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L@ primary object of the present ex-
T Flments was o demonscrate whether
or not the macrophages of the skin,
which are not normally involved in de-
fense against the ervthrocylic stages of
te, respond in the

iy L Ity R ~
e tRlarian . 3ara

saiy ¢r Lo these stages as do the
meropls of the spleen, bver and
Bose marrow, which are normally in-
volved in defense against these stages.
This study required the injection of
tlood into normal as well 'as into m-

ne slkin

for comparative purposes. A

was Lo ascortain the
the inflpmmatory
s skin of  birds and
This study necessitated the

Sulol R T RTA et

sature st ol

[roCuss

HOVE:

inveaduetion of 19 trypan blue, as well
a5 of blood, incg normal and fmanune
“aals T oorder to compare the inflame-
LOT enctions n our animals with
it i cs which have been studied in
Ll W, oand M. v, Mallendarit
265 o Maximiow (1939% and their

saely spaced serial observations

and Taliaferro

(19315 hawe

fre i e

TG i the important role of
R e .3[ the spleen, liver and

the recovery irom initial
xli'.;i the provention of super-

an owinh Plusmodinm culhenertion
he coaamy I 1936 this worle was ex-
dled o P brosiliawwm in Central
Dior pubdication Moy 8, 1945,
Cion was aided by grants from the
a1 Health Division of the Rackefeller
and from the Dr. Wallace C. and
wobiott Memorial Fusd of the Uni-

-.:"' on Tha |:<|,"|;.|..

American monlkeys by Taliaferro and
Caannon, amd in 1937 to P, knowlest
and P. evmamoeles in rhesus monkeys by
Tzlaferro and Mulligan.

The present paper deals with the in-
fammatory reactions in Lhe skin and
subcutaneous tissue undor the foflowing
circumslances:

AL In normal and canarics
after injecting red cells parasitized by
Foosathemerinm or tryvpan Blue suboota-
neoushy

B, In normal and bmmane monkevs
(Cebus and Ateles) after injecting red
colls parasitized by P. brasilianpam, nor-
mal red ecclls and/or trypan blue intra-
cutancously; and .

O, In onormal and immune monleys
(Macacs mudatie) alter injecting red
cells parasitized by P, bnowlesi intra-
cutaneocusly.

We have not found any rum £5 O
infllanimatory reactions in the skin and
subeutancons tlssue to malarial blood,
although uff and Coulston (1944) kave
reporied on the introduction ol sporo-
soites of P, gallinacenm into the skin of
the chicken. They ascertained that
snorozoites, although they entered net-
erophils, only grew and segmented 1
colls of the lvmphoid macrophage sys-
tem, and that succeeding ;{cum.LLmns o
exoeryihrocytic stages developed in en-
dothelial eclls as well as in cells of the
iymphoid macrophage system.
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MATERIALS AND METHODS

The fallewing host spectes were used ! canarios,
Seritis conarins; cebus monkeys, Cebus eupnci-
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Che animals desiznad
ity ta superinfo powliich wag associ-
arod with o low grade oz subpatenl fection with
the homologous parasite, Canaries and Centeal
American monkeys were immune Lo their respec-
tive malarizs from ooe Lo soveral months afrer
raving undergone o (vpical acute in Fcu:l[r:;1, fole
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soid repetition in describing
ental resules, These Qndings
the fndings of Maximow
i and 1927) and Marchand (1913)
(har celld in inflam wi areas are derived
om both local connoctive tissue [the
siorenous cells) and girculating blood
hematogenous cells), It may |

(i D
,-;lu._-xi that these authorities differed
crely in their klea of the relative im-

parLance af the sources from which in-
tory exudage <ells eoriginated
Blaom, 1938).

ig well-known, the
heging with 2

nbammaatary
dilation of the

the  irritated
shortly followed iy an
inte the con-

- [
Atiids Ol

resba bl
'
[

sl ‘Lx_*-.-*-l,_,l'b 'i.ll A

il 3:'-” %,

cxitnrion from the vessels

sue of

LV i granuiar

i ranular loucooyies. Qe result
5 mipration of colls, together u'i'h
cotimntion of tissue IlulL"UE'I'lF::"Lb,

o tocal accomulation of encrmous
wembers of macrophages from several
e 1-'| an aren useally sparsely sup-

I them. tion of fluid
":- saj‘rcmm: and nonspecific sub-

shnies VOO GnERE

The {}‘\C"{u

o o tissue from the

& 3 staces of the tnflammatory
svolving neutralization of the
ont, remaval of the injured or
e, and repair of the damage,
¢ orees of completeness and cf-
adeh owary with the tissues in-
the nasure of the injurlous agent
e sosistance of the host,

Iliziogenous cells

. cells found in normal connective
are chiclly fibroblasts, me
oz, adventitial  cells  (potes
soiphapes) in the well of blooo ves-
endothelial cells lining the
Siecd wessels, together with small num-
cannective mast cells,
lymphocytes and mono-

Be i, camied

fisse

T e )

