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I

INTRODUCT ION

It has been observed in clinical practice that furun-
cles of the skin respond favorably to treatment with Roentgen
rays. Since the micro-organism usually responsible for the
boils, namely steaphylococci, are not themselves affected by the
dosage of x—ray used therapeutically, the reasons for the fav-
orable response must be commected with the tissue reaction.

The present study was undertaken to determine the nature and
extent of these tissue reactions in experimental animals,

Shortly after the discovery of X-ray by Roentgen in
1895, it was noted that pro=longed exposure of the skin to the
rays produced erythema, dermatitis and even ulceration. This
observation resulted in the introduction of the new ray as a
therapeutic agent. It was soon observed that eech variety of -
cells in the body hes a specific range of sensitiveness to X=rays.
That is when exposed to the same dose of rays under the same con~
ditions some cells are influenced more rapidly and to a great-
er degree than other types of cells. Some cells such as the
leucocytes (particularly the lymphocytes and polymorphonuclear
celis) are most susceptible to irradiation, while other cells
especially the nerve cells are highly resistant. Between these
two extremes the other varieties of cells can be arranged, accord;
ing to their vulnerability, in a definite order:

1. Lymphoid cells (lymphoeytes in the spleen,



Iymph nodes, inbestinel lymph
follicles, siroulating blood,
bone marrow, thymis, tonsils
apd other stuctures in whioh
suoh cells may be presents)

2o Polymorphormmelesr leusoeytes end Zosinophiles
in tho blood otreoam.

3o Epithelisl vells: Basal epithelium of certain

secrotory glande esposially sale
ivary glands;

Basal epithelium {spsrmatosonia
colls of the testis and folli-

oulayr epithelium of owary.)
Boenl cpithelium of the skin,
meous menbranes ond seritein ore

gens such az the stomech snd ine
bestines;
Alwolar spithelium of the lungs

and epitheliam of bile duois
fZpithelium of tubtules of the kide
neys

4, Endothelisl oells of blood wossels, pleursa and
peritoneun.

6. Commectiwe tissue cells.

8, Humole ceils,

7+ Bone cslls,

8. Pt colls.



8¢ Norve sellse
‘ There is not only a wariable rosponss seven in differ-
ent kinds of cells %t the same smount of 'ﬁ.rmdi#t;i{m, bat even
eolls of the sumo kind meintained under comstand envircmental
conditions evince & wide warietion in semsitiveness to the raye.
his varistion in offect is correlated first, with the phass of

motaboliem in whioh the oell happens to be shen $rredisted and
ssoond, with the degree of differentiastion of the cell.

Although there is this wide varistion in response by
different kinds of cells and oven with the sese kind of oells,
the offect of the rayes on all cells appears to follow about the
same patiern. The difference inm resulis seeme Lo be cno of do=
gree and speed of reaction, Sinse the effects of irradistion
coour most rapidly and to the greatest exbtent in the iymphoeoybte,
& desoription of the chenges produced in this ocell will afford
2 plotare of the offects produced by irrsdistion on oells in
gonerale

After a longer or shorter latent pesriod, changes be-
gin to take place. The transluocent protoplasm beoomee turbid
end then {inely gramulaer and the proteins normally in a fine=
1y divided state, form visible aggregntes., The cells lese their
mobility and resmin completely quiescant, If the irredistion
has not been Loo severe, the cslls rosume their ectivily, ro=
twra to normal appearance and divide normally.

If the irredietion is sulfliciontly severs, the cells
which are pareslyzed never regain mobility, but begin to disen-
grate, somebtimes almost explosively.
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In adiition %o the changes obssrved in living cells
others can be followed in stained preparations. OCybolysis oo-
curs, the shromosomes shrink, clump topether, aml group then
sslves irropularly. Thoe chroemtin fallo in fraprents end the
maeleus is destroyed. The probopless becorwes nore wisoous,
and wouoles are formed in it. Cells in which thess changes co=
CUr DAVEr recover.

In addition o those specifio changes in cell sirug-
ture and behevier, sertain physiclogiocal resctiocns are affected.s
Thore is en inorsase in hydrogen~ion consentration, which may be
very transitory in some tissmes, but which may persist for hours
or oven duys in other kinds of tlsmuos.

with the chanpe in acldity fe ascociabted an inoresse
in the permeability of the cell membrame. OGuoh & conditlon may
allow the zold content of the osoll 4o esoape inte the tissucs,
increasing the eeidity there, amxl cavaing the inoreese ip the
viscosity of the protoplasm,

And s0 in gemere] the serme dostroying effects are seen
in all types of cellge-wthe polymorghonuolear lousooybtes, e¢pithe—
1iel eolle, commective Lissue cells, musele, bone, faf snd nerve
cellowwand although some oslls respond Lo e much lesn doegree,
no living orgonien hes boen found whioh will not thus be influ-
enced if suffiolont redistion is edministersd, -

fhe earliost bioclogical experiments, »ithin a fow
munthe after the discovery of I-ray, were 2 poarch for baostorigi-
dal effect, Beobteria in pure culbures cem w rilled with sufli-
cienbly large dozes of radiation, Host of them are 50 resistant,



&
howover, that any attempt to destroy them as & clinical measure,
would require doses which would be dangerous or even lethal for |

2
thelir hootse



1X
WODE OF ACTION OF RADIATION OW CELLS

I% iz obvious that these series of changes produced
in the oells result from the ocells ur tissuss sbsorbing the
snerpy rom the reye. Therefors, the gquestion is how the abw
sorbed energy acts upon the ¢oll molesules,

The firest resit of the impect of radiation on mabber
is the production of sseondery radistions in the form of moving
aleobrons, Thoss cloobrons ionize atome in thelr paths. The
iomized atom ls temporarily in an shmormel condition, and while
in this stade it lends itself readily te sbering inbo new come
bimations, Iondsation of the individeal molecule lasts enly &
wory shord time, If, however, emough of them ars iomized si-
sultanecusly, & large enough percembagze of the eeil conmstituents
mey undergo transformation so that an apparont chenpge is wo-
duced, This theory ha» been elaboreted by Holthusem and Lacapw
BRCNSe -

A difforemt point of view is that held by Dlsmmr.z
He gonsiders that the point of actual stisek in the cell is the
largs protsin scleculs, and that cell ochanpes sre brought ebouk
not by chenieal irensformetion but by an mebual soagulation anme
logous to the sobion of heat, The energy sbeorbed by the tise
suss sven for very large doses of radistion iz wery small in
comparison o the amount necessary Lo produce complebe congu-
latlon of the aggregate of molwoules. in the ocell, Iesstuar fie
voids thie diffioulty by his "point heat hypothesis®™. Hs assumws
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thet thers mast be & seriein number of direet impacts of seton~
dary slectrons with atoms, which result not in iomisation bub
in setual incresse in the welooity of the enbire atom, 2 warme
ing upe (It should be remerbered that ineremnce in temperaturs
astuslly only menns ineresse in stomie or molecular welceltios
within the solid metter.} He considers thet if a sufficlently
high percentaze of the molesules of a given cell—1/100 to 1/10
are thus waurmed up, coaguintion will escur,

Pnﬂlazhm oftered the most halpful theory for e
gation of radietion on the celle emd its muoleuvs. It combines
festures of both sbove memtioned concepts and builda from them
a8 renlly workabls hypothesis., He eugpoete that a ecerimin pore
tion of the cell proteins are broken down during the redio-ions
jzation imbo simpler subgbaness of the type which dissocinte,
or ionize electrolyiiecally. Whem this occurs, the iom comcen~
tration of the fluids both inside end oukside the oell insreasws.
The fluide oubside the cell ere diluted or eerried mwmy by the
eireniakion; those ihside cemmot be thus affected. In the of-
fort to esuelise the consentration inside and cutelde the senmie
permeable cell wall, fluid will enter the oell sausing 1% o
smoll. This proccas will be hastensd if the wembrane bms ite
g2l beoen wealened by direct hits, Oubseguently & slmilar of-«
foct bakes place sithin the mucleus, sz the sell finids outside
the nuecleuns begomo more dilube then those inside, by the pro-
cess just mentioned. The swelling of the oell and of the nu-

slaus are well nowm radistion effeots.
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THEQRIES OF TISSUE RESISTANCE TO BACTER L IBVASION

Every infectious discase is the result of a struggle
betweon two varisbles--the pathogenic powers of the bacbteria on
the ons hand sand the resistance of the subject en the othar,
Thus, & wlercorgenisa may be vapable of causing fatal infection
in one individual, bul may be moderstely virulent or even en-
tirely imnosuous for enothor, Cenversely, the seme individual
mey be highly susceptible Yo ome variety of baclteria but highly
registant to stherses It ig this problem of resisbance--what it
is, how 1% is oshablished-=that has demended the best efforts of

workers since the eighteenth cenbury and is still not understood
in its entirety.

