group was deposited in a
box filled with a 2-cm sound-absorbing sponge te eliminate potential
noise. The box was tightly stuck to the center of the magnetic
resonance spectrometer (Siemens MAGNETOM Trio A Tim System
3.0T MRI machine) with a 3.0-T SMF, and there was no movement
of pupae in the field. Although a electromagnetic wave shield barrier
was constructed between the examination room and the operation
room of the MRI machine, a mT-level magnetic field still existed in
the operation room. To ensure that the control group was free from
magnetic field, we deposited the control group in our own lab. The
temperatures of the examination room of the MRI machine and our
lab were both controlled at 24°C, and the humidity was 60%. Other
influence factors of these two groups were consistent.

Electrophysiological recordings from large LNs in isolated whole
brain. All brains were obtained from female flies 2 days before
eclosion. The entire brain, including optic lobes, was removed and
prepared for recording in standard external solution containing 20
U/ml papain with 1 mM L-cysteine as previously described (Gu and
O’Dowd 2006, 2007). The standard external solution contained (in
mM) 101 NaCl, 1 CaCl,, 4 MgCl,, 3 KCl, 5 glucose, 1.25 NaH,PO,,
and 20.7 NaHCO,, pH 7.2, 250 osmol/kgH,0O. Then the dissected
brains were mounted in an RC-26 perfusion chamber (Wamner Instru-
ments, Hamden, CT) containing the recording solution bubbled with
95% 0O, and 5% CO, (2 ml/min) throughout the experiments with the
anterior face of the brain up. Pipettes were targeted to LNs in the
dorsal neuron cluster in the antennal lobe.

Cell-attached and whole cell recordings were performed with
pipettes (9-12 M()) filled with an internal solution containing (in
mM) 102 K-gluconate, 0.085 CaCl,, 1.7 MgCl,, 17 NaCl, 0.94
EGTA, and 8.5 HEPES, pH 7.2, 235 osmol/kgH,0O. Gigaohm seals
were achieved before recording in cell-attached configuration. Re-
cordings were made at room temperature, and only a single large local
neuron or a pair of neurons was examined in each brain.

All electrophysiological recordings were carried out with a
BXS51WI upright microscope (Olympus, Lehigh Valley, PA). Signals
were acquired with an EPC10 amplifier (HEKA Elektronik, Lam-
brecht/Pfalz, Germany), filtered at 5 kHz with a built-in filter, and
digitized at 5 kHz.

Biocytin staining and fluorescence imaging. The morphology and
identity of a single large LN were confirmed by post hoc staining with
biocytin. In some cells, 0.4% biocytin was added to the internal
pipette solution. To make sure that biocytin could be injected into the
soma and the terminals, the recording pipette was maintained in the
whole cell configurations for at least 30 min. After electrophysiolog-
ical recording, the brain was fixed in phosphate buffer containing 4%

formaldehyde at 4°C for 10 h and subjected to biocytin staining. Then
the brain was washed in 1% PBS three times, blocked, and incubated
in a blocking buffer (0.1 M PBS, 0.1% Triton X-100, 1% BSA)
containing streptavidin-Cy3 (Molecular Devices) for 3 h at room
temperature. After incubation, the brain was washed three times with
S-min intervals in PBS. A BX51WI microscope with a X40 objective
and an Imag-Pro plus 7.0 (Olympus) camera was used to acquire
photos of dendritic arborization of the large local neurons in the
antennal lobe.

Data analysis. All data were analyzed by Clampfit 10,2 (Molecular
Devices). Two or more spikes with interval time <100 ms were
defined as a burst, and a single spike or a burst was rcgarded as an
event. Low-frequency oscillations <10 Hz were isolated by low-pass
filtering from voltage traces acquired in whole cell current-clamp
configuration. Cross-correlation function was performed by Clampfit
10.2 with 2,000-ms lag time.

Statistics. The differences between control and SMF treatment
were evaluated by independent #-test and Mann-Whitney rank sum
test where appropriate. Values of P < 0.05 were considered
significant.

RESULTS

A cluster of large LNs in the Drosophila antennal lobe
demonstrated rhythmic activities. Previous studies have shown
that LNs in the Drosophila antennal lobe are diverse in their
neurotransmitter profiles, connectivity, and physiological prop-
erties, and they play important roles in information processing
by olfactory neural circuits (Chou et al. 2010; Das et al. 2008).
The whole brain of female fly pupae 2 days before eclosion
was dissected and observed. A cluster of three or four large LN
somata was found located laterally to each antennal lobe, with
an impressively larger size than other cell bodies nearby,
around 9.68 * 0.31 um in diameter (Fig. 1, A and B). These
neurons were approached with a standard glass electrode. To
show detailed morphology of these neurons, biocytin was used
when whole cell patch-clamp recording was applied. The
cluster of large LNs was intrinsic to the ipsilateral antennal
lobe, with thick processes extending from the laterally situated
cell body into the center of the lobe and exhibiting extensive
arborizations that almost covered the entire antennal lobe (Fig.
1, A and C). These features were consistent with some types of
LNs previously reported (Das et al. 2008).

Electrophysiological properties of these large LNs were
monitored by patch-clamp recording. The cell-attached record-
ing showed that they demonstrated spontaneous rhythmic
spikes (3.02 = 0.47 Hz) 2 days before eclosion (Fig. 24).
Under whole cell current-clamp recording, these neurons re-
vealed a mean resting membrane potential (RMP) of —48.22 +
1.80 mV and fired spontaneous action potentials (APs) actively
with a mean amplitude of 32.09 * 3.40 mV and a mean firing
rate of 3.39 * 0.92 Hz, including bursting pattern with con-
secutive spikes (Fig. 2B). The spikes could be blocked by
tetrodotoxin (TTX) (data not shown). Whole cell voltage-
clamp recording demonstrated the presence of spontaneous
oscillatory activities (Fig. 2C).

