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Journal of The 
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V oI. XXXII., No. r 

FOCAL NECROSIS OF THE LIVER. 

J. W. EDC\GTON. 

Th, '(;'11i1.·n·rit?1, Shelfttld. 

(PL.A.TES I . .uiD IL) 

WHILST in~estiga.tiug 0.11 endemic amongst guinea-pigs, which was due 
to JJ. a.n-t171cl:a (.1111tto11), one of the chief P4thological lesions noted ~as 
focal necrosis of thtt lh-er, sb.o""iug as y~llow opo.q~e spots, usually 
a.bout 0·5 rum. in diameter but ,·arying from microscopic size to 
5 to 6 mm. in dia.u1eter. The chief vie\VS r~ding the causation 
of these foci are as iollo\'\"s :-

(1) The action of some to:tlc substance ,vhich kills the liver 
cells: the cellular inliltmtion and proliferation are of later occurrence 
(Frienkel and Simmouds, 1886; Reed, 1895). 

(2) Vascular thrombosis:-

(a.) The thrombosis is iormed by an ::iccmnulation of fo.rge macro­
phages ,vhich by their degeneration produce fibrin thrombi 
(l!n.llory, 1808). 

(b) The thromui n1·c hyo.line and arc formed from fused reJ 
l>looJ corpuscles, rhc fusion buiug clu~ to hmruaggiuGinins 
of bo.cterio.1 origin (Pearce, 190-i: a.nd 1906 ; Pll:i.rce and 
Wintle, 1 !)04; Pllase o.nd Pearce, ll:.106) . 

(3) ~n accnmulation of lar;e macrophages which undergo eo.rly 
necrosis, the necro::!is oi the lh·er cells beiug a secondary phenomenon 
(:\facCallum, 1021). Others explain the fom10.tion of these foci by n 
co1uuinatiu11 oi suu1e of th!! .100\·e \·ie\,s, e.g., J!'Cro.e and ,Klotz (H>OS) 
believe the l!!sions are due to the action of a diffusible chemical toxin 
combined \\"ith a. vascular thromhosi~. 

111 L'L 01111111•t1L·i11;; tht! i11,·~·sti,::1ti,,n lit this c:omlition. scri:11 sections 
wc1-c cut L•i livcr::1 ::ihowin.; wcll-111,irkcd focal necrosis, so thu.t th!! 

IOtJL-r. or PATtl.-orot. x:uu. A 

-------------, --------==-----.=::..-:_---------
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2 J. W. EDINGTON 

hiatologicn.1 architecture of some of these areas could he ca.refally 
studied. Tl1e most suitable stll.in 1vas fouucl to lie Lcishman's, 1111d 
the stll.ining 1vas so effected that the cytoplasm of the healthy liver 
cells was coloured a. faint purple ~int. In contrast tu this, the cyto­
plasm of the dead or dying Jiyer cells was stained a. delicate pink. 
This change was an early indication of necro5.is. .Another early sig11 
was that the nuclei of the affected cells st/lined \mt faintly a.ud 
appeai-e<l as ghost-like forms. In a.ll the focal necrotic areas e.xan1i11ed 
from a.cute a.nd snbacutc cases, necrotic lfrer cells ~·ere observed. In 
some, from l'ery severe and rnpi<lly fatal cases, this ~'as the only 
chllllge present. rn the majority howe\·er oi a.niu1als sutfel'ing from 
this disease, these focal areas con t:1.ined numerous other cellular elements, 
chietiy lari(e macrophages, though Lhere 1vere always a 1·a.1·ying nwuber 
of polymor;_:ihonuclear a.ntl small mononuclear c~lls co he found. These 
cells also showed necrosis, but they appeared 1uuch U1ore resistant tha.n 
the more highly specialised parenchyma.tous lh-er cells. In the more 
chronic casf.s the necrotic li,er cells were entirely remoYed or absorbed 
:ind the otL.~r ceUula.r elements left, a hisr.ol~cal picture 1vhich is a.pt 
to give rise to the false impression tha.t the infiltrating cells a.re of 
primary im~ortll,llce in the production of the (003,l o.reas. Later still, 
theae in.6.ltn ti:cg cells also disappeare_d, o.nd there was sometimes a. 
11m&J.l amou.::t oi regeneration or the pa.renchymatous li...-er cells. 
Usually however the area. originally occupied by the destroyed cells 
,vas filled by a. little fibrous tissue, and uy the encroachment of tlle 
oojacent liver tissue. The blood c11p~larii:s in. tha region of tb.e focal 
areo,s often contained la1·ge numbers \lf w!ute corpuscles which "ere 
chietly of the large ma.cropho.ge type. In some, definite· thrombosis 
could be seen, but aiter a full histologica.l examino.tion the runouut of 
vascular thrombosis appellred to be quite insufficient to account for the 
necrosis. Some prolifera.tion of the c:1pillar:· endothclilll cells was also 
tom1d. Orgn.nisms ,-vere always found scattered throughout the lesious, 
but never in anr greater nulllber than coulu be found in the adjacent 
liver tissue. Large clumps of the bacilli could occasionally be detected, 
but showed no special relation to the necrotic ares.s a.ntl produced 110 

local cellular reaction. 
In the porta.l spaces, the bloo<l ,·essels and· bile ducts usually 

appe:1.reu quite healthy. In some howe,·er the bile ducts, especially 
when small and nenr their origiu and wore pnrticula.rly w!ien draining 
an ar~ of necrosis, sho1veJ. camrrhal chnnges \Vith prolif~ratiou aud 
swelling of the lining epithdfal Cfllls. In the connectiYe tissue a.round the 
bile ducts, and especially around those sho1,ing catarrh, 1u.irkcd cellul:.1.r 

• infiltration and proliforatiou were occasionally obse1·Yed. These cells 
were similar to those fouuJ infiltrating the iocu.l art:ns, bui; mrelr 
showed auy necrotic duu1~t:s. Tliey were incim.Hel~- rdated to the 
lymph cha.11nels, the lining cnJ.otheliu1u or which usually Jemonstr:.ited 
well-marked proliferation. This type or lesion was nolicetl liy lfallury 

( 
I 

r: 
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FOCAL NECROSIS OF LIVER 3 

( 1808) in cases of ·human typhoid fever, and was considere<l br him to 
be due to the action of a. toxin: according to 1facCa.llwn <.1921) ic is 
by no means a. common feature iu that disease. 

In the smaller focal a1·e:i.s the various cells were thorou;hly incer­
mingled. In the !argnr areas tho ccnt1·n.l po1·tion consis~cd almost 
entirely of dead liver cells, surrounded uy. a. wall of cellular elements 
similar in type to those found throughout the smaller foci. In some 
of these larger :uca.s, cspecia.llr whcu a.butting ou the peritoneal sm·face 
of the liver, abscess formation ha.Li ta.ken pince. This \Vas characterised 
by softening of the necrotic centl'e and the presence in this of numerous 
disin -cgrating cellular elements, chiefly polymorpb.onuclear cells, a.nd 
bacilli. 

Frnm these observations it • appeared thnt the ,arious "l"'ascular 
thrombosis theories concerning the production of focal necrosis in the 
liver were not tenable. The experiments of llicCallum (1921) in 
which he attempted and failod to produce similar lesions by the 
intnweno11;3 injection of corn starch into the portlll "l"'ein are also 
against them. The remarka.bly efficient va11cul:i.r circulation in the 
liver n1a.kes the production of such sma.11 necrotic areas by "l"'ascular 
thl:omlx•sis extremely unlikely. That thrombosed ,essel.s are to be 
found in these .foci is not to. be denied nor indeed to be wondered at; 
though I do not think they a.re of primarr iiuport/lllce in the produc­
tion of these areas, tbe1-e- is no doubt that 1,~· deranging the circulation 
they interfere to a. certain extent with the normal metabolism oi the 
adjacent liver cells. 

In all necrotic foci exanlinod from ncute and subncute cases, 
necrotic liver cells ha\"'e always been found: iu some, these were the 
only cells present. These obser,·a.tions are contrary to rhose of 
1facCu.llum (1921) on an eo.rly case or hun111n typhoid f,n-er. The 
histological findings thus tended to support the theory thnt the primary 
factor in the production of these focal areas was the destruction of the 
parenchymntous liver cells by some toxic substance, aud that the 
cel_lular infilmtion o.nd prolifero.tion occurred later. The question how 
the toxin picked ot1t certain cells a.nd not others, still remained to be 
answered. 

The histological examination suggested the possibilit:,· that some 
change of, or int-el"ferencc ''"Hh, the biliary secretion might Le a. 
loco.Hsing factor. The iJea wus strengthened by the ob~er,·ution that 
tb.e bile in the mnjority of cruses of B. acl'fry,·kc infection in guinen-pigs 
w:ts alte1-ed in consistence, ueing of a more viscid chnr-.icter tl1an 
that. found in the henlthy :mimal. Tho follo,\"i.tl~ e.:tperiments 
were carried ont 011 guiuoa-pigs in an attempt to ~luci,fate this 
question. 

G11incn.-pi~!I \Vere used which had never been iniecte,..l with :111r 

t11'.!:ani~m of the Sal11w11dl,t ~r,,11p, ,lllll we1·e as m.•:u·ly as 1••)5-<il.,l~ of 
l'11ual woight. 
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The ~ to be operated on were anaesthetised by the open ether mothod. 
The hnir ,vas remond from t!ie :ibdomen tir;1t by roa~hly clipping it :ind then 
a.pplyin~ 1\ mi:rturo of e41n:il '1tt.'\ntities of barium 5ulphlde :ind st:irch powder 
to ,vhicll sufficient water had be<m added to bring the whole to the consistence 
of a. 1.hick creum. The denuded ana, aiter being washed ,nth water, wu 
s,vabbed first with methylated 5pirit and then with ether. Enrcising riqid 
ucptic precautions, tho abdomen 1va.s opened in the middle line for :1. distance 
of about two inches 5ta.r.fo; from tbe en.'liform cartil:i;e and proceeding in a. 
caudal direction. The ii,a-r and stomach ~ere gflntly separated, and a. ligature 
was then carefully placed around the common bile duct ahom mid1t"ay betw-een 
its jtmction with the cystic duct :ind its entrance into tho duodenum. Care was 
ta.ken Mt to indnd, any ~i !he •~!s~l\ in this ligature. The hepatic .i.rterr is in 
spacial danger of being accidentally li;ated. 

The gre:i.tut ;entleneu was al!o necessary 'l'l"hen sep:uatin; tho liver from the 
stomach a.s the blood \·ernils in the gastro-hepatic omentum were foand to be 
very fragile and ea...ilr ru p:ured. 