There is mo single factor upon which we san say thet
the resistance of a specles agrinst o particular organiem or vi-
rus depends. In & few instances the unfaverable envircmmental
conditions offered to ths bacteris within the host is a possible
defense mechanismn, For exemple, some diseases of warmeblooded
anirsls do not affect the coldeblooded species due to the change
in temperature. This is clearly revealed by the classicel ox=
perimenta of Pastsur, Joubert and Qi‘zms’&nerl&m? Ei:hc were able Lo
decrense the resistance of chickens to aathrax bacillus by low=
ering the body temperature that the baoteria were sble to in-
vade and kill these normally refracbory animals. GCouversely,
Gib wr%nﬁ’ soted froge with anthrax téz%f keeping them in water at

thirty-five degrees Cemtigrade, snd Nuttallsecured a similar re-

sult with plsgue baeilli in lizards by holding the letter st a



temperature of twenty-six degrees Centigrade,

Differences in metabolic processes, oxygen tension,
carbon dioxide production, water relations mey likewise pre-
sent barriers against infection. Such hypotheses, although
logical enough, have at present little or no direct experimen-
tal support, so that while interesting they have been considered
but as ideas and points of departure for further investigations.

Much more definite is the role‘of phagocytic cells
and natural antibodies in establishing immunitye. The research=-
es which demonstrate parallelism between these factors and re-
sistance of species as a whole will be outlined briefly here,

The two lines of investigation were begun almost si-
multaneously, one centering upon the activities of cells espec-
ially as manifest in local inflammations, the other upon the
possible protective powers of the body fluids, particularly the
blood plasma.

As early as 1870 pathological anatomists observed
the presence of microorganisms within the cells of the animals
and humen tissues. HayenilKlebs,S?}\Ialdeyerssand others saw leu=-
coeytes containing bacteria but failed to interpret this in the
sense of possible protection. The process was regarded rather
as a means of transportation of the bacteria through the infect-
ed body, or it was assumed that possibly the microorganisms en-
tered these cells because of the favorable nutritive environ-

ment thus furnished.

The first to suggest that such cell ingestion might



10

represent @ melthed of deflense was E@gﬁmlé%a refsrred to it asg a
vague possibility.

The significance of cell ingestion ne a wode of pro-
tection against vasterial inwaslion was hardly more than e wegue
sugzestion when Eebahaixaffsg;gan to experimsnt with 2 small crus=
tagean, the dephnie, in which he studied the reaction which fole
iowed the introduction of yeast cells. He observed the strug-
gle which cnsued belween the ameboid leuconytes of the erusta-
cean and the infecbing agents end determined that somplete en-
closure of the yeast within the leucscytes assured protestion %o
the dephniz, while a f{ailure of this process, sither from fortuj-
tous causes or besause of too large & guanity, or too high & virue
lence of the infsoting agenls, resulted in diseass and death.
This early work forms the begimning of & train of lamvestigations
to which we owe most of the basic facts we possess coumverning
the role of the phagoeytic cells in the protection of the bedy
agelnst infections

Hany studies have boen made bo debteramine which ¢olls
of the body of higher anizmals can take in and digest foreign
parbicles nnd to elassify them according to this power. On the
basis of these studles, a large veriety of cells distributed
widely throughout the body have Leen grouped together under the
hoading of tho "Retisulo-Endothelinl Mebtabolie Apparatus” or
Meobehnlikoff*s Meorophage System.

The following teble is a classification of those sells

exhibiting delinite ability to ingest forelpn mabtter.



T UieFophuges Wiero hages
Grenulooytic elements BEoncomelear cells: fized and vende
of the aelle of the tissues
Uireulsting blood and of the blood
Yo~ Losine Baso=  Vized en- lobile sepial Opienlc rebi-

Lro- ophileos philes  Jothelial histlio- gelle pulp sular
ghiloe (Com~ (Sligh= oells of oytes of the cells  ocells

(most  flist= &1y ng~ the Blosd sof the lumg. and of the
active) ing re= tive.) and lynpgh comnmee- (Very blood Spleen

ports gimees of 4lve eebive mano-~ and
as to - aertain tigsue, under aoytes. Iymph |
Botivie oTEENg,. {Pery certain (MNod- nodes.
tye) (ot eo- eotive.)oondie erately (Lesst
tive,) tioms.) setive; sobive)

29

] ! 38 39 40 41
The early works of Denoys, Leishmen, Irizht, Hosenow

sl %‘Mg although aede in vitro formed & chain of studies which
have lead to the present understanding of the mechanism of phago-
oytosize ithin the living body the wariocus gonstanitly change
ing envirormental sircumstanose which my inflvence the pheno-
man obricusly are even more difficult to anmslyze.

In abtbenpting to elucidate the mechaniem of phagooytosis
two stoges sy be recognized: In the firet the osll comss in cone
tact with the particle and in the second the particle is enzulfed
by the celle

Vhen the animel body represents the thosber of phegoe
sybio activity, the first stage——~_the coming together of {oveign
particie and phegooydic oellm—eig not dependent on chance., ‘hen
& pathorenic bacterium emters the body, it frequently arcuces an
inflammatory response surrvaciing the peint of onbtry, charectere
ized by incressed capillary permoebilily permitting the escape of
lanooeytes ond the fluid constibuents of the blaod inte the tissue
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spaces. Rerp these phagoeytie cells "erawl® about by means of
the pseudopodial extension and rebtrastion of the cytoplesm, Thase
amobold-1ike movemente Pellew & very definite pattern which 1s
believed to be dus to a chemical sbbrection and not just Lo
shance. This chemobaxis mey be sither positive i.e. abtractive,
or negatlive, i.e, repellant, depending om the nsbure of the metere
jals A good example of the influemoe of the chemiscal neture of
the partiele in sttrecting the phagooybe is apein an experiment
of ?amff who all-wed & suspsnsion of eells and eguel nuwber of
particoles of fin0,, and MnSi0y, to run wnder o coverslip om &
glide awd observed the ensulng phenomens under the miscroscope.
With Mol 204 times as wany encounters took plece as with HuSils,
resulting in the phagoeybosis of twenty times as many partisles of
the former substanes, This selective motion of the }.smmy@a
boward these substemses indicabes & remetion on the part of the
eell to echanges in its emwiromment set up by the particle. Laba‘ll't
in the course of his studies om Inflemmstion was one of the first
to wxamine the chemotastio properties of sertain substanses on
levoocoybes. He found that these ecolls were cetively attreoted by
pomisred gold or iron. Dead beocteris, he also cbserved, exerted
& gimilar positive chemotactic influence, end &mlmogslutar BuG=
seedsd in extracting from Friedlander's bescillus e probein sxhibe
iting strong atbrastion for leucooytes. Horeover, the latter nobed
that glyoine and leuveins were dsfinitely chemotactie, whersas ty-
rosine and frimethylamine wers inert im this respest. It appears
from these and gthor investigations that positive chemotaxis is an
atiribute of all baoteris, egqually apparent in becborial extracts