Large LNs showed correlated activity with other LNs and
projection neurons in the antennal lobe. Correlated spontane-
ous activities have been widely documented in neurons in the
brain, which are important in information coding and process-
ing by neural circuits (Kashiwadani et al. 1999; Kreiter and
Singer 1996; McCarthy et al. 2011). A previous study has
shown that homotypic PNs produce highly correlated spikes in
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Drosophila antennal lobe (Kazama and Wilson 2009). To
determine whether these large LNs showed correlated activity
with other neurons in the olfactory circuit, dual recordings
from pairs of ipsilateral large LN/PN and large LN/LN in the
antennal lobe were performed. In cell-attached recording, large
LNs, PNs, and LNs generated spontaneous spikes (Fig. 34 and
B; Fig. 4A and B). Two or more spikes with an interval time
<100 ms were defined as a burst, and a single spike or a burst
was regarded as an event. Then the cumulative frequency
distribution of the interval time between events was detected.
No significant differences in pairs of large LN/PN (P = 0.095,
Kolmogorov-Smimov test; Fig. 3E) and pairs of large LN/LN
(P = 0.12, Kolmogorov-Smirnov test; Fig. 4E) were found,
In whole cell current-clamp recording, these three types of
neurons revealed spontaneous APs and oscillations (Fig. 3C,
Fig. 4C). Considering that oscillations are a common feature of
spontaneous activity in the olfactory system and are thought to
play an important role in information processing and memory
in a variety of brain areas (Galan et al. 2006; Gelperin 2006;
Ravel et al. 2003), low-frequency oscillations <10 Hz were
isolated by low-pass filtering from voltage traces acquired in
whole cell current-clamp configuration (Fig. 3D, Fig. 4D). The
timing of low-frequency oscillation was found to be correlated
in both pairs of ipsilateral large LN/PN and large LN/LN by
computing the cross-correlation function. The cross-correlation
analysis presented a clear peak with mean value at 0.62 * 0.10
(lag time = 0 ms) (n = 12) in pairs of large LN/PN (Fig. 3F)

Fig. 1. A cluster of large local interneurons
(LNs) in the antennal lobe of Drosophila.
A: fluorescent microscopy demonstrated a
large LN found in the antennal lobe. The
soma of the neuron (arrowhead) was located
laterally to antennal lobe, with the neural
arborizations spreading over nearly the en-
tire antennal lobe. B: bright-field image of
the Iarge LNs. There was a cluster of 3 or 4
large LN somata (dashed line and arrow-
head) located laterally to each antennal lobe
(solid line). The mean diameter of the soma
was 9.68 = 031 pm. C: camera lucida
demonstrated the detailed morphology of
these large LNs. There were thick neural
processes spreading from the soma stalk of
the recorded large LN. The neural processes
then developed into small collaterals that
extended anteriorly, and the arborizations inner-
vated throughout the antennal lobe (dashed
line) glomeruli.

and 0.79 £ 0.17 (lag time = 0 ms) (1 = 16) in pairs of large
LN/LN (Fig. 4F). Low-frequency oscillation correlation was
largely decreased from 0.78 = 0.01 to 0.20 % 0.09 by 20 uM
curare (n = 3, P < 0.05, paired #-test) but unaffected by 10 uM
picrotoxin (n = 3, P = 0.15, paired t-test).

These results indicated that large LNs showed correlated
activity with other ipsilateral LNs and PNs in the antennal lobe,
suggesting that the activities of large LNs can partially reveal
the activities of the entire local olfactory circuit.

3.0-T static magnetic field-modulated rhythmic activities of
large LNs. The effects of SMFs on the central nervous system
have been widely investigated in cultured neurons and brain
slice preparations (Saunders 2005). Previous studies have dem-
onstrated that weak SMF can change the properties of APs of
neurons (McLean et al. 1995; Nikolic et al. 2008). As large
LNs showed correlated activity with other LNs and PNs in
olfactory circuit of antennal lobe, the effects of 3.0-T SMF on
the rhythmic extracellular activities and APs of large LNs as
well as correlated activity in large LN/LN pairs were moni-
tored in order to investigate the alterations of the neural circuit
under intense SMF exposure.

Cell-attached and whole cell recording were performed on
the large LNs in isolated whole brain of female fly pupae 2
days before eclosion. Two or more spikes with an interval time
<100 ms were defined as a burst. The changes of spike and
burst frequency induced by exposure to 3.0-T SMF for 8 h
were detected. In cell-attached configuration, the mean fre-
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Fig. 2. Spontaneous activities recorded in the soma of a large LN. A: 10-s recording trace in cell-attached configuration. B: 10-s recording trace in whole cell
current-clamp configuration. C: 10-s recording trace in whole cell voltage-clamp configuration.

quency of extracellular spikes decreased significantly from
3.02 = 0.47 Hz in the control to 1.49 = 0.41 Hz in the 3.0-T
SMF treatment (P < 0.05, Mann-Whitney test; Fig. 5G).
Additionally, the extracellular activities of three cells (rn = 13)
were silent after SMF exposure even though gigaohm seals
were achieved (Fig. 5A). The effects of 3.0-T SMF on the
properties of APs were further investigated (Fig. 5B). In whole
cell configuration, the mean RMP of large LNs was —48.22 *
1.80 mV in the control. Even though RMP seemed to decrease
to —50.05 * 3.65 mV after exposure to 3.0-T SMF for 8 h, it
was not significantly different (P = 0.633, independent ¢-test).
The mean frequency of APs was significantly reduced from
3.39 + 0.92 Hz to 1.87 * 0.85 Hz (P < 0.05, Mann-Whitney
test; Fig. 5C), and the mean amplitude of APs decreased
significantly from 32.09 + 340 mV t0 20.78 £ 3.21 mV (P <
0.05, independent z-test; Fig. 5D) after 3.0-T SMF treatment.
Moreover, the mean frequency of bursts decreased from
0.58 £ 0.08 Hz to 0.20 = 0.09 Hz (P < 0.01, Mann-Whitney
test; Fig. 5E), while the mean duration of bursts decreased from
119.58 = 14.12 ms to 50.97 = 18.86 ms (P < 0.05, Mann-
Whitney test; Fig. 5F). During dual whole cell recording
performed on the ipsilateral large LN/LN pairs, the mean
cross-correlation function value of low-frequency oscillation
decreased from 0.79 % 0.17 (n = 16) in the control group to
0.69 = 0.26 (n = 11) in the SMF group (P < 0.01, ANOVA)
after exposure (Fig. 5, H and I).