T}

The macronbare (also known as his-
I

ral Broop

Ty
—y
ot

togenous macrepbage, histiooyte, resi-

ing-wandering celi, clasmatocyte, rhag-
ccrine ceil, phageoyic or lissuc 511::-1}%
Llast) of the local conncctive tissuc is
extremely active in inflammation. It
begins to phagocytose forcign material
soon after such material is introduced
and continues Lo be active throughout
inflammation. Althouzh mitoses can be
found among the local macrophages,
they are few in number and are seldem
foungd before about 3 davs, Pre-existing
macrophinges cannod, '..'ux'-:'--sru::-ru_-J account
for the enormolls Crcase g 0o
lar phugocytes which are

24 hours in locally inflamed areas.
studices have convinced us that at least
S0, —probably more—oi the macro-
phages involved in intense lecal in-
Ranuwation arise by the transfermation
of emigrated, hematogencus, aon
lar loucocytes rather than by the pro-
liferation of local histogenous mue-
rophiages. This klea disposes of the di-
lemma so frequentiy encountered in the
literature of inflammation,
local macropbages are not often seen
actively proliferating in spite of the
fact that they are supposed to be the
source from which the greaily increased
number of macrophages arises.

The fibroblast (aise known as Abro-
cyte) in mammals remains essentially
unchanged in appearance for
days after the inflammatory stimulus is
intraduced  in spite of the active
PrOCoESCS gui""; onoaround oo Inolater
siapes of inflammatien, it proliferates
by mitosis and assumes an aclive role
When dividing mitotically, it becomes

ngnLu-
afier

& ary
e haad

ey

Zranie

wix., that

several

basophilic and its nucleus his somewhat

larger masses of chromatin and a dis-
tinct nucleolus. It is also avgmented in
number by the transformation of many
macrophages into fbroblasts, The fibro-
blast apparently has a dual function.
When the inflammatory stimulus cannog
be satisfactorily removed, it walls off the.
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7 extensive damape has
the tissue, it is the
p:'crimuinanc cell dnvolved in scarring
and in the repair of connective tissue.
In addition, when the stimulus is in-
tense enourh, “activated fAbhroblasts™
may develop into macrophages or pos-
sthiv cven into ether cells of the con-
teetive tissue as happens in tissue cul-
ture according 1o some Investigators
{see review in Bieom, 1231). This fre-
quenily occurs in the bird, but not in
the mammal, Thus, we (1938) hawve
found that cells, occurring in the spleen
of canaries during inflammation and re-
pair andd having the morphelogieal char-
acteristics of fibroblasts, apparently be-
come true reticular eelis, fe, have foll
mesenchymal potencies of developiment
into other the Llood a
neclive tissue.

Fhe connective tissue mast cell is one

of the first tissue elements te undergo

andd con-

observable cvtologieal change during
inflarnmation, Within the first hour. it
showe  such  giviking  degenerative

changes hat its disintegration i one
most delicate Indicators of the
presence of an inflammatory
repacative stages, it

FARaTT —vraal
el

tf the
irritant.
TCAPPEACE
probabiv arises for the most part
I titial cells. Ag s Tunction in
Toen! Inflammation = unlnown,

e eonaicdored Turthor,
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it wwill
SEST)
nelial coll lintng the smazller
bloedd vessels becomes

detive dn ::}c;*.‘.

miEminmialion

oniy when new Dloogd

ng. [ucing this process,
sproul from proex-
g vessels and, s part of this proe-

Fios may

Belial cells proliferates by
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dothelial cell being ph apocylie in =it

11 01
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dathelial leucocyte. Our warlt eorrobo-

rates Inodetall Maxbhmow's conten: xu“

that the developmental potencies of 1
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eell appear limited 1o th: formation of
otherendothelial cellz or
The adwventitial cpll h 50 known og
petieyie or perivaszcular undif
ated mesenchymal celld occues
adventitia ol 1he blosd wvessele,
similar in morpholory to the fibrobing,
buet, according to Marchand (1901 ang
19243, Maximow (1902 ancd 1926) and
aur own work, has mesenchymal palen.
cies, can readily become phacoeytic
forms a part of the so-called mincronh
or {'f_'xJ.L'I.'!.'[.'I-[""I.{'LII‘.I[E".C“EL] avntem, I s -
cluded  in "efEegwandzellen”
Herzor (1216) and "x["rf*:*.:*.::r; {1934

Tn addition o the

throblasts:
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farpgoing ol

teristic loeal eells, cr.!.:.u similar to, if ool
identical with, the circulating tvn
evie, monoevle and cosinanhil aceu
small nembers in normal
tissug. OF theee, the gosinophil
somewhint lesser extent, the !
and moenocyte are g““r-" ! 3
comme from the Blood si-epm,
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igrate from the bload
¢ tinve, Actuably, how-
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mete rapilly
leave the non-
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S vk days
Dhl cosiuophil varies I 118 rosponse
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bt In the

ceas e normal atdmals and early in

awc b CThus, 10 s cfoond
actively or passively im-
The actual function
bl in bocal Dnfammation iS
But may he o wiath
i absorplion or detoxicztion of foreign
wize this coll has the

witations of develop-
iferadon as noted for the
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proccims, Inoans

sitnie general i

ment and proel
heterophils

1hi ey, W hich miizrates into
cld of infammation from the Bood
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beging to hypertrophy,
asevidenoed v eytopiasmic and

