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INTRODUCTION

The groater part of the experimental work with animels oxposed
to ultraghort waves in relationship to histolegioal studles has boen
done with epparatus whish produces such & powerful fisld as to cause
pethologicel changes in the tissues, In reecent yoars there has beem
o tendency to svoid lomg irradiations which are sccompanied by o sene
sation of vonsiderable heats, Clinieally the best results have boen
achieved with frequent irradiations of short duration which produce
& nminimm feoling of warmth, This is accomplished with higher fro-
gueneiee of B meter wave lengths or less,

the effect of the ultrashort waves is intimately related to the
physiclogical functions of the living bedy as a whole, therofore ine
vitre experiments on isclated tissues are nﬁalndiug. In reviewing
the litorature, the primary faector in the results prodused with vitre-
short waves appears to be the local vasomotor stimmlation, resulting
in an inoroased cireulation ¢of the blood in that pert which is oxw
posed to the high freguemey field. If it can bo demonstrated that the
roticulo-endotheliel systam is also stimulated to inereased metivity,
somo of the therapeutic effsets of high frequemey currents might
prove to be attributeble to amother definite physiclogical processs
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ULTRASHORT WAVES
leview of the Literature

The thorepoutie use of ultrashord wayes developed fram the basis
of Clork ¥Mamwll's mathomationl theory thet light end oleotromenodiom
wore roleated, This relationahip i-plied thet elootromagnotic muves
oculd be sont theough space in o mnner sinilar to light reys, and
thus thie theory boovamsy the h&ik of radlo transmiasions

Herta, in 1560, was the firet to obtain e wireless teanomission.
Veing an induotion eoll as & sending apparatus, he was ablo we plok up
oleotramgnetio radiotions by o loop of wire hold some distanoe awey
in his hend, ueing the alr as o oomneoting modium, Those wves beo-
omnd knovm as Nerteian waves and the term is inbtershumgeabls with the
term Tadio wavoss

Bareond, in 1901, repeatoc ihis oxperiment on o muoh larger soale,
trananitting the Jetbter "6" seress the Atlantio Osean, Almg with the
wireloss oome the redio, the wavelengths used ronging fvom 50,000 mo-
tors bo about & metors. The longer wavelengths were firet lnowm and

uged, ond wvhon thie band of frequanoy boonme oo erowded, tho amatonr

rodio brondessting stations were given the little-knmm shorter wnve
lengihs, Froguensles of B0 meters were dosignated as ehord waves end
thoss bolow ben meters a8 ulteachort WBves, |

The frequenay of & wwe is dotormined by dividing the veloelty
of light wewves (500 millien motera or 186,000 miles por second) by
the longth in mebors of the vave, ummnm»mm ahortor,
the freguensy of osoillation boeomss more raplds



In rofotion to other wave loucths Ao the apeotaug, ultrashert
weos aro oxtianely lomg. $ho infwaered my hoo & weye lemgih of
Qe sontineters and firet vieille light reaye how o froquenay of
400 milifon nillion oyoles per nesond, ﬂm;ﬂma’o!mm
ebly longew Wan the gomm ond “ePuyas Conred Caleo gogpared the aye
with a recoiving epptratus which iz wmed to & band of hgh frequencien
botwesn 400 and TH) wiliien kiloayeles, recletering eolovrs from vred W
violet and not responding o freoguernies sither above or below this range.

T uoe of high fregquonoy wawos thorapeutieally wae first sugpenbe
od by Tosla & 308%, snd daring the same yoar, d%Arccewml exporimented
wiih Mgh Oreguacaios for nedleal purposes, In 1090 v, 1, "hitasy
chtarve. that oan working with o powerful short wewe transsliter equipe
oot 1a the rossareh labswatory of the Censral “leotele Company had A
rion 4n body tamporatures It ws alse moled that solutione of oleotsroe
lytos plased in the eslecivostatio field of Uw osellistor 434 uot hout
alike, varying in relstion to the emsentention and the fremuonny of
the fleld, Thio le to luwootigations of the heating of eleatrelytos
in high frequenyy Pields and the ume of thees fMeldd &5 o monsn of pros
duolng ertifiofal fover for@ ‘hempoutis purposes in human belngee

cinse obout 197€ an fatreasing macuat of rosoarsh has boon dond

. wdth ulteeshort mves, Thore Arg two aspeott of s problem arousd

sow oontvoversy, The offects of high frequopay eurrants havo boon
aseribod 4o teo oausos, namoly, hust ef¥esta, and seoendly, epeoifio
wm.m”umwmmwmm

mw«mwmm;wlmm
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there are specific offscte duo to ocsuses othor then heady The amount
of evidonss oonfiming thase twe theories s more or less balanood,
The spooifiofty of the wawe lemgth io anothor fugtor whioh io little
Wrm |

With altermating ourrents (such as those used in disthermy and im
short waves) disploasenent and condustidve surrents mist bo considored,

A éisplacement ourvent is the distortion of the orbit of tho olooirm
within the atone i“ﬂm“hammamrmumv
to abon along the path of least resioctencos Mim‘mﬂﬁ;
paaonge of eurrent, oither the oonduotive or the displacement surrent,
at high frequencien, As the frequency beommes higher thors ic am insreass
in tho passage ly displaswent or cepaeldty ocurremt, A oepaoily eurrent
in the result of the resistancs of sleotrons to displacemant,

Tho heat effect prodused in the tissues Yy e high fremenay [Meld
1a duo to the displucement of elestrans within the atame or molacules
ocaposing the tiewmes, Phis dlsplasement may theoretieslly eonsiot of
an orbital ddstortion of the olootrons in the cane of nomeoondustors or
a drift of elestrons from atom %o atem in the onse of botter conduotors.
I oither lnstane thave 30 an enorgy 1os in the form of hoaty The
body pleaced in a eondenger fi0ld aots not os em Olmie recistance but
ns an additionnl ddelovtrie, thns emsbling o definite emoumt of heat o
us;mmmumw-n;. .

hooording to Bohliephake thore are four ossemtisl proporties Lne
herent in ultmshort wavess (1) A speeial thormal ssiion, which direot.
lym»hMM~w Mal@_. {2} &wim depth effoat, {(3) a
solootive thormal aotion, (4) & specifia offest on collofda,

The capnaity ourrent passing inte the tissues produses a atate
of hysteresise The disruptive blows or fmpaots of oleotremagnotio
vibratione oneiliating at a vory high froquenay aet upon ihe amllest



partiales of & solls As memtionod above, ons of the rosults of thie

impost is the carversion of the arrested inetic energy Into heat, The
Gynemie, pounding aotion must bo more in ovidenco in the capsoliy oure
rents than whon the owrrent flows frecly through & pood condusting mse
Alume MWQMnmmﬁmmmmmmmm

Sehliophoke offers the theary thet the loms are subject to s power
drag in the direction of the fislds In a high frequeney field the dirw
eotion of the fleld de¢ changed with the osoiliations, thwe causing the
fons 4w be moved very mapidly to and fro hy tho eleetrie Cleld foroo,
In this way & conduotiom current iz producod and thus heating of the
dielootric is brought aboudt, Hohliephale belieoves twt there L9 erporw
inontnl proof thet ultvashort waves my produse affects which ore nob
to be rogurded as heat in the comen sanae of the word, Heat is irrege
ular motien of all moleoulen in o wamed area, but in the short wave
fisld thers is regulated motion of defintite pertieles and prowps, and
these are dependont on wave lengths

Bean¥s wador aud oil omporimest hans beoome classionl beceuso it
demonstrates the solective eotion of shorb wave redistion upon smnll
partioles of matbor, 'hen alkalinized water 3o wixed with pareffin oll
end this esnlsion is thoreughly chalen and placed within o short wave
- field, theore scon follows & bolling offeet with an oscape of stoms,
Tegporature moamuresents of the liguid at that time ahow that it roso
 enly 60 to 70 degrees O, whils the tampersture of the rest of the miwe
ture remmined considerably under the bolling point,

Sdmee living tisme is made up of elootrelytes 4n solution 1t Je
of prestioal walue 4o know that selentive froquencies have been found
%o lam a spoocifio hut:lns tﬂ"lﬂ'- en different dilutions of slestrolytes.
mmm mm found that e hesting of a solution
of an slegirelyte in & hipgh froguemoy (ield doos not deopend upom the



@
oonposition, ut on the speeifio ooaduotivity and eoncontration of the
ilguid and rises %o o maximm for o ogrtain conduotivity no matter what
the sige or shape of the mspecimen haabody uma-umfrm
thnt tho conduotlivity st which the maximsm offoct osours is proporticnal
to the frequemay, Por ingtanos a% lower fremencics the wexirsm hoating
is ohearved in solutions of lowor sonoemtrations than at higher froquene
oiss, Aocording to Fitsold, overy dilutiom of an slootrolyte hms i%e
mwm-nm,m?ﬂmnudzm

Agsoording to the work of Sashmm , for o § metor wave length cepa~
city Meold, the relative heating of exoised ticeue in desconding order
iss fat, bone marrow, bone, lumg, #kin, spleem, liver, heir, bdrain and
. musgle, Dlood was found o be hoated about oncehalf as moh au wiin,
Blood eorpusclos wore heated more, hlood serum was heated less than
whole bloods

WWWﬂtWainﬂm His graphs show that
while the gubouimneous straciure atteins the lovest temporature, the
mmm«uﬂnhmmmmmmummmm
the teperature riaing to o Migh, plateouelibs ourve and them sharply
falling, whils bono, which 1o heatod up less rapldly, rives %o o higher
mxmwmﬂnﬂmmmﬂm:mw.

selestive offeots have beon demonsteatod on the ponstituesnts of
ths blood, mnmwﬁmunanmavgm
heating eoffocts on the sorpuseles of the whole blood, Sehlaiphake
exporimented with equal quantitdes of whols blood, serm el alote
fron the same bisod exposs’ to a field of 8 woters for throo nimutos,
mmmwmﬂlobmﬂ-hﬂdwuﬂmmw
about 47 degross and tho olots to shout 2.7 dogrecs T, Prom this 1t
mumrmnwmmmmmmemw
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mwmwmw“mmmmmm Aopords
ing to Sehaefor alse, the ebuarpticn of elootrisal energy hy evythros
oytes fram & § woter condonser fiold is greater then by the surrounding
SRFUe

With ultraehord waves 4t hee beem possible to cblain Snhibitery or
destruotive notion in vitre e vive o spooion of pathogenie basotovis
ard fungl, It hae been found Yo Do neowscary, howover to work with o
definits wave length, dooause the motion of the ultmmshort weves upen
miorowapranions 1o salootive, The naximam offest lo dbinined for cach
spacies drradinted with waves of aspoeifie length. Witk othor wave leagths
there am ne affeats or the effecte may be divestly opposite in thad
&qsﬁmh&tﬁtmwmwﬁwanﬂn.

idsbomny aod his collabovatara baw demcmetmted & psouliar
eoloctivity of wawes of 15 and of 4 moters on wany oocoi, baollll and
Dangl.. m-;ﬁmmwmmmysmmrm. Isar
end Pamiari also found no sffoots or lohibitory offects on warious
pathogenie dMoilll end 000t oncording to the lemgth of the wave useds