These results indicate that 3.0-T SMF can interfere with
rhythmic spontaneous activities of large LNs and correlated
activity in large LN/LN pairs, which may influence the activ-

ities and functions of the olfactory circuit in Drosophila an-
tennal lobe.

DISCUSSION

LNs are essential for information coding and processing in
neural circuits (Chou et al. 2010; Lledo et al. 2008; Palhalmi et al.
2004). Here we described a cluster of large LNs located laterally
to each antennal lobe of Drosophila, exhibiting extensive ar-
borizations throughout the whole antennal lobe. The significantly
large size of this cluster of LNs makes it possible to target the
recording electrode to the same type of neurons every time. These
large LNs exhibited rhythmic spontaneous activities that corre-
lated with the activities of other LNs and PNs in the olfactory
circuit, Since correlated activity plays important roles in neural
functions of the intact brain, the results further suggest that Dro-
sophila antennal lobe can be an ideal model to investigate the
network of neural circuits. Additionally, the activities of these
large LNs can partially reveal the activities of local olfactory
circuits in the antennal lobe.

With the development of superconducting magnets, the
chances of exposure to intense SMFs have increased. However,
safety concems related to magnetic field exposure remain unclear,
especially its effects on the central nervous system (Schenck
2000; Silva et al. 2006). Evidence has shown that membrane
calcium channels are the primary sites of moderate SMF effects,
and sodium channels may also be involved. The channel activa-
tion kinetics can be altered, while channel inactivation is not
expected to be influenced (Miyakoshi 2005; Rosen 2003a). Both
of these two channels are key structures for excitability and
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Fig. 3. Large LNs and ipsilateral projection neurons (PNs) produced correlated spontaneous activities. A and B: dual cell-attached recording of spontaneous spikes from
a pair of ipsilateral large LN/PN. Rasters of spikes are shown in B. C: dual whole cell current-clamp recording of the action potentials from a pair of ipsilateral large
LN/PN. D: low-frequency oscillations <10 Hz isolated by low-pass filtering from voltage traces acquired in dual whole cell current-clamp configuration from a pair of
ipsilateral large LN/PN. E: cumulative frequency distribution of interval time between events acquired in cell-attached configuration from a pair of ipsilateral large
LN/PN. There was no significant difference in cumulative probability distribution between large LN and PN (P = 0.095, Kolmogorov-Smirnov test). F: cross-correlation
function (CCF) for low-frequency oscillations <10 Hz filtering from voltage traces acquired in whole cell current-clamp configuration from a pair of ipsilateral large
LN/PN. The mean value was 0.62 = 0.10 (lag time = 0 ms) (# = 12). The gray band represents =SE across pairs.

activity in the central nervous system (Catterall and Few 2008),
modulating a wide range of cellular events. Various studies car-
ried out to detect the effects of SMF on neural function have
mainly investigated cultured neurons and brain slice preparations.
However, the effects of intense SMF on intact neural circuit
functions still need to be further studied. Therefore, the present
study used the antennal lobe of isolated Drosophila whole brain as
a model neural circuit in order to reveal the effects of 3.0-T

J Neurophysiol « VOL 106 +

intense SMF on the activities of olfactory circuit. This was done
by monitoring the neural activity alterations of the cluster of large
LNs induced by SMF.

The properties of APs are important bioelectric parameters
for characterization of spontaneously firing neurons. APs can
be blocked by TTX in the large LNs, indicating that sodium
channels mediate the process of AP generation. Our data
demonstrate that 3.0-T SMF can interfere with the rhythmic
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Fig. 4. Large LNs and ipsilateral LNs produced correlated spontaneous activities. A and B: dual cell-attached recording of spontaneous spikes from a pair of
ipsilateral large LN/LN. Rasters of spikes are shown in B. C: dual whole cell current-clamp recording of the action potentials from a pair of ipsilateral large
LN/LN. D: low-frequency oscillations <10 Hz isolated by low-pass filtering from voltage traces acquired in dual whole cell current-clamp configuration from
a pair of ipsilateral large LN/LN. E: cumulative frequency distribution of interval time between events acquired in cell-attached configuration from a pair of
ipsilateral large LN/LN. There was no significant difference in cumulative probability distribution between large LN and LN (P = 0.12, Kolmogorov-Smimov
test). F: cross-correlation function for low-frequency oscillations <210 Hz filtering from voltage traces acquired in whole cell current-clamp configuration from
a pair of ipsilateral large LN/LN. The mean value was 0.79 = 0.17 (lag time = 0 ms) {n = 16). The gray band represents =SE across pairs.