Wb.en it ~ desired r" drain the gall bladder e::i:temallr, a. guinea-pig in 
which thnt. org-an wu cli.;tcnded with bile w11.3 selected. Mter ca.reiully packing 
off the ;all bla.dder from the rue oi the a.bdominiil cavity a. fine rubber tube was 
introdaced into it. and :h:ed there with a. doubfo purse-string 3niuro. After 
removing the padtin;, any adjacent omentum 1\"U arrnnged around the point 
of entrance of the tube into the ;:iii bladder. Tht tub.! "":J.S also fixed by me&ns 
o( sutures to the pilri.et.tl peritoneum .uid to th-a ~lci.'L. 

The wound was clo~ 'lrith rn-o ll\yers of su:urin;; the first, including the 
peritone\lm and mwclo l:iym, being intemiptcd, and t.he second, taking in the 
akin alone, beixlg continuous. 

Fine linen ~d or ,S; ,-:-:u ~ed to ligate :he common bile duct and to 6x 
the tube in the pll bfoddcr, ~o. 00 cMgt:.t ior the interrupted sutur.ng- of the 
muscle ll.nd peritoneal byers, and ~o. t cat;ut ior suturiug the .skin. The wound 
was dmsed with a thin. !arer ot cotton "Wool ~hich wna ued to the skin with 
collodion. When the ~ ol:.i..lJ.er 'l\"IU dmined, the outer end oi the tube 1\"U 

em~ddcd in absorbent cotton lt"OOl ,vb.ich w-as 6:red to the animal with strapping 
and frequently changed. 

After the operation the &nima.l mu kept w:irm, and ailo'l\"ed to J.rink as much 
as it desired. Soft farinnceous food mued mth milk W':l.:I 1\lsO placed in its c-.ige. 

The dose of B. rurfr!11:l:~ had to be careiullr determined by preliminnry 
e.::i:periments. It was s.:cb. that ii: ~ed gui:cc~•pigs of a.bout 300 ~mes 
"'·eight in from. fi'l"e to seTe!l days. It 'l\"ruJ a saline ~muuion of a. :!.-hours a.gnr 
subculture or a. recently isolnted strain of .B. aert1·yck1. The cultures lt"ere 
gro,vu at 37" C. 

The results 'ITere ns follo,T"s :-

.A.1iimal 1: common bile duct ligated. :Killed 24 hours nfter; its 
li,er showed no areas oi necrMis. The gall bludder and bilo 
ducts were distend~ 

.Animal 2: operation as in 1 but bile duct not lignted; subcutaneous 
dose of B. acrtry(·kc. Killed :i.fter 2* hours; sho\T'ed Yery little 
pathologicnl change in its liver, the only thin~ ~bnormnl being 
slight cloudy sw>!!ling oi the parenchymutous liYer cells . 

.A11in1crl 3: subcut.meous B. acrtryi:1.-c as in :!. Killed niter 2-. 
hum·s; its li,·er w,1s siluibr to th,\t l't ,1ui.mul :!. 

Animal 4: con1mon bile duct ligt1ted. as in 1, subcutaneons 
B. acrtn1rke as in 2 and 3. Dieu lS hom·s niter its oper:i.tion . 
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FOCAL NECROSIS OF LJVE.i 

B. a.crtriJck, was isofo.ted from its heart blood. A definite acute 
enteritis ~d peritonitis ,vere . present. In numerous such 
experiments, libr.,,tion of the common Lila duct always accelerated 
the course of the infection ~d hastened the death of the 
a.nima.l. On section, the liver showed numerous areas oi focal 
necrosis, Lhc contrast to what was found in the coutrol animals 
being ,cry striking. The liver cells else,vberc sho"·ed cloudy 
swelling. In the necrotic areas these cells were dea.tl, and there 
was practically no cellnl.lr in.filtraLion. 

A1,-i111al 5: a.s .J. but )Lall bladder drained externally. Killed a.iter 
2-J. hours, :md its Ii ver showed the same histological picture 
as in animals 2 a.nd 3. 

.A. similar series of experiments wa.s ca.1Tied out .1~ing a. ,irulent 
stroin or B. rlli1!ttlwriao instead of B. a.e,-t,·'!Jckc. Thi! dose was such 
that it killed ;uinen.-pigs oi a.bout 300 grammes weight in from -. to 
7 days. .A. similar definite result was obtained. In thi, series guinea.­
pig 4, li-ed for ·..a hours after the operation· and sho,,cd uu1uerous 
necrotic foci in its lh-er. These foci uemonstrated comriencin~ cellular 
infilt1-a.tion. Diphtheria toxin ""as also used instead ot the lh-iug 
cult-u·es and i;imilar results obtained ,nth a doH which wouhl kill 
guinea-pigs oi :i.bout 300 grnmr1es weight, in from 4 to 7 days. 
Sa.tisf, ctory experiments could :\lso be performed ewn '-hen the 
dose of toxin ,va.'! subletha.l,.pro,·i;led tha.t it was sufficient to produce 
detinite symptoms of toxremia. This was the most sat.isfactor:, method 
of demonstrating the more adv~ed types 0£ f"Cal necrosis, as by 
careful ,i<ljustment of the dose the foce.l a.rens could be p1·oduced and 
yet the a.u.imnl \\"ould survfre fo1· ruo.ny do.ys. B. 1mteritidis (Giirtner) 
a.nd streptococci liaYe also been used in simila.r experiments. with 
similar re!lults. 

Amongst the controls with lig:,.tion oi the common bile duct, a. female animal 
'l'l"Oll l\dvanced in pregnancy mis inaJYertcntly used. It died four do.ys after the 
operation and its liver ~howed mill-marked focnl necrosis. Co.reful cultural 
investigations fo.iled to show any sign of infectiun in this a.uimal. 

l!any of the above experiments were repented, usiug a.uin1als which 
had hau the ligation performed one or two weeks pre,-i.ous co the 
injection. of the organis1u or toxin. Si.mila.r focal a.rens were produced 
though the longer periocl of ligation had in itself produced definite 
histological clian::;t?s. These consisted oi grent dilatntion, increased 
tortuosity anu p1·0Jirero.tiu11 of the bile ducti;, whilst, some w~ks aiter 
ligation, proliii:1-ution of the fibrous tissue a.rountl the ducts hec:1me 
apparent. Tho !iYer cdls at tho periphery of the loLule showc<l 
atrophy, but actual necrosis wns r:i.rely obserYed. This necrosis, whe11 
1•rcsl·11r, ,Tas pr(ll,ablr due to rupture oi sumc ur the suuill lJilc ,luct:5 
with e.xtr:ixnsatiou of the bile illtu the surroumliug tissue. 

In cases in which tho dose of toxin or organism.al emulsion wns too 
JOCn~. or l'.i.Tll.-\"O1.. ltT.:UI. ,\ :? 
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J. W. EDINGTON 

great, huge areas of necrosis were found in the livers of those guinea­
pigs in which the conuuon hile duct ha.cl been ligated. The necrotic 
&reas showed bile staining a.n<l the whole picture resembled the 
condition which bas been described as hepar 1t1croticum cum iclCTo 
(Curscbmo.nn 1899, Oertel 1904 a.nd 1006, Weber 1909). Parkes 
Weber suggested in his paper tha.t this disease is in all probability due 
firstly to some toxa!mic condition producing the necrosis a.nd secondly 
to increased bile pressure favouring the e:ctra\·asation of bile into the 
necroscd a.reas. 

:From the above results it will be seen that, ,vi~h appropria.te 
dosage and time limit, neither organisms 11or toxin uor the operation 
nor ligati.tre of the common bile duct produced a.ny necrotic foci in the 
liver. ~1ilnals treated like 4 ho\,eYer sho,ved the mo.rked effect of 
ligation of the common bile duct combined with a. subcutaneous 
dose of 'Je.cillary emulsion or toxin : here necrotic foci in the lh-er 
were Yery nLunerons. When the gall bladuer was drained e:icternally, 
no such :oci developed: the fact that the bile did not enter 
the intesLine ,vas thus not a. factor in the production of the focal 
areas. . 

RecognisiD~ that the organisms in the B. arrt?-ycko e3:periments 
~ere eli~t,id to a. certai11 extent in the bile, it might ha.Ye been 
th.ought th!:"'. t the prevention. 0£ their e:ccretion was the cause of the 
necrosis. '.i:he facts that toxin alone (d.:J. diphtheria t-0.rill) produced 
similar results, and that in the histological e::i:amin.a.tio1u 110 special 
o.ggrego.tion of organisms in the necrotic areas could bo seen a.re n1uch 
a.gawt this interpretation. 

The question· of the elimination of the toms in the bile wu ne::tt considered. 
The bile froin a.bout a dozen guinea-pigi dying from an infection produced by the 
subc11taneou:1 inoculation of a virulent stni.in oi B. ,i,iphthtria« ~a.s ta.ken. !Ji 
attempt ,ras made to concentmte n.ny torin pre11nt by the pres.sun dialysis 
method of W'alpole (1915) and Glenny and Wll.lpole (19li5). The precipirate 
obtained aiter acidulo.tion was ~lved in n. minimum a.mount of wea.k &l.kali, 
and then teiited for to:acity by tbe guinea-pig intra.cutaneous tesc, suimble 
coutr0ls with antitomi being .ihvays mnde. (The intracutaneous injection of 
normal bile produces definite ne,:rosis; a similar injection of bile ~hicb. had been 
treated by the pressure dialysis method, had no such effect.) ~o free tom could 
•"'•r be detected. This did not pro"• that the to%in "'as not eliminated in the 
bile, a.s it might hMe been present in some n.to~c form due to a preceding 
ch~mical. or vhy,iClll change iu, $UY, the liver cell$. Indeed, according to Bnlllroa. 
and Bokcnhn.m (1903), the liver not only destroys the toxin of JJ. diplill,eriat but 
excretes som~ nntito:tin in the bile. The experimentn.l work in connection l\ith 
the hut st:i.tement is anfortunntely not at :i.11 convincing !\nd is open to serious 
criticism. A more recent puper by E. B. Perry (1927) points out !:ht it i.s 
e:i:cecdiugly doubtful ii a.ntil>ouies .ve excreted in the bile, a.nd !:ht in any .:nse 

• the amounts u:creted are minute. 