The tims required for lothal action of differmnt wave longihs on i
taphyloscoous anhemnlyiious albus was etudied by Sehlisphake und Haapo
The sultures wore placed in a condensor £2e1d at o tempereture maintained
precisely at 65 degreos O, The lothal time veried from six miwutes %o
fiftoen mimates, sceording to wave longth, The comtrels wers destroyod
in the weter dath st 55 degroos 0, after Hhirty misutes, Thes? luvosbe
$pators showed that selectivity ani speciflisity arve not lindted %o one
wyn lemgth, but are soattered over & wide renpgs in which rediation st
30 nstors wave length sppeared Yo have the grestest lothal offest, and
ot & maters the loweat effect, Thess siudles deald with & reange of
Mmmwmm;?m

Donsses end Dognon  aleo have found that bmateris resct to



short wave gondensor ficlds in e Sndividual weomer for cash apeoies,
Koch's taoillii heve besn destroyed by & wawe length of 4,0 metors and
streptoovosd by i reters,

&uﬁt;aotmm.m,mm”ﬂnn-
sulise OGale mubjosted Smphyloccosus aurens, sireptoccseous and ty=
phedd organiens to high frocuonoy ourremts, They were irvedisted in
& water tath to keop & constant temperature of about 6 degrees C,
he durstion of enpoeures waried from 16 to 60 mimites, In s enson
the sxposuroe wore ropunted ss sy ao throe times, o found Ynt the
tagtoric were not desltroyed,

Aau“te@wmmmm,wum
eluded thnt ultmshort waves have no epecifio aotion on buoteria, Mo
soalood plecss of gause with basterin and placed them under the din
of andmele and exposed them to waves lengths of 8.4 meters. The Loote
mnmgm‘ﬁﬂmmﬁrm“mammﬂﬂkmn

Eling foumd thet ultreshort waves had no influemoe an the
sourse of tuberoulous infections in pulmea pdges

Those eontmadiotory yesulte are perhaps due in part %o the feot
ing the lethal wave length is speeifie fur difforent speoies and
straine of bactorine .

The relatively great surface ares of basteria indicates o high
wotabolle rets, The strees snd gtrain producsd in the moisonles of
Hw organiam by the displasemsnt eurrent would tand to insrvass tho
vobte of notaboliome The degres of inorease could be slight and thue
Mumwmmwnm;ummuum
flotontly great to emuse the desth of the orponims, It iz possible
htﬂu“ﬂﬂﬂﬂmmnm-ghmhwhmmﬂ»
vidual rotes of motebolium of differont spooies and eteaine of
baptoria,



'WaMﬂ&meamwwxm
and Morottl by emperisnces gairod with tho gemieidsl offoct of
short wavos wpon some strains of Bruecells haminis, The beoterie
were dselroped by ¢ mebor and § netor waves while 1f moter wmwves d34
not abow any such offget, Nino ocases of Malta fovor vare treated with
ultrashort s, Oix of the nine cases wore bamefited, Two of the
encos gave nogative results, Durmaitlimm of the treatment wue from 18
to 20 mfmntos with daily ewposurss or et interwals of o fow days,
These enthors beliove there ie n sortnin relationship of the mechone
i-“Mﬂmhwmmﬁﬁfmt

Carpontor and Honk reported that high frogueney irredintion
of 30 metor wave leagths will seuse alewntlions of temperature and
provent tho develoymant of oxporimental corotal ohanores in rabblts,

The offests of ultreshort waves on serclogicsl resotions have ale
po been stadliad, IW&Whtc%muwhmw
lengthe of &, 8, end 1P meters inerensed tho nonespocifio antiwcomplie
mentery power of nornsl and gyphilitie serum, the inerense verylog ine
wereely Lo the mave length, Isar end his collaborators obtained posie
tive snd negative resulis in produsing modifientiens in the formmtiom
of agrlutinine snd precipitine sscording to the length of the wavos
aployeds 2

Yhdealix and Pastenr , veing waves of 20 metors, destroyed e
antievess substanoe and the seuvo-toxin of the vencm of the viper,
mhmMMWMMMG-

Soyrmnowiicd and Hioks found hat ultmbhigh frequency ourrents
fpom 1.9 %o 3.7 motors were onpable of produsing defintite attemuation
of three major bacterial toxing, diphtherie, tetamis ad botulinug,
4n raw broth fMitrates, This effeat wns sbiained without thw
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developmant in the toxin of tesporatures that would by themselwes
affeot the potomey of tho toxia. These authors atvenced o tentative
theary ac followa: Ginoe Soxing are lerge solesuler soeplowes apd
e bonds sonmecting the sanpoments mway be rathes weal, dvonuss o
comparatively amll inorease in moleouler aglitation owing 4o olows
tion of temperature is able to dostroy tham in pach, 1% 48 poseible
et o sisiler puvtdnl destruotion csewrs as the resuld of the rapld
sgitation of he molecular dipoles in the high froguonsy fMel? and the
resistancs opposed to this motiom by the vimeoaity of the fuld,

mmwmmmmmﬁmmnemum
val and Chareim 42 1806, Those workors found that hiph frequency
ourrents of 300,000 gyoles por socond [wave Jangth of 1,600 meters)
would dimindsh the ctrenmgth of diphtheris toxine This offeet s proe
ducod without an elowtion of tempsrature whish would hw 1tsels affoeot
the toxin, It wae Durither indicnted at that tiwme that the toxing ate
tomated ky irrediation had epecial dLmwamndsing nroporiies,

& considoruble emount of experimmntal work on the constituonts
and ths ciroulation of the blood tma been done with ulivmshort wavess

It hes boon found that shord waves produse a dilatatim of oaplie
lardies, somll arteries and veins, the somo as any other heet stimulus,
This dilotion produses an acpeleraiion of the blood strenm and results
in an sative lyperemie, Iatense or prolongod applisation of short
waves has bean shown, in the web of the frog’s foat, to remult in
injury to the eirvulation, If the enpiliaries ave dilated €0 an one
cossive degroe thers appears at Pfirst o slwing and finnlly o complote
arrest of the noreml path of the cireuistions There eomebimse Poilows
e roturn flow from e weins o the sapillaries, This axecssive die
lation sontinues o exist Por s wmumber of daye {up ¢o 14), The vee«
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sols do wot contract after injeotion of sdrenalin or on faradie stimue
Mot | |

In additiaon to wmaodiletotion, blood elotting slaeo booomes 5o
marikedly insveased that even the addition of sodiun eitrate has no
apprecinble influonce in rmrding ft, This 12 in socerd with Kobas's
oboserwmiion thai short wave radistion merkedly reduces the slotiing
time of blood,

It has boum oosopbed that the apparent paralyoeis of the vessel
walle resulis from somo offocd of the short waves an the gyupathetic
mervous system, produwcing greatly redesed tonus, and oven Laporary
pavelysise All of these findinge can bo modified end even ocntrolled
whon the dosage &6 kopt within moderate Lisite,

The hydrogen fon oomoantration of the blood is inorensed Ly ire
radistions of ultrashort waves, OChange in elotting time con porhaps
vost bo explained by the offect of the chort waws on the seloiun fons.
These fons are reduced in the blood but insrensed in the tissues,

The sorum of nomsnl individuals wiewod in a dark field showod
an esormous mmber of aobivoly sotile protein perticles, In healih
the particles ere relstively amell and in sonstent brownisn motions
In digoase the motion 48 more slugglsh or tolally ervected, 1ho pare
tiales oithor are diluted out by lyels, booomo amioronis in sisze, oF
tond to oluwp, preeipitate or assmume glant eice in the Torm of rings.
Froaipitation 48 ¢ fairly constant phoncmenon of the initial elage
of short wve tmmgam disporsion the sventunl effoct.

Ixporimental data  ehow thet in lyperthermie profueed by high
freguenoy aleotrie ourremnt, the blood was somsentrated as mmeh as
40 per sent or more. Dolow o body tepereture of 41 degress Gy the
hemoglobin seturation of vemous blood wms ineveasods ebove this

av



temporature 1t sz dimduished, e lass of wator from the hlood
stromn s accimpenied and probeably portially sompensnted for Uy a
largs storege of sorpuncles in the aplnon, The onrbon disxide cone
tont of vmong Dlood wne reduosd an rueh as 50 por cents The allmll
ressrve, as measured by oarbon diomide capnelly, was deeoressed, but

to o lesssr exbent than the MM dioxide sontent, Yt is sugpest.d
hat this disturdanos in the ecidwbase relotions of blood is & conses
cuenoe of three factors: fiyperthowmis, hypervemtllation, and p proatly
sooalerat & meteballs mta,

Knndoon and mm&h% sxposed dogs to en ultrahligh frequenty
fie1d and studied the physiclogien) and Biashemlenl chengec of the
blood, They found as mugh as & 25 per gomt deorenss in Blood volunte
The bleod cell and hamoplobin sonventration returned to pormsl within
24 houra, A tamperature of 41,7 dagrecs O, dses not produns oy
change in pi, uwmuamm:ummemmw
the preet insreaco of lsotie uoid, Noneproteln nitregen of tho blood
inoronsed in some instanses to 200 por semt, Thore wae em Inernass
in blocd sugars

Thene workers found an dnorsase Sn hoth red hlood sells and to-
tal white colis. Bosides the Snovease ia rod eells there was, in
Y 1netaneos, o marked insresse ia lmmture forms of red oolls,
suggonting o stimulation of homnpostie tlesues, They found en LN
Jute and relaiive increanse of polymorphormelons lounsnavien, The
tysphooytes and ocoslnophile are umwlly relatdvely maviedly deorensads
iheore 18 & hnaWMWﬁwmﬁwaermyh&

Ciganlind and mmmm ohussrved the eapillaries in the intors
mzmmmmwmpmmnmmmmm
n ghort mave fleid, nependisg upen tho stresgth of the gurrent



13

amployed, they found with amall dogon; an sossloration of blood flow
end o slight dilatation of the eapillerics and artsriclsse and vonules,
nith mederate doses thore was o ocounsitriotion of the oapillarioes and
srtordnles and & slowlng of the cupiliary and vomous ourrants UHith
stronger irrsdiaticen, thore wic lsshomia with almost ocomplete ocolue
sion, With wery great outpub, they shecrmed o Urmasient wscomatriot-
fan, thow wasedilation, sooclsration of blow! flow, thes flmily s
slsakendng, snilag in etusive

Edrretion of m}:mwgnﬂm 1z atimmlated and the phagooytie
imdax ricos parkosily, Jorns fevers spderete dotege loxt ingrensod
Thesonrtosis, an ho alﬂm;;hﬂz heavy and prolonged dosage dlsinishes
phazoes toals, Molubtahoom studied the offeat of tsmpenators upen
the motion of leusooytes ia vitros The wivelly of locemotlion showm
b nmutrophilie polysorphe of ons indlvidual fe found to ba doubled
in witro by & rise In temperature of 10 dagrecs Oy within sertain
13wmits of tarperatise wariatlon

?ﬂm“ showd thot vesoular aad meelenie strusturos cennin
- af'footsd long afber traatreut hie heen stoppad, The web of a frog's
font showed marmeed dilaiation of the sepiilaries sod of the largor
artarial sud voacus hronehas with seoaleretion of the bluod siream
fnd & movked dmeroaszs tn defonsive oollular elanente,

