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Interstitial Pulmonary Edema

An Electron Microscopic Study of the Pathology of Staphylococcal
Enterotoxemia in Rhesus Monkeys

Milton J. Fine gold, MAD

The toxicity of staphylococcal cntcro- no known prior experience with entero-
toxin B for humnans and experimental toxini. nior were they used inl any other
animals has been investigated for several experinwicii' Purified staphylyococcal enter-
years without. definitive understanding of otoxin B. in the formn of a dry powder,",
the mechanism of its action. 23 In some of wa~s dlissolved( in pyrogen-free normal
these studlies, including autopsies on two saline. Between 8:30 and 10:00 a.m., each
children who died after ingcstion of enter- itionkey rveeived it single rapijl intravenous
otoxin in contaminatedl goat's milk,-"' the injectloti (if 0.1 to 1.0 nil. containing from
most significant p~athologic finding has 15 )t o 300 jAg. of toxin per kg. of body
b~een pulmonary edecma. Systemic adminis- weigi:' rhe monkeys were observ'ed every
tration of the toxin in monkeys was said 4 hours anid were sacrificed with intra-
to produce lethal pulmonary edema,"1 as venouis sodiumn p)entobarbital when mor-
(lid the accidental instillation of toxin into ibund. lin addition, randomly selected ani-
the trachea of a monkey (luring a study iiiids were sacrificedI at 1, 3, 6, 12, 24, 48,
of the gastrointestinal pathology." A re- 72, 96. and1( 120 hours. 'rho lungs w~ere
cen~t investigation of the clearance of iso- v% ised, fre ofIdatnltsus n

-opially laee neotoxin following weighled. They were fixed by endotracheal
intrIavenlous adlniniSt Ltion revealed the c-pvirfusion with 2 per cenlt glut araldehyde

cumulation of toxin in the lungs of buffer-ed to p~t 7.2 lby 0.1 m p~hosphate to
mnonkeys.-, There have been no publica- give a total osmolality of 444 m~sinoles.
tionis on the puilmonoary pathology of ex- Tfhe perfused lungs were immnersed in the
lpcrinlental enterotoxemiia. A report of the same1( fluid at 0-4* C. for I hour, then
light and electron microscopic findings in sectioned. Three to 10 1-mmn. cubes of
rhesuis monkey-. given staphylococcal en- tissue from rep~resentative areas of each
terotoxiin B intravenously is p~resented. lung were taken for electron microscopic

examination and 1- by 1- by 0.3-cm.
METHODS* sz'ctions of all lobes were excised for paraf-

Rhesuts monkeys obtained from com- finl emb~edding and light microscopic study.
mercial sources wvere housed locally for at Fthrpoesnfrectoamrsopy
least 90 days before use. Young animalscosielofwhngnbferajtd
of both sexes weighing 2 to 4 kg. each had to. 444 nissmoles, with 0.25 m sucrose,--incing- in buiffer, p)ostfixing in osmium

Accepted for publication March 1, 1967. tetroxide for I hour, dehydrating in alco-
Front Ilie Medival Sciences Lab~oratory, De- hol. embedding in Epon 812, sectioning

partmeiut of thei Army, Fart Detrie-k, Frederick,wihaPre-lm T- nirtm,
Maryland. wt otrBuný[- nvooe

* In conticating th.eerhrpre een treating sections on ulnsupiportedl grids
teinv-st igalor adhered to "Guide. for Laboratory wt atrtdslto ftrnlae

Animal 1'avijifjes nail Catre" establimhcd by th tate., and examining in an RCA EMU 3-0
Commnittee on it ( muIde for Laboratory Animnal mIic'roscope.
Facilities and Care of the Institute of Laboratory Routifne section.- of heart, lymph nodes,
Animal ResoitreeR. Nutional AendmrNy of Science;- liver, spleen, stomach, jejunlun, ileum,
National Reqearch Council. coloni, kidney, and brain were taken from
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,Pll.ct(d( a:iiaiiit1 foi. light IllicroseoJpire x- 48 hoiiný hivariablYl rvitialiteu well and
milflai)tl~la. hadu no0 eviduiiee. oft ptilliiioiilt (.4l(111H witch