13
or living and dead organisms. It is likely, therefore, that the
attraction of leucocytes toward the point of invasion is in part,
at least, due to the chemical properties of the bacterial aggres-
sors. The work of Massart and Bordéisdemonstrated that this mi-
gration of leucocytes in inflammation was probably not exclusively
conditioned by the chemotactic effect of the microorganisms,

Their findings showed that eﬁeh products of leucocytic disinte=-
gration might be chemotactic. It would seem therefore, that when
many types of tissue injury oceur, a stimulus results which at-
tracts leucocytes. This sccounts for the migration of these cells
into inflamed areas not of bacterial origin, as well as local ac-
cumulation following the injection of insoluble inorganic substan-
ces., lLately Menk{is reinvestigating this problem, has isolated
ffom.sterile inflammetory exudates e crystalline nitrogenous sub-
stance revealing distinct chemotactic capacity in extremely small
quantities. This material, temtatively termed "leukotaxine", the
chemical nature of which has not yet been completely identified
but which in the best preparations takes the form of needle-like
erystals, also apuears to be responsible for increased ecapillary
permeability.

Various explanations have been advanced to acecount for
chemotropism. Thus Maltener and HopégThave asserted that osmotiec
forces govern the movement of phagocytes toward particles from
which dissolved substances are diffusing, since they observed
that leucocytes enter capillary tubes only when they contain so-
lutions of greater concentrations of certain materials than that
of the medium in which the leucocytes are suspended, However,

48
Wolf has presented data which indicate that the chemotactic
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properties of a number of salts vary independently of the osmotic
pressure of their solutions, Others have conéidered the possi=
bility that differences in the surface potential between the leu-
cocytes and the particles or injured tissues might be sufficient
to exert an attractive force between them. Abramson and Feringa
have suggested the possibility that immigration of leucocytes into
areas of inflammation depends upon & difference in potential be-
tween the rphagocytes and the injured tissue. But as Welli?points
out, relatively high hydrogen-ion concentration of the tissues
which could induce a change in potential, cannot be the single de-
termining factor invthe migration of leucocytes since in certain
conditions where this obtaing, sueh as violent museular activities
or local asphyxia, no significent assemblage of these cells is ob-
served.

There is, however, evidence from the studies of Menkin
that the hydrogen-ion concentration plays a definite role in de~-
termining the prevailing type of cell in an inflamed area. The
developing local acidosis conditions the predominating cell in the
exudate, but apparently not through a chemotactic mechanism.

Thus this author found that when the pH of the tissue, such as

in the earlier stages of inflammatory processes, is above 7, poly=
morphonuclear leucocytes are the most numerous among the cellular
elements. With increasing hydrogen-ion concentration attendant
vpon the progress of the lesion, the macrophage supplants the mi1l-
ti-nucleated cell. These researches indicate that the viability
of leucocytes in exudates is a function of the hydrogen-ion con-

centration. The polymorphonuclear cells are incapable of
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surviving in an =cid medium, Mononueclear phagoeybes, on the other
hend, display perfest rasistence in media at pH ranging from 7 %o
about 6e8. Ab groater hydrogen ion comcenbration these sells likew
wise succumb and frank suppurabion results,

The hypothesis conserning chenmotropism that moat nearly
seeme bo colmelde with the majority of the facts would regard
changes In the eurface tension of the leucooybe brought ebout by
soluble substamces emanating from the particle or injured cells as
the fundementel fachors in the meshanism of the rhenomenon., In
considering the possible effect of suriace temsion in determining
the motions of uniselluler orgenisms, attempts heve been mads to
initato these by means of wvarious life~loss systewms, Bam.,t@i\i
Rhumbleis and others heve produced "artificial amsbae” which in ale
most all respechs behawed liks the livimz orgenisms by Llasing
globules of mercwry in acidified water contalning orystals of po~
tasslum dishromste, As the latber bepins ho dissolve, diffuses
toward the mereury and touches it, the mercury globule will begin
to become slomgated and oftten move in the direstion of the ree
remeining wmdissolved dlchromnte, In eddition, Dhumbler showed
ﬁha%i; & drop of elove oil in the pressnoe of slochol and glycerin
becomes motile, end that o globule of chloreform in water will

move btoward & partlele of shellac, flew sbout it, and dissolve

m The similarity between these rhenomena referadble to sure

fage tension alonme and those tekdng plase in living cells is therew
50

fore very strilking. 7ells has considered them st length and em=

phasizes the possibility of their relationship. He points out
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tha® positively chemctectic substances diffusing from a given

dircotion emd reashing the leucocybte will lower its surfuce tenw
sion on the side at which they coms in combact, and Ghere in
conseguencs pseudopodia will be throwm out. The leuconybe will
then move toward the point vhere these subsbances originste. How
tienm in & given dirsstion will contimme as long as the conceniraw
tion of the chemotactic material ie greatéz* on this same side.
When the concentration becowss equal on all sides, woblon will
COBSG.

This theory that surface changes determine the tropism

of leucceybtes, although conforming to many of the cbserved faocts,

e e T mas dae Fawcsaman W Tos oo cadh sl Ben. %% 8 po e B opan o i o s e o -
has not besn VRLTET B LY BOCETeOR OF Beds LLVEEVAERSITG. Further-

more, certain sxrerimental fimiings more directly concerned with
the actusl ingestion of particles, which will be considersd im=
mediately, are admitbedly difficult %o mccount for on the basis
of alteretion in surfece tension alone. We cenvot conoluds, there-
for, that all the elements in the mechanism of lsusooytic cheme
otropiem have been entirely rewealed, albthough there ofn be 1ite
tle doubt that surface :?slatmahips frequently pley a major role.
The sondition underlying the sepond stage of phagooy-
tosis, i.8., ingestion, are slso in part due to the forees of surw
faoe tension. JIn sddition, other factors enter inbo and modify
this process. Of these the wviscosity of the protoplasm of the
¢ell is perhaps of foremost importance. Thiz waries with tempera-
ture shanges=—=it low temperature Ia&inghmf 41’9%& that particles
sticix to the coll buk do not smber ity but as the temperature ia
raised changes in the internal state of the protoplesm ocour



agsorpanied by the ingssbion of the particles.

& few observablions huve been recorded on the changss
induced in phagocybtic asysbtems by wariutionsz in osmotic pressurs
reletionships. Hypotonie solwvbions inerease the ingestion while
hypertonie tends to inhibit the reaction.

‘ _ 55 56 57

the ezperiments of Hamburger, Evams and Fenn indigate
that optimun phagosybosis osours ot about neubrality or in some
cases slightly on the seid s=ide. Any marked increase or desrgase
in the pH bringe about definite diminution in the phagoeytic in-
dox. This may be due to injury of the leweocytes by incroases
in the hydrogen ifons or as Indd hes suggested that changes in
the pH may affect the combining properties of serum constituents
and particles.

Bacteriophage, which according to the latest statement
af ﬁ@fﬁhfagayrabably iz of the nabure of & nucleoprobein, was found
by é'ﬁer@l&ggts increase the susceptibility of bacteriec %o phago-
oytosic, Gerardglhaa shown that fo! lowing the injection of phapge
inbo a rabbit the phagoeytic index for the leucocytes and serum
of that onimnl is markedly inoreased even after a period of seven
days. The phage secms to affect both the bacteria end the cells,
go that the former becowe more susceptible to phagocytic atieck
and the latier more active in ingesbtion.

In these insbensces where complebe ingestion doss not
seour, the fibroblasts sre stimulated to form & barrier around
the point of infeetion, thus walling off and preventing the spread
of the gormg.