Soms wort has hesn dono with ulirashort waves an meoplastie
Lo X TER T mmmmm Sound what o comoluded wee Uw must o=
thel Preguensy aod esporieendsd with Uransplantable TuweTs on nica
smd Povle using feoouenclen of 86 million to 62 willisn cyeles pog
socand (4.8 B0 & motevs), Cerative resulds fn the micn were obe
tadned Si 26 por omt of the enlpels, sod IO per cant in o oupiPe
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dmente with the fowls, later he used highey fraquenoios of 90 o
100 million oyeles psr second with mmeh bDotter resulis, obtaining 60
to 756 per oeat of resoveries., A6 %o spacifis blologioanl effosta,
Lgheregohewainy treated the tumors with hot mter ﬂimulut&ng throush
a hollow coprer applisator until the tamperaturs equaled thet reised
with the ultrashort wmves, He fonnd et it was possidle to briag
m’b&m&me&‘wm;,mﬁn@&m”ﬂ%mﬂr
the rise in tempersture, Ho conoluded that it was ovident, tharefore,
that the eurntive sffests noted ware due %o the hoating of twmor cslls
in the high frequansy fisld,

In 1920 Christie and loomis repeated oxporiments on nioo
siniler to thet of Sohereschowsly using frequencies of 150 niillion
{2 moters) to 7 millien (45 moters) syoles por socund, They found
thet up to 6 moters (50 million eycles por sesend) the lethality
of the fisld %o bo in proporticn to 1is intensity, ono froquendy boing
just as lethal as another, Above 6 mobors tho lethal offoots esomod
bo dindohe '

Mierosoonie m&mm mode of tumors removed immedintely end
24 hours after exposure in situ for & epace of B} mimtes at o free-
ooy of 68 million oysles per secomd, etrongly inmdioatad thot tue
mor oolle and cspecially their muscled, bore the brunt of the attack,
tho surrounding areolar $issue baing mueh less affected. Praguontae
tlon of tho muolous, diseppesrance of vell oublines, snd pyimolle
melei of tumor colls wore some of the offecite noted,

Hoffo Jr‘w euporimented co the ection of ultrashort waves of
$ to 3 moters on in vitro sultures of spindle ocell sareome of the
fat and used for a sontrol an in vitro oulture of ambryonis ohlak
hoart, . The meeplastis oolls were inhibilded In thair developnent
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mch more when the wave was shorter, Opindle oell sereomns wideh
were proviously irsadiated were endowed preatly in thelr copaciyy to
grow aod to be grafted on rabtey Roffo Jry oblained sdimilor rvesults
by drratioting sdencoaroinomms, Normal tissues also ware found %o
ho agoslorated in thely growihe

Diokens, Stenley and n«smmmm stuiled the eotion of
alirashort waves of 5.4 moters and 7.” moters wave leagth on the mothe
bolimm and growth of tuwr isme in vitee, No effoot on moteboliom
woe obsorwnd alter the siooue hod been sxposed to pn intense Tield
during one Yo Gwe hoursy Afser exposuwre in vitre tumors ghowed no
inhibition of growth whem trensplanted into animnls, Thoy found that
tumor tiseus in vitro io mot more suecepiible &0 hoat than normnl
" LT =

fendond and Mossedroli , using waves of 3 maters, foumd counstont
mnimﬁmufﬁ-nhwmwmm graftod in
white minos @

Gossot and eollaborators experimmbed with tumors of Nactorium
twwofeoiens in goraniwss, Vhis papor, published fn 1024, a8 appeldw
eatly the Piret on the dlologlonl offects of high Sroquensy jrradiationts
Uetag o frequonay of 160,000,000 eyeles per socond (6 metore), thoy
venoriod wtmmnmwwmx;mwqummm
muqxww.mmmhﬂ-mmxgmmw
$o groat siste There wne & neorosic in the tueer and in tho branch
which earvied §t. Rivers conflimed those DTindingt with woves of 73
meters 4f the tumor had ‘bu:iw formed for four momils, DPub

whon Hivore and TAgOOROQLES sansed the same weorss Lo het on
frosh inooulations of Be Gamelvolons the proliforedion was ntimminteds
nivers interproted the nsavesis in the former instance not &8 &
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deproasive offect, but as o sthmlation produesd by the ultrsshord
on the tlaowe, The mmtritionel meesds were ingreased by the saised
rats of oell smlitiniiention and thus exhausted the brasoh upon whioh
§t was found, :

Tasouse of these opposing romits, nothing should be inferved
a5 %o the ewmtunl estion of those waves on spontanscus ol Ge

mmmmu»mmmwma;mmu
nltrashert waves on pleats, DBeredetti obtained o fuvoreble astion
an the seods of medse, groin, barley endl rise, whioh is menifested Wy
e prososity of the nlents in the first weeke of growth, with specifie
ponditions of intemsiiy and frequemocy, Yor sach of these grains ho
found thet o spooific weve lemgth gave the mximrs etimulation, To
somo ensos the length of the wave which fawored the ontegenssls of one
spenies ms dotrimenial %o ﬁam

Hessndrall and Varston Ademenstratod the stimlating sotion of
mmmmacamamnmma development and prowth of plants
. and antsels, Suek wave lengths favoved the goraimation of barley,
m,m,mmmzmm;rm@rﬂmmmnm
plants, Thay slse imprense! the develommont of sasoharosyoates awd
thovefors thelr fermenting astion., These investigetors found that
with exgsesive dosnge oy duration tha influenae me detrimomtal,

Benedotil ohecrved modiftestions in the division of yeast, and
s stémlating or depreasing astion on the yoast sogneding to the
duration of the irpedintion and the length of the waves usad, '

Amordoan authors have sausnd the death of insoots and their
lsrvee axd pupas with Hertsion weven of madius langth vhish did not
degtegy the poway of mﬁm of tho seads, A presticsl result
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of this oboermtion would be the posulibility of frecing the seod of
parasitio infestation. Caginldi has shown ihat the lethal oflocts
an inseote after o peried of irvadistion s lsss in the specles whioh
hmi 2 m’:‘& highly differsntinted norvous systom,

Melovy  Luvestigoted the death of the Drossphila in the cleotrie
£101d of short and uitmahort waves (fram 4,3 Yo 107,5 meters), He
ghowsd that the desth of the fruit flies wos dus o ordinasy healing
effeots end thet thars wore no noliccable differencos in offeol bow
tweon short ed wltrashort waves,

A wordoty of interesting resulte havs bean sbserved in eximal
exporinontetie A fow of thess :l&n' e noted have, Vith wavee of
2.8 wotors Hezandrall and Veretm accelsruted end quantitatively
sugmented the cntogenotio processas of allk worms, The results dife
forod mosording to whother the troatment of the elll wons egpe =ns
applied inmetiately after boing ledd or & fow days after, Isvedisting
the epgs either before or after insubation prodused ncceiernted Aol
opmmt, These lnvestigntors P an inersase in the welght of the
larme and of the m.“

netzal and Kiesseldesh woed 12 and U potor wave lemgths In
studying the effest of ultrashort waves an Sadpolesy Heat effost
was omeludod and thay wers redicted twico daily for o poriod of ond-
half hour, %o differances were noted an compared with emmirel tade
poiss whioh m not in the uwiteashort wave fisld,

Dovdisr obsarved snlestive hoating and lethal offests on fish
irradiated with chort waves, The wabor and ¢ho glass toalk remained
rolatively cool as eumpared with the high tamperatare in tho flehe

s«mﬂ 4n hie studios of the biocloglienl effest ef nitra~
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short vavea chooo omperinents, methods end conditions vhich alwmost
totally exoludof the hoating effect of these waves, Almost all of
ﬁnqmmwmn%‘ammtzﬂaucfmm%
and nesrly slweys with s § moter weve langthe 1In case of shrysallsccs
the devoloymend of dutterflies took place threo %o four weoks earlier
then in the onse of the saatrols, The insubabion peried of parvot
ogge was nob shortenad, but the proooss of mmturing ook plase ot on
dmer temporatume of 26 to 20 dagroce U, whereas the tomperainre nodsse
gery in on ovdinery ineubator is 38 dogroos O

Eow born mics beoamo paralysed ip the ultweshort wave flold, but
moved agaln guite meiurelly vhen teken cut of the field, The smo ofw
foot som be prodused agoustically ca now born mice by hemdelappinge

Jollinek sleo obtained en imsvense in the weight of now bora miso.
4100 tho hair of thoss animals bocsme thickor end whiter thon in the
eontrolse -

Book, Carpunter snd Warren omposed mile and female rabbite for
many hours to irrediation of vaves of 30 moters frootioned in soverel
waoks, Not only Aid it not rotard tholr growth, thelr fertility and
the imtrasuterine development of the young, but there resuliod in the
wmwotumawgmtgmurmmmmmm

Emudscn and Sehaible emposed yommg rate to an ultrahigh froquens
ay fiold for pericds of fyom one half to oms hour dadly end yaisoed the
body tampernture 4o 40,5 dogrecs Ce This trontment 414 not seem to
rotard thedr growth npprecisbly, The reprodustive organe in the mal o
and famelds Pats wore not appresisbly affected, sov that thore was not
o loss in power to broeds lapeated exposure prodused no cbnornl pathe
ological lenions, |
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& mmbor of hietolopionl stndles have beem gndo to determine the
o tieame renstions to frrediations with ultreshort wawvos, Frporie
moats in this fisld, in nosb sesen, used extremo domagus, smoommontly
tho findings heve shown sume patholegienl abanges,

Jeaobnen nnd ﬂnul& vaing vaves of .'é.ﬁ motors, tranted dogs, gule
noa pigs and whits rats from 37 minutes o 12 hours, The histeloglead
changes noted wore hyperemia, dehydention, oloudy swelling, fatiy chahgos
and foocal hemorrheges, Lymphold tisswe showed much stimlotdon, and
with longer, sontimued hoating,neorosis of the porminal conters, Oo=
sosionally neorcsis in the erypte of rastris and intestinal glande wAth
lsukosytic resstion was foumd, Kidneys, liver, cnd heest uouelly
showad mxied letly dopemerations In the liver, the ehangosz umally
beran An the perirhoral some of the lobule, The owaries were normal
emoopt for hyporemie, Tho testes showed marked adems, aengonstion, obe
sasionally dogenmorative chanpos in spermatagonie and speroatide, with
proliferntion of Sortoll celle end formnmtlon of giant cells frae in the
tumen of the tubules, The bmin showo! hyperemis, odoms nn 4 oubpisl
nemorrhneos, fenttered intoroortiscel hemorrhages wore rathor constent
and aleo ohrematolyeis of the norve cells of the pyremidel ly ore Olye
sopen dopletion of the 1iver was moderate in rate heated for short
poriods and somplote after four hours of heating. Bone marrow Wag hypore
ootive in all of the rets, 2

Saldman, Hysr and Cohen plasec rats in on ssollleting oireuit
with a fromwenoy of 20 million oyoles pey gocond, The heed, thorexz
ol abdonen wewe irrpdiated aspurately. Irradistion of the heed osounsed
heightoned tammeraturs of this rogiem, oxophthalnin and then death.
Anbopey ravealsd maningeal eongostion and fatal gomeention of the lunpe
and onrdisl dilaietion, The tomporature of the abdomen was roiaod



by irmadiation and emophthalmia wns prodused, Audepsies showed the
sation €0 bo a seleotive one on the blood, ceusing feath %y mibolisme
Froah mmnn blood injestsd intraperitonselly in the ret wme conguloted
upon irredisting the animel,

mx&aphuas ¢« Sollshureting with Ostortes nad Ctresshimpger
shtained experimantally svlestlve changes in amimel aells, By trente
monk of the bemin and medulla oblengats of Pbbite peeulics Alsturbunces
ef the vegulation of temperoture wore produoed, Hiztolopis oxemdnations
mde by Ostertag showed sslestive ehenpes of sorteln kinde of panglionic
solls of the doreal wgnl maslous, Other oolle of & somewhet 430 ferent
Kind bt olove by, remained wnhamed, This &ype of dumre eould be
prodnoeed saly with wave 1waﬁ:-m B8 matarn,