"-."-,'_-i:-_.u,
nuclenr
5, nio o phagooviic cell ing
t from the local macronhage,
transformation of the '.x':'.‘.-'}'mclv'ti:
into a macro; ﬂm_:_-;n constitutes one of the
questions o local
wmadion, but is elear if studisd soon
enopgn, As early as 30 hours 1 the rat
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il

disputed
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Lis

& heterophil in the canary docs nor seacdin
gy ise the particulace materials used in Uhe
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and even carlier in the maonkey and bicd
after the introduction of an inflassma-
lory stimudus, however, some lympho-
cyics hawve hypertrophicd to o such
cxtent thal they can no langer be dig=
tinguished  from oS

Bhnmes. developmoent,
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histogen rEc-

tlis

pass through =

stago,. in sy
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logical terature.
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Blood and has exactly the same phago-
cytopoieiie
Cyic,
Poivhblast Bonencichr
exidate cells as lound in imflanmed srens
aich as i}-'[n{,u:-o:;}-'Lp'

teansiiional st

potencies as the lyvmpho-

includes all
.
monecy Les, ol
ages from these cells
macrophages, plasma cells, all free mae
roniares, angl C:'_IJL."_UHCJ;ii
colls, Hematogonous polyblast includes
all mononuciear exudate cells derived
frem the bleod, such as Lywmphooyvtes,
moncoyies  angd  theie
stages through macrophages. Monocy-
v a"_\"l'l'lDl'HrC'j"'l."C' il L'-."\-' IOTES SLa esinler-
medinte . betwecn g hvimphocovte and
monacyle,

aridd

j_.';"l:'l.i'lu,.

developmental

P CATHEMERIUM IN CANARIES
Fxperimental molerind

The: strain of P, anffeneriem ariginally isolaied
1n Martman in 1927 was used in the present wark,
s &lrain has booen passed continuousiy Dy
biloodd inecuiation and, as oz as s knows, docs not
produce excervihrooytic stages. The particular
ol was pooled [rom 3 canaries. I owas
drawn during the acute rise of the malrial in-
feclion when 145 of the red cells were parmsized
anid & hours belore scpmentation,

e, it a thne
whin parasites were large.

Comparative stucdies were made of the locatin-
flammatory reactions following the suboutzneous
injection of 805 ml of the malarial Gload, as jusg
dteseribed, into one leg andof 15 trypan blug ingo
the other leg of 22 normal and 22 immuneg canir-
s,
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The mmmane birds had recovered from an ini-
tial ateack of malacia but still retzined a latent
infection ag shown by the worle of W, H, and
L. & Taliaferra (1929, One normal and 1 im-

meng kil were kitled ot che following intervals:

5,10, 15, 30 and 45 minuies; 1, 1.5, 3. 4, 6, 8, 10,
12,19, 24, 30 and 36 hours;and 2, &, 7, 11 and 14
davs. The skin at the 2 sites of iInjection on each
1ifl was remeverd, fxed and sectiones] as previ-
ousty described.

Normal skin and commective Essue in

EOMETIES

The epidermis and derma of the skin
from the leg of the birds were thin com-
pared Lo those of mammals, Conse-
quently, our study of inflaznmation
largely lmited to the
underlying muscle, The lovse connective
tissue of the hypodermis was
composed of fat coells with compara-

Was

hvpodermis and

mainly

tively few macrophares and hibroblasts,

L owas also
lposely
musele.
Fhere were frecnent localized wreas
of chronie dnflammation in. the
o0 hvpodermiz in ountreated

il“v’i’.’lﬁ"..".'.i{'l.'l" i't'l'lr.].
attached to the underiving

relatively

cerma

birels.

Tlhese dnvelved  the accumulation of
nenoranyiar leucoevies and small pohy.
Bloeis in the tissue or around blond ves-

gote, Techuse of thedir size and locdtion

e "'|"‘l."tl'1!1._-:_‘|':"(] no diffieultyv in d |9.+||'|—

: ations of cells
i"'“:". -:::1'."'}' stares of Lthe sxperimentally
ineluged
macrophazes psually

addition,
cecumulated at
the base of the feathers. Since these cells

reaction

infdammation. In

ontered into any

e £

inflammatory
e oaned therely

ohsenrsd] tho
Ly ﬁ.-l-\\:n!

process, we did nol deserthe in-
0p-

Anmmatory chanpes i the neiph

hood of the {eather perms.