RESULTS ~eiitl

Ent:ieJ 111 32 rfiv..iim. monikev.'. WW.~ gi VVl1 WeN 1*elw:IsIlI I* by an Iindli ex of' Itilig weight
0I~v jintravl~l ll.t - Ii Icct iou of eiiterotoxiii ill to bod wi v igh I. B~od y weight., rauige 1

:1 flto oIt 1! I, 20. I100. or1 300 p~g. pci kg. fromu 1 .94 to 3.44 kg.. aind I ilig wi-igltt-
itt both. we-ight. I'iese dosc:s we-re jinter- varied fromh 16 to 55. gin. Tuel( inidex

iltediatv tttl :1 pJtteioi(sIV estab~ilisktl rnitgetl from 6.0 to 23. A vahlic' of 1) w%-is

te K. Ilir wa,~ et H 1-idj ern I e vairintitolt vot llf rine b y eorie-lattioul wi th til l cIight

.11 t oet .roliij witht tta.1xiiitlu cufer. iill i~erm-wopIic fittudings. 'Iwlv totkevs%
terltv If' o )lll jilttoitll- I-dltimu. oiitatiilwda wch -:I(~Ie'ifivv(t p~riotr to 48 hotuit'.. with no(

210 It-. pier lig At vach~ doset leve-l altiliatis elillivai evitelette Of fliites itt her I htait

I111111.1te10 allee I :tid acet i vv. ule-jtt.e all diaurrhteva. All had1( inhive.belo1((w 10. and 110

illit ja I episode ol voillit ilig and au persistfelit jitiltitittiary path lology was floititt by light
miiiJld diarrheat . itilti 401 t~i 48 hou1r.,. Al (I- orlect roll lit ivroscopy .

tha~t 11111te ý-0iu1e ittottkevv! rcttisvil food aitt Alilolig the l'tIIvilainim 201 monkey.-. only

b aItt I lv 14-lt Ilazrgiv. witI I ~I ow and tle('j eighIt hadl -Ill inidex above 10. Ill enelt of
t'eý-Jjtrztioht. 11tr04gr(.Sillg to stltupor at itl lt Iht',( eight. the( iiiudex col-el-tttla withI the

jtem till s.:teiifiev betweell 45 awlN 515 hltlin'. deItgtei (if 111t11h1lllUl2 4tlctill $((1 se i wItl the

.\itillinkl fIjtiliig ito showt~ I i seigill.. htl light I11iV1(trom-li attul withi Ill li ee j llevie of

T"j

1-ealtv.tit ~ll I iarge. dXtfk5. ypaiemcme t irfil (5
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lesionls fonaid ill the elect run 1lcl'co')J'e ph I Iiei( grlnhfye Fig. 41 I I sinn: of
(XC Iilllt iol. A dleta iled desc5rip~tion of the vapi I Jill- .1ii 1 veltitie 4.11dot heliumll Could( not
findings in t hes eiglht monkey,. follows. h~e (Iiser-Ille(I ill either st am ar. 5 -ju palraf-

fi tl-('II)Ifhe( 1(1( eC~tionlS Oi iln I -1A 1d1't iC-
Lua(.JI M'4 !CosCOP embhedded sect ions itt magnifications up to

ILwivj.s. Ma rked perivztseilar inter-stitial X 1 2-50.-
(Iel)L pVt5resenit in till lob~es Wigs. I aII( Ga(iwre'inkcstinuI Trract. Stomach, jeju-

2). In t nee vras vlymphatic vessels were-( 11111ll, i Ie'iiti* alI(1 (1tselldillg Colon wvere ex-
dilstendedlUI 1w lage quianitities of amlor-phouls anjlineti. There were no significant dliffer-
cosiflophiieihf fluidi . o~ccasionllyt onltai ning 'llccs amllong thle eight monkeys dlying 45
IV1)100( bloo eIs. SlllflhceP V('IljIle5. wV(,,. fr-e- to 55 hours aifter etiterotoxin andf nlumlerous
(11('lt ly distended( with blood( cells, V(t "11 cont rol aiin~imls fromi ot her oXjperillients.
vc()lar, capijliziries, Were not Significanitly Other Oryain.. There were no voiisistent
cotigeste(ii. Ihee Wre few scatt(!rm( foc'i or- significant findings in l ymphj lio(1Cs,
of int rwmiveolar edeni i Fig. 31. iii which heart, spleen. liver. kidIney. or- bra in.
the fluid had oftenl 1 eeli conidensed arti- OC-HNM RSOP
factual Ily iii processinig into coarse graniular LETIXMIIOCJ'
and fibri liar. eosinlopliilie Iinatter. Solnve :1I- Fixamtinatioti wa,-s limited to the lungs.
veoli andi t he sep~ta inl such foci (olltflui((1 ('emleC., 'Most of the vetuilles extimnined