Othors turned to the bleodd plasme es possibly respon-

gible for the protective mechanism, largely because of chservetions
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1ike those of John Ennt@;?‘af Tr&ugg'amé Gs@h&idl@é?'anﬁ of Lord
Listéii who éad aoted that shed blood did not pubtrefy as rapidly
as did yany other organic substances. In 1884, Qr@hﬂaﬂﬁa’f doters
mined the imhibitery setion of @iiéwfrwo blood plasma upon bso-
teria; f-:?"adox?f in 1887, and Buttall, in 1888, showed that {resh
normal blood possecced the power of sebually killing bacterie
{bastericidel power). Hubtall repested Hebtohnikoff's experi-
ments op anbhrex, in which hs had shown the phagocytic destruc~
tion of these organisms in rabbits, and oconflirmed the cbserva-
tions, bub interpreted them as indicsting that the phegoeytosis
mevrely removed the bacteria killed by the blood plasme. Nubtell
detocted similar bactericidal properties inm pleurel exudates,,
pericardial fluide, and aqueous humor, and debermined thek this
properky wes "innctivated” or destroyed when the fluids were heat-
ed to fifgy-five degrees Centigrade for Len minutes or longer.
Bﬁehﬁagﬁaﬁafirmﬂd Muttallts results and showed further that the
bactericidal property resided, net only in defibrinated blood,
peptoms blood, and plasme, but was present also in the serum obe
tained af'ter slstiing. He applied the term "alaxin® to this ee-
tive constibusnt of the bloode--likening its actlion to that of o
ferment. Bhrlich later applied the name “compliment” to this sub~
855008 .

These findings stimulated the investigation of ths bloed
sorum of immmnized animels of all kinds for constituents thet
would react im the test tube with bacteria and their products or
which would probect normal animals by passive trensfer, %he re-

sult was the discovery of the antibedies, the study of whiech forms



ig
the basie of most of our imsmnolegical kvowledge.

The first of these faebtors in the blood serum was found
by Pf‘eiffcgi spokan of as the "Pfeilfer Phenomenon" definitely
proved thet active lmmmization with bacteria incites in the ser-
um of the treated anime] a potent increase of bacterisidal pro=
perties-—an inorease which is subirely spesific in that the bas~
tericidal power Loward bacteria other than those employed in the
imamization does mot exceed the normal. The immmnity in thess
cagsg, then, is nob antitoxis, but rather "antibascterial,™ and
depends on the development, in the lwmmne sers, of antlibodies,
guite distinet from the “amtitoxines,” which ast dirsctly upon
the bacteria themselves, These immns serum constibtuentas wore
apoken of by Pfelffer as “bacteriolysins” or “specific bacteri-
cidal substencests

Hot long afber the disecovery of the spesific basteriol-
yeins anocther property of immme ssera wos dsseribed by Oruber and
ﬁurh&.?az They had been studying bactericlytie phenomena with colen
and cholera orgenisms, and noticed that those bacteria were .z-z -
glomerated and gathered in smell clumps when emulsified in homo-
logous immine serum. Similar clumping hed been desoribed before
but had not been recognized as a spesific property of immmne serum.
Gruber and Durbam determined thet it wss present to & degree rough-
1y proportienate to the degree of immumizetion atialined, end that
i%s specificity was such thet it would be ubilized for bascberial
diffsrentisation. They believed that the substances in the immune
sorum vesponsible for this agglutination were independent of ob-

her serum comstituents and epplied to them the term “aggiutinine.”



20

Primerily the phenomenon of agglutinetion was regarded
ag a part of the struggle of the body agalnst the living bacteria
and Gruber himselfl believed that it depended upon a swelling or
fklebrip werden® of the microorganisms which tended to cause their
sticking together, and remdered them more readily amenable to the
action of the bastericidal powers of the serum. Horda%e, howevor,
early conceived the process se & physieal phenocmenon in which
the bagteris themselves were entirely pessive, and, indesd, Widal
and Sicar%g soon demsustrated thet basterdis killed by heat were
equally as agglutinalbe as the living germs. JNoreover, living
baokeria agglutinated by meeans of specific antiserum in the tesh
tube are not killed, but are simply messed together making it
sagler for ths phageeytic cells to engulf thems ;

These observations naburally suggested thet the resc~
tion betwesn speeifiec agglutinating serum smd bacberiz was based
on individual psoulisrities of the bacterisl proteins, and it co-
curred to xfng to investigabe whether or not the immune sera
would gause any sort of reaction when mixed with the dissolved
bedy substances of howol .gous bacterie. Working at first with
sholera and plague he cbtained soluble constituents of the bacw
teria, both by allowing broth cultures te stand for varying pere
iode end by emulsifying agar cultures inm alkmline Lroth. The
extraots were then filtered through Pulal {filters to remove the
inasoluble materisls, when the sera of iwmunized animals wore ade
ded to these clear filtrates--—gholera serum to chelera filtrate,
and plapue serum to plague filérate--—-slight turbidity developed,

followed within e few hours by the formation of small flakes.
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In other werds, 1t wes found that the mixture of & alsar filirete
of & bacterial culture with the serum of an animel imwmized e
ganinst theseo h&&%ri& resulted in the lormatiom of a precipibate.
This resction was due %o strictly specific entibodies in the ime
mine sera which Eraus ocalled "precipitina®,

it mé not unkil relatively late in the development of
immnology that the relationship between the two opposing ﬁ@hw» Sy
Tgellular® and "humoral¥, was understood. The work of Damyﬁ,
Gx’u%;mifi, ﬁ‘uta‘iéii ?fig;iﬁzzti Mei%igané ethers made it slear that the
degroe of phagosyltosis depended upon specifis comstituents of the
serum which umibted with the basteria and thereby rendered them »
more esslly engulfed by the cells, Thus o bridgs was formed be-
tween the two opposing views, |

8inoe bacteria are not destroyed by X-ray, sinee healing
is the fupotion of the spesific antibodies of the plasme and the.
phagoeytic eells, and finally sinoe it has been observed in clin=
isal practice that certain infections respond favorably when exme
posed to I-ray, the seoret of this fevorsble reaction must be in
the astion of the rays om the resistant forsces of the body, namely,
the entibodiss and the phapocytic cells,.

Om this basis a sbudy was undertaken to determine in
experimentel unimels the tissue resmchions in areas previcusly
incculated with a culture of staphylooooei, giving specisl abe
tention %o the bypes of oelle present at verious intervals and
proportion of cell types afber Uresatment. Untreated lesions pro-

duoed in the s=me manver were studied s controls.
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PLAN OF EXPERIMENT

In order to select a éatisfactory form of staphylocecoccus,
four different kinds were injected into ome rabbit, the fur hav-
ing been removed with a depilatory, and twenty-four hours allowed
to elapse to allow any irritation thus caused to subside to nor-
mal. From these resultant boils, one was selected to carry out
the experiment proper. Six albino rabbits were used as experi-
mental enimals. Four lesions were set up in each of the six rabe-
bits by intra-dermal injections of 0.1 to 0.2 cc. of a twenty=four
hour broth culture of the previously determined strain of staphy-
lococcus. In each rabbit two of the four lesions were left un-
treated to serve as controls end the remaining two were irradiat=
ed with X-ray employing the following factors: 100 KeV.P. (kilo-
volt peaks), 5 ma. (millampers), 15 inch distance, through a por-
tal 1 inch in diemeter, using 1 mm. (millimeter) of aluminum fil-
ter for 8 minutes. These factors when appliéd to the equipment
used in this experiment resulted in a dose of 250 Roentgens mea=
sured in air, for each field so treated. To insure against a
spread of the effect of the X-ray treatment to the untreated or
control lesions, the rabbit was covered with a lead plate in which
was cut an opening or portal large enough to expose only the boil
to the rays. The treatments were given at intervals of 4, 8, 16,
24, 30, and 48 hours after the injections were made. That is,
in rabbit #1, two of the four 1eéions were treated four hours

following inoculation; in rabbit #2, eight hours elapsed between
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tho time of injechion ond Xeray treaiment. This veristion in
the tire olement was mede to lsarm of the changes affected by
the T-ray treabment ol succounsive lovels of development of the
beil, that is, to debtermine at vhat pericd of cvelution in the
boil the most gratifying results were obtained.

