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Fig. 3. Fore-to-hind bratn EEG
recording in salasander (1ight-
Iy tranqui1ized) before, dur;
ing, and after application of
transverse, uni forn magnetic
fleld” e recordings are se-
quential from top to bottom;
The numbers benoath the tra-
cing indicate flold strength
fn ¥ilogauss. From 3.8 on the
second 7ecord to 3.4 on the
third, a 3.8 Kg. field yas
steadily applied. The time
markers on each Fecord are
1/second.
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THE DIRECT CURRENT FIELD: A PRINITIVE CONTROL AND COMMINICATION
SYSTEM RELATED TO GROWTH PROCESSES. Rebert O. Becker, H.D.*

A1 iving organisms possess to some degree the property of
self-repalr, K major charsciarietic of this process 1a 1is Prar
Tatedness® fo the fotal organiem. In regenerative growth proces
s, for example, the part Forned under normal circusstances is
gt smproptite to Feplace e alaging part “and, " Fact, In
those animals most highly endowed with this ability it is an exact
duplicate. It would appear that the regenerating part is furnishe
edwith infornation fron the remainder of the organism indicating
the deaired physical parameters fo be fulfilied, and that some
orror-senaing process deternines the overall organizational pat-
Sorn of the Tegenerate to best Fit the furnished instructions
This concept implies the existence of some communication system
capable of passing appropriate and meaningful signale in hoth
GiTections Dotwaon the regencrating cell mass and ihe remainder
of the organiem.  Cortain characteristics of thio control or
Communication systen may bo predicted. Since the procas of self-
Topair may be considered to be a basic attribute of living things,
the control system governing the process should be equally prizi-
tive. It should utilize physiological mechanisms of & nature that
could have boen operating in the earliest living organisms. Sec-
ndly, ‘since the Function of the system in regenerative growth is
%0 refate the growth to the entire organism, the system mist in
some way be present throughout the entire ofganism, Howsver, the
paranters at any point in the organism mist somehow be rop
Sative of that specific point. Knowledge of the systen vaiue
(7 coordinates) ‘at any point should be an expression of the ana-
tomical configuration of the organiem at that point, Thirdly, in
view of itc prinitive nature, one would further prodict that tho
aysten posseased other control and commnication functions of &
basic nature in addition fo control over regencrative growth. Dur-
fng the past several years we have mad certain cbservations on
the dizect current electrical activity of the central nervous sys-
tom indicating that this activity conatitutes an organized control
and communication syston of a veXy prinitive type possessing the
previously mentioned characterisiice; It appears i be relted,
Gmong other things, to the sensing of trausa and to the control
of ropair processes folloving trauna. Presently available data
Tndicates Phat this phenomena is based upon soms solid state or
semicondiction property of the neurone, and that the current flow
§"clectronio. rather than Lonic.in natire. The system paramsters,
a5 presently known, would seem to fumish a logical basis for
Stuly of the role of eloctrical and neural factors in many types
of ‘Grouth processes.

METHODS: Details of technique have been reported in previous pub-
1sy, Letiond, and theinterested reader is Toferred theve-
to (1:5).