Ceneral conrse of inflommaiion in fhe
conncctive Hissue of canaries after
e subowtanesus dn gmm' af
eryifrocvies infected with
P. eathemerium or of
fradan Dlie

Although the Intensity and progress

Winnias H. TALIAFERRD AND WirLiaM BLooM

of Inflammation differed somewhat in

various birds and in different parts of
the alfected arca in the same bird, the
reneral course of events was strikingly
uniform. We could discover no unifprn
difference. either quantitatively or qusls
itatively, i
tlevelonment of cells or the phagoovtoss
Bood or trvpan blue in
either immune birds or previously unin-
fected urds, The surprising Lnding in
the subcutaneous inflammation
rosefution Tollowing the injection of wmo-
Inrial bloed or trvpan blue was the re-
markable rapility of the prociss ns
comypared to similar processes fn orals
rabbits and guinea pigs following
Joction of aseptic irritants, as doscorl
v Maximow (19270 In the ‘ollowing
deseription, we shall compare the
of inflammution in

i
L

i t.".l?: f“{ll':'l"t“-’}]] f].' CE

of munbarin

and

atr -"||"|'| i

the Dl skins 1.'

description of similar steaes Inorad
skins after the injection 1
or India ink, as reported
1920,
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amouitt of edema was Tound and & fow

milarial

1i

hemwatogenous blood cells, o
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provicus sinoe. the
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The mivesels wis somren it
at 15 minutes, and oo
tion of hematosenons cells were moro ex-
tengive,  The
uicscent,

1
adventitiat cefls  werw

Iy all of the seetions taken ot 30 min-
utes from both
birds injected

normal pond Immune

wth el
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rrrasitized
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cod Tiood cells or tryvpan blue, leucocyies

: i omiarked  exteng
the Dioal wessels, pasticularly

cre a1l close

wvessels, Thers was no phagooy-

hiroevies and ne cliange i
il colls
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bikha
Thew 735970
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1 - - 1 L1 i
sranular lewcocyices ad shightly hyper:

tews heteraphil leucoeytes
orating Inogenernd, the

.Er

ws naerophaoges were inag
! Leells were ::u"-i_r--l_l'l

vomatient at 1 heur an-

gl ware marked: aceumufation of
woooogytes inotne bloodvesscls and che

remendous nwmbers of
smailer numbers of
cophils. There was no phagooytosis
tiig Im i of nomnal b.:‘cl injected
i malnrizl Blosd o tevpan blue, but
Iy ooyt turiing inte poly-

aiao ol Intermodiate size T

et B Lo TP o't

shoeiies

angd

A
noar
Dol wesacis,

A 13 ours, the speed with which the
mphooyies were Ly .,t:'il‘l}]}]'l‘-"lﬂg' Wils
ibly rapid-and n afow areas res

the picture-at 24 hours in rats

*—:CL:

cred with teypas blue, Many hetero-
b weremigrating t-,'.‘.d S0MIE wWere be-

1¢ Lo degenerate, The histogenous
mcrophiages as a cule had foamy cytlo-

and were sometiznes difficult 1o

ozt from fib

el roblasts,
Aicroscopie fields in the area of ins
jection ar 3 hours were filled with snors

me
ddalalay

pumbers of hematozenous poly-
Liasts and heterophils,

oeensional
teae Cells were migrating at such a
rati that some of the small blood
abscurcd. Plasma cells,
hode not occer in eariyoacute in-
cammmmation in mammals, had infilirated

some plasma cells
mvelo-

T

: LI L{JE LIlous

e B 1o -:

sacls were

wito the connective tssue of degelerat
ing muscles. Little phagooytosis was
found. In the sections thus faz stud

[ IR

the old inllammation aboutr the feather

ceems could easily be distinguished from
the early Inlammatory changes result-
ing from the injection of ma
o Lry s

At 4 hours, L‘u:
cyies from INECIlse, s
be seen in plate 1, Ogure 10 This
microscopic Sold oo

larial Blood
lue.
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Since few monkeys were available, as oom-
pared ta canaries, the standard orocedurs in-
valved makine 61010 i':j-"L'L:uwe. into I monkey at
intervals and remeving Uhe tissues at
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and 1.5 hours belore killing the antmal and re-

one time.
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and connective tissue from im-
aune menkevs before injection of the
inoculums appeared similar to
ores exeopt that many of the
- nongranular leucoeytes pos-
sesscd an appreciably larger amount of
cvioplasm  and freauently a  looser
chromatin struciure in their nuelei. This
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Tadaferro and Kliver (1940). When
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The first question which had to be
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sponses in the monkeys could be prop-
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intracutaneous injections of some of the
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[ew hours, but after ¢ hours produced no
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doubtediv due laroely to diflerences in
the amount of inoculum in a particular
area, difficulties in sectioning every in-
jeeted area through exactly comparable
sites and mavementof the Incesium into
sitea, These discrepancies were
counterbalanced by studying adjacent
areas £8 well ps the aren injected, When
the dnocuwlum  consisted of malarial
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and Kliver, 1940% than when the in-
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few hours of inflammuetion.
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1 four wore Chi pminnne

monlkeys oz contrasted o the nommal

TIONEY, eilemna was .".".:'.'.'!il.;-;l...':_-.' IO

pronounced, agelutinzation a.f ThLriailes

was intense, hmu""mlh ol prraiiios

cyvies acourred o lrger numibors, hyoer-
3l ascanitlocyies was groater,

phagooviosis per heteronhil, homa.