Immediately following trestment, biopsies were per-
formed end ths lesioms pleced in Pormsle-fecker. In order to f’iﬁ -
ilitate tho giving of the treatmwont, NHombutal wes administered
intraveritonenlly at the bime of irradiation as woll as at biop~
sy. 7Tho dosage was determined by the wlight of the andmwl, 1 oce.

X
boing given for each five pound of weight. The tissues were then

orbedded in pareffin, out 4.5 miorons thick and adt variocus levels

through the boil, that is throush the surrounding tissue, through

th: rin end through the heart of the boll., Three differsnt stains
wers used on the tissues cut from the same ‘region of the boil.

Barris’s Bemmtoxylin and Busin
Digsolve paraffin in x:\;?ﬂimm*--n«w & to 18 min.

100 ﬁlaoﬁmi-—--ﬂ» & @ine.
057, aloohole— v 1 mine
Ure aloohols b 1 miu.
707 alcohol 1 min.
200 alochol 1 min.

Rinse in water before staining

Filter all stains

Harris®s Hemntonylime- % to 10 nmin,
#imse in wabter

Plagse in ecid nlcohol for destaining

Higee im Tap wmber for ==edl} o 20 min.
Boasin - 20" o 1 %,

98 alochsl- i =in.
856% aloochol repeontod f‘ﬁ“" 1 min,
Abgolute aleochol 1 min.

£rlal for acleari T o 5 b o
Vount im demar e s e
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Azure (I Posin Hemaboxylines...daximow’s Stain
The
The Delafield's sbain, nob artificielly ripered, wes about six
weeks olde & very dilute solution of it wes made by adding
2 to 3 drops bto 100 es. distilled water. Stein 24 hours. dash
in distilled water for 24 hours. Hesulb: Chromatin is blue,
eytoplasm is either colorless or very lisht gray. Please in azure
ITecosin for 24 hours,

Preparation as follows:

Btock solution &

Eosin, waber scluble - <5 gm.

Distilled wetere - 500 o©o.
S%ock solution B

M'ﬂm 33 et ns gﬁ.“a

Distilled wabers 500s oo,
Bhaing

Solution A= : : L10=1Z2 ec.

Solubion B : 5=10 0.

Distilled waber- seae 100 ec,

#ix the eosin solution and waber first, then edd

the mzure solubion, 4 notlceable preciritate should

not form for severanl hours. Isave slides up?ighﬁ in

atain for 24 hours. fTransfere frem sbain te 95% ale

eohol, then to absolute alcohol o differentiate end

dehydrate. Finish dehydration in second 100% alecohol,

clear end mount. (Differentiation takes place rap-

idly in 95Falochol, more slowly in 100%)

Result: Chromatin of the nuslei ig dark blue, nucle-
&li are purple and leucosyte gramules are

iffsrentially stained in ecolors corresponde

nm to those given by Giemsa.

Baoterial Stain

Stain 10 te S0 min, in Goodpasture fuﬁhf&ﬁ solution

30% alooholemewowomees 100 =0t
Besic Wnchseauwmwmwmm»wwm~—m»»»m«~w~mm <L8pms
Analinse- e . weeeemne Fle g,
Fhenol=eooe=s . e gne

fash in water

Bifferentiste in formaline---Only a fow secomls reguired
Bright red color changes %o
TO88e

Wash in waber

Counber-stain in saturated aquacus solubion of pisris

acid three to five minubes until sectbion bocomss pur-

nlish yellow

tash in water



fasterial stein conbinued,

Differentiate in 95% alcchol~=-Red reappears and coms of it
is washed out,

daeh in weter

Stain in Sterlings gentian violet & minutes or more.

Crystal vioclet (85fdye content)~-wwwcves 44,00,
Analin o1l e - e 1000
Alechol ( 35’;%:) 0 o 505 R ot 5 50 B.0Ce

Taoh in water

Gramsg lodine for 1 minute

Blet dry without washing

Clear in a mixbure of egual parts of ensline and xylol umbil
no more sollar comes away.

Clear in 2 changes of xylel.

Hount in demar.

D @ s ST G4 R

This was done im oxrder to gain the three different pictures each
of the stains would give of the same lowel or part of the lesion.
The variously stained tissues were theu studied snd the parts of
the pieture afforded by the three different stains were correlated
and fitted together ylelding the results described -in the follow-
ing pages.
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RESULES OF ECFRHILERT
Babbit 1 Experissntal and Control at 4 hour Interwal

Control or Unbresbeds

In the untreated or contrel lesion examined four hours
following the intradermal injeotiom of staphyloeocci, s well de-
veloped boil hes formed. Iymphotybes are mmerous as also are
gosinophiles. A very few polyblasts are present, logabed peri-
pherally, while few If' amy mecrophages are observed.

Treabted:

In the lesion tresbed four houwrs following injestion,
the boll was poorly dewveloped in compsrisom with the untrested
lesion at the same sbage of development. The cyboplasm of the
Iymphooytes ie broken down leaving many bare nuclei and frage
ments. Bosinorhiles are more numerous here than in the unbreabw
od boil. In contrast with the few polyblasts present in the une
treated lesion, here they are found to be very sbundant at the
periphory of the bedls Also a few very pole-staining meoro-
phapes having fingerelilte projeetions coour.



& hisbologionl scomparison of the troabsd ornd wnbreated

losiome ig g:sremﬁﬁd more praphically in the following LHable.

1.

T axf’ii’%’f‘f‘ﬁ
AR s Vo R

The eytoplasm of the Irmpho~
oyte has broken down leav-

ing many bare muclel and frage
mottbte

Boil is not s well dovelop-
od.

Eosinophiles very sbundant,

Polybliasts {Hoximow’s none
gramalar heving an owval shap-
ed mucleus) ere very ahune
dant at periphery of boile

few maorophires which are
very psle stainicz end have
finger-like projectionss

1e

Zs

S

&

Te

Be

URTHEATED

IR s A s

Lysphocybtes are numerouds

Boil i= nicely developed.

Posinephiles wemerous, buk
not ze aburwient es irn the
troated slide,

Polyblasts nre not zo sbune
dant and located more perie
shorally.

Few if sny mncrophages pre-
ganke



mabbit {4 BExperimental end Control at £ hour Intervel

Control or Unbreated:

At the sight-hour interwal, the boil is the chief poiut
of interest. Fithin the lesion proper lymphocytes are sealtered
wvery thiely, giving sowmewhat the nppearance of the lymphoeylos
in 2 node. Neer the margin of the lesion are large mumbers of
pele-gtaining polyblasts which resemble large monooytes. Basterla
are found within the boil itself and aleso in the surrounding cone

nective tissue vhich is somevhet frayed and swollsn.

Treateds :
Here, iastzad of the boil itself being the shief part

of the ploture it is poorly devsloped. WNoue of the lymphoeytes

are intact. The osll wall hes been broken liberating the oyto=

e

plesm lesving many derk staining nuclei and mmuch debris. Bac-

4
terie are present in %hs surrounding comneeblive tissue which is
damaged severly leaving the tissues dissembled end far apart.
There ere not so meny polyblaects here as in the untreabted boil,
bub instead more wmerophages whose eytoplasm is beglaning to

gtein derker giving the appeerance of slready ingesting bacteria

and debris from the demapged cellss



1.