The primary factor in thu production of these focal ·necrotic area$ 
appear~ to I.lo the death of the po.reuchyma.tous lin,r cell In toxic 
conditions it is ob\'i.ously \Yorking o.t high pressure and i., in a very 
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FOCAL NECROSIS OF .l.lVER 1 

preca.rions and unstable :it-0.te, as is sho,vn by the frequent cloudy 
swelling and fatty cha.age of its cytoplasm. .Any factor therefore 
\Vhich iutcricrcs witll its already strained metaboiic activities will 
hinder its efl'orts to deal with the toxin, and by allowing this to 
ll.ccumula.te will in the end iu<lirectly ca.use its death. This interference 
,vi.th the cell meta.bolism is to be found in the slo\";ing down, or 
(:omplcte cessJ.tion, of the bile e.'Ccretion from certain arena of the 
liver. This may he assigned to three factors :-

(a) blocking of the intercellnlar bile capillaries by swelling of the 
adjaceut liYer cells (cloudy swelling, etc.): 

(b) blocking of the small bile du~ts due to catarr.b.a.l changes: this 
is chamcterised by swelling aud proliferation of their lining 
epithelial c~lls: 

(c) in some conditions, e.9. iufcction. of gtunea.•pigs with B. a,,.trr1cke, 
the in.cre:i.sed n.scosity of the bile without clout.; hinders its 
excretion. 

The fii-st is probably the chief ca.use, ll.Ild accounts best for the 
proc 1ction of the sma.llcr necrotic foci. The seconu best explains 
the larger lesions such as hepar 1tC'Crotimm, cimi ictero. 

Other factors which, thongh they appear of minor importance, may 
hinder cellular nietabolisn1 and thus indirectly help to produce cell 
death, are:-

(a) Thrombosis of the vascu.l4r capillaries; unimportant as a. cause 
of foc:i.l necrosis. 

(o) Interference with the lymph drainage. The lymph channels 
in the porta.l spaces were sometimes blocked with large 
macrophages, whilst their lining endothelium was swollen 
and undergoing actfre proliieration. Round these, there 
were focal accumulations of cells, and the w-hole pathological 
picture of the lesion \'\"as said by :Ua.llory (1898) to be due 
to a. to:rin. This appears quite a. feasible explanation of 
the conilitiou as, wheu there is interference with the 
e:s:cretiou of Lik, ocher puths are sought for its removal 
Thus it ,,as shown by Yaugha,11 H:u:ley- (1802) tha.t when 
the bile ducts a.re lignted the bile does not pass directly 
into the blood strenm, but docs so indirectly via the 
lymphatics of the lh·er and the thorncic duct. These lesions, 
in rcfat1ou to thl' lymph channels, ,vcre noticed in the 
histological c:s:,un.iuutiun to oo must prominent ill ,\nu. a.round 
those vessels which drni11cd necrotic o.reAs. It is probable 
that tho lymphatic wsi,;1•!:-1 aro lll're ulili~l•1l to thl'ir full 
capat:ity t,1 ri,I t lie li,·,•r "t' t1,xi11:1 aml other prnducts of 
cell llC:1Lh and cdl m~tabuli::-m. 
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FOCAL SIXIIOflS l)F 1.1'1"0 • 

Fro. 7.-AdvKncetl iniiltrntiun of nttrotic 
t'ocua, Mtuml infec-tion. x 10•). 

.. 

F1u. 11.-.\b,...~~• with 1.·ut11111.:1w111g 1ibru'" 
wnlL x :!\l. 

Fin. i.-Ad,1u1ced infiltra.tion : experimental 
ligature o( bile cluct. clipi1theria tnitin 
subcut .• death in °' days. x 100. 

~~-:-~, "'"~1:,}r;~t1~~ 
.i~.~: ,~,.,:.·· .. ~"';f••:· :·-· .... ~;.- .. . r;:;;r]~ 

• ':·.: '..:d~~:s 

Fro. 10.-Large necrotic nrea: tlend liver cells 
in centre. eellulRr infiltration round. edge. 
X 20. 

1-"ru. I:!. -:-imall hil,.: du.-t: 1·pilh.:li11111 ,wull,·u 
1LIIU prolifomlt·,1. cellular iutiltnil1u11 aruu1uJ. 
specially related tu lymphatics. x 4.iO. 
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StnmA.llY. 

l. The primary lesion in focal necro:,is of the liver in infection 
with B. ae1·tr!Jcka is ueath of liver cells: tb.e infiltration \Tith m11crophages 
is secondary. 

2. Bile st.asis is a.n important factor in localising the lesious. 

I am grently indebted to Dr J. H. Blakelock for the o.dmini:itration of numerous 
n.naeathotics, :.lnd to lli A. W. Collies for to.king tho photomicrogr:iphs. 
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i.." P .u-t IIL Sect. Pathol., 

CHROXIC PEPTrC ULCER OF THE 
CESOPHAGUS. 

)L J. STEWART and s. J. HA.llTFALL. 

From the Dtpart71u11e oj Pa.tJi.QWJy and BactmOW}'J, 
T!,11 U11i.wr,ity oj L,ed,. 

(PLATE III.) 

.A.s in the- stomach and duodenum, peptic ulc.ero.tion of the: cesophagus 
mar be met with in either the acute or chronic stage, the former not 
very infrequently, the latter only as a great rarity. Pringle Stewart 
and Teacher (1921) encountered 16 eases of acute peptic ul!.!eration 
in the post-mortem room in tho co.Ul'se of i years, the in-::iden,:e being 
abllut 0·6 per ceut. of o.11 autopsies. The total number of :eported 
cases vi chronic ulcer, on. the other hand, must be very small inde"!d. 
In Tileston's (1906) collected series of 44 cases of ulceration of the 
cesophagus only 9 can be regarded as definitely chronic. In an 
e:ctensi\"e though by no men.us coruplete surYey of the literature w-e 
h11,\"e found reports of 10 additiouu,1- cases. The one here described is 
the fint l'rhich 'l're ha,·e encountered in over 10,000 a.ui;opsies performed 
during the 11st 18 years . 

Jforoid. anatomy. 

Chronic peptic ulcers of the cesophagus a.re limited to the low-er 
half oi the tube :ind most of them occur immediately above the cardiac 
orifice. 'C"sually single, they vary in size frolll a. tiny lesion :l. fe'l'r 
millimetres in diameter to a large a.nnular ulcer which may reach as 
high a.s the bifurcation of the t1·:1.che:i.. Those of sm:i.ller size are round 
or o.al, the larger tend to Le ii-regular in form. The ,vo.11 is penetrated 
to a. ,·ari&ble depth, ,vith e::cposU1'e or i1ctual perforntion of the uiuscula.r 
coot, while the m:i.rgins aro cle;m cut and sometiu1us unde1·miued. The 
chronicity of the lesion is chiefly indicat-ed by the density of the fibrosis 
in the door and mnrgins or the ulcer, tho fibrot.ic process ruduiting 
011twards into tho surrounding meJi:i..~tino.l tissues. . .\.s in the more 
u~ual sites, peptic ulcers of the msophugus m:iy heo.l completely, or 
the~· ma.r C.'\nse Jeo.th by perfomting into the pluuro. or by laying open 
,\ l.1~e blood ,·essel. In healing they are p,u-ticuln.dy liable to cause 
cicatricfal stciw::si~. ~:spl!cfally ii the ulcer has been large ,UJJ ,·ery 
chronic. In the C!l.:se ,vhich \Ye describe there w:i.s a. well-healed scar 
i11 i,dJition to the actiYe ulcer, but it had apparently produced little ii 
any 1..h.'t\,r::::1:·. 

----------... "'-... _______________ ....,. ______ _.... ______________ "-j 
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Of 20 C48es comu1g to autopsy, tho ulcer wo.s the actual co.use or 
death in 14. In 2 there was fatnl hremorrhngi9 from erosion of the 
aort.a ::i.nd in 1 from erosion of a small artery. In 4 there was per/ora­
tion into tho pleurnl sac and in 2 l\n ulcer situated in the abdominal 
part of the msophagus opened iuto the lesser s:io of the peritoneum. 
In 1 each perforatiou into bronchus, lung :ind pericnrdium had occurred, 
a.nd in two cases death ,vas due to iuanitiou caused by cesophageal 
obstruction. 

The developmenG of carcinoma of the cesophagus in the scar of a.n 
old peptic ulcer has been described by Ortn1ann (1901), and Tileston 
(1906) sta.tes that he haa seen a siwila1· specimen in. Vienna. 

Pcuilogm&'ti.s. 

The p11.thogenic factor of prime importance in acute ulcer is the 
digestive action of regurgitated stomach contents, aided in many cases 
by lo,vered tissue vitality (Pringle ,t al.). In practice there is 110 

dividing liue between acute peptic ulceration and so-cnlled antemortem 
digestion 01 tht1 cesophagua; such differences as e~ist are probably 
dependent rner.1ly on the time fo.ctor. The association· with diseases 
which a.re ncco:npanied by vomiting, a.nd especially with gastric and 
duodenal ulcar, is remarkable. In Tileston's st!ries of 44 c:ises, which 
includes both acute and chronic ulcers, there \T'e_re 13 with 3ccompo.ny­
ing lesions, ulcers or sea.rs, in one ~ other of these ,iscera., and in 10 of 
the case~ in this group there ,vu pyloric or duod.eIJo.J: stenosis. Cases 
seen ir: the post-morte1u room have usually died oi the primary disense, 
but occasionally an acute ulcer of the cesophagus is the ·proximate cause 
of death, whether from perforation or from erosion oi a large vessel. 
It is a. reasonable conclusion from Priugle Ste\T'art and Teacher's 
findings thac a. certain number of ::i.cute cases reco,·er a.nd heal com­
pletely, a.nd it is obvious that only 3, very sm3ll proportion of the 
whole ever enter upon the ehronic phase. The factors chied:; responsible 
for this latter development are the continued regurgitaLion of stom:ich 
con ten ts, the local dovitalising effect of muscular spo.sm nnd the irritation 
by food of the surface of the ulcer. 

A very interesting feature of the case here reported was the 
presence of two 111,rge patches of go.uric mucous membrane in the 
upper ceaophagtta just below the le,·el of the cricoid c:irtilo.ge. These 
consisted of fundal type mucous ruemlmi.ne, with abundant o::cyntic 
cells, o.nd there ca.n be little doubt thac they were cn.pnble of secreting 
acid gt1.3tric juice. Gastric heterotopin in the ttpper ~sophngus is by 
no 111e11.ns rare (Schridue 1904, Taylor 1927), but the misplaced islets 
of mucous membrane are usurulv small. Ordin:i.rih· the secretion 
fl"om those glands must 1,o rnpidiy diluted and nPnt;.:i,HseJ bt salh·o. 
o.nd carried onwa.rds into the stomach. It is possible hO\\"C\"er tba.t if 
o.cute peptic ulceration of the O!soph:tg\tS should occur in a. person \Tith 
extensfre gnstrio hctcrotopia. tho spasm of the cardio. which is lia.ble to 

______________________________ """ ________ _ 
------ -------·-
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CHRONIC ULCER OF <ESOPHAGUS 11 
. 

be set up may lead to the accumulation of considerable quantities of 
acicl secretion abo\·e the cloeed orifice. This in turn may play a. part 
in delaying the healing o~ the ulcer. In t,vo other published easel! 
(Frankel 1899 a.nd Tileston 1906) areas of gastric heterotopia \Vere 
pt"esent. 