P XVCeSS Of iiioiomiiclear ct-ls, including showed only till accumuilat ion of' si-fht ly
fielwI vaculohited pulm~iitonary histiocytes granlular. eleet roll-oIpaulme fluid ill the" ad-
andu J101llu1) flionlocytes Without lipid viuen- ventitila. With focal Separationi of collageii.
oles. and a few lvtijhioetes and neutro- sinooth muscle, ando elatstic tissule of the

F ii.. :1. Ahlv.'li contatttjt .Ifiviazu fluild soitiu. of 10111-11I is .. a-I r.ii~r 'r lbil.'
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V14'. 5. A ~utlewit il h11iiei C U) vonlu ining it red b lood coeli (dalrk liomimipt 'neia

mu'. id-a :111d 'p Is ft. x 70X I.

tiiliveaIitha lIv Ilit hitld but nio ('1)1(1o- I- .tophisiii with ralc:14elt' 101 :tiidl uhispn'sioi,

l'1u t 14)1 With di I oiM'It iiiiity of tille Ii ojug till- trytopj lasi, (Fig. I01. Tlw 4, n 10, ois is
ni d '!tCtl'(ll I(l M'or gr.1 I iii:i'1 I atert'ion 101 olilit h','ed alli e.Xt (.ls il~l an volibi ii ati100

ariu .AdX'elit itial tdii was volltililuolis ampIJle. it Iliv lhe niote'd t ht tielle- o j or

in t e tra itva!-vula I oiIttat ioll, IFilg. 6) . ('vtaIi kwere. 'iivoti litcri'l "I tweioi i-
)cet'sioli'illy. 1iiwet e A'lk were found ill till. ailly ill ;nuluittonarv tauiillari'i fromn bothI

wall.-, of vvi~ll: :titl vv'iiilt'ý-; t hey wen. not 'ont rol atid t'xp(.t'rjiii1tuitl aliiinin Wit Iiii
4ltgramiulat e (I t'o itrit remarkabl e. IWe !-1,01-1 iile t ait gr-:1 itt a r', caplla~ry ('lit o-

tolt. aitiu dlive-r-i' -sioii.. IiX'll- 'ed eajpillatry 1v i'tiairitt initact ill thil- cyttijia".iin. Tllt'

(va ctitied" a?. trniginvieltntioil of vetlI von-i SW( It% 360 illp :titlt'l1dt of :1 I:tt tg

IlnendwbalN'. iiit'I't:t;4t't vet I''roll opai~t'i. 266 A~ ill hotl Ii*irt'tt tin-l. A!- ~ Il
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Fif;. 6. hiff'roilial 0.111.111:1 and livintirrhaVo m . 'n o, iih-volar himeti (M i.-A at lipilcr
h t . I N wt if pti.ý 4 -4 vt t-;t --vi of ,11 4 -1 '11.. till P(It 11 it I I lsvlf , (.I -I I!, ( 111,11i Ir. lef [fill

of 11 1.1u, if 11141 elnýf W I 1!-I If It'#, -1 1., ,,If .11 :11 f I )Y fluld '.I )III aill im, I I-Y I I I rt 11.1%, 1
( I X :')( X g) .

4 -4 1 111 t I I I - 1 .1 it I I I' t 1, 11 -I I ioll I I I' I -I I I( - I. F i S . 16 1 o 181.
Smile v vt 11 )I.t!.l I I I( to I I I i I I I I I I I I. I I I t I I.!. I I f I I I 14 1 . : I c I I I P-4 I I( -r I I I I is at a I I( I I t
I I I : 14 -t I -I I I ) I I I I -11: (.(,11 W, , D )11111 111 1 1 - I I f I -: I:- rc.-ýiýit a Ill.( .. I III I'l I (,( I it 11114-1. bv
-x it -ri I I I I -I I t I I -r i I I Iy I I it I wy I. I w I to 11, 1 t I I -I I I I: I I -f S I u -I I t I of (.114 lilt liclia I (.(.I I

t I I 11: t ut( I i 11, r it I I ift I ()I]' t

cIt lit-1. ext 111114,(Illý- Or ilit forigill basq-1111,11t fill-in I walle Illfl tip into
Fi-!... 13 to 151. T114. lifilim-n-lictilv- t1w Illinvii. lit Fiwill-c 17 it i, pos-