Born, Keudars, m,uaﬁew used 15 mobter wave lomgths om 10
sehipophrenle patientn, swvoiding say aprreeiable heating offect, In
saah esse, 30 exposuvres of 20 miwutes sash ware civen, 'n several
onaos slight Lrprovemsnts wors snoted such as & soothing Influence end
an Isoresse in intarest on the part of the matimt, Dmenineation of the
splinal klhid remoled an ingranse of the totnl proteina, mnd tronaionte
iy an inerease n goll murber, To sxplain those ohanpes, animal oxpore
imortation wag resorted to, Aubopsyv of the snimsls shomed thet the
aotion of the ultrashort waves selsetively sttnsted the wowsels ol
the meninges, the vesesls of the latter being otpasially affaobed,
(hange of savobroapinal £luid was seused by injury of the wassulor oyde
tom, The factors vesponsible appaared 2o bo poraseadility of the momine
goel vepsals and ecpwaially Alrest paemmge of sonrtituents of the dlood
into the spess eonisiming tha sewchrosrimal fluld, ar onvend by mpture

of vessels,
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e only work thet was found desaribed in the literetuse whish
was dreetly related to the problem of this Uwels was thot of ;.%Mmu
Afbor Sntwavenous injootion of trypen blue, diatbermy s appiied bie
taporally to tho heads of raboiis for tan to M{Uoen mimites with
moderate desage, in cumparison with ontrols, there wes an incresse
1n dye in ¢he shorold plexus and in histSouyles, In the eplitwilel
gelle it was present in dropleots betwson the muoleus aud he pordphory s
not o fine purticles, Semd esucluded that disthersy very probebly ine
ersased the permoshbility of the plemus porticn of the bloodespinal
fluie barrier as sean from dolored spinal fluld in moderste staining,
e owneentration of tho dye however, remained ot o minhuun oo thet Do

signs of nervous irritatlon apponred,

thers is an inorstsling smount of litorature dosling with the
olinigal asposts of ultrashore wawme, (aly seme theories thal have
boen advanosd sill be menkioned in this papors Justise .,;z,mm, in
disousaing some recont adwanoes in medical slectrielyy stated that
short wave tharapy e the pearest approash vo true or corrected meles
Bolisn wiloh san bo brought ebout only threngh gelinler or tlssue stimbe
iations In fusther dissussion, she states that the firet olffect of
hyperanis oaused by the sltrashert wawss Lo relief of pein sod rodused
tesporetures and swelling, Pflomn attributes this partly to hest end
partly te Lahibitory offects on the sympathetic tone and to stimulation
of the 'm us, lyperelousooylosls axd fooreesed prgeoytosis have an
attenunting offent on the virulewee of laweding beglerie, Thie woumld
reice both lotal and genernl resistanca,

pasone®’ poatuis tod that novespooiiio delensive PrOg8nLIs B
plisivel and thet some Anbvermediete substenes may pussibiy be llberetbed,
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It follows thet tho bmotoricidal sotion of this therapoutio agent
rogsolves iteolf into an indirced ane duwe to the defeansive prococscs
injtiated in the tlssue,

ﬁuitm in disonseing the physiologieal basis of chort wave therony
says that the defenss meohanism im sibunted to soms exbent in the
fized eolls Dut prodably to en even larger degreo im the blood sewum
and the white celle, If this ia tho oaso 1t bdecomes obvious that a
good odreulution 4s of the greatest inmportanes in o ourative prososs,
In tiseues in which the ciroulation is soricusly Lmpalved, basteria

may froely dowslop and eause infootious proecsses, shile & novmel olre

eulation my fagilitate tho destrustion of misroorganims by strengthe
Sdng of the defenoive mechaniems, Pflomm's expariments with copile
Jarios of o frogts wob substantiate this, |

Aside from the influonce on the defonsive mechaniem the fmproved
oiroulotion has also o wariked effeot on tho smaeation of pain, Oaze
and Brandi, HEbler and fwmel, and others have shoves that the suboue
tansous end intremussular injostion of substances with o pi leso thanm
soven produces sever pain which becamos unbotireble when the pil of the
substance injeotod besomos 5.7. Inflammtory tiseus has & low pil and
thus the inflesmatory cdemn esuses ¢o mmoh pein while the allerglo
odana bas o normal pif and 1s not painful, hord waves dilote the
capillarios, improve the local efroulation, inereass the supply of
alinline blood, reduses the soldity of the tlssuwes and thus relieves
the puir o4 irritation ond haostens rogcovery.

Mimm Judging froa his experience with short vave therary over
a lomg poriod of time conaiders thet there is no sdvanitage in attalne
ing = notloeable heating effeet, He stressss thet the beet resulia
are attoinadle by diminishing as muoh us possibla the poried of radine
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tion and by inerensing tho muwsbor of appliestions, tfoscordingly the
timo of applisations should oxeosd four to five mimutes only in ome
copbiomal onses, Tho sensation of warmth exporiomned at the end of
4 troatment represents the upper limit of the doos,
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DIBCYSSION OF B
UETICULO=BHDOUMIELIAL SYOTE
i

Hotaclndkoff , while studying the comnootive tSowes of Helnson
in 1602, discovered phagooytie oolles that play an importent role in the
dafmeo roastions of tho orpanim. Fe sallot theeo onlle meronegess
Bamvier , howevor in 1800, hed already pivem n histologieal doseription
of similor colls in the ononbum of mumnls, uwsing the mome slammtogytosn,
This Yerm was used bocouse in additien to phagooytis propertics ho obw
sorved o pinohing off of fraguonte of tho oytoplaem, The appoaranoo
of pinched off frogmonts wag prodably an artefest dup %o his epeoiel
teohnique in whieh he used omxdo neld fomtion, sinee his cheorvatioms
hove not h-llnﬂ.m in tioons sultures of these colles

Morohand 4a 1900 indentified the elasmbooytos of Renvier wiith
MMMMMW::WMM&MWMM
enlled sdventdtial oolls, lNeximgw in 1902 found eimilor oolls dife
,mmm-mumarmumxsunmurmhm
and resting windering oolls, In the meantimo, Mallory's studies om
typhold fever in 1290 had demomstratod thot tho large phagosytis golle
of tio inflemod lysphold tiscue developed from the emdotholium of the
\yaph and Blood vessels, and thus Madlory tomed those soll endothoe
Lind phegoaytess

The iatroduetion of vitsl etaining oxtondod the oomoopticn of the
resting wvendering sells, Thon eolloldal solutfons eunch as India ink
or ome of tho aso dyes are injooted intruperitomeally, intravencusly
or subgutansously inbo the animal body, the dye partislos arc eloot.
iwsly asowmlated by cellular elemonte whioh are distwibuted throughout
tho entire body. Tho solor of the dyo injected san bo observed groosly



fn the tiasues of emdmals thot have boan injected with o oufficiont
ovount of tho dyss Jccordimg to the quanbily of thess seliulor olow
wonts the different tisouso and ovgans will appear lighter or darker,
Tho ability of cortain cells o store solloldal dyes appoars to bo age
sosinted with thedr properties of mobilisation sad cmobold movement and
tho powor of phagoytosise

Ribhort dn 1004 showed that certain colls wore speoifieally
stainsd with lithiun carminog end suocooded in demsustrating that those
eamo oalls whioh wore vitally stained were able to absord am?m
stences that wore injoeted, sush as Sron snd lipoids, Bouffard 4n
1008 was the firet to show that these oells oculd be stalned intrevitale
ly with the benaidine dyes. :

Ueing Dhrlich’s dyes, Goldmam Ia 1000 desonstrated thet the clase
matoeytes, edventitial solls, resting wandering cells nod adventitial
phagoaytos observed by the workers montionod above were identionl with
the vitally stained cells, Among tho workers who followed thle Lino of
dnvestigation wore Aschoff and his pupile Kiyomo uad muhnhig in
1018 and 1914, Theoo investipators expresaed tho jdea that rosiing
wandering cells of looso comneotive tissus belong o a groat ooll group
that sppears in different forms and ploys na dmportant rele in goneral
motobolim, Kiyono lntvodueed the tems histiouyles whioh mosns tisouo
oolloe

Whide studying the motabolism of sholostercl inm 1824, landau end
mw: sonsluded that thero is & "retioulowsmdothelial metabolic ape
paratus” in the enimnl body, later it ves showm that the vitelly
phained ocolls wore part of this aystome

he retioulowondotholial systen aseonding to prosent conoopitions
1&@@@#%&1&%#&!“%&:&”&&&“,-%



mootive doeue aad in tho sorous membrenes, ospesinlly the cmembim,
4loo the reticular cells of the Lpphold and myelodd tieous ond of
e red pulp of the splown are Ansludads Oslls of the roticulo-endoe
thellal aystam nro also foumd in tho venous slimevs of iho bond marrow
mnd gploon, and as tho colls of v, Zupfler 1o the liver eapilloerics,

The tom "petionlo-mdothelial” system is not entirely corroct
socording Go the voles of linxinow, since “he endothelisl eolls lining
teo blood mad Iymph woesels do not fora phageoytle wandering solls,
ey otore carben particles and may form fibroblasts in pothological
oonditiones, but they do net have the power bo produee histiogytes, The
ommfusing elemdnt which cousod the iuclusien of the endothelium in
this aystem ws the fommmtion of histicoybes fran the flettensd iittorsl
colls liming thoe sinmsos of the lymph medes, Thewe cslle are not endoe
tholial cells in the true sonse of the word Wut are formed {Yom NOSn
ohymal elaseuts and are trus hislicaytes,

In tho lnumes esbrye at ateges of fiva 15 W 20 m., Svene hes
obsorved histlogytes ssattered sparsely througheut the ponerel mecome
olymes In the adult the histlogyles dovelop frem Iymphooyteld or monoe
eytold, hamntogonous or histogousue wenderin; eloments, These In twa
aro mobllised Oroe wndifforentiated nesaolymed elemonts, ospocielly
the smell, inomsploucus reticuler oells in the Lpmphwdd tiseue and
from the littoral cells which Iine the simsees of the lywph glands end
tho splocte

The relationshdp of hisldooybes and monooytos, louwsoaytos and
lyrphooytes aad ﬂhmﬁns An still unsottled, OCunminghmn, Sabin,
and lhm'u thinke that monooytos and histiocoytes represont btwe distinet
sel) straina, fhey Meso tholr wiows upoa thelr cboervwations of the
roaotions of the respestive ocell types to mapraevital dyes. (Vasuolar



inolusions of the phegooytis oolls are steined suproevitally with -
dyos such oa neatrel red in vory dilute solubloms) Aesording to thois
isterprotations, the mnogybtes have fine weouoles arranged in the fovm
of a vosetto sround o alear contros;hdre snd these waeuoles sioin o
foldrly constent enlmon pink colers lHisticayses on the other hand are
eharactorisod by veouwolos of digestion whioh vary ecnepieouonsly in eise
and golor whon sbained with the seme techaique, Mamouyton arve lese
active as phagooytio oells, but the prosence of (ho rosstts limits the
position of e enpuiled mtarial %o the poriphery of the eell, These
Lovoetigutors found theb the clasmatosytes have Ghe mpaimum rosoticn
to vital dyon,s 1he particles are Jorge in sise and look o pattemm in
mmhuﬁ