OBSERVATIONS: A. Surfacs Pattorns of Dirsct Current Potentials,

Q £, (0] pished The Hrat of & Tong
ries of papers dealing with the direct currant potentials found
on the intact ourfaces of  varisty of organisms.’ He related
changes in these potentiale to certain physiological functions in-
* Department of Surgery, State University of New York, Upstate
Modical Center at Syracise, New York.
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cluding growth & devslopment (101, tusor formation (12), sleep
i Svatation (3o At 1ha’ same-Liner Borve (11, woriing
with'the surface cephalo-caudal d.c. nt{als, demonstrated a
Yeveral oF 115 pobentia wiih anchthesis and prosioted 3 gausal
T nabip batvbon Ehs tuos Vo bave.cxaminad hesq sephatorses-
apetontiats in s phylossmetic serier, and observed o pediance
P shoniiude Shat arpebrs§o be-sejated o aiiher body iseor
Comicaity: Nan sppoared to occtoy an anouctous pesttion in.ghis
St owing e only revorselr o1 The Resdonerative Bolatity:
ReZirding e The Ttandard concepts, thase betentials optesented
o eiatioly simsle dipoie 1e1d gineratedin seme. Fartion sy e
Srkire crgenisn and unselated fo amy speoifis fiosue (3,34). I
TR 2" Eoue, than. maving. the Tecoriing slestrode afons’the dor-
201 mid1ine From the cephalad portion fovard the referance sisc-
et Mo covcal ond ahgaid varais in s relntivaly smooth. do-
o Held bani tude To seror. Hovavar, the potuntisis mea.
ShsedIn"this. fashion Showss 5 surprisiny Somleriey mhich vas re-
TAE00 10 1S sanerat organiastionss patrern of the Lontrel harvows
Wherevas najor aasses.of nesrons coil
~Sesitire SinE 1n
ese Sreas wers singlo in pianaris, amclids,

2yaten in each orcanien
bodies agoragated, there were ovident relativ
¥ho Field pactarn:

and Fioh (5

g, 1), all of which have single cephalic, néuronal
despife other neural differences of considerable magnitude.
higher vertebrates the development of additional cord on-
largements concomsitant with the development of specialized 1imhs
was associated with two morepositive sinks” located approximately
gyor the cetiutar sccumiations (Flg: 31 “In man, il the rela
#1vely enormous development of the central norvous system compar
to body size, particularly in the cranial area, the entire record-
ing was posilive, but again the three cellular accumulations were

Ttive thin the intervening areas. Also in these verte-
the 1iabs had woll developed d.c. gradients of their own
with the cord enlargements positive, and with an inoreasing nega-
Tive gradient distaily. This spatial relationship between the
surface d.c. potantials and the general organization of the cen-
Eral nervous system in mich a wide variety of 1ife forns appeared
o Do of some significance, and the thesis was formlated that a
causal relationship existed between the two.

B. Direct Current Potentials of the Central Nervous Systen
ana Thoy RSIEE SRRt Eelgncitly of fhe Chatrl Nerpe rpree
Harty*oheer s aurtace d.c. gradient along an mphibian
Tiab docressed to zero LF the nerves sntering that sxiremity vere
Gompletely asctioned, Nore importantly, howevar, ihe radient on
{Re contralateral 1iab decraased by approximately 25%.  Similar
Phenonsna were noted in humans in chemical of pressure nerve block
63T addi t1on, roction of the apinal cord {in amphiblans) st
the'1evel of ha foranen magnun proguced a depression in ali 1isb
drc. ‘Gradionts Gurjng the phase of epinal shook, As spinal shock
\os replaced by reflex hyperirritability, the lisb oradients Te-
utnsa to nommal or abovacnormal levels.' The conclusion uas
Toached that the surface d.c. potentiels wers 3 second-order phe-
fomenon related to some activity of the soniral rervous syste
IReoreticel grounds, 1t seemed highly wniikely that summated as-
tion potential actifity could be the generating source for the
Steady state potontiels. It was also theoreticaily unliksly that
potarization br electrostatio potentials conld be long maintained
Tithin'a condicting mass without some sctual current flow faking
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place. The electrical activity that could best fulfill the re
Suirenents was a longitudinal direct current potential along the
fong axis of the neurone accompanied by some mall level of actual
direct ourrent Flow.  In 1940 Gerard & Libet (18) obscrved that a
Steady duc. potential existed across the amphibian cerebral cortex
in‘an axonodendritic direction. They noted changes in the magni-
tude 'and polarity of his potential with changes in cerebral irri-
tabi1ity, and suggested that this axonodendritic polarization son-
txolled, in part, the level of neural srritability, Subsequently,
Goldring (17718)" extendad and confirmed thess obaervations both 1h
and {n humans. Our observations on the central nervous
systen proper have baon confined o the spinal nerves. In this
aTas sevoral 1ines of endeavor have been explored fo determine
“hother or not actual d.c. Fow could be detected in the nerve
Fibers. “The galvano-magnetic effect (Hall effect) was investiga-
ted in intact amphiblan 1iabs, and some evidence vas obtained for
the existence of & neural-depéndent, arial current Flow (31, The
cbeervations indicated a current that was solid state or semicon-
Giction in nature, rather than fonic. This wes further svaluated
by a atudy on the'injury currents in isolated nerve sectiona It
vas observed that longitudinal steady current Flow and poventials
Vore mainiained evon though a segment of the nerve was Frosen with
iquid nitrogen at 775 K (4); The existence of a steady current
FHlow requires the presence of a camplete circuit loop, and &
soarch was instituted for the in and out-flow pathways, Our ini-
HHal coneepta vare for o' unidizectlonal tlow’Tn"the peripnoral
nerves with a cireult completion pathway via some other tisse.
Obsarvations, Howerer, “ndicated Bhat”the'antre olroult pulh fay
WEthin the contzal nefvous aystem (xcept perhaps at the