(111 ill(, Ioft III ill(. 4-11dot1whal (.4-11 of 11114- to Intel. the ll()Illltl clidotliclial vell
FiqrW11-1. 13 Im- .1 !-illgh- tild III:fY I da-,Illa [111 '1111 wallc.ý is t I)(-N* cill-ve upwa 1-4

I I 111 i:ý' 7.4'1-t fill] Ill a I I'lil-I )i it 1111,11 1 tirrow., r 'qhl I I o forl I I
ý-crratcfl I H ill I fl, till - till- ]ar-c. fillifl-filled Well, ill till. capillary

lomwil t YI I - Ill I lic liftcl.,liti-Il ti,:.11(. I if -- 1111114 -11. )11 1114 - N %%-( -I- left , I be i lit act j III](-
t ",I I I I t I it - 1 -1 lit I if -I in i nild 1 .1 it h It II(-I in 1 4.4 .11 t H )I I I if -t I t I I( - cm )sit lent I d v I Ili IIIIc( I and

111ppf r (urfill-1. Siwh Nti-Ol-lild vell of t1w b1ch 111;1 the adjacent
-cpanlt fill ill 'o-f-IIII-Ilt Invillbralle?. ill ill(. 11411-111:11 cliflothelial (.(.Il i, S(.(.Il (toll.( (Ir-

%\..ill -11111ild lilt( bc :tttlil)lltt.fl to Altholl".11 Ille pre...,lin. of ilm -1-:4titial
ilitqq*ýIitlal 1.114-11i.t. .I I S I rI I c t I 11'. 11 flllifl produced a rmlsidcrahh- Iwi-niatioll of
fcat 1111. W, lit irmal I'lil()(.,%,tot Ic I lit- at t(.Iltl:it(.fl ('11dothl-lial (-(-I I in Fign re

1) 1 f-I I 't 1-1 -N-if If -11 t Ill :111 1 )1 lilt I 1-1-al d I, I S. I lit n. is I if) ( let (.(.t:i I ill - Sl )1-( -.if I i 11", off I he
I I I I :( ry (-I it If it I Il- 11 It . \Vf 11,41 till[ 4 If t I I-t jq )l 1.1,ri .11 (.(,lit ilil it

v I I 1, )1.1 : ill 11114 1114 if I , Ill I Ill - 1 .1 It -m .I 14 it I- \\,I t I I t I I iý- 111lid ill I Ill - I I I q it -I- 1(-ft (of I If(-
If

Ii lit I 111g. I'll't f-( I to) (.4 Icl I lat Mlý- Till- 4.111 lot I If-lia 1 1114 .1) ý-lmwll III Fi""lln. 16.
I 1111 1.4 )1 1?ý It 1 .1 1 1 it' I I it ral-:1 I )I 11:1 I-\- lit .1,11 il .1 It Ill )I lyll :list) I by a very fif-fillite
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Ftita 7.tia Necrosi (11f capllt l a ila 11  (C)-iiig iere''I IVtIlIhi' atiiV epi vltt' ll.I

l -t ) -ie ro'tf' ,n. J li ii ii 111 P11Il('othe0iii cIa il':lI whoig. :1114 1 uiggw 411 1111 rle~-t 1cd
die~~ita' Ii' tg ol irmn Not~( t el, the('r (ii f u iiniact juti lithe j 14,1WI-4i1i itwil~~ia' .4-f-11 l: iiis

le ldIo in he gra iar,~ swot'Ivu and 1 fngle 1144 c if)'~ II t lfe' I'it il~le (P t - et' lo I i g i 14

il Fi' I e ;.I S. r E ldodw a o -f -t lit' I Pit] P i4 olj Co~t Ii't li nv ei' v'i ' ýl.A 11.1i-l'J) aI I tilt. 4

f~la iii f llelivlul v': e uni ( It-fl) md oneIll'li'tl t( i ievim a gj i-oii'n 80 Iif ';t'ihi

dojlll le I()% t o plsa tIu n jtillbra (lli.to ll-'li I l-il ti Fig. 16 1i iiti 'hii gghi 't :. ai~iii t igiui. focalen