Maxinow and his sshool howover, 3o mot consider the rosetts as
& spoolfie feature af the monmogytes, laximow delleves that active
histiocytes originato from local {%"’é histiceytes and emigreted monoe
oytes snd lymphooyten, Aschoff's viow agress in part with that of
laadmow, howover Acsuhoff dove not hold that the histionytes sriginnte
from enlgrated Lyaphooyteas 24

By walng the teshnlque of tlssue sulivre leawis and lowls donone
gmmmtwmma%mmwmbmw
omye transformad into hieticuyies, lewds using supre-vitel stalning
toohnique, found transitiomal steges botwesn large moncrmelosr blood
eolls nnd large meerophages in faseia, Thess findinge ove in agroement
with the obsorvad transformation of muwoytss imto mpovuplmpos in oule
tarea of blood, and imdicate that the same progess soours in e tlssuss.
in this sos0 the quostion arose as to the origin of the monsmuclear
colls, Mmlory  bslioves that these asile are of endothelial origine

17
Aschof and Edyeno umsintain thet there are three tHypes of large



monamucioar eells in the oirculeting bloody (1) bloed histiceytes
arising from retisulo-mndothelial solls, {(2) transitiomal 0olls bow
longing to tho myelodd serios, and g) monomelonr oslis of lymvhoid
origing OSabin, Doan and Cunpinghsm  believs that there are four
types of Aoseooytes in somal bloods Thoso are polymorphonmeloar
leusosytes, lymphooybtes, momooytes and histiocytes. As montionsd sbove,
these invostigsbors wore able to disoriminato betwesn the monurmelear
solls and the histioaytes by suproevital stalning,

The sommonly nosepted views of the rolatfons betwoen the wnrious
oolls of the mﬁ{;@ tissues mey be repregentod as followas (Mode
itlod from ¥aximow).

Tized, wdifforontdatod g
— Plaed histloartas
mosenolymel 09lls 8

| z\m higtionytes
Hompoyboblasta or free -
»
L

s R e
sosonsigmal ecells ®

The most chammoveristic foature of histioaytes iz thoir ability
to store aoid aniline dyes in thedr cytoplass. Colloidal partioles of
the dye anter the oytoplamm, Here these partisles aro accumulated in
tha "segrogabion apparstus” of the soll,

hose “vital dye” gramles are nodther chamical ocmibinations of
the dye with the proteplasm nor physiesl etalning of pre-oxisting coll
organa, but are sotual ssoumlations within thes oell of the vital dye
Sa fluid, high oollofdal or cryetalling form, mag theory is in acoords
anso with the conseptions of Svans end Schmlamnsn , The mmber and
sige of tho dye gremles inorcnss with insveased dyo dosmge, Iy
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eppPopriate desage o tree ovystallisstice of sume of theoe dyos can
Lo mate W coour wilhia the selle A low dosage will proSuco raoros
pimgos with amll weeuslos of slrikingly uniform size, while s heavy
sosans will pw mearophages with lorge and sanlil wmouslea,

‘e Ceegregatdon apparetus” s he apperatos by whieh the dyoe
staff is sepammteu from the lLiving proveplass, The mmorophsses have
& omten groatsr power %o atore wital dyos than is possessed by fibroblaste,
e vitel dye doposiss in the msorophages are howaver, eonversaly more
puvcoptible of ducodorisslion end less perasnont ﬂ:gim e more
migsbe deposite in e fibroblasta, {(vons and Seott ),

The appesranwe of histiooyias varies according to their losation
! Gnedr Sunctionsd stubes "Fixed histiogybes" can umunlly be re-
gerded ca plagosytio cellis in o resving ewage. Uhey appeor in many
foima, (Tun SRS, round or angulsr bedies wivh a spinileeshaped
farm o profide o drreguisrly oubeiretche: salls with vory lonp, tompe
tisws lrnachod procesced, Io the sotive stags the histiooyies or
meorophieges agpear o be hypertrophlec md rowded ap into froo, amoe
budd osilite Iu thie slage, Whe nuslond ia seoentrioally loontsd and
kidosy-ghagods 1o oyloplase is abundant, pale, and slightly busophilie
or evon soldopiiilios In thear sotive copdition the histiocoytos store
largor guantitiss of vital dyes then thay do in the rosting stngs.

o colls in the retioulo-sndothelisl syotam have the ability to
phagouy tise misroscopis partiales and 4o stors colloidal, somplex
shanioal substansss &0t {ree o e body, and thas this system plays
en Laportent reie in o delensh mochonion and metebolism of the body.

In speeifiv infections the retiouic-endothelinl eystem plays o
predoninant part, fov examplo in tho formation of the opidholold amd
glant eells in ‘uboreulcais and loprosys In looal inflasmtory
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processos, the histiocoytes not as convengers and as phagoeytie onllis
o remove bastorin, Thoy also aid in tho formation of grenuletion
tlesuo by ramoving debris and by trensformation of those colle into
fibwoblasta, In looal infestions, the degres of resistance dopemis in
e large nossure upon the mmber of histicaytes in the tiscuse whteh
can bo mobilised for satiww defense, The matural reeistemee of the
camon laboratory saimals o experimental stroptoocvecus infsotions eon
best be osplained by the aotivity of these cells,

The vetioule-andothelial gystem appears to play & part in antibody
som;;am in the bodys By injeoting foroipn erythrosytos intc rabbita,
Gary showed that antigenio colls wore rapidly removed by tho fimed
tisous phogooytes of the spleen and liver, He demomstratod by oxtrepte
fon mwihode mttmm rioh in fized tlssue phagooytos ware sore
roopondingly rieh in epooifie antibody conbant,

Then the reticuloe-sndothelial aystem is blosked with heawy ine
Joctions of solutions gontaining eolloidal partiolos such ns uesd in
the vital staining teohnmique, 1% han Doan oboorved that tho ability
of the histiceytes to abnord smother Mameagstamrm:&mm
funation is lmpadred, TFor oxample Goy and Clark found that it waa
posaible to suppress antibody formtion {hemolysine and zsrug;atm)
almost completely Ly injootions of trypen blue alones Rosa , howover,
finds no support for this cbeorwation, Saturation of rubbits by daily
intraperitonsal injectlons of trypan blue for perieds up to ono momth
had a0 offoot on subsequent heamnlyein formation in these animals in
responee to intravenous injections of sheen red gells, dJungoblut and
Borot%® wore able to eheok the produsticn of antitoxin in g,;uum ples
Wy large intravenoms dosos of Indin imi, nmummdlm Forand
that splencotony alone in mise had litils effoot on antibody formntion,
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tut £f ocmbined with injoostions of sulloidel iron exdde to olimimate
the astivily of the reminder of ths retloulo-endotholisl systom, the
ealmls wore unables to mamufaoture hamolysing,

mh contradiotion to thess obserwations, fossnthal and O tendene
ath food that vital ﬁyﬁ injootions increased ihe mtibmiggam
tion, Telos and Kmuze found no change, Lovie and loomie found
thet injestions of trypon blue insresne the vapaoliy of the animal
to rowot Lo antiganle subsbanson, These lnvesiigetors rewrbed ot
subgtancos which anuse physioclogieal aotlvity serw ss stimlanis in
eoriain dowor but bodoms deprecsanis iF Uhedir aotion is sarried to
the extian.

The histioaytes play sm important vele in hesoglobin and 4ren
motabolica by phopuoytizing womeocut erylhvouytes, 1% is believed
that Yhey absorb and trensfomm the howoplobin, It hme also bomn
dommmstratod tat they play & part in thoe neteboliom and storing of
futs and lipoides |
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MATERIAL AWD METRODS

¥hite rats were used as euporimental animals, Patholopisal
sonditions oaused by teoo powerful irredietions amd of too lomg duree
tion were avoided, It was ablempbed to reproduce as nearly as possible
the conditions of o glinival treaiment. Allowunce was made for the
samperatively amell size of the ret, and the strength of the field wns
sdjusted aceordingly, |

The apparatus used for thic emperimental work was s waovum tube
oseilliator produsing e primary wave of slx metor wave length and e
rather strong harmonie of 2 meter wave lemgths The wave length varies
several contimeters and oannot be specified exnptly for such epparatus
because the spnoing of the elestrodes, the manterinl placed bebween them,
the area sxposed, and the objects in the vieinily affect the wave
longth at sueh high frequenoies, The power oubput was estimated Yo be
200 watts, es was indieated by lighting to full camdle power of & 200
watt lemp placed between the electrodes, A milliameter in the plate
oirouit does not indicete the ourremt expept very roughly, so that it
warn considered no mors relisble than the brilliamey of the neon indicaw
ting lamp provided with the epparntus,

The meximm power output was not used for the mmell experimental
enimals, fince ome mist depend largely on the resction of the patient
with respect bo the heat effect produced in the tissvwes, it wee usces-
sary to adjust the strength of the field to the tolerance of tho rats,
stopping short of signs of disoomfort and subsecuent burnez on tho sars
or tail,

In order to identify the cells related to the reticulo-endothelial
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gyston more asourately end with greater faeility, o vitel dye wne
useds The beot results wore oblained with Antweperitoncal injects
ions of trypan blue, neing 2 oue of & 0.5 per eent solutien given
overy other day for thwee dayu,

Yo irradinte the exporimental anlmie the following procedure
was found %o be the wosl adapiabls, The rat was rolled firmly in o
atrlp of gouge so that movonont wio wore o less provented, IV wes note
egeary to provide propor ventilailon of the body surfnes eo What the
animal would not Leoums ovorelgsted and show sigus of dissonfort, The
gausd provided ample elroulaties: of alr end ot thw seme timo pormitied
onsy obsorwvation of the animal,

The slectroden used im the sondonsor {leld wore tia shoots of
sopper insulated with rubber, These were [iiled into s hollow oylinder
of fiver, sv that they wore aprroximstely as long ss & ret's body and
sbout 4 inshes in diswtory Proosution wvas tabon so thet the tall of
Whe rat did not lle in the high froquengy fiold.,. thie was neeotcary
beonuse the emergy bends %o conocontrate in the dmmse tissue in this
aron, ocucing bums end neoroaiss

fhe suraticnm, intensity, aond mubor of irradistions wers waried in
the experimonta, Atﬁmluimer-&amﬁtmmlun
Eillod with 4llusinating gae and the tlempos wore taken and fizmed ime
modiately for miorossopie study, The tiscues examiued weres the fascla
from the thigh, axdllary end inguinel lymph nodoe, sploen sl livers
Paraffin seobione wore made and stained vith hematosylin and sosin and
with Soxinow's toslnique in order to domonstyate mitosis mud o dife
forentiate the sell Yypos. talrenin was used as & counleruiain with
the vital Qye,

In sections of the liver of both the ccatrol and exporimental snje
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mlg, the avorage mmber of EupfPer sells whish sontnlnod trypan
Mmmxsnmamw»mﬂq thoss eolls in 20 highe
power flelds tlon st randen in seotisns from eeoh snlaal, The thickw '
ness of all the seotlons wae 7.6 nlorons,
Soveral experimants wore sttambed, taking biopsies before and
aftor irrediations with the ultrmshort waves, This proved 4o bo e
emtisfactory, besause the dense tisswe of the airin A2d not offer an
adoquate Pepresentation or study of the rotioulowendothelial syston,
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DESCRIPIION OF BXPERINENYS

fats 6 experinental and 6 control |

Intraporitonenl injections of Ouf por oond squecus solution of
wm\bm wora given in 2 o¢, dosos owvery other day for thrwe days,
Puring this time the experimontul animal wos irradiated fiftecn nine
utes daily for five daya, Irradiations of thie duration proved to be
too movere, oousing Lurns with subsequent noorvsis and sloughing of the
gistal portion of the talls

Histological obsorvations of the tissuoe demonstrated hat the
inguinsl lymph node of the experimentel cnimel contuined o larger mme
bor of phagooytie colla than the eontrel animnl, This quantitetive
difference was due in part to the insrease of the selle of the rotioue
iar tisoue and the endotholial lining of the simucce whioch contained
dye gramloss In addition to the inercass in the mmber of colle eone
tnining the wital dyo, thero wne o differense in the amount of dyo in
individusl eulls, The gramules of vital dyo were cf groator siss in
the histiceytes of the euperimontinl enimei, indieating that those golls
hod tolan up the trypan blue more vigorously than thoss of the control
animelos Thare was no appresiable difference is the mwmber of mitotis
fleuren,

In this emporiment the omantne was oxamined in {resh saline
mounts, with the sdditlon of & very dilute neutral red stain, (11,000}
e cells of the experimmtal antenl eppasarsd to be more active; the
sbats of eotivity boing manifeated Wy o greater mmboer of pacudopodia
which auggested more oxtensive ameboid movemamt, It is of interest to
nota that a lorgor mmber of sells in the experimental animal wore



etained supravitally with the noutral red.