. n_,".'

:n.-...'}
andd
TOSUIONSE 10 } t:léL':Ef. and '.‘.'Iéli‘.l'(':[)l.l:l:'.:;i! Wi

-
el

e aeltives 1 fhroblasl was

found conuaining 2 parpsiles Inoan e
mune 1.:\:.1-;::\'. Inaddition, the sransfor-
mation of aeranulacytu WO
phapes 1 ihe eonlonkeys at 3
hours resembded that in the at 30 houres
alter injection with teypan blue, whercas
in the normal thesus 2t 3 hours it roe
semblad that :

va oward ma

Mo

il the wmit 18 hours alter

injection with trypan bloe. In the nor-
animals, 1' . Ty

ended and occastonally

and im
phatics were dist

izl LT L e
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contained a few parasites,
AL to 6 hours, E :'L:‘!‘:‘.“.'!‘l‘lfil:l"L was still

TIL:

i]]l.'l.":l'lfll;'! il '.i. :". Lo ..-1[11 1(,&"(1:‘1."1

the inmmune menkeys than

more rapid in

in the normal o

N:‘.:-:"r'; with ali of the
sefivities: such as edema, oxudation of
e

g, polvblast development and phagos
Cin
phagoeviic ae-
animals, fower

Trirasmbes anel Trer-

cetle activityy steadd
account of ‘;h-’&
the

unplurgooitosed

voeondinuing.

T
L8 K A RN

tivity in

silized ervil tos were found 1 the
animals

A fow fibrobinets containing

A 1‘

than in the normal

e

monkey.

mazlarial ".u:::l'n-’-“t W lr* now found in the
mormal anomal aswell as o the immune
nes. In :ﬂ.c‘:cl:‘tlﬁn, tn both nermal and
immune animals, a few adventitial eclls
worg beginming to mobtlize, as ascor-

tained b theirmors basophi

lan:d better
defined cytoplasm,

f Eoe AL A
fo e of the plg-

sormally in
undouined
Sy Treyyense b ?_\,I':r:' sty {f '] g 1'1":1%\2"

. Ihocstion of the narasites and

et ervthrooy ifca “'I-CE.

ment cells, found

containgd

maon oy

R e
.n.l.’!h.‘«.'.m"..

MIACTan

Wares, which

; _mlw ]

Im r.u. e
nphatics
Jl,."l.'"l""l "I:‘;I""":JL\'Q

At 1 day, in the normal monkey as
camnpared Lo tkeys, loss
of the ingculuin was clenred up, poly-
Irlnsts were smaller phagocytosis

was taking

moel S e s e

werer Cistandol] Carndd

COn-

|.!.".IIE ITHTLEILG TG

anel
+ho

wias less and that which
pinee was less specific
mare unparasilized erylhrocyies Forexs
ample,
ke

erythrocvies, as well as
ervthrocvies and

macranhaees i the normal nons

cnndained

alten usinfected
parasitized
parasitic
wherens macrophages in th

debris,
EITLITILinLe
mankeve were freguently surrounded by
uninfected ervthrocyies amd engorged
with parasitized erythrocytes and para-
one of the immune mone-
lymphocvte contained
aned pacasitized erythrocvtes,

sitic debris I3
keys, & large

parasites

Loy, mivobwed .
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In Both normel anid ::’:::'-H"lc
heterophils, f which haed bBeen
rharoovtic, Wwere d~ ing, andd the
phatic vessels were distended and <oa.
AP 1 - s |, r3
tained red s a=d infected o colls,
Al 23 days, the more effest?
activity of the
evident. In other worde
animals had dispo

a --|-|-.-\.r\.

ITLANY

fmmune
waod 0; the
expeditiously, Le, with
only a few paras
mented,

k ;..f_'g‘ rem
e, multiplied by

wherens the mormal

15 ar moie

anirnal hiad

L] f
coeneration o

Limes,
to cope with this second
parasites. In amimal at 23
dawvs, there were tremendous sheets of

the normad

™ :'|_r'.-'.'jr)ha["nt' r\-,

all sizes, most ol which
malaial oizment andfor an

oceasional parasite. At this time, how-

contained

ever, the normal antmal was itself con-
trolling the
tewr unphasoeyviosod
found. The hvmyphatics were distenderd
i contnined smail polvblasts, hut no
£ nersites or oparasitized ervthro-

iroe
Cites:

--'\.IF.\.-JI v - I3 L B
HlEL i lely |:'.'|!_" fLLIRE  OHE B n

parasites could ':m

DISCUSSION

Theoutstanding finding in the present
work 18 the dilferent reactivity of the
immune host to P. Erew -
pared to Pl brasifiantos gerfiie-
wierirn, This difference invelved an in
ceeaserd rate of inflammation; an E1=.-
creaseel rate of phagocytosis by heter
phils  anel ::‘.’*C"O‘.I"*;,U- and” th
rintination of

fest ms
or P,

R L
Lo

mnmune rhoesus monkevs injocte
cutancously with P,
parcd o normal

Eugrolest nw com-
rhesus monkeys sint-
larly injected, On the other hand, the
immung canaries cebus and spider
monleys reacted essentially similariy to
tormal canaries and monkeys when -
jeeted subcutaneously and ntracutane-
ously with P. coliemerinm

brasifimnnse, respeetively. The o 3
in reactivity of the immune host |

ok

orence
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bupzelesioas contrasted to F. brasslignium
sl P ocathemerinan took place desplic
fact that previous work indicates

i

viosls and p:{*s.mmi:]‘v‘ anti-
Hestations
pushy 1 the ‘api ¢, Liver and bone mas-

immese animals during infection
infectionsg. The dif-
best explained by as-
ere s sulliciont antibady

Ineroase  Loenicn-

von of

11.1;11';'-.1'::1[

ol ail 35
TEFeRee CseenS
sunitng thaw th
mebilized tocally in the skin o intluence
the reactivity of the immung rhesus
moakey to P kaewdest but not of the
imanune Centeal ;’-";111c-1'.{~:111 nionkevs o
2 brasiNown ar of the immune canary
to B cathewerium,

Antibedics are belicved by some In-
vostigators o be mobt Tocally
cause of ane ar bath of 2 CD..LJLHE)‘H In
he frso place, when an 111‘.'1*#311 15 T
pm‘-,'-.-;-dl}, injected into a tocal site, mor
anel mare :leLlr_l{.x is 11 I.'.“I«.L..I'_L\.l 1-:.MI

Zodl T

=

when on antigen 3 E!.'-.i':"(:u:|i.'.{‘.-:_‘{
blood stream, it is generally
by the macrophages of the
filter ormans {spleen; liver and Bone mar-
rove ] which in turn 1'?['0{]-\.*_!.. antibodics
that cireulate in the bloed. Such circu-
lating antibodies may diffuse intoa logal
e becanse of changes in the permea-
af the voessel walls which ceeur
local indlammation. In the pres
ML LN . the antigen was not
I-.:';:.T_ eltheor Intracutanc-
utancousiyv. In the ca-
Centrzl American monkeys,

started nore-
venoushe with ph...a..lﬂe" red cells; and
they

A
ooV

Cf L'I nEnL

miroduced at
oushy or subc

OETIGE En ol

the intvial mlfections wore

rhicsus W

witlhi JHLT asli-

“.:}..Juu-&,
started intramuscularly
el red cells. It seemns, thoerefore, that
mahilization of
Lodics 1n the present
cxneriments, must be explained, not on
enee in the local production of
antibodies since u.-u-'b chin

dueed locally, hue entirel

the «bifference in the

the skin, in

all ._1_-

swerenol Nro-
ely on differences

in the diffusion of circulating antibodies
into the area.

The guestion then arises as 1o why
antilbocics ¢iffuse maore

reacliby fram the
circulation inta the loeal arca in infoec-
tions of

P. knowlest than in he other
two. OF 2
pocted to influence such & difi

. . e .1 I..I 5 I-\. - 1= "
factors whick 1111;*:-,1, O Ox=

a greater pecmieability of the ves:
lowing a more tntense ipflammation and
a higher concentration of circulating an-
sibadies, the sccond ong seems to be re-
sponaible in view of the followin

P. huowlesi docs ot produce
intense inflammation mhl hig
rise Lo greater permeability of the vessel
than the other 2 species of malaria,
because the specd and degree of in "'I.
mation i the thesus
(the anly place wheee the degree of in-
Hammation s uncomplicated by possiblc
antipensantibody  reaciions) was no
greater Soulhv Amcric
1 consklering the cuestion

: infigmmation,

t_{ facts.
more

cnce, gIve

'-.g:-fm.-;' mon key

o] ke
[0 A e

mionley.

- . . 1
-,_'ﬂ tite 1ited '-.;.-."-. £33 Tk R

Wi ived] wo theiarmal
tincion of the

¢l we are concormod

Aftention hastobe

Bocause
nrocess—w it w

—cannot e d

rhesus

LS

Werdnitated it the an-

e
Liodies

hesus [rom stapes when ant-
have diffused nio
Obwviously, in such stages an
antibody reaction has
loeal tissuos which itsell produces morg
mation
fusion of antibody.