:ivnil Ili'tl 'iile jut an lii' .tInet eli ffers from(' daIlla- OI 4 t o t' ill- plasma I i l~vl.r.le 211~a
till.n floi ng fui guretiIc lt be l~i'is iii of thepr - in '. aa d11(1en "igiiii'i of !ctio lllg 11v11 fill

tor~' ti iiita'il'ctit ~I hipil I 1'ig-. T l~iý :auiwl 11 . Actu~aill' jeIpa"Iitiol (if ta'N-voa TV p it' i:lva'tp-I



itth ratry ivesl~juloo

Oki:

1'ti- .v Etii aln111 0 111iuu111111Y %e lilwr t- 1111a1 hi, tiwu) l(1 k~ I milin:iltud)inl t. I". ug c

C bin , hound IV zitit lho-miittliittilltt imtt britut ~iv.,. Iirn. X 5A)

Fit;. 1t. K olltl 1 1t 1 1.1,iri c ~I it~tih ri iti t. ai ' w tl) vl tivi<w .111 1U111:1{)0*llr .11(il
ill .I - .1 t~ilt alllý i t r~ aIll Jiltl (I I ii ttt. fit h I Iu ' ttt oltt ' p ltln I Jll tlnhlc -1.ii

Fi le.im 12.Urvs ilt I It ui(I ft)i Eit, : i I I ut w iaI tl iii' ke e~I, e! ýr v ( a I Li i a,. w ie -Iit uii111 t -1i-1

F I )pIIt I u.,u" I . ,u/ 111 1. i~ 10 ." it 11 1i t -Ii Jeuu riio '. A 1-1 i~l lt.1 r` t 4 ''1ut s i rla 1 , ts11 .1 1 I

Fit ;.l 14. hti :tl te ihutlictzi u lt.ol Xhiu~ll MAX).0N)
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WK..

Flu(. 18. Intert'it ital edema (1). 'I'le endotlhelial cell is heri ated into the capilihir
l11114,1 (CV) , hut tile coliagenl bundles tit tit(' uPper left murt not sprewel apaJ:rt or of liclrwist'e
ai)norliiiii. Thie riiiiaildet' of tile enlot helial cellI colltaurns niul1t ipit' cytopilasiii. illii-
('hIiOsios ( middle. i-ig/i ). A, Alveolar lumvie. X 10,000.

F( 19. E:pit heliaul cell hernijttionl. Thiie t hiln segmu lt of ai~~ sqalidiolStl. cv is forced
into( thle atlveolar lumnii (A) byi the pres:sure of untled , iiig, tileti uid1(. 'ihel plasma.
!1int'itlriies are jiltact and~i lie hlselileit, Iiielflibi'Ufle ciili he tI'uced across tilie mlout h
of flIt', hernia (arfo u). Tlo hit' right are two red blood( ct'llS ill the hit erstitiluml (I)
along with e-demai htmld. X 15,000.

Fic. 20. Epithelial cell sepatration,. A grap iitwei the iln segiliekits of01 Njtluiolus epitlielul~l
cells is filled 1) X fibrinl (f) thiut et'tiids from hasciit'nt lit'iimtraliC to ul-Voilu, (A), whuen
it is so rro lded b IY portions of a liacro p hue. I'llt' hnsvilsnlent Illeli I whtili appeal's intacut,
X25,000.

Fj(;. 21. Alveolar exudalte. AX nintcrolhzlgc 01I) has :11l11114tlant tilwiri (f) withiin tite
graspi of its pscudhiiuus. Ce'll debris Is als-o pI'eselit . X7,600.