I _gsporimentes] md 7 eonitin)
injootione of trypan diue were given s dosoribed sbove, Two
irradiations of five minutos duraticn wove given %o the mxperimental
andmel twlee o day for five deye Guring the Injosticns, A% the end of
this paviod both animnls received throo injections of 1ithivm earmine
{Ca® por cont aguacus solution) given every other day, Vor some renson
thes Jithius cammine was diffioult %o find in say of the ¢tlsouss ozamined,
his might bave bowi Gue %o the foot that the retisulo-endotholiel gyee
e wna bloskod with the Urypan blve, thus proventing the phugoaytosis
of the seoond dyo, Whon the lithiom cermine wes ovident &4 apposred
in the form of sonsolidated globules, not In amal) grumules, as ¢he
trypan bluee A elightly largor mmbor of theso globules were Pound in
tho solls of the eaporlmentel animel, |

" JEDOL AN GLE BRI AU

Two enbio ombtimotere of 1 per cowt Lithiuam esimine were injooted
intraporitonoally in thess animmls. The saporimentel rat wes frradistved
on three suosessive doys for (fve mimuto poricds teo and Quee tinmen a
day. Uo vitel dye was fomd in Chis swpordment in altlwr the anporimonte
sl or the sontrol animel, Ihe experimentel animal ahowod fewor soslnoe
phadlis in sproed preparetione of the Lfascle Vhan 4id the eontrol animal,
This is in keoping with the reselts of Naudeon end Sehaible who Pound
that eosinophils of thoe blood are uswily relatively merioedly deorease!
aftor exposure % a high frequeuny Meld,
mnmormmtmmmmwmm
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fore wes not stediod histologionllys The sploen and Anguissd Lymph
aode demcnstrated no significont 44fforence,

Two injestione of 0.8 por cant sointion of noutml red were
giwen in the sourse of three doys, The capardinmemtal ani-wl wece then
irradiatod on throo saoscesive davs, in five mimube pariods theoo timon
a doy, During the time of the irrediation, two intraperitonsal injoote
ione of tryran hlus vere givon,

™o inguinal lyrph node of the oxporimomtal andimal) showed oecils
mmummx'mumzummmemmm
bine, Most of tho phagooytio eslls which somtained the neutral red
alons appeeared in elustors around the blood wossols, 7ho eontrol ande
ol chowed slightly more ramorous eolls containing teypan blus, bub
en oloser examimation 1% was found that these solls aleo eontnined
droplets of neutral redy The lymph node of the control anisal did not
eontain 0olls showing only tho mentwal rod, wMde would imply that the
ultrashort waves had stimmlatec tho Mt&wl;ul ayetém to
produso now oolls which phagosytised the dyw injooted during tho period
of irradiation, In the smtrel andml, the cclls eontaining the trypan
blue also tock up the neutral red in additicn to tho firet dyo injootods

A groater smount of materdal from dostroye’ red oolls wms ovidemd
i the spleon of the oxperimental ani-nl then in tho oontrol, %his
oonld be intorssetad as an evideres of an lnereased dectruetion of
rod oclls, The Rupflor sclls of the liver weve inarecsed 7 por sont
by the irsediations of the ultrashort waves in this oxporiment oo showm
by somte of thooe oolln,s
stote ohard, s 60



Iute /35 and {36 orperipental
lot 715 eontrel _

Mueibers 12 and 16 rovelved two injections of trypen bine s did
the ecatrol enimel, 13, Aat 13 ws ireadioted for ten mimsbes in an
intense fields Ihree hours after this eszpomue o ultreshort wves
the rad was killed and Slasues removed and fxad,

The celle of the retioulvwns in the siuvess of the lymdh wodes
eppearal to bo In the peovess of rounding up %o form phngoeytie wandure
fng oeliss Yhe histioaytes were larger thas Hiose of the eontro) end
sontained more Wypan bive, tho simses ocainined apsses amply of
phsgoeytes, suggovting thet thay hed bown gwerd out fmto the oireulstdon,
wirile those of the cuntrol were pooked with suoh sells, althmgh fow of
them oontained trypan bluwe, (e germinal conters were olearly ovident
mmmwummeu#umw«wmummm
scntrols (he Mver of tho experlmeninl eontained 38 per sont more
Eupffor golle than that of the eantrols

Praber 10 was irmedinted for 10 simmies in sa intense field, e
hour we cliowd o lepss bofore killing the raty, The liver contained
83 per cent more RKupfier eslis than thet of ww ponlrol, The other
tisoues ommainsd in this eaperiment did not differ appreainbly fyom
thoos of the sontrol animal,

inw:af:wm During dhls ti=s e sporimental rat was irw
mdlated for ten minutes overy day for lx dyms, A% the end of this
period, both animals wors ¥illed and the tissuss fized,

There was very little differcncd im the mmbor of eells containing
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teypen hiue o the Luph modes, Thees of the soatrol soimal appoared
o contain o sesedhet lorger mubors e gorminal centers and mitotde
figures wors more svident in the exmporinomtel lymeh node,

The liwer ol the axporimental aniupal emisinsd 73 por oot wore
Kuplfor aells whieh wore more hesvily loaded with the wital dye than
those ia the Liver of ithe oontwral animel,

The seme proa¢iurd vwes ueed es Yor 150 and 108, In the Sopuinel
Iyugh node of the sxperineatel animed, the 4rypen bine was taken up
more satensively end intebively them iun the sontrole The control
sonimined fewor and enmller phageeytie selle in the slmses,

Thors was a 70 par eont dnovesse in the meder of Kuplfer cells
in the liwer of the experimental ret over that of the control,

Hats H23 1 d

he “Pm_,nmnmuumnmamu
daseribed above, Very fow mesrophnges corlalndng trypean blue wure
ovident in the simusse of the experimentel lymgh node, In poriions
of the node the sinuses vere prestieslly mptly of maerophogete The
sontrol Lywph node oombaiosd more eelle steloed with the trypwn bluey
The liver of the irradioted rat contaimed 111 per cent more Kupfler
oolls vhish osteined movo Indtensively with the wital dye than 4id thoze
of the sontyol.

Both aniwnds rooeivad intraperitoneal injootions of Wiggin's
Indin ink somedsting of & o8, of a 50 per comt dilution in sslice,



faother injeotion of o enble cantimster of the ink was piven in

48 hours, Tw days after this, fnjsetions 22 ano and two ocublo cente
imoters of trypan Blus {1 per oont salution in saline) wwre glven in
the swme mammer, Comemsing with the fipet injootion of trypon blue,
five nimte irradistions wors piven %0 he experimemtal animnl twice
dally for iz deye, The aontwol aniwal received identdenl tvesimort
with the oxavption of heling swposed %o the high froquwnay Mold, 7The
animnlas waro Rillad and tho tlomas €o Bo ovanmined wors fizmed in fore
mnlins

One wode of the axillary Iprmh node of the osntrol anlme) sone
tained & Iarpe meher of histfooytes heswily loado: with Tndie fnke
Thin vesult of the injeotians iz wwmeesmamteble, for nonw of the other
Lpph nodes memined in either swperimete) or contvel enimnl bohaved
in this momer and bolnp the axillary lyveh mods, 3% wne not nenr the
volind of the injectlona,

There were & greater mumder of hsticaybtes containing grem:les
of trypan blue and & greater mwher of Lymphoaytes in the simwen of
both axilinry and inpuival Iymph nodes of the experimntnl Gen in the
scntrel animply The sinumes of the omperimentel lymoh nades sonteined
fower oolle in the »etieulum than &i¢ those off the somirel, the higtige
oytdo retionlar cells having rounded up into phegoortic form, Thooe
gells of the irrediatod anlmal appecred to heve beer stimiinted do
store more trypen blue dye. Bmined under the low pdbr lone, the nie
msos of the eontyvel lymph nodes wers stained a pale Bluewpray, vhile
the sinuses of the sxperinental node were stained & dright blue, There
were fow ealls ommteining enrbon rertioles in the oxperimental animal
and the greater mmber of thase wore endothelinl eslls liniug the
Jymphs and hlood veesels, The secondary nodee in both eontenl and sme



perinental enimels wore in the same atate of eobivity,

In both the liver and the sploen of tho eontrol emimal, there were
more hisbiseytes combaining large particles of earbon than in the ane
perimonial aximal, Howaver there were 60 per osnt more Rupffer cells
sontaining twypen blue alene 4n the liwer of the experimembel animels
These obsarwatlions eould de intropretad as en indicstion that the
hiationytes of the experimental enimal had bosn sot fres in the sireus
lation, Ihe absanse of rhegoaytls eolls containing earbon pertieles
fors the Anjosted Indfa ink befove the irradiation with tho ultmahor
waves eould thas be esplained, IV also appears thet the high frow
quenoy feld sthmilated e formation of now Meticoytes o take the
?lauﬂmmmmmmm-mmm* This
sopalusion 48 bused on the greator mumbor of cslls in the wxperimeatal
node containing trypan blee gramiles AlonGs

ihe esperimental tnimal was glven five mimte jirradintions twice
datly for tan daye, On the sixth dey both anlmals wore injested intros
MWHHI%QMW!%}W&MW&&%%MN%&E%
seypan Liuo, The animals wore killed on the eleventh dny,

mmwa'ormumwmwwm
umewmhwmmeswmatmm~M&m
Hupffer aolln in tho liwer of the experinantal snimal wore 25 per wenb

mmnmmmm

3% ammorimontnl A 437 eontes

Mpmmmmumpommmmfﬁl, he
diePerances bobtimosn the irssdisted and the noneirradinted antmi
wore logs evident, Tme simses of ons priwmry node of the amiliary
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imph node of tho exporimantnl snimel wero quite wply of oither cells
of dhe rotioulun or phagogréoe, The groanulos of teyyen blue were stored
in sogwhnt more dense partieles in tYho histicoytes of the emporimental
enimnl, The espordimental liver containod 33 per soat more Eupffor colls
then 414 that of the aomtrol animel,

fete {20 spevinental epd J85 sontwal

Soth anfmals rooolivmd intaperitonmel injections of 1 oo, of
noutral wed 14 ssline, Anothev injeotion of 3 ve. of this dye s gle
ven in 48 hours, Two deys after this, injeotions of } and 1 oo,
teypen blue were given ln the sone mamer, OComensing with the first
injeotion of tyypan blue, five nimute irmdistions were givem %o the
exporinentel auimnl Gwioo duily for eix dayse The emirel anlanl roe
saived ldentionl treatment sawa that it wes mot Jrradisted,