The asswinption that ¢ivenlating ant
bodics are higher 11 titer in
monkey than in Centeal American mai-
keysor canaries is substantiated o part
by experintental evidence. Previous waork
inclizates that there is
ving antibody in in-
L{:..'!.-:r.'.r S a il P

infections with P

: i
it Llssiis,

antd
taken place inotue
aned  more

itesnss nfam

e 1".‘.;;:;'.'.:9

as far as it roecs,
net as nruch cireul
.n:um:::-; of P,
rres
..'Ic:frﬂ:;,'."er';?'.
In 7. eothewerinm in the canary, ap-
preciable amounts of aantibody have
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not been demonsteated by
*c*c“i*“':f._] ves. Worklng with

ceathemerdnm, W Hooand L. G, Talia-
.fn:-.*ro (192 were not able to obtain
cloarent protection with single doses of
2 ml of Immune serum {eguivalent to
about 10 mi per 100 zm) or with 3 dese
of 1.3 ml k{:f]un-'e'. iont

avdinary

Lo about 1.5 m] per
100 ) on 3 eonsecuiive ’_'.aj."-s Tr secd-

gition, na sensitization of tho parasites
1l be demonstrated after c-::un*-.:\.f:t of
about 33 hours at 5 C. Maoreover, Heos
angd Eskridee (1938} and i]{:ﬁ]'l(.'!.‘
and Daobler (1930 ecould abhtain

ne&y
little

nrn L'!‘."'l'il{‘:?]’."_.{_": {,‘i; ':.}‘.'f" " ot ("CL.‘.-"_‘ i C.l,l(_"""' f‘:.

serwnn from hirds fnenune 86 P ocille-

HIGTLTENL.
ssults in
1. G Talia-

In fine with the 3

P He
aviait-malaria; W, F
feero (1934) found no circu
Dodies aeainet P, brasifanm in E,:mr 1
""':'-"L.-:J" E'!'!'C'!'I'{'“x'ﬁ 5'!':-"-"".(?' doses ol from
Z to 0.8 ml ol serum wsivalent o
apsut 003 th 2 ml per 10 If‘r :*-.*.‘.:l Fram -

mune anbnals fatled to infucnee the in-

feetion. These
sheuld Lo reponted with

-
e gy
Tl ST

oHR '1’5.|‘T‘. el B ]'I DA CWET,

\
vy 1 m ]

asi il |-\.-.-.|

dosos

Positive resulis with 2. baemdest hpve
Copgeshall and his co-
WO KOCS. CDU"[""—:JLL. ard
obtained partial

[RER
Enaielest ‘-.'.'Eﬂ'l

heen reported by
Humm (1937}
protecilion agmnst 2
seruml, Ag evi-
b o lenthening of thelife of the

monikey o byoa low parasitemia and

BT

cinreed

siizvival of 1he moenloy: In generad, the

st effect wos produced wilh @ com-
paraiively Targe vl dose of mmiing

sorum (25 mi per mankey or 1,25 mi per
00 mmemonkey) givers at the e the
PRESHCS Wore wherens survival

.-.:.l,-r_-.”

af the mank Rev was obtamed witha con-

!-—Ilr! ra J-1|~_re-1_|

large initial dase and several
intly doses (30 mlinitinfly and
12 1o 24 ml per :::::-n"f'v o,
.0 te 1.2 ml per 100 g, respoctivel \'\'-
In the following vear, © 1938 ol

toined complete oralmost complete sup-

1.5 mland

thew

'nfe-::tfoz'.s of

e parasitemin with 11
3. 10 ml {eguivalenty ta

presszion of ©]
coses of 2.5,
Daldss
leew} of

Y23 or (.3 ml per 100 gm mon-
hyperimmune serumny started ot

giveit, In =i
o
L

the time 11h_<11-:.if.:"-s W
dition, Coggeshall and
found that the smaller the inccul
lese the quantity of [m"r'-“r-
quired to prevent the death of the anid-
mal. Mosna (1938} I:I::lr‘!r"‘-“f*f' somooof

l: EEe-

this work in the same vear, and Copge
shall in

aptiboriies 11 By

1040 demonstrmted profeciive

man bl infoctod
with P, Esxewlesi when Lested in chesus
sonkeve, In meost of this worlk, 10000
sites were incubated at 37 O {or 30
tes with 2 ml of serum before in-

monlkey by

2 into o Lost
r_"(:'»'u'[{:.}u v Cagreshall and

the

"“Jf‘“ 2 main %ieas as to

(it in some infections io

il

transler protective antibodies nresively,
Taliaferre and C

anton (19367 suggested

that the antibodios were foropeed o

¢ Nighely
infoct the epleen, liver and Lone
margaw in sufficient quantitics to bLe
setive In those sites, but were insuf-
fcient in quantity after dilution in the
blood stream to be passivelyv transforred.
Copzeshall (19400, on f]]r' other hand,
believed that antibodies mav be high in
titer, but My ’l]J'{“ ooact of-
against the parasite becruse
the parasite iz protected by thie rod ecll
ITe based his suarestion on the fact that
Eaton {(1938% hadd clemioi-
sirated vhat P bwowlest ; |'|[|~M'1‘“1 -
clutinated coells ining
HEOWT Pl asites but not those contal
ing smpller

o in

not he

fectively

prrovioushy

rodl cont

parasites. There are many
reasans [oraccopting Copgeshall's (1940)
suggeslion as an expinnation of part ol
the difficnlty in demonstrating cireuniat-
and opsonizing anti-
connol  explain
in our t"‘-.[.'-‘i."l'l' enis because
large parasites of all 3 species of maladia

] Sl

ing 1”*#1!1".111m|n
Hodies, hoat it the

differenoes
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used ag inooutums. The lower cones
centyadtans of ancibodies in P brasilia-
s amcl P.cothemerien: must, there-
fore, beoxplatned n past by some such
reEen a8 suEpested by 7
Cannon.