Alreohur AVcf(J. nivt focal itifla imiat ory st ititlull t hrought a gap ill capillaryN eiido-
react onl observed Avith tile light iuiero'scope theliuiu is sliownii i Figure 22. This defect
conlsli~se( JI ure loifill lit ly of cellIs derived is also associated withi interstitijal he'nlor--
from bl)ood 111uoiiocv tcsm* .lIM10C!J IC. were lbl(C. ihaglda filt lcte I tilie re-01 11io00d eeJ
(101111101 withlli cap i Illari.s ffig. 22, h Ais- lying outsitlde tihe luiiieii. Focal licui iordrluges
I ioc.11tcs Avere fill Ii(.1'0u5: ill tile( inlterst fitluml we-re (.Ol111i10l1 ill t he sep ta andlt about.
(Fig. .5 I), mtid malcroliw(Jes were founid ill v~entiles I Fig. 6). Neut ropili il grait ulonvtes
the !il -eoli lFig. 21) . fIlit, cells alcqulired andl IN-1il hocytcs wee present in) S111,111
,1 1niulutait Ioug1(lk-slif 'Wed ciildoplusilnie re- niuni! rs ili tile interst 'Iti tissue
t jeullito) lipi dtI roplulets. .11ltojpliagiC ~e l DISCSSIO
oles, andtI lvo. Ine ll theair passiIS'u( from DSCSS
eurcia11.laioit to air-wav, and souile liistiocvtes P1'ulm ,1iur.1 etvllna has, h)(ViI ipt'lihlIed
WC1lt' SeChl to d ividc. Ali early sta ige ill thle ('xIp1ýillient~titll by a ~it of P~el(us5,
1111g,"tloll of a I1'iloc,"t( into tile initer'- ifleludtinig champges ni the (,Ms contclit andi(
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Fin. 22. JEniigrit ion of it iolkei)O( A. larg I ~Itt jonloeyte (.11) fills a1 su'pil a I (Ill I LI

anid prot i'id 's ait porti on of cytoplasim thlroughi a gapl) btwei~l endol(t helia cIl((hs (arrows)a'
to reach'i Il( base i$O1)Ct membhlranel(. A red( blood( vell lies ('xt('nhII to tihe IIIII)'il, 11lt hoigh

1)apparutl Y still 'onflhvifl( bY allot her ('ildot wheiji vell I)~ andl thle lta~ci'iui'( IIIe'l)ibralit'.
Cehtgeland ehi(1 licI C t is"0 .11-4, tighltly' 10111d ill OWe inlte-Sitillml (1) . A, Al-volar lIIIl4'I.
x20,00O.

lre'C.iI1'( 0f! l,~ie i"" 7 6 111CC1r( ~ u'~ INeehai- degreCe Of inlter'Stitial f~llid kCVuIu h lt ion ap-
('a obst ruct ion's to venlous (IIainlage.t" cci'- pear's to he toxic (lanla1ge" of caIIpillary 'Ind

Crude bacter-ial toxinls,1  This report. de- the observation tlh:,t intra venously admIiin-
seribles the dlevelopmnwit of inte'rst itialI pull- i.stered, r'adioact ively hiabeled ci (terotoxill
monary edema after I single injection of 13 tictimiulates in tfie lungs of mioiikeys.-'
miiirograni quanitities of a purified hue- A variety of degenerative chianges lead(in~g
terini pr)Ioteinl, staphylociecai entei'otoxin to 'omp~lelte necrosis of ('tpil IlLry evlido lie-
13, ill rhesius inonkcys,. In id nl dying of hium has been observ'ed . Sonme of these
enterotoxenija bet ween 4)and 55 11o111's changes have lbeell I'eporte. pr Iieviouisly inl
aIftew injection, pulmonar'y edelma is the vxperiiiientai 11 pulnionviry (v edea, Such as
Illost impl ort ant pa)tthologic findinmg. 1,111gs eyt 01 Itsil ii v' cti(Ula:t iolan d ti selig
arv from 1 .5 to 2.5 times hieavier I h~ I ill I'Its 5 giVVeil *I lltlythuora. iu
condtro! injinmls. Tfie fluid is I wedoniiiiintN .v I aecet iZoltuilide Ip Or~ or educed enivironl-
Confiined to the perivausculti I and peibr~~IIol- ment)1al oxyge'll 2' aind eevlunhi, swel Ii Pig wilhI
Child inlterIstitlial Sjpac, and the Iviopliatitis I'aIiefclet io f ) the (c'tlolasiII ill exjiel'-
inl thlese a reais arme eng"Orgedl. Small11 foci of unmillal I iiiflucuiza inl In iet.' at nd Ii iouoeio-