The sinuses of the saverimsntal lymph nodes ware filled with
pale steining eolle whieh had abored wory little ¢trypan blus, 0O
nsutrel red dye was wot ovident in oither the oxperimental o eontrol
antmls The gramilas of teypan blus wers slightly more ovidont in the
histiogytes of tho sontvol Yymph nodocs Thove ware 45 ger cent =ore
Kupflfeor solls snd indleations of groater dye etoraps in the swperiment
gl antmel thon in the somtrols

T 46 of interast to note the fuwpotlem]l varintion of the asllins of
the retioulun in the simases of the lymph wodos under wuwing condle
Sisnn, The mts la cxpsrimants #ﬂ o §21 fuolusive ressived rathor
hoovy injestioma of vital dps, All awmilable eoiln had Mymded wy
from the raticulun to form asbive waniering phagosybes sonteining
large globules of trypan bBlus which almoet filled the ontire cells
The rete in ezperiments ;30 to 85 imelusive were injeotad with abonk



holf the quantity of dyo, Iho cells in the sinuses hed not roundod
up, having resainod in the reticular strusture, and had stored the
dye in fine gramiles of regular sise and shapo, This supplies ade
ditiomal evidenco of the formation of histicoybes from ths rotioulum
of the lymph node simuses,

Another ohoorwtion of somp intorost wms in rogard to the rosow
tlons of the anfmals in the high fregueney fiold, There was ovidenco
of inorensed seerctiom from glands oponing into the mouth, When in
the condmser fiold, the rats would rud their noses vigoreusly with
tholr front foot, and then contimue with tho Yypleal ldielving end
cleansirz motions, At times this oxtrs coorotiom oculd be soon hange
ing in drope in the heir arownd the mouth,

Tven the very young ra%s po through the eeme motions, Thoy alse
chow o seratohing motion of the hind limd while in the high frequency
fiolde
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FIMBARY  AND oOURILTOIONE

White mis were irrediated will ultrashort waves of oix motor wave
longthe. the deosago of the irradiations was modembte, stonping shord of
signs of diseomfort wadl subsoquent vurng, It weas atiompted o reproduse
as nearly as possible the conditions of a olinfcal treatment and o olie
minate pathologiesl shanges in the tismes, The langth end intenalty
of the lrradiatione vore wuried with the different exporimenta,

The oolls of e mtisulo-andothelinl syctem wore studied in mieros
soopie sontions in vegard o thelr response to the high fyequemay field,
T™he tissuse emmnined werss axdllary end ingudnal lymph nodes, spleem,
liver, ovenbus ooyl foceis fbom the (nigh,

Intraevital dyes, mueh a8 teypoa blus, noutral rod and India fuk
are absorbed by the colis of the reticuloesndotheliel systes, Injeotions
of those vital dyes were gives imtraperitenoally to 0id in dotermining
e possidle quantitativo and qualitative modifiontions of the reticuloe
endothelial gyetem ss & recult of the irmdiations with the uitrashort
ROy |

™o estdvity and Formution of the eells of the retisulc-tndothelial
gyatem of the while maé are otimlated by the actian of ultrashort waves
of a high froquemey fisld, The prestact degree of stimulation wog obe
neeved following o series of irrediaticns of moderoto dnmition and
inteneity over o period of #ix or stven dayn,

In view of tho phagoeyriic and storing funotions of the retiouloe
ondothelinl systan, 1% can bo conoluded that madeorate and froquent ire
rediations of ulteeshort myes augment the defouse reastions and Proceesee
of the anlmal body,



vii
REFSRCHCNS QXITRD
from
Roview of Literature oo liltmshort Vaves

is Galoy Oy Koy oot Aspoots of Short and Ultrachort vewve Thorepy.
Arohie m. Ther,, JeRuy, Redium &iwg 19860,

% Biommn, VW, and Solwmrsehild, M,3 The Therapoutie Uso of Chort
" 7 Gurrents, Now Dugy Journe Nods 215:500, 1655,

5y Sohliepheko, Ne¢ Clited from Hobak, Des Rediathermy in MNodleino
Avchy of Fhyss Thor,, Jeilny, Rodium, 186+6, 19886,

s Bat Cited from Ooulter, J, 5, and Oshorne, Ss Chord
wave Diathermy in Hoating of Humen Tissuss, Archy Physs Thovy,
Swloy, Radiva 17)670, )

e lolommen, Jeo Oy ond Burten, . G Heatlng of Tlectrolytes in
High Proquensy Flelds, Canedian Jour, Resoarch 33224, 1000

Ge Varshall, We Hes Noating of lple Solutions nnd Bmlsiong Ene
: to Righ | - Fotontial Ploctrostatic Mlolds,
Journ, Gon, Physiols 134637, 1030,

T+ fichards and hm&a&‘ﬁg Ley G%d frem s Wo Ty and

Rioks, Re Let Aotdon of Ultrmhigh Froguenoy Oure
rentes Joure. Infost, Dige BOsl, 1952,

B, Homor, Hes Honling Sffects Observed in o Righ Proquemey Field,
folense §8:524, 15iG.

De Dnohom, Aes Holootive Hest Produstimm by Tltrushort (Nertsien)
" Waves, Archs Phys, Thor,, Zeiny, Redium 16s5, 1906,

10, : Bes Clbed from Kobak, Des Hediathermy in Hedieins,
O ke of Physs Thory, Jatay, Radius 3016, 1936.

11, Molonmamg Je St The Heating Bffect of Short fedio Taves, Areh.
Flyoe '1‘;;!'.. T Wy, radiun Mﬂﬁ, 105k

12, Bet Oited from Kobok, Uss Influence of Chort Wave
mﬁ«:&a&mmataﬁaa: Arohe Physs Thor,, Xeiny

imdiun 1735413, 1036
18, Schaefor, f,s Ibid,
Liobotmy, Pe: Clted from Cooteldd, Ley Dffetti Biologiei o
- Sutiot delle Ondo Herbsiane, Rasvegma Intormas 4 Clin,
o Tommpe 303 end 15164, 1630

16, lsar end Pmmlari: Ibid,

de §

eTranslabed Ly Dolores DeFasolio.



16, Honse, W, and Hohliephake, Bes Cited frem Tobak, Der Radine
g:&”z%a.hlhm’ Areh, of m 'ﬂlﬁ!’;, Hellpyr o ﬁlﬁim,
F. ol g

17« Domaget, H, snd Dognom, Aer Oited from Volf, H, Fer The G oy O
oglood Basto of chort Veve Thorngpyy Mode Rece ‘mﬁa.%

184 Gale, 0. Ks: lNoot Aapoots of Short and Ultrashord Tave Therapye
Avohe of Fhyn, Thors, X-Suy, fnd, 18:80, 1900,

19, Eddinow, Ast A Dicoussion on Short Weve Diathemmy, Froo, Royel
Soos Hode 208507, 1055 »

20, Kling, Des Investige of Dleotrostatic and Magnetis Pleld of
short and UL Waves, &rehs Phys, Thers, Xeiay, Rode
&1&53,1%

21, loar, Oy ond Moretil, P, Effeot of Short Vaves oo the Course
;tmu Towor, Abs Arohe Phiyfie Ther,, fefay Rodiume 1Gs860,

22 Carpsator, Os it ond Boak, Ry Ag: Tho Hont 2fPeot Produced by
e UY Proquency

osedllotor on | Syphilds in
DelRANes oo dourne Rype 24548, |

28e loar, Gss Qited from Mibvordel, fhort Taves ond Selestivity.
Arolis Phyos Thove, Xeloy, we  18+601, 1086, :

24, Phisalix and Pastours 0ited Sran Castaldi,

26, Saymenowskd, We Ts and Mioks, B, Ass Tho Biologie Action of Ultrow
high Proquonsy Currentey Jour, Infoote Dis, 5O, 1852,

26, d'Arsomvnl and Charrins: Clted froem Ibid,

27, Koboo, Dys Influenoo of thord Weve Nediation on Constituents of
Bloods Arche of Phys, Thor,, X-Ray, fnd, 175418, 1

28y Nanosoh, By Jst P mm«mwm@nm@-zmm
I11ls ‘The Oarbon D Contont and Oapeoity and Glanoane
trotion of Blood of Amsosthotised Dogs, Aty Journ, of Physiols
1014203, 19328,

29, Koudesn, Ae end Schaible, Pas Phyviclogisel and Bioohamdeal
* msnﬂ M%m%m%&ﬂ;hm
Arohe Paf &3 um
Py and Oliwwderl, At Aotios of fhort Waves on the

Blood Copilisrios, Abs%, Arch, Phys. Ther., X-Ray, Reds 183
“Q wﬁl ,

81, Jorns, Oz Clted from DisiPenbasch, %y Hes Ultrashort Wave Thore
arys Journs of Am. Inst, Homoopethy 282679, 1050

32, MoGutohoon, o1 Studien of the Losusotim of Leusooytos, 11, e
affeot of Temporsture on the Bato of Loeomotlon Human Houlros

. philse Leuccoyloe in Vitre. Ame Journ, Phyte £61186, 1023,



L1

$8s Pflomm, Bay Cited fyom Hobalk, Dyt Radiathormy in Medioine,

344 Soherocohewslsy, J, s Blologleal Effects of Vomy
Rlogtrommgnotis Andintione Radiology 20+240, ae. 1000y

8, Eriotle, Re Ve ond Loceilo, As Les Tho Relntionchip of Proquonsy
to Miysiclogionl Bffeets of Ultrahish Proquaney Currente,  Jouts
apery Nods 803303, 1020,

36¢ Scherecshowsky, J« Wyt 1ho Actlon of Curvents of Very higgh&n—
quenay Upom Tiseus Collss Pube ilealth Rep, 05527, 3

s Toflo, JIves Cibed from Cagbalds,

38, Diokrens, P W Fa By, and Weilainlhorba, Me: The sotion of

T T Showk Redio Naves tn Tistuos: Effests Produesd in Vitro, Ame
doure of Comper 28:000, 1530

30, Roondont and Hogsedrolds Oited fHrom Oastaldl,

40y Gosooly Ae . Am s G m\a fgsaie do
I 00 3“1‘ ala“g zm
43e Rivera and Tagecacosso: Glbed from Oestaldl,
4%, Boaradotti; Cited from Oestaldi,
A3, dossndrall and Vareboms OCited from Cambaldd,
Sited frem Mm, Jde By, snd Oshorno, Ser Short Tuve Diow
thormy in ien l‘zamh srche Fliyse Thoms , XeRGy,
Rede 175679, 1 ‘
45, Mosgadmli and Vareton: Clited frem Castaldi,

Totaol, G, Ve, cnd Klossolbach, et mmmmmﬁmw
e ﬂhu" 'w“%hﬁm Deuteah, Hod, Tiohnsshe 184725, 1986,

47 Bovdier, Me: Gited from Kobaks Radiathermy in Nedioline,

48, Jollinels, Sei of Ultrashors Weveas Aral, Phys, Thor,
* T Zeiny, Rade 17,60 625, 1056, "

49, Doak, Carpenter, C. M,, and Warren; Oited frem Onotaldd,
50w Momdson, Ae and Sohedblo, Per Tho Bffeat of Ewposure o an Ultres

Field ou Crowith and oo Reprodustion in the vhite
mﬁt A&t'ﬁ&, 1“1.