WET

Talizferre and

CUme of the owtstanding findings o the
prescil work 1s the unc-*c]w*"trd :ip'c-.;-.’l of
L" ....|'|.- e

cortain of sndannnn ey reacll fons I
the sronkeys and L'il:‘.".’;r}-'-—'l:. particulsr
hiypertrophy of 1~T-;1:‘.1:]m:;-'h!s and
related activities of phagooyiosis,
formasion of and

eells, and the transformation of

macrophages glang
MOsrce-
ahares into Obroblasts, This speed may
B exemnpliied by the tollowing 2 stages
whichi send  themselves to comparison
more readily than olhers. At about 30
bowrs after the injection of trypan biue
i the rac,

it bocoines impossibie to dil-
ferentiate larpe mobilided histegencus
macrophages from many macrophages
which developed from hematog-
enows agranulocyies {Max
This staze is reached in so
monkey in &l
caacy, it
about
after

have

the ahout

15 redchod 10 some
I hours. Later, sv about
the inection of

trypan blue 1n the
there hag Been o digtinel advance

woward scar Tormation as wul &1 a‘tl.i 'i.—,;

of large 1
f:.i_‘)['O",_.""'"E.‘i.'E. i Maxi-
This stage occurs i the
T oelays and s even

i the canaey b 48

Lt

".'I'lélCJ'l"-]')!'!.f':'.'C:E
193% JJ .

motikey at about

FIEar

LAY

ayny =

This waork fnvalved the

Ce
histolopical

atudy of the skin aad suboulancous tis-

sue ol ool and lmmune canaries and
¢ the subcutancous
intracutancous (monkey)
siall amoeunts of malarls
cmOdiuTe  calReeriin WIS
canary, P. brasilionum oo
_J,'l;i o omonkeys and P Erow-
gs moenkeyvs, For compara-

=1

e
Tad

tive purpases, shuilar injections of small
AIIOLTTES \."j: I]{TI"'I‘I‘I;,.- IJ Looid :J.'I]l'.l I:I..
blue were also studicd.
fl-"l
].'l'k_ ‘:.u |_|_.. D.I-
that the

']'}'i;h.,'..!..

conclusive in ndicating
host  reacted
renuously to P. krewless than
Dridyid or P calligimeriune.
red cells containing large
Enawlesiwer

LTiTeLe e

lo F.
Thus,

S

LELHTH
slaces of P
wagrlutinared and localized
in b skin of Invmuane rhesus 111{}:1]~;r_-}-',~5.

it were nel agglutinated at all i
mal rhesus monlkeys, In add
Hanima
heterophils and macrophages,
nronounced in the skin {:-f
rhesus monkeys than in the s
migl rhesu ColL-

..Hll‘.'l'l:'f;,".ﬂ:; wassimilay in extent

lon, including phagocytosis by
Gr

WS T

HonLune
.\.-t G. nore

s omonkeys. Lo marlod

o o
e

of normal ansd mmune cas
=.1<:.:';--;a': arid c-~|wu¢;

T
SERrasd and

SRRFERY _J‘.c

af the [J!.J..L_CL'LL&E,M :..-'.l ol ooelr At

.
:l'.n.-

3 sugpested that this ditference 18

E’-LL' o a -blr_:w*" content of clrouiniing

antibody g
tlian in P epdhemeriuaar P brasiliicam
infeeted animals which, thorely, soows
effeerive amounts of '-_:l'.i.a.:”_,'l...\':, L G
the Blood and enter the @ arisy:
I shis ponnection, the origin and 10
rolutions of local and gencral mumiunity

% ,-.,’:'_Ef}'i._,.':._:_‘?'y _'.:'.'al;_;l;_‘.'n_:-..' ..'.'.i'.ll-ii..b

""u'l{_'l:'.

are ¢ iscussoed,
Inflammation was 1ol only
zense, but also proceeded e rapliiy

mére -

inthehest anmuueto
than te P brasiidaanm <1
Popathemerinm. In addiion, cerlain
activities procectled inothe skin in aoe
mal thesus moeskeye, in normal and o
mune Central menkoys, and
'~'—'=):_-<‘5:=]1y It noermal oand mmune ca-
naries injected locally with eithes
lariab Blood or sy at a far
ereater specd than
skin in rats injected

with trypan blue, as repovted by the v
MallondorTs and Maximow. For cxam-
e, the development of

- i
Coerlan Fespects |

bnewiest

American

e
SHIn fue

ul.:"-." rroooe U]- | i

..-'I.i'i_'l.n_,‘:]l".:.]‘.l'.:Ule N

hema tozenous
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