alveflam' edlelna are oloimmi, tIS el sOC- tal1ille 11ea ,,.'n In pts 4 S .2 t hr hanges.
Nutsiouiatl mononomiulcal etcel infilt rates, of t lit' Such as ill'r('lM'Ile eh''il,1011 0Jpt1(itY : 111d1

sept 114 til v(Oli grtinultlarity o (11c~n ('1141whel'idI ('elI cyto-
Thie nilt Itisl rut it uzil I ausis for tbils Strtiking plasill. I hve unot beeni nprelIltc(4 d I )uIlillO-
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niary edeima, but were described inl capillary En'Illot helmi hHP have l)CeII described inl
(litiage dueW to at variety of experimental several tep~orts. Thiley are found inl pulmoI1-
Ijjethlod,. 4 _1 , 22 Sjuiiii rtly, tile focall end'fl(te- lary capliftlaries of ralts dyin~g of an1t~hrax
Iiiil (legenera-tion described inl venlules after toxin,1  inl iatý; drowned ini hypei't~olic
Ptit('i'otOXill injection halls beeti seenl also ill &5f1lhiW, an ittil ii no11i11l rat hinlgs fixed ill

alleri inlfilaimuat~ioll ill rbI., Y 27 hosphlatte-)uffel('tsd tujutl tetroidA
A very iit~cresting feature of the capil- S0chulz ' described t heml ill t'nI giel 'i (' -

lary lesions seenl inl thlis and ninny Other alit bh Iy It hioll rea anld cla imed that the~y
stu(i~eS4 . 6, 7. 13 iS thle foclI nat~ure of thle a~rose from the ('tilargemnient of imitricel lularl

41!-illage, So that injured ceils r-Ctain ('Oil- 1-1uCUOIeS With RAIij1tur, Of 'I iin)(11rflhe-
tilluty with mnomphologically niormial eellIs bound bleb into the vessel lumen, He also

and14 evenl shIow varyinig degrees of damilage saw%% swelling of thle basemient, mnvlnbramie
Within it Single cell. 'IUhe~se Ob~servation., inl this formi of puilmonary edema~i, andI~
will have to be explainled by an~y niceha- stated thitt mechnmuczdly induced conges-
ulism1" ploposed t~o account for enldotbhell (wve edelemn amnd increased M., inl thle inl-Icell ivijury. Another notable feature of tile spired air' also give tile samne chalnge's. Ill
e xJiperCI-fet is thle declay b~etween the inieeO- KisehIO, rep~ort') of "blisters" ill tile enldo-
tionl of toxin and14 tile Onset of edenia. Ef- thel(.itun andl epitheliumi of rabbits givenl
forts4 to find histologic and cytologic epineprinile, thle Origin of fluid inl tile Well

9changes with both light and electron ini- is also unclear. '['ie author., ats (lot's schulz,
Croseolpy ill lungs of normal weight mItet suggest", anl int raiecl Ilulr accumulation, yet
WWIh failare. Delays of app roximila tely the the photographs may represent anl extra-
samev time, 48 to 72 hours inl rats 29 and 55 cellular pressure phienomenon as described
hour's inl dogs,'21 were reported for thle pro- above.
dlucuon of pl~umonoary e dema by increasing T1'le lesions observed inl this study may

oxygen ~ il, teso ntJeisied air. hae several deleterious effects onl pulimo-
Presumably, thle passage of fluid from nary physiology: f I) Primary injury to