Sa

& veview of the

TREATED

B i e

Boll is poorly developed. la
Commective tissue seems Lo 2e

e demaged severly leaving

tiseuss far spart.
¥t so many of Maximow's Be

polyhla«bs but instesd move
merophages whose eytoplasm
staing quite dark and gives
the sppearasnce of baing P12
and distended with Poreign
mrticles,

Bucteria guite mumerous In fo
surrownding commective tioe
i s I

Bo Iymphooytes but lobs of be
dark staining structures which
1zak 13w nucled snd debrie.

Insbend of boll itoelf beling & 0.
the chiefl part of the pleture
here you {ind colls soatterad
and not nearly so dark, but Go
the periphery of boil are

mny dark stgining mserephesee
The boil itself is smell.

the following teble shows

place from the 4 o 8 howr intervel.

1.

2e

misroseoric pleb

30

re presmntad in the

ted and unbrestad losion is given in the following toblea

UNTREATE

il 2

Boil is well developed.

Definite damapge So mirrounding
somestive tlssums,

¥any, many polyblasts--Those
icak 1ike s*ﬁa*‘ monocybes
Thelr eytoplasn je fairly
slonr.

Bacteria nobt SO BOMErCUS.

Lymphosyses thickly seattered
in boil ;;mp@z\——ruw somewhat
of the apvearsnce of the Iymph-

Rt

mamam;

Boil is ohiefl point of ink
& mrss of cells and not nea
86 broken up. To the porie
phery of bolil are pale poly-
blasts developing, but not
nearly sc many masrophagese

ress
riy

the changss which heve teksn

S Bowx Sfour,

Hany eosinophiles 1. Bosinophiles far balos count
of & hour rabbit,

Surrounding conneetive tissue 2o Sem]l amount of edemi-—Tige~

is not affected wery muche sues besimning to debsrionte.

Powr macrophase=~pale sbaining 3. Mooy rserophages whish appeny
roagd and full, staining darka

Yery 1little coll destrushion. 4e MWore oslls breaiing down

leaving more debri Be
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Rabbit 8 Fxperimental and Combtrol at 16 hour Intervel

Control or Unbreoated:
“ithin the beil proper are meny lymphoeytes. In the

surrounding €is

s

ves are guite s fow mecrophages and histlocytss

and to the exbtreme marpin there are a fow scatbered fibroblasbs.

&

Here in the untrested lesion, bare nuclei arc in evidence bub
She amount of karyorrhexis and keryolysis is not as great as in

the treated tissues., Howsver, there is more debris and at the

i

same Lime the mecrophages are not so dark or large as im the

o

treated tissue for there the phagocytic cells have already begun

the process of alearing the area of bacteria and damaged btissues.

Treatbeds

Again, there are ne intect lymphosytic cells in the
treated lesion. There seems to be & definite increase in destrue=
tion of cytoplesn of the cells leaving the dark staining nucled
snd fregwments geatbered thi@k}y throughout & mass of brokenm
granules and fibers. Some of these nuclel ars from the lympho=
sybes and ethers frem the pelymorphornuclear leucceybes. Hasroe
phages and histiecybes are very abundant, far surpassing the
number fowml in the unbreated furuncle at the same period of de=
velopment, Aleo the number of Tibreblasts has incressed under

the sBimulation of the Zeray.



the 16

Yo

32

A conl onbation of the tructed and untreated lesion at

Treabed

fio lymphoeytes.

Enororhares..lilliong of them

B el — L . »
Blgtiocytos..Very, very nu=
A'f’i‘f.&ﬁ:

Filurcblasts..Quite & fou locaw
ted alung blood wvesssls,

There ssems So be e definite

inereuss in destrustion of eyw
toplasm of colls. Thic leawves
dark sbeiniug nuciei and frage

wenbs of nuclseld somtiered thighe

1y throughout & mass of broken
granules. Some of the bare nue
slel resemble the lymphooyies

and others the hetrophile omss.

e

8 Hour

L8
L -

%

115 enly Leginning to break
L5 ke

o €%

fuite & fow of Meximow's poly-
Bls 8§08,

The few mucrophages present are
mwller and have & clearer oy-

g Y
e SRR RS 55

ot =0 many ecsinophiles.

hour intorval is summerized in the

le
2o

Changes whlen have occursd from

ie

Pellowing table,
Untrested
¥any l.mphooybes in boll

Meorophezes, feny, but not
59 mumeroug zg in the Sreste
o laslong.

Histiooyhes.. Very abundant
but not so meny as in trerde
ed lzsionsz,

Fibroblasts. Very fer scale
tered through periphersl oon=
neetive tisaue,

Here in the unbtrested, bare
mclei sre in evidence but
the amomnt of karvorrhexis
and karyolises is not
ae in the trested tissues.
liomever, there is more debris
and st the same time the moce
rophages are not 80 dari or
larpe ag in the trested. Per—
haps the debris has heon ine
gaobad by the macroshages in
ths treated %Lissues,

o ey oo o
o grocs

the & to the I8 hour revicsd
353 Hour

Chief dilferemve ls inorecsed
destruntion of coll syteplasme

Increnzed number of mecrophages
of Iarpe and dark type.

A regular army of mecrochages
in surrounding comnective Lise
SO

Hosinophiles are numerous,
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Rabbit #86 Lxporircountal and Conbrol at 24 hour Inberwal

Control or Untreeted:

Exominetion of this unbtreated lesion showss not only cone
siderable cytoplasmolysis, but alse a fine butb vnfying in size
spray of debris which proves to be nuslear fragments snd sosin-
ophiles granules. Part of this debris 1s bacteria, sometimes
found between the cells and azein seen in the cytoplasa of the
nemtyaphilea snd mecrophages. 7There is an abundance of eosino-
philes, but meny are dameged. Neutrophiles are also numerous.
There are hemabogencus polyblasts arising from lymphocybes and
monooytes (Maximow says thess are phagoeytic aund the particles
found in their cytoplasm seems to support this idea) Hearer the
edge of the boil are a few lnrge monooytes and volyblasts. SEHill
perivheral to thess cells sre a few cosivophiles and quite & nuwo-
ber of fibroblasts setiing up 2 rather broad and loogse bare
rier arcund the boil. S5till externsl to this in the surround-
ing commestive tissue sre the non-granuler polyblasts, but the
macropheges and histiocytes are not so abundanb as in the treat-
sl lesion at the sems time interval. Here, too, there are many

lymphocytes, monocytes and a scatbering of ibroblasts.



Rebbit §6 Experimental and Control et 24 hour inderwal ﬁmi:‘fid

In the trested lession studied 24 howrs after injection,
mclear degeneration i more marked then ab %he 18 hour inkerwml,
but this is relatively slight in comparison te the smount of sybo-
plasmolysis, which 1s extreme. There is marked mwelling of the gole
lagenour fibers. Thers ssems o be conslidersbly debris scatterad
throughout the bolls These sre probably fragmenis of nuclei from
polymorohs which have been atripped of their cytopleasm, and micled
froam Iymphosytas which heve degenerated due Lo the I-ray. Also,
many, meny bacteries There are still eosinophiles and neutrophiles
intast, bul the majorily sesm 4o hove dogounerabsi. Within tis boil
proper thers are pany becteria alrendy sngulfed by histiooybes and
masrophages. Then just sxbernmal to the beil there is & well formed
barrisr or ring of fibrobleste fencing off the injured area. This
was not neurly so complebe in the 16 hour sbege. Then juet to the
periphery of this barrier are great mumbers of histioccytes and
meoropheges which stain wery derk in many cases, ovidently full
of becteria end forsign particles. There are less eosinophiles
arxd meutrophiles snd a greater mumber of the phagooyiio cellsz,
The oelle then thim cut sonsiderably, showing & sprinkling of
sosimophiles, meubtrophiles, more histiceybes end also s few mon-
ooytes. the speces Lebwesn the ¢ells ars many bastoria somotimes
in clusters emd sgain in chalnss The collagencus fibers sre very
@wollens Instomd of the many monceytes as seen in the unbreeted
these seem to have decromsed in mumber with & commusurate ine
ereass in the mamber of histioccytes in the $reated tissues,



lasion at the

The

the following table,
Troanbed
1. Txbrome cytoplasmolysis,
2. Marked swelling of collagencus

5o

Go

Te

1.