spontaneous activities and the properties of APs, as the mean
frequency of extracellular activities was significantly reduced
after exposure to 3.0-T SMF for 8 h. RMP showed no signif-
icant difference, indicating that the potassium channel-medi-
ated current may be intact. Previous studies have shown that
the amplitude of the evoked APs of neurons increased after
exposure to mT-level SMF (Nikolic et al. 2008; Ye et al.
2004). However, the results of this study showed that the

frequency and amplitude of spontaneous APs, as well as the
burst frequency and duration of these large LNs, were signif-
icantly reduced after exposure to 3.0-T SMF. This was con-
sistent with a prior study that examined the effects of a 1,230-G
SMF on spontaneous discharge frequency and discharge pat-
tern of principal cells in the cat’s lateral geniculate body in a
whole brain preparation (Rosen and Lubowsky 1990). Further-
more, the detected changes could persist for 4 h after SMF
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Fig. 5. 3.0-T static magnetic field (SMF) modulated spontaneous extracellular activities and the properties of action potentials of large LNs. A and B: spontaneous
activities of large LNs acquired in cell-attached and whole cell current-clamp configuration in contrel {fop) and in SMF treatment (bottom), respectively. Note
that the spontaneous activities of some cells were silent after exposure to 3.0-T SMF. C—F: frequency (*P < 0.05, Mann-Whitney test) and amplitude (*P <
0.05, r-test) of action potentials and frequency (**P < 0.01, Mann-Whitney test) and duration (*P < 0.05, Mann-Whitney test) of bursting spikes decreased
significantly after SMF treatment. Each bar indicates the mean + SE from the indicated number of neurons (in parentheses). All synaptic currents were recorded
at a holding potential of —70 mV. G: in cell-attached configuration, the mean frequency of extracellular spikes decreased significantly from 3.02 *+ 0.47 Hz in
control to 1.49 * 0.41 Hz in 3.0-T SMF treatment (*P < 0.05, Mann-Whitney test). Each bar indicates the mean * SE from the indicated number of neurons
(in parentheses). H and I: cross-correlation function for low-frequency oscillations <10 Hz filtering from voltage traces acquired in whole cell current-clamp
configuration from pairs of ipsilateral large LN/LN after 3.0-T SMF exposure. The mean value decreased from 0.79 + 0.17 (n = 16) in the control group to
0.69 = 0.26 (» = 11} in the SMF exposure group (P < 0.01, ANOVA). The gray band represents +SE across pairs.

exposure, indicating that some metabolic processes such as
enzyme activities may be involved in the observed changes
induced by SMF. These results suggest that the inconsistent
changes of neuronal activity induced by SMF may be related to
the intensity of SMF and the different membrane properties of
neurons. A previous study proposed that reorientation of mem-
brane phospholipids during SMF exposure will result in the

deformation of imbedded ion channels (Rosen 2003b). There-
fore the decrease in AP amplitude suggests that sodium chan-
nels, which participate in the depolarizing phase of AP, may be
affected more easily by SMF exposure. The reduction in the
frequency of APs indicates that the 3.0-T SMF can inhibit large
LN activities, which is consistent with previous findings
(McLean et al. 1995; Nikolic et al. 2008). The bursting pattern
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with consecutive spikes of neuron activity is related to calci-
um-dependent ion currents (Izhikevich 2000). Our results dem-
onstrated that burst firing frequency and duration were signif-
icantly decreased after exposure to 3.0-T SMF. It is possible
that alterations of bursting patterns of large LNs may result
from the effects of the intense SMF on the calcium-dependent
ion currents in some direct or indirect ways. Correlated spon-
taneous activities are important in information coding and
processing by neural circuits. A previous study demonstrated
that there were correlated activity and reciprocal chemical/
electrical connections between olfactory neurons in Drosophila
antennal lobe (Huang et al. 2010). A recent study showed that
neuropeptide PDF (pigment-dispersing factor)-secreting large
ventrolateral neurons in the Drosophila brain regulating daily
patterns of rest and arousal exhibit synchronous rhythmic
membrane activity, and cholinergic input was required for
synchronous membrane activity whereas GABA can modulate
firing pattern (McCarthy et al. 2011). In this study, we found
that 3.0-T SMF decreased the correlated activity in pairs of
ipsilateral large LN/LN. Whether this relates to the inhibited
effects of SMF on single large LN activity, as we showed, the
potential interaction between SMF and reciprocal chemical
and/or electrical connections of neuron pairs, or possible ef-
fects of SMF on the synaptic input to large LNs needs to be
studied further.

Local neurons are essential for transformation and integra-
tion of olfactory information through the glomerular relay
between PNs and ORNSs in antennal lobe, playing important
roles in the functions of neural circuits (Ng et al. 2002; Wilson
and Laurent 2005). The results of the present study demon-
strate that 3.0-T intense SMF can modulate the rhythmic
spontaneous activities of large LNs and correlated activity of
ipsilateral pairs of large LN/LN in Drosophila antennal lobe,
indicating that the activities of the local olfactory circuit may
be affected by SMF. The data also suggested that calcium
channels and sodium channels may be related to the activity
alterations induced by SMF, which also needs to be investi-
gated further. Our findings are, in a sense, the first step in
detecting the effects of intense SMF on neural circuit func-
tions. Drosophila antennal lobe, with genetic tractability and
functional organization, provides an ideal model not only for
investigating the network of neural circuits but also for linking
the gaps between neural alterations and SMF stimulation.

ACKNOWLEDGMENTS

We acknowledge Naya Huang and Jiayao Lei for help in data analysis and
Dongzhi Ran for fly strain support.

GRANTS

This work was supported by the Hundred Talents Program of Sun Yat-sen
University (50000-3181308) and NSF 30970980.

DISCLOSURES

No conflicts of interest, financial or otherwise, are declared by the author(s).

REFERENCES

Catterall W, Few A. Calcium channel regulation and presynaptic plasticity.
Neuron 59: 882-901, 2008.

Chou Y, Spletter M, Yaksi E, Leong J, Wilson R, Lue L. Diversity and
wiring variability of olfactory local interneurons in the Drosophila antennal
lobe. Nat Neurosci 13: 439449, 2010.

Das A, Sen §, Lichtneckert R, Okada R, Ito K, Rodrigues V, Reichert H.
Drosophila olfactory local interneurons and projection neurons derive from
a common neuroblast lineage specified by the empty spiracles gene. Neural
Dev 3: 33, 2008.