the bloodstream to the interstitial space is the capiiillary endotheliumn, inl addition to-
facilitated by tile destruction of capillary promoting edema of the interstitiimn,
emidotheliial cells, it point that might. be could dlirectly interfere with thle exchange
prVoved by thle Ilse of tracers. Once thle of ga:pses betweenl alveoli and tile circula-
fluid hats reached the extra vascuhlitr space, tion. (2) The herniation of' undamaged
it. produces significant Secondary capillary endothelial ceells- into the lumen of capil-
a1,(l al~veolair epithelial lesions. The fluid lanies umly obstruct blood flow inl suchl
avellt~ili bites l)Vcdomfiifltltly inl thle ad- areas, witIil loss; of funlctiollmig Parmenchymia.
ventit ia of veins and venules and the con- (3) Interstitial perivascu lam' edemat hais
tiguoiis connective tissue. Alveolar walls lbeenl shown to elevate intrapuhuonlary ye-
are not significantly thickened and the ('01- nous p~ressurie," further impeding thle cii'-
lagenous and elastic- tissue of the sep~ta arve culittion. 141 Pr'otrusion of alveolar, epi-
not noticeably spread apart by fluid, H-ow- thelial ellIs into the airspace andl gaps
ever,1 1111111 alveolarl capill'aries display between ep ithel ial cellIs matzy interrupt the
hlerniat ion of thle thin sýegnietvits of endo- normi ally continuious, laver of surfactant
theliall eel Is into tilie vessel I umlen because that linies a11veoli. 1'herebhy, tile effective-
of tile accilmnitIlati'om of filuid betweenl thle ness of that material inl lowering alveolar
p)lasilt meI i'mbl)IatlC ul11( the basemiment. mnlemn- surfaice ten'sionl wou Id be reduced, amid focal
lbralle, A simnilhar plihclioneiono affects thle ('olliI)se Ipromoted iT (5) 'm'e exu lationl of
t y)(' I a I1veola m' epit heliall cell, whliell pro- fibrimi through ep~ithelial Cell defects into
trinks. inmto thme alv1eoilar space. Ill both alveoli Imay also lmnpa il thle activity of
sit (5, sonlic of the W~eb"s containi cel Itilal bufcamtly an1 initeractionm Wvith the
debri~s, suggest il thgat litSome d(iamaige to tile m ~i~Itoi~iTis would haive thle sanme

ccll has ON.1urm'ed Ill nOther extAmnipks, how- conlsequencves of a Iveolam' collap~se :1mid re-F
ever, hle eel Is arte c learmly utidaiumaged.01 alI- Imet loll of t hc Sitrface a vaIilIable for vent ti-

bioiughl strikingly t binned. laitiomi and~ gas (xclmp'ag.
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SUMMARY 9. Kisvl, 1B. F.I4oCt oll m1icrosco'py of lhe 11111g.s il
I tier~tt iu 1)t~tfl~ntr ('dtlia~ 1)0- ctite p'utlmonaryvveii'nt. Exitr. .Ilvd. Suryj. 16;:
Intestiial ulmnaryedelia as ro- 17. 19-58.

(IIuNIe I i 'llICheU iu1olike by~ :A lit raven'1ous~ 10. l~S it, . I"Jiwt toti lIti4vto~eopy of v.dpillarty
injec~tin 015of stapyoo-a e1!YOO~AIQlterOtox iii 13, Iietilotrhawge 1. Post. hypoxr'in in heim it'rittg ill
-1 putrified pr~notei n toxinl. The primiarty thiog.l~p.b .N j ?~:17 95

pathiologic chanigu, tu; t'cweale(I by elvetronl 11. Ialnliatlll:4. C. linintmn11ologival wspectsý (if air-
I1IicrOicopV , was Capil lary ti ldothelie l cell home,4 ilieet ionl soain' genf--iia vollsideral ionls
(I(g('l)('t'1ionl and niecrosis, wvith less fre- Of l'espo)1154 to illmn holl ~ of tox ills. lifir!. I?:'.r

(1PItl t Ittitiug11e to the ondothleliltin of ve(')Ul ?5: :123, 1961.
les.n 1v't(tr ~(IOtttW'eiie~tI 12. 1eKy ). G.L lhiNsscinitivi In I ra 'iisealmr COa-

hletiotrl-itag alld ~edenta anid a hist iocyt ic Division, "apI. aOnd How , Puloeher, 11)(115.
infitItrate. There was st ri king herniaution of 13, Moval, 11 Xl- andel :ttil how, N.t )lI'.$ 1%5. cv
Caill Iary endothelie)lui in to the v'asci Iula ipiflainimat .Z., amI'i Fearnao f.V.Pill( ('titua

lumenvi 11.1ich may' eolid iibite $1 gilifi('alithy (Iatnges at. th harr liiltisi' lflier. 1.01. bt-
to devreased putlmonary jietfusioti ill this rest. 12: 89)5,13. IN3
tox('il11O. 1-. Phuxuiner1ol, M . 3.. aild Stow', It. S. 'Iv1'he pat h-
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