Clinu:al aspfcts. 

In order to analy~e the symptomatology of this disease we have 
selected 8 unJc.uLc~l en.mplcs of chronic ulcer frctn the l!:ises 
collected by Tileston. (nwnbcrs 5, 6, 10, 24, 27, 28, 3:3 a.nd 41 r1f his 
series) a.nd haYe added thereto our present case and 10 others from 
the literature (Barclay 1915, Chriscopherson 1917, de I..ii,ergne 1921, 
Finla.yson. 1883, Fleischner 1925, Lindsay 1899, lliller 19J.:l a.nd 1917, 
Robertson 1884 and Trotter 1850-52). Three of the la.ttor belocg to 
the category of la.tent ulcer, in that .rhile the symptoms were oi ;hort 
duration (3 to 8 days), the le,ion founu post-mortem was regarded as 
definitely chronic. Or the remainiDg 16 pain, substernal or. epigascric, 
,vu present in. 15 (there is no mention or paiu in Finla~~on'.; case), 
dyspha~a a.nd brematemesis in 11 each. In three of tb.e cases with 
hematemesis the bleeding was proCuse, a terminal e,;cnt from 
perforati.-:11 of a large '"esseL Iucluding these, the three cardinD.l 
symptoms \Vere present together in T of the 16 cases. 

(1) The pain, sometimes slight b•.1t more oiten severe, comes on. 
either in the later stages oi the acv oi swallowing or immedfa.rely 
thereafter, contrastiD; ~-ith its rather later onset in gastric ulcer. Its 
severity may be sucb. that the patient may be afraid to take iood oi 
any kind. Often definitely paroxysmal, its usual site is deep beneath 
the lo\ver end ot: the sternum or high in the epigastrium, where there 
may be tenderness on pressure. Occasionally it radiates to the back, 
between the shonhler blades. ..1s can be demonstrated radiologically 
(Ba.relay 1915) the paiu is due to mnscular spasn1 resulting from che 
passage of irritatiug food particles O\"er the surface of the ulcer. 

(2) Dysphagio. in the earlier stnges of the disel>.$8 is also due to 
spasm, the obstruction to the passage oi food passiDg oft after ,\ fe,v 
minutes. tater the spasm may be more abiding and se,ere, leaJing 
to actun.l regu1·git,\tion, while in the st:i.ge of cic:i.tricial stenosis the 
obstruction is Cl)ntinuous .md the p:i.tient r-.i.pidly eruaci:i.tes. 

(3) Sudden fatal h~morrhnge, when it occurs, is due to the 
ulceration in\"oh·iog ;1 large blood ,essel, usu.illy the tiortn. lrore 
often there is m0Jer-.1te intermittent hremo.temesis of the "Cl)tfoe 
grounds" ,ariet)". In the c:.1se reported by Zahu (1882) repeatcJ 
hremorrh:1~s ha.cl so ,!e~r:.\lled the qu.llity oi the blood thnt the cliuicnl 
diagnosis was one ot p~ruicivus :lnremia. 

Perforation of m Cl!SOl,lllugeal ulcer is usually rapidly fot1L In 
two C:lSH ill \\"hieh the ;\urtu \'\"US o~neu into, one died immetlbtelr, 
the uthcr vi a ~~•l·~,uJ l.~llll•l"l'!l:Lfl' :.!-! hllllt"S aiter the ti1·:1r. Iu :\ .:a~c 

- ----· -~-----------_,,_------1 "'-~·"": 
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in which a. ama.11 vessel was implicated deAth occurred -i8 hours from 
the commencement of the hremorrhage. Periornticm into the p!em·a. is 
usually fatal in from 3 to 6 days, and is associated either with pleural 
effusion or a pyopnenmothorax. In a case reported by Lindsay (1899) 
perforation led first to the formation oi a me<lia.stinal abscess 1,hich in 
turn ruptured into the lung~ de:i.th occurred 37 hours after the fh-se 
onset of acute symptoms. In Finlay-son's (1883) case, on tlie other 
hand, a. perforation into the left bronchus !iad probably Leen in 
existence for some ,veeks before ihe pa.ticnt succumbed to gn.n;rrene oi 
the luog. In Trotter's (1850-52) case rupture into the pericardium 
was fa.t.ll in 24 how·s . 

.A.part from "latent" cases, which give a. history of a. iew duys 
only, the duration oi definite symptoms ran~r;:l from a. few weeks to 
many mont.hs. P.eh.er's (1885) case is e1:cep~innal in that symptoms 
had been present for four years. 

In typical cases, the diagnosis may be rcade with considerable 
certainty from the clinical signs and sympt,;ms. The X-rays may 
show nothing abnormal, but if the e.xaminati,m i; mo.de Jurin~ an 
attack of pain the passage of food is seen rn be obstructed .1t the 
lower end of the O!Sor,hagus. The dia~'ll.osis lllolJ be con6rmeu mth 
the c.uopbagoscope, but the risk of couiounding ;imple a.nd malignant 
ulceration must be considel"a.blo. 

Btp<>rt of catt. 

The patient, s. man of .;3 at the time of his death, had enjoyed good health 
until hia 44th yea.r, when he begl\11 to ha.\"e datttlence, '"itli ocC"..siona.l iuilneu 
11.1id discomfort about half a.n hour after meab. Fi'l"e months before hu d•ach he 
de-reloped & dull uaggiug pain in the epil,"'tl.strium, lrith ra.Ji.-ition to tb.e ri;ht 
scapular region. The pa.in clllll.e on a.Imo.st immedi:ltely .u'ter meah ,\::.d 'l\"tlS 

sometimes so senro that he made himself \'Omit in order to obtain reli;;f. .At 
first tbe attacks were irregula.r and i.ntermitti:nt, occurring abou. tnce a week, 
but on 30th August 192S the p:iin became continuous nnd preJently be vomited 
about ha.lf a. pint of blood.. There wero se'l"eral iurther slight ntt.ick! of 
hmmatemesis and on 3rd September he wns admitted to hospitn.J. as a. ~ase of 
chronic gnstric ulcer. Eie ,,..a.s placed on appropri.lte dieMic and medicinal 
treatment but failed to obtain much relief. Continuous pnin wns present in the 
region of the xiphistemum, :1lmi~·s "·orse a. fe,,.. minutes o.fter food, and lie also 
made some compla.int of~ feeling a.s ii the food stuck in Iii;; gullet. Thi::re "·as 
persiatent, a.lmost di!.ily ,·ollliting of ~nmll quantitiu of altered blood. The 
vomiting wns noticenbly c!fortless; 11. small quantity of co,fo.i grounds m:1ter1a.l 
would "rise in th11 throat" and be el:pectomted. ~[elamA in sm:ill amount wu 
present daily. 

There were Dl4ny elements of 11ncertninty in the c:ue and the possibility of 
s. chest origin for the h:amorrhuge \'l"l\., considered despite the absence of pbysicnl 
signs. X-ray c.::i:a.win:ltiou of the chest sho1\"ed co el"idence of p:1t.hological ~han~e, 
l'itber in the lungs or mcdi:utina. On account of n $tron;; ,dcohc:>lic hisrnry the 
q1w1.1tion of cirrhOo.1ia of thll liv~r was cont1idcr...d. only to bll r~j~ted. At :) .u.t. 
on 13th October the patient \\"I'll obscn·ed to Wl.1'0 denloped acute l'l'$pirntory 
distress: he wa.s orthopnceic and breathing mpidh·, and compl:li11~ of pain over 
the lower purt of the ch~·:it on tile right sid,?, E,-.,min:1til'll N'l'~:,bl r-.ih::1 ,ill uv.:r 
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d'!Ath occuned 48 hours from 
Perforation into tLe pleura. is 

is auocialccl either with pleural 
.uc: reported by Lindsay (1899) 
~ rnec.liastinal abscess which in 
~umd ;37 hours after the first 
on';i (1883) case, on the other 
nchus ·ha.tl proba.Lly heen in 
ient succumbed to go.ngrene of 
ruptnre into th:) pci:ictwliun1 

;h--e a. history of o. few da.ys 
• rsnges irom o. few wet1ks to 
:s:ceptional in that symptoms 

b9 made with considera.ble 
p:nptolllS. The X-ra.ys may 
.ui:ation is made dul'ing o.n 
~::. to Le obstructed a.t the 
os:l may be confirmed ,rich 
1namg simple and mo.lignant. 

• I d aer a enjoyed good health 
:al;. . ,,-ith occasional fullness 
Fi'ra mouths before bis death he 
;m, \riili mdia.tiou to the right 
me&itcly nfter- meals and '\Vrul 
t. i:1 order to obtain relief. At 
·, 0<:curring about twice a. ,vcek, 
uo~ nnd presently he vomited 
:rsi further ~light attacks of 
uit-:ed to hospit.'\l aa o. case of 
>pr:.ite dit!Mic a.nd medicinal 
in-:ous p.,in wns present in the 
tiDutes niter food, and he a.lso 
:uc:k in hi,; gullet. Thero \\"M 

titits oi altered blood. The 
icy- <Ji co tfoe grounds m.-.tcri:u 
~Id2na iu sm:i.11 n.mouut w:i.a 

b.e ,::ise and the possibility of 
c~r::~ the absence of physic::i.i 

• 1.dince oi pathological change, 
_,t ,:roog ,\lcoholic history the 
J~- :,, ho n•jccted. At 9 A.:.r. 
: utvtlop~d ncute respir.itory 
:uid complained of pnin ovor 
uiation rovc:1.lcd mlcs all over 

-------

JOVlll(.LL OP l"..LTBOLOGT-Vor. :U:tU. Pun_m 

Caoim: rzPnc C'l.CD or a::sornAaUS. 
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'111e ~phl\g11s hm; been lnid open ,dung the middle of its po~tcrinr wnll. with the 
result thnt th<! ult't"T'. situated imm,•dinl<-1\· ,11,-J\·~ the 1•:1r1li11. lms l>cen di\·ided into 
two nhnu.-.t ,.,111111 lmln•~. In the 1,·11 h,ilf. tw11 t1·111ph i:l:11111~. the 11pp•·T' 11f whi,·h 
i, ;111thr:ll'1•ti<-. pr11tn1th· fr11111 lh,· 111,·,·r 11,, .. r. In lhc upp,·r purt 111' llm ni::ht half 
th,·n• i, a 11<·rt,,r:1ti1111 whkh ,•11111111ut1ll·at.-,I with tl11• ri!,:hl 11k•nn1I ,,.... 011 llll' 
.rnlt:n11r wall .,l appr,,,;im:att-li· tlw ,,,mc l.-\·,·I a, the nln•r thcrt, is a 1n•ll-h"ll'·d 
u\·al ~~•r. The IUWl'I' thf'<'l.'•lifth~ of th,• ,csophn!,:U< hu:i been d,·1111dc1l of 1t.s 
cpilhelinm hr peptic (pu~t-murtem) ,lige~tiun. ~,·ar the upper eml two e!oni.,-,,ted 
J)lltch~ of hctcrutopic g-:utric mncous me1nbnine :\re seen. (::;lightlr rcliuccd.) 
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CHRONIC ULCER OF_ CESOPH.A.GUS 13 

the right lung with a. .1light degree of dullness at tho ba.ae. This increaaed 
rapidly, and la.ter in tho wi.y it became obvious thnt there "°as a. large fluid 
etrusion in the right pleural aa.c, but tho patient's condition was such that 
interference wu considered inadvisable. He died a.t 10 P.~. 