Galan R, Fourcaud-Trocme N, Ermentrout G, Urban N. Correlation-
induced synchronization of oscillations in olfactory bulb neurcns. J Neuro-
sci 26: 3646-3655, 2006.

Gelperin A. Olfactory computations and network oscillation. J Neurosci 26:
1663-1668, 2006.

Gowland P. Present and future magnetic resonance sources of exposure to
static fields. Prog Biophys Mol Biol 87: 175-183, 2005.

Gu H, O’Dowd D. Cholinergic synaptic transmission in adult Drosophila
Kenyon cells in situ, J Neurosci 26: 265-272, 2006.

Gu H, O’Dowd D. Whole cell recordings from brain of adult Drosophila. J Vis
Exp 2007: 248, 2007.

Huang J, Zhang W, Qiao W, Hu A, Wang Z. Functional connectivity and
selective odor responses of excitatory local interneurons in Drosophila
antennal lobe. Neuron 67: 1021-1033, 2010.

Izhikevich E. Neural excitability, spiking and bursting. Int J Bif Chaos 10:
1171-1266, 2000.

Kashiwadani H, Sasaki YF, Uchida N, Mori K, Synchronized oscillatory
discharges of mitral/tufted cells with different molecular receptive
ranges in the rabbit olfactory bulb. J Neurophysiol 82: 17861792, 1999.

Kazama H, Wilson RI. Origins of correlated activity in an olfactory circuit.
Nat Neurosci 12: 1136-1144, 2009.

Kreiter AK, Singer W. Stimulus-dependent synchronization of neuronal
responses in the visual cortex of the awake macaque monkey. J Neurosci 16:
2381-2396, 1996,

Lledo P, Merkle F, Alvarez-Buylla A. Origin and function of olfactory bulb
interneuron diversity. Trends Neurosci 31: 392-400, 2008,

McCarthy E, Wu Y, deCarvalho T, Brandt C, Cao G, Nitabach MN.
Synchronized bilateral synaptic inputs to Drosophila melanogaster neuro-
peptidergic rest/arousal neurons. J Neurosci 31: 8181-8193, 2011.

McLean M, Holcomb R, Wamil A, Pickett J, Cavopol A. Blockade of
sensory neuron action potentials by a static magnetic field in the 10 mT
range. Bioelectromagnetics 16: 20-32, 1995.

Miyakoshi J. Effects of static magnetic fields at the cellular level. Prog
Biophys Mol Biol 87: 213-223, 2005.

Ng M, Roorda R, Lima S, Zemelman B, Morcillo P, Miesenbick G.
Transmission of olfactory information between three populations of neurons
in the antennal lobe of the fly. Neuron 36: 463-474, 2002.

Nikolic L, Kartelija G, Nedeljkovic M. Effect of static magnetic fields on
bioelectric properties of the Br and NI neurons of snail Helix pomatia.
Comp Biochem Physiol A 151: 657-663, 2008.

Palhalmi J, Paulsen O, Freund T, Hajos N. Distinct properties of carbachol-
and DHPG-induced network oscillations in hippocampal slices. Neurophar-
macology 47: 381-389, 2004.

Ravel N, Chabaud P, Martin C, Gaveau V, Hugues E, Tallon-Baudry C,
Bertrand O, Gervais R. Olfactory learning modifies the expression of
odour-induced oscillatory responses in the gamma (60-90 Hz) and beta
(15-40 Hz) bands in the rat olfactory bulb. Eur J Neurosci 17: 350-358,
2003.

Rosen A. Effect of a 125 mT static magnetic field on the kinetics of voltage
activated Na* channels in GH3 cells. Bioelectromagnetics 24: 517-523,
2003a.

Rosen A, Inhibition of calcium channel activation in GH3 cells by static
magnetic fields. Biochim Biophys Acta 1282: 149-155, 1996.

Rosen A. Mechanism of action of moderate-intensity static magnetic fields on
biological systems. Cell Biochem Biophys 39: 163-173, 2003b.

Rosen AD, Lubowsky J. Magnetic field influence on central nervous system
function. Exp Neurol 95: 679-687, 1987.

Rosen AD, Lubowsky J. Modification of spontaneous unit discharge in the
lateral geniculate body by a magnetic field. Exp Neurol 108: 261-265,
1990.

Saunders R. Static magnetic fields: animal studies. Prog Biophys Mol Biol 87:
225-239, 2005.

Schenck J. Physical interactions of static magnetic fields with living tissues.
Prog Biophys Mol Biol 87: 185-204, 2005.

Schenck J. Safety of strong, static magnetic fields. J Magn Reson Imaging 12:
2-19, 2000.

J Neurophysiol « VOL 106 - NOVEMBER 2011 « Www._jn.org

£102 ‘61 Aienuer uo 3sanb Aq /Bro*ABojoisAyd-ulj:dny wouy pepeojumoq




STATIC MAGNETIC FIELD ALTERS LOCAL INTERNEURON ACTIVITY 2135

Shang Y, Claridge-Chang A, Sjulson L, Pypaert M, Miesenbick G.
Excitatory local circuits and their implications for olfactory processing in
the fly antennal lobe. Cell 128: 601-612, 2007.

Silva A, Silva L, Egito E, Carrico A, Safety concerns related to magnetic
field exposure. Radiat Environ Biophys 45: 245-252, 2006.

Wieraszko A. Dantrolene modulates the influence of steady magnetic fields on
hippocampal evoked potentials in vitro. Bicelectromagnetics 21: 175-182,
2000.

Wilson R, Laurent G. Role of GABAergic inhibition in shaping odor-evoked
spatiotemporal patterns in the Drosophila antennal lobe. J Neurosci 25:
9069-9079, 2005.

Wilson R, Turner G, Laurent G. Transformation of olfactory representations
in the Drosophila antennal lobe. Science 303: 366370, 2004.