Ze

fivers.

{onsiderable debris seattered
thireughout beileenuclel {rom
polymorphe which have been
stripped of their eytoplasm, ale-
20 mmelei of lymphooytes which
have veen destroyed by the Xeray.

histologicel nictures of the tras

Hony bagkeria within boil proper 4,

which ere alreedy sngulfed by
histiocoybes and mmorophares.
FThere are meny basteria in
spness bebween colls, somabines
in clusters, again in cheing,

Just axternal %o the boil iz s

well formed barrisr or ring of

fibroblests fencing off the ine
Jured ares.

Te periphery of this barrier
are many histioaytes and mape
rophages which stain very dark,

evidently full of bacteria snd

foreien particlos.

it exbreme marein, oslls thin
out considerably showing a
sorinkling of sosinaphiles,
neutrophiles, histloeytes and
also & fow mOnoOaYtas.

Be

G

T
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ted and wntresbed

24 hour interwval sre more graphicelly sollated in

Untreatdd
Cytorlarmolysis present bub
to & lesser dozree.

Collegenous fibers swollens

Hore debris in the untreantsd
lesion, espevially essinophile
gramslos until boil hes & very
pink appeerence., Also nany
mclenr frepgments as noelear &
degensration of sll cells isg
marked,

Bactaris in sbundance ig setbe=
tered betweon cells and in
soms easesz 1t i3 sscen within
eytoplasa of meubrophilos and
mmoraphares,

Hore in unbreated levsiom, fibimo~
binats are atill seabtered apd
without definite barrier Porm—
ation.

Te psrichery ere soms histioey
eytoa and macrophmpes, bubt b g
are oubt-pmberad by Maximow's
pelyblaste. There are Iym-to-
ovhss and momnoyies present.

¥ore eononiphiles hare, but
many of them are dawnged.

Chsnges whioh have oscured from the 16 bo the £4 heur period

18 Hour

N

Colls just beginning to loose
oyboplesm.

Bo nuclosar degepsration.

1.

2u

24 Hour
Rearly all cells have lost their
cytopleem,

§light nmuclesr degenorstion.
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Chun 2e8 which have cecursd Trom the 18 to the
24 hour period continued

18 Hour
Fibreblasts are few in com=
parison and zre scabiered
through tissue along capile
lories,

Histioscytes end masrophages

in surrounding tissue lezs
mumerpus and are not so dark
staining.

less mac~

More micerophages and

ropheges.

e

4o

6,

7

24 Eour
Qubstanding differense is in
develomment of barrier of
fibroblests surrounding the
b0ileecssThis is 8 wide au“
not a very dense band

Hore histie&yt@s and mecro-
phages in uurr;unalﬂg tissue
which stain daric blue as if
full of bacterie and debris,

and lese mige

#ithin boil proper there are
maiy be soterie alrendy engulfed
by histioeytes and unerophages.

Crester swelling and fraying
of eollagenous fibers,
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Rebbit 42, Biopsy 1, Experimental avd Contrel st 30 hour interwval

Contrel or Unbtrsabtady

Cn examing the boil 1%tsell, lyaphoeyites are the outstand=
ing eells. Fosinopghlles are mol so abtundant end the groat mejority
are broken. worovhages, histiseytes and polyblasts sre quite
but whon compured sith the trested lesion they are not
so plentiful, s= large or dark staining, bubt sre younger cells.
Exbernal to the boil iu the surrcunding cemeciive tiszsue fibro-
Leg are gulbe sbundant, bub they are seaitered and in curved

forms rather Shan packed togother to form s solid band,

Treabed:

In this treatsd lesion thers sre no lymphooytes either
in the bell or surrounding tissue. Eosinophilss are more numer-
ous then in the uatrsabted furupsles Haorophages aod histios) tes
far outnumbar those of the untremted. 7Too, they sre larger and
distended with linpested mebter. Not only do these sdult phago-
eytic cells oocur prolifieally, bub the young polyblasts shich
are to develop into these scavenpger cells are pressot im great
numbers. The most signal feature is the formmtion of fibreblasts
which are lomg ¢piudle in shape and are olossly pscked Logether
establicshing a barrier about the infection and so preventing its

x>

gpread. Then comparing this fesbture as zeon In the untreated

&
]

with the treated, the Xeray has hastencd the influx, imsrsascd

number end established a larger, more compect and hence effecicnt
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A histologiocal sollation of the treated and untreated

lesion at the 30 hour period is presented more clsarly in the

following teble,

le

2s

Se

4q

Juet
4

2e

3a

Treated

Hes no lymphocytes in
surrounding tiscues,

Eosinophiles are mors numerous
than in the unbtrested furuncles.

Paorophages, histiosybtes and
even polyblaskbs are more mumere
ous, larger and stain darker as
they have ingoasted large smounts

The barrier composed of {ibro-
blrats is very definite, the
cells are long spindle in
shape and are closely packed
together. Thers seems %o be
aven 2 olear apase bebwsen the
boil and this band of fibro=-
blasts.

3a

4o

Untreated

Has weny lymphooyteseses
They are the ontstanding
eells vhen examining the
boil itself.

Ypesinophilses are not so shun=
dant and the great majority
are brokens

Hers they are quite plentiful
but v compayison with treat~
od slide are not nearly so
mmerous, as large, or as dark
staining.

There are some Pibrobleste
in surrounding tissuve, bub
they are seattered end im
curved forms rather than
packed together in =« solid
banrd,

Changes which have occured {rom the 24 Lo the 30 hour pericd

24 Four

%4 s

Barrier of fibroblasts is quite
wide end not nearly so dense or
compachs

£
i

There is more debris here.

The swelling and fraying of
the tissue is chiefly extern-
al to the boile

45
@

A
L3

&0 ilouyr
Here barrier is much narrower
and very heavy. The cells are
fitbed btogeiher slosely form=
ing & compset riung.

The boil has broken clear
Ghrougu epidermis of siim,

but on each side of this brok-
en arex is a definite band of
fibroblasts separating boilfrom
the underlying connective tiasue

Swelling aud frayioz is very
marked, leaving wide sproes
which appesr to be filled with
pus. This destruction of $is-
sus is within the boil proper.



39

Robbit ¥ 2, Biopsy 2., fmperiwentel and Control st 48 hour ine
torval.

vontrel or Unirenleds

A plece of The epidernmis has sloughod sut, Loucooybes,
both lymphoeytes and polyworpghs, are puoisd in the absaess tizhbe
iye Mamy of them are damsged, nob only the oyloplesnm but nuelear
dostruetion is likewiss procenmt. Maorophages and histleorbes are
nwasrous and oxiibis a ceriain degree of inzestlon, Many scabe
bered [ibroblosbs ars located peripheral %o the lssion bub they
sre nobk arrangad in a oompest barrier formation. Thers is =tilld

econsiderable debris, frayed and damuged Lissuese

freated:

indlematlon appouss Lo b subasiding. loe aswunt of de=

Lt

biis, end Lrocen cells are less. Thab remaind 4@ seouroly

&
$kl'a

W TS T ol o omanas  Par o fo 2 et T yeerd T e
@ surrousding Sissue by a tight berriends of fibro=

&
e
8
&
£
i
%]
p«
y

o

blastss Doth within and external to thls [ibroblastic barrier
are My iLrge mesrophagss greatly distended with ingested pare

&

bicles whish sccounts for she gradusl elewy i of this inflamed
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A more graphie comparison
iion &t the 48 hour
ing table.