At a.utopsy, there ,VRS a. la.rgo simple chronic ulcer ~o mm. by ~ mm. in 
diameter immediately a.bove tho lino of the gastro-ccsoph:igea.l junction. It wa.s 
situated mainly nn the posterior \\':\11 but extended on to both l:i,tr,ral ,~:uls of the 
03Sophagua, which 1vas here much dilated, though slightly nnrrowed at the upper 
level of tho lesion. On the anterior wall, exactly opposite the ceutre of tho ulcer, 
there 1r.i.s :i. lar:;o, O\·nl, well-healed ~c:,.r. The c,p,m ulcer wr... C..\llou.s a.nd 
indolent, 1ritb r.1.th.or lla.ttened 111a.rgins and a smooth densely fibrou.s rioor, and 
there "'a.s much fibrosis of th.o surrounding mediastinal tisaues. Two lymph 
gla.nda, one of them :i.nthmcotic, protruded from the tioor near the l,;it n.a.rgin 
of the ulcer. From a. point a. little a.hove the centre of th.e rifllt lateral portion 
of the ulcer floor a. perfora.tion a.bout l cm. in length led through den.sely sclerotic 
tissue to tho right plournl sac, which cont.'\ined se~eml pints of greenish yellow 
sero-purulent Jiuid. Tl1e rest of the C1150phagus above the level of the ulcer wu 
slightly hypertrophied and dilated and in its upper part, just belo,t> t.he level of 
the cricoid cnrtw.ge, thero were two la.rge symmetrically daposcd area.s of 
heterotopic gastric mucosll, each. 25 mm. in length a.nd 5 nnd 7 mm. in breadth 
respectivdy. 

T.he otlier features of noto ;:, the cnse ,vere a. chronically inflamed gall-bladder 
with thidiened walls firmly contracted down round a. numb.r of facette<l 
p.ll-stones, early pa.tchy fat necrosia in rela.tioo to the (>Ancrea.s, a.nd old 
degenerative thickening and panial fusion of the aortic cu.spa. 

HuUJIOt.Jical tzami,w.icio". 

Unfortunately the greater part of tho specimen had been much damnged by 
post-mortem peptic digestion, which had completely denuded the lo"°er- three­
fifths of the orgnn of both its mucosa nnd submucos:i. The muscular coat 'l'l"a5 

still intact, except where it had been destroyed by- ulceration, and the 11pper 
two-fifths of tho organ wa.s well preserved. 

(1) The ulcer ha.d tho usual charneters of tho chronic peptic lesion as seen 
elsewhere. Tho floor conaisted of threo zones: (a) a n:lI'l'O"", .stron:;ly t'O~inophilic, 
inner zone of tibrinoid necrosis (b) n granulation tissue zone which gradwu.lr 
merged into (c) an outer fibrous tissue zone. From the latter, brand fibrous 
bands radiated outwards into the surroundiogr medi:l.stinal tissues. )faoy nen-o 
truu.ks were implic::,.tcd in tho deeper zones of tho 6brotic process a.nd a. fe1v oi 
them. ertended through the wbol., tltlckneu of the ulcer door to tbe zone oi 
fibrinoid necrosis. The ulcer floor W:lS highly rnscufnr, a.nd thera were man:,­
small punctiform hremorrhugcs within it. The ruuscu!D.r co:i.t wo.:s completelr 
brea.ched, ita severed oncls iuclining gently npwnrili to terminate in the Boor clOM 
to the ulcer margins. The two lymph glands which project~ into th•1 foit half 
of the ulcer Boor ,v-ere embeJdcd in librons tiHue, though not thema~lres obrosed. 
One of thom wns hC11.vily anthracotic, t\nd much pigment wns pre,ent o.l:,o in the 
surroundina- fibroua tis.,tto nnd in tho superticinl fibrinoid :one co\"ering the 
gl.'\nd. In ono portion oi the lloor a mcdium-iized artery had been bid O('t:11. but 
it.1 lumen WtLI now wholly occupicJ by ,\n oldi.:!h tibrinous plug in process o( 
orgnni,;ation. E111owhcro other ~mailer ,irtcric:s op,med in the tloor but ,,·ere 
mostly plugged by rl!ccnt thrombus or blood clot. 

(2) Tho scnr was composed of somewhat similnr 6.Lrous tissue to th.'\t seen in 
the dee-per layers of tho ul~r, hut it w:i.s d,•n11or and th~re w:u de!iuitc obli~~l':ltit>.: 
enilartvritis. Tiu.: ll1118l'llbr t·tiat thinnul out :Lt th,.. mar;ins. l,ut ow:::;; to 
J,.•~t-mortcm tlig1.::,tio11 thu whul.: ,,i tllu urncotlS m~mliram: tmd sul,muco>.1 bnd 
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diaappearcd. Again there waa e:ctensi'°e inTI>l~ement of 111~0 trunks in the 
outer part of the lesion. 

(3) The two po.tc:hes of gutric heterot,,pu:i in the upper ce~ophai;u.~ were 
composed of glands of fundal ty~ l'l"ith r.umerous oxyntic cell~ and a. well• 
formed muaculnrill muco;i:a continuous ,ntb. ,hat bentatb. the surrounding 
squamoU.I' epitheliwn. The muscular co:\t ,~M composed. ma.inly of ~trir,ed 
muscle but at. one place there were c:onl'idE:rable ma.»es of unstriped muscle 
intel'D41 to iu1d to some '!:xteni intermingled tj:h ir. 

(4) The pa.rieta.l pb,ura. in continuity 1nt!i ,h!: ~rioration ,nia the seat of an 
acute iu&.mma.tor:; reaction. It \~a.i c!otht-i br a broad band of fibrinoll.3 
exudate, in the meshes oi which ...,.,m, many c;,lli in ~ariou.s stages of o.ecro.~is. 
&neath this, and confineti to a. comparati-,-d:; au.o~ zoue, were ruanr recently 
desqnamatecl e.nd well-~taint:d pleuml <?;ndo~hi:li.:ll ccl.ls, to!;!ther "-ith numerous 
polymorphonuclear le11cocrtes, lympiiocytes and r,la..ma cells. The i.nricrlying 
adipoee tiu110 sho\'l°ed a. .slight degree oi 1un.:.la.r uitiltrs.don. 

SC1[)IM.'I'.". 

A case of chronic peptic ulcer of tbe lot.er end of the msuphagus 
is reported. The chief symptoms were hi;;h epir;astric pain ol fi,e 
months' duration and recurrent h(ema.reme!:5 1".:,r a fortnight: cl~·,pha;ia 
was not a. prominent systeru. Death \'°&.s due to periol"ll.tion of che 
ulcer into the right pleur:il sac. ..lu interesting fea.ture oi tie case 
was the presence in the upper part oi the u1sophngus of two large 
patches of h·_terotopic gastric mucous memLraue oi funual type: the 
possible relationship of tr.is de'"elopl'!lent.J.l aLn6rn1n.lity tll ch1·011ic 
peptic ulceration of the cesorbagus is ,:liscussed. 

We hn,·e pleasure in a.ckno"l'l"ledgingr our ind~btednen to Dr Cl. W. Watson, 
who has allowed u.s to make full u.se oi che ao:e, oi thi.i caae. 
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"S11IOOTH-ROUGH "· VARIATION IN BACTERIA 
IN ITS RELATION TO BACTERIOPHAGE. 

:&'. ::OI. Buma:T, Beit Jiemoria.l Resea.1·cb Fellow. 

From. th, DactmoiOl]icaJ. Dq,artfflfflC, Lute- l1utitut,. 

CO~TEXTS. 
P40S j PAOlli 

1. Introduction 15. I 6. Increase in vir'llt!nce associ-
2. Seope of work and methods &ted with cha.nge from R to 

employed 161 S form. 2S 
3. The senaitivity to plln{.-e of 7. The reactions of r,ellicle-form-

normally occurring S and R I ing variants . . 29 I 
forms 18 I 8. The origin of b:i.cteriuphage. 

4. The aotirenic changes in bac- resistant r.ulture11 . 30 
tariophage-resistaut va.ri1Wts . 18 9. Ba.il's theory of tl1J ru:.tura of 

5. The derivation of " :Jmooth" bactario.l resiata.i,,:1 3-. 
f~rmsfrom"rough"cultures 25 10. Concluaions .. o 

L !ntroduotion. 

TIIE recent publicntiou by Hadley (1927, 1928) of t,\"'o monogrnph~ 
which give an e:cha.uscive review of the related fields of bacterial 
variation a.nd bacteriophage phenomena lllD.kes it ha.rdly necessa1·y tu 
a.ttempt any review of the sc11ttcred literoture he1-e. The two papers 
mentioned contain e.:ttensi,•e bibliographies a.nd dea.l very fully 1vith 
smooth-rough ,·a.riation in genero.l and in relation to resistance 
developed against bacteriophage. It will suffice, therefore, to sro.te 
the main conclusions derived by Hadley from his review· of the 
literature a.nd to inllic11te their 1-el::i.tion to the present work. He has 
made it clear tha.t "resistant cultures" derivet.1 from normal strains 
a.1-e usually more or lcl!S outspokenly rough :J.nd are often completely 
identical with simila1· ,·n.ria11t:1 prouuced in the entire 11bseuce of 
bn.cteriophnge. Hadler tends to stress tho a.ssocin.tion of roughness 
with resistance more than seems justified from my experience. 011 
the whole, pha.ges lysiug rough st1-:1.ins o.re morG reauily obtninet.l tha.11 
those which 11ttack the normai smooth fo1'111s 11nd it \Vill be shown tha c 
a.1Uongst the res1sta.nt forms produced by lysis of a. rough strain nol'!unl 
smooth types may occur: 

Ifadfoy cndc:n·om-s to corrolnle tho ,·:\l"ious phenomeun. of lysis and 
resistance by a. tht:!01-y which reg.mis h.1cte1i.01,1linge as n "cyclostagc,"' 
iorming pnrt of n comple:c. bucterinl life-lustory, thi> no1·ninl smooth 
aml rou,;h forn1s boiug twu ulhcr ~tagc1:1. 'rho action of tho phngl', l'll 
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18 F. .V. BURNET 

this view, is to provoke btlcteria to adopt a. ditrerent form of existence. 
In most c:iscs the alterna.tfre chosen is that of ultmmicroscopic units­
b11.ctoriophagc particles-but :i. certain proportion gh·e rise to rough 
variants. He rog:mls the production of these rough forms a.s due to 
the direct activity of the phage but is careful to stress th::i.t phage is 
only one of a. number of a.gent~ that may pro\·oko tile change. 