Ye S, Yang J, Chen C. Effect of static magnetic fields on the amplitude of
action potential in the lateral giant neuron of crayfish. Int J Radiat Biol 80:
699708, 2004.

J Neurophysiol - VOL 106 « NOVEMBER 2011 « WWW.jn.org

€102 ‘61 Arenuer uo isenb Aq /Bio"ABojoisAud-uly/:duy woyy pepeojumog







Szerzett multifokalis myoclonus pathomechanizmusa — Beteg bemutatas

Giti Istvan'?, Olof Danielsson' és Palhalmi J4nos®
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Osszefoglalas

A kozlemény multifokdlis myoclonusok miatt szenvedd, 48 éves férfibeteg betegségtorténetét
mutatja be és elemzi. A szérumban taldlt fesziiltségfiiggd kdlium csatorna (VGKC) elleni ellenanyagok
alapjdn a betegség autoimmun mechanizmusa meriilt fel. A klinikai tiinetek agytorzsi eredetii
myoclonusokra utaltak, mig az izombiopszia vizsgilata felvetette annak a lehetdségét, hogy a
myoclonusok kialakuldsdban neuromuszkuldris, periférids tényezék is szerepet jatszottak. Plasmaferesis
kezelés hat€konynak bizonyult, azonban a tiinetek visszatérése miatt sziikséges volt a kezelések
ismétlése. Ismert, hogy krénikus fdjdalom szindrémékban a fesziiltségfiiggd kédlium csatorna elleni
ellenanyagoknak ugyancsak pathogenetikai szerepiik van, és ezen éllapotok gyakran eredményesen
kezelheték komplex mddon, orvosok, fizioterdpids szakemberek, pszichoszocidlis tdmogaték
bevondsdval. Joggal meriil fel tehdt a gondolat, hogy betegiinknél az immunkezelés komplex kezelési
stratégidkkal torténd kiegészitése tartosabb panasz- és tiinetmentességhez vezethetne.

Kulcsszavak: myoclonus, fesziiltségfiiggd kélium csatorna, plasmaferesis, fizioterdpia

Pathomechanism of acquired multifocal myoclonus — Case history
Giti I, Danielsson O, Pdlhalmi J.
Summary

A history of a 48-old male patient with acquired multifocal myoclonus have been presented. An
autoimmune mechanism was postulated on the base of serum voltage-gated potassium channel (VGKC)
antibodies. The clinical symptoms pointed to a possible brain stem origin, while muscle biopsy findings
supported a possibility of peripheral, neuromuscular system involvement. Plasma exchange resulted in
substantial recovery, but repeated therapy had to be used. Chronic painalso is a syndromic
manifestation of VGKC-complex autoimmunity, and complex therapy by participation of neurologist,
physiatrists and psychosocial interventions usually successful in these conditions. In our case - besides
the immunotherapy — one may consider similar complex treatment strategies, which might lead to longer

symptom free periods.
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Bevezetés

A myoclonusok hirtelen, akaratlan szabdlytalan izom Osszehuzdddsok. A tiinetek hatterében
kiilonb6zd anatomiai lokalizdcidk és korélettani mechanizmusok ismertek (1, 2). Elkiilonitend6k més
izom hiperaktivitdsdval jaré6 kozponti idegrendszeri betegségektdl, mint dystonidktdl, tremoroktdl,
choreatdl, vagy epilepszids gorcsoktol (3), valamint periférids eredetli korképektol, mint a myokymiatdl,
fasciculatiotél, rippling szindrémédtél és a pseudomyotonidtél (4, 5). Kozépkord férfibeteg
betegségtorténtét mutatjuk be, akinél szerzett, multifokdlis myoclonusok voltak észlelhetok, erds
veritékezéssel €s izomgorcsokkel. Sem kozponti -, sem periférids idegrendszeri karosoddst nem
igazolddott. A klinikai tlinetek alapjdn agytorzsi lokalizéci6 és autoimmun pathomechanizmus latszott
valdsziniinek, ugyanakkor nem volt kizdrhaté, hogy periférids neuromuszkuldris mechanizmus is
szerepet jatszott a panaszok és tiinetek kronikussd védldsaban.

Beteg ismertetés

A 48 éves férfi beteg tiinetei 6 évvel ezel6tt kezdddtek, fdjdalmas gorcsokkel kisért akaratlan izom
Osszehizéddsokkal, a nyak és a karok izomzatdban, naponta 5-10 alkalommal, véltozé 5-30 perces
id6tartamokra. A tiinetek gyakorisdga fokozddott, és rdngdsok jelentkeztek a has izomzatdban, és az alsé
végtagokban is, bal oldali hangstlyozottsdggal. Akaratlagos izom kontrakcid, tapintds és fijdalmas bor
stimulusok, valamint erds lelki hatds kontrakcidkat provokéltak, ugyanezen stimulusok a rdngdsok
frekvencidjit és amplitédojatt jelentdsen fokoztdk. A tiineteket intenziv izzadds kisérte. A panaszok
alvdsban nem jelentkeztek.

Korhézi felvétele alkalmdval intenziv veritékezésen kiviil koéros belszervi eltérés nem volt
észlelhetd. Neuroldgiai vizsgédlata alkalmdval myoclonusoknak mindsitheté rdngdsok voltak l4thaték a
nyakizmokban, a hasi izomzatban és a végtagokban, bal oldali hangsiilyozottsdggal. Fenti stimulusok az
izom Osszehtizéddsokat provokéltdk.