21 ferninale, whera a short, higher resistance

fhrough other iesues). We'found that the axial d.c. potentisl
gradiinte along spinal motor nerves vera dtstelly-nedatlve hite
Those along spinal sensory nerves were distally- ¢
divection of the polarization, therofore,

Gireotion of message transmiesion, or, perheps, more fundamentally
to the axonodendritic axis (). (This requires that the peripher-
al fibers of the sensory nerves be viewed as dendritic in nature,
despite their histologizal appearance.) We may therefors suma-
Tize our findings as follows: the surface d.cs potentials are a
gegond-order plencmsnon prodiced by'the Hou'of taall siady el
£rical currente within the underlying neural siements. Th
rents are polarized in an axonodendritic fashion, and are

ted by some clement of the neurone possessing a solid state molec-
ular lattice permitting clectronic conduction. This property of

e contxal norrous systen 1o organised. thorefore, into a somplex
olectrioal Hlerd vich

ia related to the entire orjanism. Since
not only scalar

{magnituds) but vector (directional) parameters, then any area of

the body may bo reprosented by a ~aet® of electrical coordinat:

It 1o tantatively proposed, Hhereforo, fhat one of the emvirom

tal parameters of each cell or group of cells may be a certain set

of values of this electrical field in an organi:

C. Functions of the D.C. System. 1. Neural Irritability
Level:  Tho'xork ‘of Ceratd, Libet and Goldring on the relationthip
of the azonodendritic potential to the irritability of the cere-
Bral ‘neurones had been done on isolated cerebral tissue. In our
moasuzements of the surface d.c. potential pattern, we had noted
that a midline fronto-occipital vector of d.c. potential was
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prosant an the doraa) surface of he head, yith the frontal area
Pt e ik reopect Torthe seipttet " bther messusament
Teers arvose’ 1he Raad vers, ToweE in Saoniude sndin Fast,.the
transverse vector was generally zero. We noted further that’the
EioniTeae ol The” rrantocasiptLe] vestor vas.an expression of the
e o cnsckousnoss of 115 antaal. Anvetheots rodased by any
one' a1t Satiety of agonts ‘var msmesiated Vith s fali in he maer
Titude ot The Botential 1o serornd sopaskondlly 1o a'Roderer
Teversasof S noreel pelariiy. e poviujated that this steanisa-
ETonar the dig. atterk vas 1hs TesLTtant of doey aetivt iy wiikin
S5m0 Bidline StruEtere of The braln ( foLtoular foraationy.” In
Soord VAth: the Sonsemt iDAt the L PritabLIiDy Jevel of the feutel
{55050 Yas ‘comtrolTod by 1he dh. metential,we pastijateq that
iheseeTon GF"He Ananthotle asenti.vas io broube s decten
TEvoraal inthis- eloetrical veptor by interForing with: cho
e Lo T hory, Then vatiation 1n the ferel
Routd be produced 5y overiiding the. integnal
ek, SR er eloqtyioat Sarronte.
Seriaontalion vas sroren the. vALLGILY of Thle hypotbesis: adaini-
Dation ot To sablitude borrents: 17 & roveroek irection’ Tron
Sa S pastDvo) romasd S50 pettorns. [do1ta, weves) and babarvier
o Eal ot Saeh aaesthets, Tn. amphibia;  The-sopveres ves sios
e e laale doasty ‘anesthetimod with chosioal. sponts could-be
e demonatras Fauates Sh8 matterns wiTh: tho'soministration
oFaeTIy lonted Girect cuffert (frontally nagative). Sinee
Loty s oo