Vo &, tind Hosel, Kot Tho Norphologioel Ohangos in Anie
- m’m $o M;ang by an mm Frogquonsy Osoillator.
mmm&;m,zm

Saddman, Wyor, J Effets Lostux due aux Champs
s+ &by - %mmmu Corpty Ronds
Aoad, 4y S0 mamo,



40

By Schliephnle, Bes Ve Tharep of
. Physe m-.' :Wmm:m, 1586, it o

Ble Horn, Ley Kemders, O ond Lisboany, Fee ﬁl&a&uluﬂw
im'ﬂﬁmuwim“wm Brein,
Avehe Thyn, Ther,, X-isy, nde &iw; 1935,

66, Semud, Hys DBiol, Abstreots 8566, 1000,

68y Wilaom, Jet Some Recont Advanses in Medisal EKlectried The
tﬁlulr. 1562060, 1905, -

578 m, Par The Bolaviour of Csoille Curvents in Complex
Cirouiisy Brite Journ, lind. Ba015, Gy

B8 Violf, By Fet The skologionl Basis of Short Vave Thomrepy, Hed,
T80, m"ﬁ‘g 1 3 ;

{9y Gtichoalk, Le Hes The FPundemsntals and Indlentions of Short Nawe
%Wm and Congnlntione Arche Pyss Thory, Xeimy,
1657, 1900,



49

REPTRWNCES  CXTEG
il
“he Dlmeuscian of Uw lstlsuleelndolholial aystom
1o mzw, Bst CAbed from Qowdry, 7, Y1 Spesial Oytelogy

Za W%g; Loz SAtod from Cowiry, G. Ve: (posial Oytelogy L1,
Ze

Se Barohand, Fer Cléed from "meke, Te: The Mndignlos-Ondothelinl
fysteme Physiol Nove §s008, 1926,

4‘ w’ **5 1md.
fe Ballory, Pey Ihid,

Se Mibbart, T,y Cited foem Sasha, Bai  The Avticulo=Radotheliinl Sysboan,
Phyaiole Rave 51000, 1020,

Te Boufferd: Thid, Page 509,
S faldmonn, By Thid,
By Landua, .y end WNollea, J. Clted fyom Cowdey, Page 712,

10, Bvems, Hy My The Masrophases of Ymmele, Am, Joura, Phystels 37:
2835, 190G,

i .ﬁkia, Py Doy Cp Asp txi Cwmdngheun, iy de¢ Dlegrismiostion

- " 'e;';u ’Mmﬁ dells in the Ocnpective Tismuen by the
w:-awﬂh.l laglmique,  Sary 08T, of Toohe Jout, fto Dsbryols
daar, 1978,

18, Maxloow, Aqs Ofted from Snoks, Pase 600,

18, Anohoff, f,: TMd,

b2 M I.u-h, My My nad lowla, W, Tyt The Tmnmmm of Thite Blood

Calls Aute Dlammnloaytes (aevophages), Tplthellcld Cells, and

clent Collay Jonim, m&. M. horon, $E2708, 1926,

16, Yenrli, Wo Fas m.gm ant Other Golls of the Deop Fasols of
the thigh of e Nat, Our, Inoty Tash, fJoat, to Tabiryole 201106,
Toae,

16, Mallory, F. Roe Cited from Oenke, pego 610,
17, Fiyomo, K,y Misd from Saebz, maps GI0,
18, Babiw, Doan amd Cumdnphnes Refor Bo 11,

18, Meximow, A, oxd Bloom, Wer A Bemtbook of Histology, ¥hiladolphde
snd Lopion: Ve He Seumiors Cos, 1900,



ale

e

5

Bvans, ity My sad Soodty K Jer in the Differential Reastion 2o
Vital Dyso Ihiibited ty tho Two Great Groups of Commtses tipe
mla» Oarnoge Ingts of Wache Comts Mubeyole 10 to 1245,

s Va Hea mmuwmrm? Brythrouytes Introduced Inte
“Z:m Strenm of the Rabbits Journ, Infeot. Die, AT:432, 1018,
s Fo Py and Clawl, 4y Res The Retioulo-ndothelial System in

Glon o Autl Fometlons Joumne Ame YMed, 4, 8251298,

vss, Ge Hes Tho Hetloulo-Tndotheliel Systom and Naemolyain Parw
metions Brite Jowm, Emper, Path, 22548, 1676,

Junpoblut, G, W, s Dovlot, Je Aes The fole of the Retiouloe
othalial Syotam in Tmsmdty. l. Te 2016 of the teticeioe

fadothelinl Sysbem in the tn of Diphthorde Aatitoxing
Joums, Txper, Nody %ms, 10204

Bloling, Re and Ieass, Sy Cdted from fecks, pags 5285,
Aosentbnl, F, and stondennth, Py IThid,

Woioe, f£o und Dunse, Jer  IDAd,, page 026,

ms! Py Ay and Loonda, Des Allorgle Irritability, 11X, The

of Chwrondo Infeotions and of Trypen Blue on the Fore
wation of Speoifle Antibodiess Journ, Fuper, Med, 439788, 1926,



DESCRIPTION OF PLATES



A e Y 208 e .
T i i B 4 5 F M 1 s u’"“' o i o Sk .
. A ' e J iy and x.“'ii" !,.’, A ’ e Bl ] 4
T ) ok P Toln el LR - § 6
o AL . St ey ey’ K } 55 'y 3 L% g
o iy i 8 4 S Loy % J" w‘ L T fi ke : 4
T TR T i | :ﬁri* A1 _'. A \' 2 ' ”(4". ,rfﬂ r‘f '\ “q'-,, s 6 “
[ s e L (0 TR TR ,'-.‘;. v An’ !.-. 3 v!- 3. ,u " ',‘ "-,Vf‘_"-.,“ oy g b, d 3%V, - -
Ly % " R "r”"‘ ?:9_-”.&’: .- s 24 -"&70:'1 i'.‘.,h“‘l *'r p Jie M “1.‘,.' . ”( it
VM g Ra el g T o Sudilly \‘.“’f,‘,;ﬂ S 1/'1-,;.{'{!//*{M BRI ) ' g T ]
37 &y A Nor NG Car e e 4 ¢ 1 [
L o1 . ? )
)
* ¥
>

a
oA

R A
é‘“‘%‘a“;":ﬁ l“’d -
G 597‘5 r.\jws ‘} k‘-". r}i ’5‘ 2
i T gl e 3‘9"«’-& % -"
§id ,,», \g«,», S5 e T lseple oy L) Ras o
3& Aok 'w)\:} ..1/
w2 R

B ;;4‘3 o
ﬂ-. f?‘ ,ﬂ.gix

e}
r ”‘" i
.PJ' 1l
‘-a'.» -}:
3 :f“l'é‘j" “"#\"‘ ;.
lﬂ;fiww e A T A AR Tl IR R
ARy~ e B ﬁ -v;.gl; . ;;"- f'f ) - Teliun Ik
s o )

‘-cn-

-I/‘ul "
i o ey

94, o 3,
E \1 o

‘?T’t’r "YQI{'L ,\

y R e
e .- ,\. b 9
'\’t‘{/,'&ﬁ ‘ ﬁ'..u.*s&
) ek “r{é;

% b "“1.-.2 o
L9y ﬁ;{*\\ f- ,‘ﬁ
& e
Al ¥ %
R el ¥

g
-

P
7l

iguph node ol rat Ul exporinental, Colls of the reticvimn have
Mammw@rmbmmnmmmwmmxw;
mals Compare with photograph of sontrol on the following page, large,
dorily staining oolls sonttored throughout the tisswee ere west oolls,
(safrening?,5 niere; X 100) M, mast cell; R, cell of the reticulum,
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igmph Dode of wat (81 coulrol, Note cells of the retieulum in
sinuses, Gompers vAth photograph of the muperimental enimal,
{salranin; 7.0 miors, X100) M, mast cell,




L4

srstion iew fram the somd

y -
e

i3 ki

mat 231 semtral, O48)

igmoh node of

fognars with phatograph of the exporimental

lymph nods on %he following puges ({(safraning 7e% miersy ¥200)
by lymphocybtey =, ooll of the roticuluns

secticy shom on page B,



Lymch ol of wat 51 experdnmtel, 041 Lmwreton viow from the
wigse SESLion WwMB on pagd ile Hebe fine pramiles of Grypan bivo stored
by e oslls of thw rocioulun whdoh fom a eynoytima 4n tho aimus,
{mfrendng Tl mioray X000) M, mot sell; N, ooll of the rotioulum,




fat {12 eontral. Lymph pods dawmotruting that the colls of the

rotioulum hawe rounded up Snto estive, swebosd hietliooytoo uxior the
stimulstion of a benvy dossge of the viml 4yoe Compare with photoe
é;mma of the Iymph nodes of experiment #93, H, histioeyte,
{enfraning 7.8 miera, x100)



liat {21 oontrole Liver showing fupffer cells coniaining trypen
blne geamules, The amall, dark enlls in the simmeee of the liver are

the Kupffor solls. {(Safrenin, 7,0 miere, X440) K, Kupffer cell,




Ret /21 experimental, Liver showing mumerous Yupffer eolls, In
this erperimant, the pereentage of inereecse of the Kupffor cells over
the sontro} wes 1117, K, Kupffer cell,

{eafranin, 7,8 miorn, %440}




Rab 77 sontrol. Stvelch preparution of fascia. Hote amall sipe
and m«mm« grenmles in aytoplomm of histiceytes in oume
perdcon with those of the emperimental animal {(poage 68).
{ironmhamntonylin, %000} H, histiocyte,




fet 47 control. A different £i0ld of iho semw atretch preparation

of fageis as showm in the photogreph an the preceding page.
F, fibroblast; H, histioeyte; P, polymorphonuclear leukocyte.




Rat 7 experinenial, Steoteh preperation of fuasia, NHote the

mmepes and largo nooumilations of trypan blme inm the sytoplam of
the histiveytos, {(irco-homatomylin, X440) g histiosyte,



ftrotoh preparation of evmizm stained seleotively for mesdt oslles
Note grouping of mast oeolle around fot cells and capillaries, (%440)
C, capillary; F, fat cell; M, mast cell,



Average number of Hupffer cells per high power fiold. (Twenty
fields wore teken ot rondom in sectiume of the same thickasss frem

the livers of experimental and control animels,)

Controlis Exparimentals
Humboy Average uoce Average no. Per gent
of experiment - of cells of églle inorease
9 id i8 7%
18 (comtrol for 12
" 13 snd 18)
i3 18 33
16 | 22 | 8%
19 14 24 71
0 1o 17 0
23 17 36 11
B0% 2 B 9 80
33 17 21 25
32 i5 17 135
35 11 16 46

* Rofor to deseription of experiment, Only cells which comteined
trypan blue grammles alone wsre counted.



e

for

ype

A
L+

by Entharine Morzm