A rutin laboratériumi vizsgdlatok sordn kérosat nem taldltunk. Radioprecipitdciés moédszerrel
torténtek a kovetkezd fehérjék elleni antitest vizsgélatok: glutamic acid decarboxylase GAD-65 (IgG),
Hu, Amphiphysin 1, Yo, Ri, Purkinjecell, Ma 2, anti-neuronal nuclear antigén (ANNA3), N-methyl D-
aspartate (NMDA)-receptor (NR1), leucine-rich glioma inactivatedl protein (LG-1), contactin
associated protein2 (CASPR2), VGKC kv 1.1, 1.2, 1.6. A fentiek koziil csupén a fesziiltségfiiggd kalium
csatorna ( kv.1.2 VGKC) elleni ellenanyag kiiszébszintli emelkedése volt mérhetd. Két évvel késébb
ugyanezen kélium csatorna ellen jelentés mértékii ellenanyagszint volt észlelheté: VGKC- komplex
antitest: 130,2 pmol/l (norm: : < 85 pmol/l). A likvor vizsgilata alkalméval intrathechalis IgG szintézis
igazolddott. Izoelektromos fokuszdldssal a szerumban és likvorban azonos gammaglolulin szubfrakciék
jelentek meg.

Virus szerologiai vizsgélatok a kovetkezd virusokkal tortént kordbbi infekcidkat igazoltdk: HSV 1.
tipus, VZV, TBE, CMV and EBV (VCA and EBNA). EEG és SEP vizsgdlatok kérosat nem igazoltak. A
tibidlis MEP vizsgélat megnytilt latencidt mutatott, mely pyramis pélya kdrosoddsdra utalt. Az EMG
vizsgédlat nem jelzett spontdn aktivitdst, emellett maximadlis izom Osszehizdédds alkalmédval normalis
interferencia kép 4ébrazolddott. Koponya MRI és SPECT vizsgdlatok koérosat nem dbrdzoltak.
Tumorkutatds negativ eredménnyel zarult.

Carbamazepine, gabapentine, levetiracetam antiepileptikus kezelések, valamint intravénds
immunoglobulin kezelés nem eredményeztek javuldst. Plasmeferezis, 5 egymdst kdveté napon tortént
kezelésekkel a tiineteket jelentosen csokkentették, azonban kb. 1-3 hénap utdn ismételt kezelések valtak
sziikségesse.

Az izombiopszia fénymikroszkopos vizsgdlata sordn Il-es rost hypertrofidt, szdmos rost hasadast,
subsarcolemmalis mitokondrium felszaporodést taldltunk (Fig 1 a, b). Spectrin, cavelin-3 és dysferlin
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immunhisztokémiai vizsgilatok normdlis fehérje expressiot mutattak. Cav3 gén molekuldris biolégiai
vizsgélata nem taldlt gén mutdcit. Az izom elektronmikroszképos vizsgdlata alkalméval tdgult T-
tubulusokat, glycogen, degraddciés lipid strukturdk, amorph anyag és a mitokondriumok
subsarcolemmal felszaporodésit észleltiik. ( Fig 1 c, d, e, f).

SERL v, i~ B A | = '
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1. dbra. A: Succinate dehydrogenase festés intenziv subsarcolemmalis enzime aktivitdst mutat a legtébb
I-es tipust izomrostban (nyilhegy), B: Rutin ATP-as festés II-es rost hypertrofidt 4brdzol. C: Mag koriili
subsarcolemmalis mitochondrium proliferdcié (m: mitochondrium, n: mag), D: Subsarcolemmalis
myofibrillum degenerdcié amorph, részben electrodens anyag (A), valamint lipid (L) felhalmozddédsdhoz
vezet. E: Vakuolumok és Z-lemez kozeli strukturdlis dezintegracié. F: Triddokhoz (nyil) kozeli szoveti
kédrosodds, T-tubulus kitdgulds (vastag nyil).



Megbeszélés

Evek 6ta multifokdlis myoclonusok miatt szenvedd, 48 éves férfi beteg betegségtorténetét

elemeztiik.
A tiinetek elsésorban a felsé testrész izomzatdban jelentkeztek, lelki, fizikai stimuldcid, akaratlagos
erékifejtés kivéltotta, vagy stimuldlta az izom Osszehizodasokat. A felsd testrészen jelentkezd
myoclonusok jellemzéek myoclonus-dystonia szindrémdra (6), de a betegilink betegségtorténete,
valamint a dystonids jelenségek hidnya miatt ez a lehetdség elvethetd volt. Fej -, vagy végtagi tremor,
ataxia, encephalopathia, valamint a szemmozgés zavarok hidnya miatt opsoclonus-myoclonus szindréma
(7) diagnézisa sem létszott valdszinlinek. Erdkifejtéssel provokalhaté izomgoresok, a has izomzatban
megjelend izom osszehizoddsok betegiinknél észlelhetok voltak, mely tiinetek a “rippling muscle”
betegségben is jellemzéek. Molekuldris genetikai vizsgdlatok, valamint az izombiopszia vizsgdlata nem
tdmogatta ennek a szindrémék oroklott, vagy szerzett formdjat (8, 9). Betegiink esetében, a klinikai
tiinetek alapjan agytorzsi eredetil myoclonusokat valészinusitettiink.

Myoclonus lehet agykérgi, agytdrzsi, vagy gerincveldi eredeti. A kortikdlis myoclonusokat
myoclonus-szinkron tiiske-hullim EEG jelek jellemzik (3), mig az agytorzsi myoclonusok és a
gerincveldi myoclonusok elektromosan nem detektdlhaték. A periférids hyperexcitdblitdssal jaré
kérképekben, mint a neuromyotonidban, a myoclonusok dupla-tripla motoros egység Kkisiilésekkel
kisértek, vagy fasciculatiok, fibrillatiok észlelhet6k (4, 5). Betegiinknél az ismételt EEG és EMG
vizsgdlatok nem mutatott kéros elektromos aktivitdst. A mdgneses ingerléses vizsgdlat megnyiilt
latencidt igazolt, mely a kortikospinalis pdlya kdrosoddsidt valészinisitette. A gyakori alsévégtagi
fdjdalmas toénusfokozddédsok, a kiilsé ingerekkel stimuldlhaté myoclonusok valamint a megnyult
motoros latencia az agytorzsi eredetlli myoclonusok egyik klinikai formdjara, hyperekplexidra (startl
betegség) utaltak (10, 11).