The work to be describe,l is in severo.l l'espects definitely opposed 
to theso conceptions, but the1·e can be no ciuestiou that 1Iadley·s work 
has been oi the greatest Yalue io. directing- l\ttention to tho~o aspects 
of bacteriophage phenomena which a.L·e p1·actically neglected in 
d'Herelle's last w.onograpli. 

2. Scop:, o! the present work IUl.d methods employed.. 

The present work is concerned with. the part playoo by "smooth­
rough" variation i..u. strains of B. cnJcritidis Ga,·tmr [Salmonella 
cnJ11-iticlis] ai:.d some other intestinal btlcilli in determining resistance 
or sensitivity to phaga. The primary- intention was to stuuy the 
significance oi' hi.cteriophage phenomena in experimentn.l infections, 
an.d B. cn.terii,.du ''°as ohose:1 as a. suita.1,le infective llgent for 
laboratory a.ni;nais. 

Preliminary work \Vhich llas ah-endy been published (Bumet, 192'i) 
ehowed thn.t phages activ-e against E. 011.tc;•itid1-s were regularly a.ctive 
against corresponding phnses of the other. Salmonella. species which 
posses&..;:he same or very similar heat-stable autigenic structure, viz. 
JJ. pullortml [Salmo111lla pttlTorum], E. S!f1'1]Uina-riu111 [Suhnon.ella 
oallina1-u.n~] o.ud B. typh.oS11.S [Eb,n·thtlla tzflll&i] (Gruschb 1920, Bruce 
'\Vbite 1925, Goyle 1026). The striking difft!1·ence between the smooth 
and rough phases of a. gfren strnin in their behaviour toward phage 
and its 11.ppa.ront dependence on the n11ture of the he11.t-stable bacterial 
antigens suggested a stndy ot "1·esistant cultures" from tho point of 
view of their hea.t-sta.ble antigenic structure. . 

Moat of the e:tperimental data. gi\-en are concerned ,vith (A.) the 
qualitative sensitfrity of bacterinl strains (normal a.nd ,•a1·ia11 t) to a 
series of bncteriophages; and CB) tl1e d~ee of "roughuess " of the 
same strains o.s judged prillml·ily by agglutination of suitably treated 
emulsions with pure "smooth" nnil pul'e ·•rough" a.ntisern, bnt .J.lso by 
cultural appe:m111ces :md snlt st:i.bility_ 

,1. Tho pha.ges ,vcre obtainetl from any n:mifable sourco. Of th0&c used 
11 nnd 13 were derived from I\ plia.go recei,-cd from Dr L X. _.\.~heshov, a.nd 

_2!1 was obtained from Professor C. H. Browning. Sumbera 8, 33, 31, 3!!, 34 
and 35 were derived from the intutinal contcut.:s of inf,·cteci or nomui.l mta, 
1, 12, 20 a.nd 25 froru lyiic>genic II. mt,,·itit!ii cultur1::1 .111<1 1~ Ii-om normal fo"·I 
freces. All ph.tgt!:i wuro dr:,·clopt!,l from single pl.u1u1::o, r1:-~olatio11 blliug carried 
out if there wtro e,·ident vnriation in the type of pl,1.(iuo <le,·clopcd and also in 
moat cnsr:1 whenever frt'Sh stocks of phngo ,verc being prcpnr.:d. _\.:i far :t:1 

p0t1sible c~p,•rinumts with any p:1rtic11far Jtrain 1n•rc l~1rri1:d out wirh plm.;1.•:1 
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BACTERIOPHAGE 17 

groffll on the S or R forms of that str:i.in, bu; for routine use the strain with 
which lysis appeared to be most complete wa.s used as the substrate. 

The pha.;u wh1:n purified by succes,,;ive isolation from single plaques wero 
cla.uificd according to Bail'.; method by i,xamini.ng the qualitative sensitivity to 
pluge of the resi.i~nt cultures producf:d with ~a.ch plui:;o. Details need not Le 
given here u they m.11 be found incidentally in various protocols below. )." o two 
of the phages iaed ,,.ere completelr identicw. but aa rega.rcls their po\"l"cr of 
pro•o.killg rc.wtance four groups could be distinguished comprising :-{A) 
pha;es l, 12 and 33; (B) pha!,"t.i 8. lS, .25, 31, 3-l and 38; (C) pbo.ges 20, 215, 35 
and 3~; (D) pha;es 11 and 13. Groups C :1nd D ""ere <;vidently closely relo.tcd, 
but oce:1Sioaailr b.icterial 'l"ariauu ~·t1re enconntered that had clevelopei:! t1. 
resistance to plui.:;cs oi group D while remaining sensitive to those in group C. 
Group D mis apparently heterogeneous but the six phages always reacted 
similo.rly m t.b.eir r.::!istance-r,ro'l"oking power. This group is analysed in detail 
in one of ;:he conch:.din; sectioa.s of the paper. .!s regards type ,,! '.>faque, 
pha.ges 11 and 13 g:ml -rerr lar~ plo.ques up to S mm. in diameter on t ·2 per 
cent. a;a.r and pha;"! IS :;:mi moderately 11r;e plilques with a char:1.cteri::t1c ha.lo. 
The pha:;e:s oi grocp .l produced me<liam sized plaques usually showiIJg a. 
surrounding tr&usluc:cnt halo. The others were "small hole" pha"'CI! nearly 
alway11 sho'l'l'in; sb.lrply cut edges to the plo.ques, though this charn.cte:: v:J.ried 
:i. little when cii:i',mnt organisms were wed ns 5Ubstrates. 

The se.11.1itirity oi bacterw ,trains to phage W1U tested on agar. For ::1ost of 
the tests a. dilated agar 1·2 per oent. wu wed containing a little gentian -rio:.et 
(approumatei~ l:10,0C,O of a. satlU'llted aqueollS solu1.ion) to minimise ai.r ccn­
tamina.tion during manipulationJ of tho plate. :'.\!any "smooth" str..in.s of 
B. mttritidi, p•,·a a mout growth on 1·2 per cent. n.g:i.r obscuring the c,.u.::nce 
of phage action and for these ordinary 2 per ~ent. nutrient agnr was used. The 
plate was spread ,·rhh a yoWlg bro::h cultn"e and the surface dried in the 
incuba.t.;r. .l m.all loopful of &lch ph11.~e (undllut1;::1) was then spread over sm~l 
numbered :ireu oi the plate a.nd the result read aitcr mc11batiou overnillht . 
The results in the tables are u:pr~3i!d according tCI the number of plnques 
appearing mth each looµ£ul, :md Lhe 1·elati'l"e amount of secondary growth. In 
tho vast majority of cD..!es ly.w, ii it occurred at all, l'l"aa uniform over the area. 
( + + +): in a fe\"I" instances ~.micoaiiuent ( + +) or cllierete ( +) plaques ,vere 
present. 'C'niiorm lysj,j without secondA.rr colonies or l'l"ith only- a. few isolated 
oues is reported i1S ( + + + ), "·ith man)• discrete colonies ( + + ±) and ~-ith t1. 
con tin now larer- of $econdo.cy· ;rowth covering tbe lysed area ( ± :t :t) . 

It is recognised that lysi.i on a;:ir may not signify that multiplication of the 
phage mil occur m:h the mme stnun in broth culture. One or two inst4nces oi 
t.his l'l"ill be noted in the present paper. It :J.lso happens occ:i.sionally tha.t t1. 
phage with a. w~ak actiC1n on some heterologous species may give irregulo.r results 
when the test a rel)8ted. In the great majority of tests clun cut results which 
could ~mi-rs be repented. "l'l"ero obtained and the method is sufficient to 
characterise cleutr the groups of 'l"IU'm.nts in their relation to bo.ctoriophagu . 

.B. The :mruer:i. used \\"ere obt:iioed by lllUlluni .. iag with a. smooth ( Tfoila.yey) 
and a. rough (l:!7 Rl str.lin oi B. mtt1-itidi1 G(i'rtntr. Both sero. contained 
H agglutinins to a titre of appro:rim:mlr 20,000. They :11.so coat.lined ai;glucinins 
oorrespoudi:lg to the ~s{ll!cti'l"e heaMtaLlc constituents of the stro.ins used. 11lien 
their titres were esrin1Ated a;ainn emulsions tl'ented l'l"ith alcohol according to 
Bruce "liitc,'s method, the limit of 01acroscopic:illy vi~ible agglutino.tion ,,.as 
at a. dil11tion of about l : 25130 in both c:isu for tho homologous cmaliiion. 
E1uukiou, pr.-pau<l irom t~·pical cultures iu the opposite (S or R) ph11.se were uot 
1\!;'.;!utimited betwetu 1, :)0 and l. ~ 1:!0. In some cnses, \\"hen non-motile Ya.ri.'\nts 
h~ckin~ H 11.,;luili:o~n \'l"Cre being studied, untreated emulsions in dilute 
~alinc wcrc.- t:.••.,I ,u:,I the titr,'s n•cr., then higher, up to 10,2~0. When rough 

JOt'a:f. or r.~Tll.-"01.. uxu. B 
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18 F. A£. BflHNET 

strains were used in this w:i.y non-specific a.;;lntination by normal rabbit serum 
frequently occurred. Alcohol tre.i.tod emu.Wons clo uot .;how t.hi.3 a.gglutin4t.ion 
(Bruca Whito) and £or tht, reason they were preierred for ~neral ll!e. 

The salt stability of the so-a.ins wa.s te~tt<i by adding one drop oi a thick 
suspemi.011 in distilled water pn:pared from :i. yotlll; agar culture to tuooa 
containing increuing percentages of sodium chloride. The !owe.st concentration 
showing aggl11tillll.tion after incubation o.-erniqht at 3-;4 was taken a.s the 
precipitating saline concentra.tion (P.S.C.). 