rection to the normal midline current vector should produce
viation of significant mmbers of charge carriers from the vector
Tomiting in a decrease in the total current flow, and o corras-
ponding in cerebral irritability level. 'It was subs:
‘quently found that a 3.8 kilo gauss field applied at exactly 90°
to the aidline of the amphibian head produced a drop in the fron-
to-oocipital d.c. potential, and the appearance of delta waye
patterna in the EEG (Fig. 3). dence would indicate that,
in the cerebrum at least, i} zed d.c. field deternined the
level of neural irritability

2. Senedng of Trausa: The perception of pain is a complex
phenomena; the phenomenon of delayed pain (20) is still somewhat
difficult to explain on physiological grounds. ~In amphibians
mltiple-point recordings of changes in the d.c. field attendant
to hindlimb trauma have shown that the time delay before cerebral
d.c. changes approximated that of delayed pain. ~It would seem
possible that the d.c. field transmits information of a basic na-
‘ture related to body damage that it informa the organism of
the eyent and possibly of the extent of the injury via a relation-
ship to currents of injury.

3. Control over Regenerative Growth Processes: Preliminary
experiments have been done on the d.c. field changes occurring
during regenerative and non-regenerative healing processes follow-
ing limb amputation in two species of amphibians (2). Regene
tive growth was noted to be accompenied by a complex series of
changes in the d.c. field along the axis of the amputated extremi-
ty. The sequence of changes in the field appeared to be related
o the two phases of the Tegenerative healing process. The non-
regenerative healing process, on the other hend, demonstrated an
initial injury current which wes gradually reduced to a value
appropriate for the normal d.c. field at the point of amputation.

org
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The administration of very small amounts of electrical energy
polarizad S0 aygmont the naturally-ocourring potentials uppeared
o Jocelorate the two phases of the Tegeneration procens Tndivi-
dually. However, for fechnical reasons we failed to induce re-
genexation in the non-regenerating fora by duplicating *regensra-
tion sequence® of d.c. field changes Other suthors have reported
the produotion of major alterations in growth patterns by the ad-
alnistration o Tov velugs of divect cubrent (£5,21,15) 7
orvations would seen to be in keeping with Sifger’s cbservation
on the essential role of the central nervous system in 1imh ro-
generation. We would postulate that the responsible activity of
fheloentzal nervous systen in this reqard is the direct current
systes.

SUGARY AND CONCLUSION: The central nervous system of a variety

or organisas has been’ shown to possess
the ability to generate and fxansmit small, steady electrical cur-
zents. This direct current activity is organized into a complex
Flold pattern dependent on the organization of the central nervou
systen itself. Some evidence has boon sccumilated which indicates
that this direct current system functions as & primitive analog-
type control and commnication systen. It is mensitive to the
prosence of electromagnetic force fieids in the organisa’s en-
Vironment, and appears to respond to traumatic stimli administer-
od to the'organism. The system in turn appears to have a con-
£rolling influcnce over the basic level of neural irritability and
self-repazative procesaes folloving irauas.” Perhaps most impor-
tantly It appears to be & represemtation of the entire organism as
a functional unit, In this respect it is an objsctive, measurable
xpression of the field concept and furnishes a logical basis for
Rirther theorization and exporimentation.
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