Izombiopszids vizsgdlatot végeztiink periférids neuromuszkuldris betegség lehet6ségének
megerdsitése, vagy kizdrdsa céljabol. Az izombiopszia fénymikroszképos vizsgédlata sem neuropathia,
sem myopathia jeleit nem mutatta. A II-es tipusi rost hipertréfidja és a rosthasadés a folyamatos, vagy
gyakori, intenziv izommunka kovetkezménye lehet (12). Az ultrastruktirdlis jelenségek, mint a T-
tubulusok kitdguldsa, a mitochondrium proliferdcié, subsarcolemmalis myofibrillaris degenerécié
ugyancsak megjelenhetnek fokozott izommunka kovetkezményeiként (13). Ugyanakkor, a jelentds
mértékii subsarcolemmalis degenerativ jelenségek periférids, neuromuszkuléris kdrosoddsra utalhatnak.
Az észlelt izomszoveti elvédltozdsok — a fokozott izommunka kovetkezményén til — felvetik annak a
lehetoségét, hogy az idegi és izomszoveti struktirdkon kiviil méds szoveti elemek, igy valdszintsithet6en
az extracellularis métrix alkotéi is részt vesznek a pathomechanizmusban, mely alkotéelemek jelents
szereppel birnak a neuromuszkuldris jeldtvitelben, valamint a sarcolemmalis membran funkciékban(14 ).

A fokozott veritékezés, és a szinte folyamatos myoclonusok a periférids hyperexcitabilitdssal jar6
neuromyotonia betegségben jellemzdek (4). Betegiinknél fesziiltségfiiggd kalium csatorna elleni
antitesteket taldltunk, mely a neuromyotonia pathogenesisében is szerepet jitszik. Betegiinknél azonban
nem voltak észlelhetok nyugalmi motoros egység kisiilések, tovdbbd az alvds alatti tiinetmentesség is
ellentmondanak a neuromyotonia valdszinlségének. Fesziiltségfiiged kalium csatorndk elleni
ellenanyagok azonban a kdzponti idegrendszeri Morvan szindrémédban €s limbikus encephalitisben is
pathogenetikai szerepet birnak (5, 15, 16, 17), igy tovdbbra is elsGsorban az agytorzsi eredetii
myoclonusokat tartottuk valészintinek.

Autoimmun pathogenesisti, agytdrzsi myoclonusokban igazoltak intrathecalis IgG szintézist (18),
mely esetiinkben is észlelhetd volt. A szérumban é&s a likvorban taldlt azonos immunoglobulin
szubfrakciék alapjdn egy kordbbi infekcié indukalta ellenanyag termelés gyandja meriilt fel.
Betegiinknél szdmos virussal tortént kordbbi infekcié igazolédott, melyek barmelyike lehetett az
immunvdlaszt induk4lé dgens.

A fenti virusok koziil a kullancs encephalitis virus esetleges pathogenetikai szerepe emlithetd.
Betegiink kullancs encephalitis virus fertézések endémids teriiletén él (19). A kullancs encephalitis
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virusa gerincvelé mellsészarvi - , agytorzsi-, vagy kozépagyi teriileteket is kérosithat (20, 21). Néhany
kozlemény multifokdlis vagy palatdlis myoclonusok hétterében ezen virus pathogenetikai szerepét
igazolta (22, 23, 24). Igy betegiink esetében sem vethetjiik el annak a lehetdségét, hogy a kullancs
encephalitis virusa direkt agytdrzsi kdrosodédst okozott, vagy valészin{ibben, ezen virus indukalta az
immunvalaszt, mely a kdlium csatorndk blokkoldsan keresztiil vezetett a tiinetek megjelenéséhez.
Betegiink esetében a myoclonusokat elsdsorban agytorzsi szintli neurondlis hiperaktivitdssal tudtuk
Osszefiiggésbe hozni, azonban a szokdsos antiepileptikus kezelés azonban hatéstalan maradt (25). Az
izom szdvettani vizsgélata tdmogatta egy esetleges periférids, neuromuszkuldris mechanizmus szerepét
is, melyben a neuromuszkuldris transzmisszi6t befolydsold extracellular métrix elemeinek a szerepe is
felmeriilt. Felteheté, hogy ezen kérosodds mdsodlagos, és elsésorban a kérfolyamat krénikussd
valasaban lehet szerepe. Ezen komplex mechanizmus hasonlit az elsGsorban fdjdalommal jaré szerzett
krénikus dllapotokhoz, mint a myofascialis fdjdalom szindrémdhoz, vagy a fibromyalgidhoz —
melyekben a fdjdalmas izomtdnus fokozéddsok, izomgorcsok ugyancsak jellemzék —, és amely
betegségekben a kdliumcsatorndk elleni ellenanyagoknak ugyancsak pathogenetikai szerepet
tulajdonitanak (26). Betegiink esetében a plasmaferesis dtmeneti javuldst eredményezett. Amennyiben
betegiinknél a krénikus fdjdalom szindrémékhoz hasonlé komplex pathomechanizmust tételeziink fel,
nédla is megfontolandé és eredményesebb lehet orvosok fizioterdpids szakemberek, pszichoszocialis
tdémogatdk részvételével végzett, a krénikus fdjdalom szindrémékban hatékony, komplex kezelés. (27,

28).

Koszonetnyilvanitas: Koszonetiinket fejezziik ki Dr. Arndt Rolfs, Andrea Breda Klobus PhD,
Glonitz Uta PhD és Sabrina Eichler PhD, a CENTOGENE, Institute of Molecular Diagnostics,
Rostock, D-18057, Germany, munkatirsainak a molekuldris genetikai vizsgdlatokért. valamint

Gunnvor Sj66 és Liv Grontoft munkatédrsainknak, a szévettani munkdéért.
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