Throughout thia paper the terms rou;b. (R) and unooth (S) mil be u.s~ l\;th 
reference to the antigenic structura ot the c:tl t:ire rather than to the actual 
appenrance of colouiM on agar. &dley·s 1u;;~tiolll as to nomenclatun of the 
ditferen, blM:illary anti~ will be follo11,•ed. H denotin; the heat-Lo.bile lia::;elh&r 
antigen, 0 the heatlita.bl.G antigen of normal smooth forms and R tha.t of typical 
rough variants. 

3. 'I'he sensitivity to pha.i'e ot normLlly o..:cun'inc 
S and R f'orm.s. 

The sensitivity to phage of a. series of normal strains of .B. 
,ntl1"itidis and related organisms in both S and R. i;:hase:i h:i.s been 
reported previously and it is only necessary to present !:,ire a. ta.ble 
showing the results obtaiI1ed with a. more el:tensi.e series of bacterio­
ph.:..ges. The rough stn.ins used were deri\·ed by the oruin:u-y meGhod. 
of isolation from old broth cultures without the use oi phage (table t). 

T'.ie chief f:i.cta to be noted in this r.a.ble a.re:­
(a) Phages, 1, 12, 33 lyse s1uooth forms only. 
(b) Phages 18, ~5, 11, 13 11re acth·e against rough types only. 
(c) Phages 8 a.nd 34 lyse all normallr occurring ,ariants. 

The other ·pbages may show illdhidual ,ariations bat on the whole 
lyse rough forms actively llDll h,we only a. weak action on smooth. 
bacteria. T,vo pl1a~es, 32 and 38, act only on phases of .B. sangt,inarium. 
e.nd are omitted from most of the l.tter tables. 

The results ma.ke it clear tha.t :i.nother criterion of "roughness" is 
avnila.ble in the cho.racteristi~lly different mnge of semitinty to phage 
of the two phases. 

4. 'I'h• a.z:t.ti&"enic ch&ni'es 1J1 ba.cteriophase-reai$tant variants. 

.Although the subject is extensi,·ely discussed in Hadley's (1928) 
monogro.ph, practic:i.lly no e~perim~nt.ll obser,·a.cions appear to h:i.ve 
been published in which the antigenic n::i.ture of ph:lge-resistant 
vn.rianta is studied in the light or recent conceptions oi the .:igglu­
tinogenic strncture of bacteria. The work of Bruce White on the 
Sal1/1011,1lla gi·oup ha.s re.,ulte1l in .i ,·err clear picture oi the :uicigenic 

• nature or these orgn.nisms o.ud supplies a basis for the serological study 
of the vnriauts pr01.luced by ph,1ge. . 

In the course of the pre:;enc ''"ork a fo.r;e number oi b:icterioph:lge­
resist..'\nt forms has been produced from cnti:ritidi.s and sanyuina1"iu11, 
strnins :md n.n a.ttempt l1.'\s b~n made to correl:He their serological 
bch,1\"iour with their reactions tliw.inl pb,;c'. Tb:irc :.: :m c'!l1l:.u·r:u:.im; 
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20 F. ,1/. BURNET 

richnesa of materia.l a.vaila.ble buli discussion will be limited to the 
,·a.riants obta.ine~ in three representative co.ses :-

(a) lysis of a. smooth strain by a. phago limited in its ll.ction to the 
smooth phase of the organism: 

(b) lysis of a. rough cnlturo by a. phago simila.rly limited to the 
rough phase : 

(c) lysis of a. smooth stra.in by o. pha.ge a.pproxi:mo.tely equally 
active against both pho.ses. 

a.. Resistant doriMtii:cs of a smcotl,, strai1' toith phauo 12. 

The smooth culture selected wa.s a. stra.in of B. sanrJU,i1tari-um 

(J.V.C.T.C. 398) which was found to be the most convenient orga::-: s:n 
to work with. This strain and its derivatiYes gave a.s n. rule sharply 
defined positive or negative results when tested with the va.riuns 
phages on dilute a.gar. The absence of H agglutinogen made it 
unnecessary to· treat emulsions with heat or a.lcohol before agglu"i­
nation with the result that higher titres were obtainable. Suspensions 
of rough variants were stable in 0·25 per cent. saline and none of the!ll 
showed the phennmenon of non-specific a.gglutination by normal rabld 
serum (see Bruce White) which ,vas fairly regufarly present wit'.1 
mtmtidis strains !'.'eking H agglutinogen. 

The strain 308 S wn.~ a. typical smooth !'Jnguinari·u:m, quite 
non-motile nnd showing no tnce of fl.occula.r agglutina.tion. Emulsions 
were quite stable in saline concentrations up to 5 per cent. ancl the 
colonies on a.gar were characteristically smooth and slightly fluorescent. 
The antigens of B. sano-ui11arium a.re prnctic:i.1-ly identical with the 
heat-stable components of the corresponding phases of B. enteritidis 
Gartnw aud this strain agg!ntinnteJ with the stock "smooth" anti­
serum at a. titre of 5120. !t did not agglt1tinate at 1: 80 with the 
" rough" antcritidis serum. 

The strain wa.s allowed to age in broth culture for over a. month 
but despite numerous examinations no rough colonies were obtained 
from such cultures by simple pla.ting methods. They were easily 
obtained ho,vever by the use of phage 12. The usua.l method adopted 
for obtaining resistant forms wa.s to spread a. suitable number of 
bacteria. oYer q.n nga.r plate and arter drying to cover a.n :ires. with 
a. drop of undiluted ph.?.go. !so!a.tcu colonies :ippeared on incuba.tion 
and represenbtive forms ~oro purified from pb:i.ge by successi..-e 
plating and re-isolation .ind their cha.r:i.cteristics e:tamiucd. 

A considcra.ble proportion of the colonies a.ppenred to be normal 
smooth types a.nd all those tested by re-isoln.tfon showed ba.ctoria. still 
sensith-e to phage 12. Xo pe1·si11ting resistance ho.cl dovelope<l. The 
colonies ''"hich showed well-<lcriued resista.nco on testing ,vere of se-..·er::i.l 
types a.nd, though only one wo.s fronkly rough, llll lUJ.d a.n opaque 
yello'l'\"ish :ippeo.r:ince which nsu:i.lly- signiiies esseutia.l "roughuess." 
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F. M. BURNET 

The characteristics of four such types R 1, R 2, R 3, and R 7 are 
shown in table II. All the strains show the presence of R antigen 
and with the exception oi the first they are also all a!r.;lutinated ac 
fairly high titre by a "smooth" serum. The retletions to phage a.re 
essentially" rough" in type, but there is a general tendency for the 
phage sensitivity to be nearer that of the typical rough, R 1, when 
the "roughness" as judged by other characteristics increases. The 
multiplicity of types produced by a single phage should be noted. 

b . .Dsri:r,ati11s.s of a 1°01.£1)!,, strm'n wit!~ ph1190 13. 

The rough strain chosen was BT:li-R, a. non-motile derivative oi an 
enteritidis strain BTM-HR, \,hich was received a.lready in the rough 
pha=~. This was lysed on agar by the '' large plaque" phage 11, lhe 

. activity of which is confined to the rough phase. It ,vu found that 
the t1·ace of gentian violet used as a routine in the agar helped con­
siderably in the differentia.tion of the resistant colonies obtained. 
E%cel)t for an ocC&Sional tiay "nebenform" colony, the following list 
comprises ill the types found:-

(1) t) pica.l smooth colonies semi-transparent, greenish and slightly 
duo1-escent : 

(2) ir:tegular aotively growing "rough" colonies bro'ITTlish in colour 
and ?paque: 

t (3) more regular and smaller "rot1gh " colonies quite similar to 
those of the origiual stro.in : . 

(4) smooth. round opaque colouies with deepiy- stained centre: 
(5) ~mall rough colonies appearing late: 
(6) mucoid colonies of watery appear:i.nce t:i.kiDg up none of the 

stain from the ag:i.r. 

Type 3 was found to be quite non-resistant: emulsified in broth 
and spread on agar en 11t4"'1 plaques a.ppeare<l as soon as gro~th was 
visible and lysis wn.s ultimately complete with the usual mb:ture oi 
resistant colonies. Types 1, 2, * a.nd 5 breu true to type on subculture 
but the mucoid form showed itself highly lysogenic and ga,e rise to 
several types. When a. colony was spreed heavily on a.g11r the prima.ry 
sheet of growth wa.s ra.pidly destroyed within a. few- hours by the 
a.ppear:ince of contiuent plaques: a. heavy secondary growth appeared 
on further incubation, a.pptu-ontly composed oi pure smouth colonies. 
If one of the mucoid colonies 1va.s pla.teu ou 1focConkey's medium to 
give discrete colonies a. 1nixture of mucoiu a.ud smuoth colonies wns 
produced. .Further direct subculture to the same meJium of the mucoiJ. 
colonies without intermetlia.te gt·o\'\"th in broth gn. ve colonies of the 
sa.me type; if trnnsfer?'el.l to broth culture growth \,-.is slight ,ind a 
highlr ncti\•e phage of the 13 type a.ppeu.reu anJ ou plating au almost 
pure smooth. culture was obtained. One must .1ssurue tho.t the mucoid 

I 
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colony is essentially rough and immediately gives rise to highly 
sensitive rough forms which a.re lysed by the phage present and give 

, a. proportion of smooth resistants. Such hypothetical sensitiYe rough 
form.a wore obtained in the primary pla.ting of one mucoid colonr. 
They appeared like a normal "rough" on incubation overnight, but 
when left a. da.y a.t room temperature de.-eloped a. mucoid "wall" 
around the colonies. 

We .have, therefore, in addition.:-

(6) a. smooth derived from mucoid: 
b. sensitive mucoid rough strain. : 
c. lysogen.ic mucoid. 

The characters of these 6 persisting- variants are gfren in table II::. 
These ta.blea bring out clearly a. point that is liable to be overlooked 

in considering- the nature of resistance to phage, -riz. the multiplicity 
of reaiatant types induced by the interaction of a. pure phage and £, 

single strain of bacteria. The e.u.mple described is rather more stt:lcit:,1 
th&n usual ir.asmuch. as it shows practic:i.Uy a.11 the commonly t<•un•l 
types of resistance. These types are :-

(a) temporarily resistant colonies that immediately revert to the 
normal form on subculture (group 3) : 

(b) mucoid variants showing nor:-.1.1al sensitivitTon subculture (Sb): 
(c) specifically resistant colonies oi the same phase (S or R) as the 

parent strain oi which there may be more than one type 
(2, 4 a.nd 5): 

(a') colonies resista.nli in virtue oi a. change of phase to the normal 
Sor R form (1 a.nd indirecdr Sa:). 

c. D,ri.Nt-i-11111 of II sm.ooth ltra.fa BTJf-0 aft,r lyau tcilh :phag, 8. 