Trestad

BT Yo bk
inflamation appesrs to be sub-
siding. Huch less dsbris in
surroundi~~ “issue Lthen in uwn-
treated,

Boil is mush m&ller than in
untrant iom

‘\e
R e

larse

Ao d

=14
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ing.
s

- P
o v

St
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o
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ot ot
k] P | o o —
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were noted, (1)} lymphocytes, (2) polymorphonuclears, (3) collagen
B (4) epidermis. When the necrosis of each type of tis-
sue at the site of injection is analyzed in relation to the in-

flux of phagoeytic cells, the one tissue whose damage comes short-
1y before or parallels the migration of the first scavenger cell,

is the eytoplasm of the lymphocyte. Then follows the break down

of the polymorphs with a co-influx of the polyblasts. As cyto-
plasmolysis advances, nearly every type of cell of the entire
phagocytic system makes its way to this point of infection. Since
the necrosis of the nuclear material of the leucocytes occurs long
after the scavenger cells have reached the boil, the observations
point to the cytoplasm of the leucocytes as containing the fac-

tor which calls forth this army>of phagocytic cells, Since the
X-ray bresks down the lymphocyte almost immediately, the chain of
events in the healing‘process is "set off" more quickly in the treat-
ed lesion than in the untreated and explains the more rapid and com-

nlete healing in the irradiated tissue.
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DISCUSSION

Pirst, before considering a possible explanation for
these effects of irr&di&tiaﬁ on disemsed tissue, it will be well
to recall the results of experiments carried out to determine
the effects of X-ray on bacteris have proved them te be sé 1ﬁ%
sistent to the rays that any attempt to destroy them &5 a elini-~
cal measurs would require doses which would be dangerous or even
lethal for their hosts.

Sinee irradiation acts upon so many forms of inflama-
tion in mueh the seme wey, it is obviocus that the inflamatory
lesions must have some common factor. This common fector hes
boeen well established by E@insﬁ% and farther checked by scores

5
of men. Heineke found thet when the ontire body of animanls was
exposed to large doses of X=ray, the animsls invarisbly disd af-
tor an interval which veried sccording te the dose of ruys and

ge of the animels. Regardless of the ability of the

£+

elzo and &
enimals o tolerate irradiation, however, he observed at mecrop-
sy that although the msjority of the organs were fres from per=-
ceptible abnormality, the spleen, wesenteric and other lymph
nodes and intestinal lymph follicles showed marked destruction
of lymphooytes, and the degree of cellular disintepration varied
according to the dose of rays and the intervel bhetweon irradic-
tion and mieroseopic examinebiouns. As the number of intaet
lymphooytes diminished the stroma becems more and more proninent.

The lymphocytic degeneration in the spleen and lymph nodes was
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often so great that most of the Malpighian corpuscles or lymph-
oid follicles disappeared as such and could be recognized only by
the blood vessels and the concentric arrangement of the stroma
of these structures. This destruction of the lymphocyte began
" within fifteen minutes after irradiation, and was characterized
by disorganization and fragmentation of the nuclear chromatin
of the cells and scattering of the fragments of chromatin between
the rémaining intact cells and in the spaces of the reticular
stromae being complete within twenty-four hours. When the granu-
lar leucocytes are exposed to the X-ray, the.same disintegrating
Tesults take place, but at a slower rate., Since Heineke did his
work many others have substantiated these results and so it has
been proved quite conclusively that X=-ray will destroy the leu-
cocytes.

The next move was to attempt to learn just how the de-
struction of the leucocytes and especially the lymvhocytes was
linked with healing of inflammatory lesions which X=-ray produced.
The importance of the leucocytes in this healing process was
further emphasized by the observation that the inflemmatory pfo-
cess responds to irradiation in proportion to the degree of leu-
.cocytic infiltration, and again, radio=-therapy is most benefi=-
c¢ial during the suppurative stage.

As previously discussed in this paper, the natural
defense of the orgenism ageinst infections is leucocytic, and
especially lymphocyvtic infiltration around the site of infec-
tion. Therefore, when an inflammetion is irradiated, destruction

of the infiltrating leucocytes is to be expected. But since
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leusooytic Infiltration plus the antibodies of the body fluids,
particularly the plasm, are the barviers or defenses againet
infeotion, it would appear that their destructiom by the rays
would 46 more harm than good. This sesming paradox is explained
by the fact that the lsucooytes and espesially the lymphooytes,
which the arganiam mobilizes around the site of inflemmation, re~
presents an effort to lcoalize the infection and to get rid of
the infectious smterial by phasceytosis. It smst also follow
that these Infilbrating celis contain or elaborste within theme
aslves the protective substanmwes or other means which ensble them
to destroy or meutralize the basberial or sther boxic produsts
which give rise to the defonsive inflermmtion. From this premise,
it seeme not wnressonable to deduce that irredistion, by destroy=-
ing the infilbtrating lymphooytes, ssuses the proteetive substan
cees goubained by such cells, whioh Penmp in his experiments has
proved to be chemotactic for bacteriz, te be liberated and to be
made even more reedily svailable for defemsive purposes than they
wore in the intact esll. Also, sinoe the wandering phagoeytioc
gells appear at ths point of infestion following the influx of
leucooytes, and that this migration ccowrs more reridly and in
greater mumbers when the leucocytes are in e state of diesinbegra~
tiom, it eppeare shet thelr contente are chendoally attrastive
for the phegoaytiz gells.

In review, the Z-ray sets off s chain of sveunte--the
destruction af the lymphooytes, thelr consequent liberation of
their sontente which then sre & more awmilable stimmli to attract
the gremular leucooytes, the polyblaests, histiooytes, meacrophapes
and fibroblasts——thus, the healinz of the lesion is more rapid

aml more complebe.
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The untreated lesion at the 8 hour interval:
Boil is chief center of interest...Undemaged lymphocytes are
myriad within the boil. In the surrounding connective tissue
are scattered a few pale-staining polyblasts and macrophages.

Compare with photograph of treated lesion on following page.
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Treated lesion at 8 hour interval;
Boil is not so well developed as in untreated. Here cytoplasmol-
ysis of lymphocytes is complete., Other cells are deteriorating
leaving fragments scattered through out lesion and marginal tis-

sue. There are some macrophages in surrounding tissue.
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Untreated lesion at 16 hour interval:

Lower left corner shows margin of boil with many intact lymphocytes
External to boil (remainder of photograph) are many pale-staining

macrophages, histiocytes and a very few scattered fibroblasts,
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Treated lesion at 16 hour interwval:

Cytoplasmolysis is extreme leaving dark staining fragments and
nuclei scattered thickly throughout a mass of debris, In lower
left border of photograph are many large, dark staining macro-

vhages and histiocytes. Compare with untreated on previous page.
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Untreated lesion at 24 hour interval:
Within boil proper there is considerable cell break-down, but
this is not as merked as in treated at the same stage of deve-
lopment. External to boil are many histioeytes and macrophages

but they appear to be very young cells, Compare with treated

lesion on following page.



Treated lesion at 24 hour intervals

Within the boil, cytoplasmolysis is extreme. Surrounding the
lesion is a large influx of macrophages, histiocytes and even
a scattering of fibroblasts. **%Be sure to compare with pre-

ceding photograph,**x
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Untreated lesion at 30 hour interval:
Many intact lymphocytes are found within boil itself. Many Mic=-
rophages as well as macrophages are present, but they are pale

staining. The fibroblasts are still in a scattered formation.
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Treated lesion at 30 hour interval:
The epidermis has sloughed off but a very dense barrier of long
spindle shaped fibroblasts separates boil from underlying con-
nective tissue. All types of phagocytic cells swollen with par-
ticles are numerous. There are no lymphocytes within boil or sur=

rounding tissue,