Amongst the resistant types so far described there is no e::ta.mple 
of a. resistant derivative of a. smooth strain tha.t has retained its full 
smooth characteristics. L:,sis br pbages of the 1-12-33 group has so 
far only given smooth colonies which lo~c their resistance on subculture 
or rough and semi-rough forms. True sn1ooth resistants ho"Wever were 
obtained by the a.ction oi ph3ge 8 which is equally ncth-e agn.inst the 
normal smooth and rough. forms and thu.s has little tendency to induce 
a chnnge-over of phase in the deve!opml!nt of resistance. 

.An O stl'3in of E. c11.t1rit·id1$ (BT~-O) wa.s used tstrain 1 of table IlI.) 
and the resist4nt types were deriwd from lysis on agar. A few 
colonies only were present a.nd three oi these were taken for enm.ina­
ti.on. After two replatings the colonies a.11 appeared essentially smooth. 
Those of A were in all respects siruibr to the parent strnin. B sho"ed 
la~ercolonies with a tcnllt!nCY ro umtiiEc:iri,,u 1111 :ifac(\inkeY's medium 
au~i frankly mucoiJ gromh ~n l1rdi11.i.ry :ig:ir, while the coionies of C 
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were small and rather dry and adhesive. All gan uniformly turbid 
growth in broth. Their sensitivity and other releva.nt characteristics 
a.re tabulated:-

TABLE IV. 
Smooth. dtrivacivu of ,train IJT.ll-0 f ollolllifl.<J lyiu 011 phatJ, 8. 

I 

I 
ANLll'rrWAflOX or •LCO■OL- I TB&AT.IUI C>ll1UI0.\"3. 

!Tll.ult. l'.S.O. i 

s. R. I 
! 

Normal O . • ! >5 percent. 1280 <SO 
I: 

I ' 
Resistant A 

: I 
>5 .. 2550 <SO .. B >o .. 80 <80 

.. C • I >5 .. 2,0 <SI) 
I 

ST1UIY. I Samn'fflT ro l'tUOL 

1 :i IS I 11 !!S I\ M 'lO ~ ss . .. 
NonnalO 0 +++ ++± +++ 0 0 ±± +++ ++± ± O' 

! 
0 

ResisLantA . + ➔• ++± ++± 0 0 0 0 0 +++ ± 0 0 
I .. B 0 ±± ±±± 0 0 0 0 0 0 0 O' 
I 

0 

.. C + ++± ++± () 0 0 0 0 0 0 o: 0 

Cultures B and C are rather a.berront, but .4.. is 11, perfectly typical 
smooth form antigenically and is sensitive to the first phage gronp 
which is regulllrly limited in its action to smooth types. Sp~ific 
resistance to the whole of the second group may be developed therefore 
without any cbange in the "smoothness" of the organism. 

5. 'I'he deriva.t1011 of smooth. forms from. ro~h cultures. 

OpiDion i.s divided ns to the possibility of deriving smooth forms 
from rough cultures. The most gene1-a.ll,; accepted viuw is probably 
that of Bruce White that the so-called smooth cultures which can !n 
some cases be obtained from rough cultures are still a.ntigenically 
"rough" although their physical properties have been modified. Some 
authors haT'e claimed that true smooths mn.y be obtained by ~.\l 
pa.ssnge with rough st1"ll.ins, e.g. Jorron (1926) with Salmoncllc, forms 
and Griffiths (1928) \vtth pneumococci. It hns alreBdy been mentione,l 
that from one strain of B. tJntcri.tidis Gartn,r an tigenica.lly typic.11 
smooth orgnnisms were obt:iinell from a rough culture by lysis ""ith a 
pho.gc :icth"e only against the rough foi-m . 

.a. further series of rough cultures has been ex:i.mined for the 
production of smooth strains hy this method. Si:t typically rou::!h 
~trains of E. r.ut~rit id is 1;,; rt11vr wcro used cum prising ex:t111pl,.·~ 
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aho,ving moat of the va.ria.tions possible within this pha.se of the 
species. :Four of them ga.ve rise to smooth i-esist..'lnts on lysis \Vith 
phages limited in ~heir action to the rough phase. T\vo developed 
resi'itants that \Vere a.lways frankly rough in a.ntigeoio cha.racter 
although smooth-looking colonies were sometimes obtained. 

The characteristics of the v:irious cultures used in so far a.a they 
bear on the question of smoothness a.nd roughness may be given in 
summarised form. 

(1) B. tn.ttritidil, l:i R. From N.C.T.C. Typiailly rough conic:,.l colonies 
on 1!a.cConkay's medium. .d.ii:lutina.tive gro,vth in broth. )Iotile. Precipit.iting 
saline concentration o·s per cent. Agglutination of alcohol-treated cmul.:;ions 
with. stock sera :-S 80, R ~ 120. N on-lysogenic. 

(2) 410 R. From N.C.T.C. Typically rough conic:i.l colonies. Faintly 
granular growth in broth. Precipitating su.line concentration 2·0 per cen~. 
Non-motile and showing no H-antigen. Agglutination of alcohol - tr•:'lted 
emulsion:-S 640, R 640. N'on-lysogenic. 

(3) Wa.R. By ageing of culture "W.ulasey" received from )Ir Bruce ,,,,ite. 
Typic:i.l rough colonies. Granuw broth culture. )!otile. Precipita.ting sr.line 
concentra.tion 0'6 per cent. Agglutination of aJcohol-tren.ted. emulsion :-S 160. 
R 1!80. Son-lysogenic. 

(4) B'O! (HR). Received. a.s E. typhi muriffl'll from Dr Aahoshov. C1Jk,:1ies 
alightlr rough. Jran.ulnr gro,'l'th in broth. l'recipita.ting saline concentration 
l per cent. ~fonle. Agglutination of alcohol·treAted. emulsion. :-S 160, R 2560. 

. Lysogenic toward i:r.1.ny smooth mttritidi, strain& 
(5) BT~! (R). Derivative of prarious culture-a. non-motile variant appearing 

spontaneously. Colonies similar to H form. Granular growth in broth. 
Precipitating sa.line, concentr:ition o·6 per cent. ~on-motile. Aglutit11.tion of 
alcohol-treated emalsion :-S 160, R :!560. Lysogenic (as 4). "' 

(6) 1!6 R. From a.geing- of ~.C.T.C. culture 1.26. Typic:i.lly rough colonies. 
Gr:mular growth in broth. :\Iotile. Precipitating saline concentmtion o·o per 
cent. Alcohol-treated emulsiona unstable :-S 640, R 320 (1), heated emulsion in 
0"!!5 per cent. sa.llile ga.ve S 80, R 1280. 

Sera were prepared against 5 of these stra.ins and their content in 
H, 0 a.nd R agglutinins exnmined by the use of o.ppropriate emulsions 
(t.able V). 

TABLE V. 
To 1/tov, con.tent of H, 0 and R a,,;glutinim i11 rougla ura. 

--
SDA. 

I 
BT::lt.111.L BTll.R, I ,10 It. I 121 B. I 125 R. 

Nom1al B'nt-HO e1uulsioa (H) . 40,000 F <SO 
I I <80 I 20,000F 10,000 F 

" 
BTII-0 (0} !O 80 <SO <SO 3:20 

., 39S S (0) . . . . ltlO 80 <SO I < so .. BT)l-R lu 0~5 per c:eat. saline• (R.) 5,120 2.St!O 960 I 2,560 1W) 
39S it la 0~~5 per c:eut. Sllline (R) . 10,!HO 2,5tl0 960 I 10,!!10 !,:!SO 

I I 

• This emulsion showed non-specific llfflutination by normal mbbit serum to II titre of l : 320. 

~ 
iJ 
! :l 
i :+ 
I I 
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The sensitivity to phage of these cultures wa.s as shown in table YI:­

TABLE VI. 
Stnaiiiviq to PMIJ• of "rough" enteritidis 1lraina. 

I 
1 12 ss • 11 2S S1 u i 

:0 D 15 j. IL . 
I 

0 0 0 +++ +++ 0 ++ ... +~-!+..:..+ ++~ --++ i 0 0 0 +++ +++ 0 0 -+-- 0 0 0 Q 

! 0 0 0 +++ +++ 0 +++ ++- _ ...... ++- -+--• •+~ 
BT)l-HH. I 0 0 0 ++ + ++..- 0 +++ -,-++--,-++ +++ "':"".,.~ -~.,. 

I BT)l-R. 0 0 0 +++ +++ 0 +++ .;..,.~ - -- -+--~+ -+-- - --
I 126 R 0 0 0 +++ +++ +++ +++ +++ 1"'~+ +~+ .,..++·-- ~-

The cultures M~re a.11 repla.ted on 1CacConkey's medium and showed 
uniform colonies in e\'"ery case. .!. single colony oi e:ich ~as trans­
ferred to broth a.nd a. loopiul of phage 13 ad..leJ. .-titer two days' 
growth the broth cultures were pln.ted out on 1facConkey's llledium 
a.nd on a.gar. A.oy colonies that a.ppeare,.l to bl! !?ll•joth ~ere then 
replated twice, or mort> frequently if any endeucd i:,i ly.;ii was present, 
and the cultures so obtained ,Tere examined as to the \'"arious properties 
relevant to their "1,.nouthness" or•" roughness." 

The strains \Va~. BTl!-HR, BT1!-R and 126 R all g&\'"e typic:il 
smooth colonies with regul..a.rity. The other t~o strains 127 R and 
410 R ga.Ye a. proportion of smooth-surfaced colonies 'll'hich, howe,·er, 
'lt'ere always a.ntigenic:illy rough. The characteristics oi these smooth 
cultures a.re sho\vn in table -YII :-

1 WaR/13 

/ BT7>1-HR{l3 

B'nI•R:1a 

126 R/13 

TilLE VIL 
Smoolli dmvaeiw, of "1•011yh." enteri:idu Jtrain,. 

CoLOST. 

s 
s 
s 
s 

GKOWTB Ill 
HOfll. 

s 
s 
s 
s 

i:.. !OGJr.<1:IIL I 
, ____ , P. S. C. 

i .1..-a.'Lt"":'D'.A.-:ZU. 

I :i. , R. 

> S percent.! 12SO j < SO I O : 

> 5 ,. 6-1.0 , < so i 
>5 ,. 12SO I <SO ! 

> s •• I l2SO l < so i 
+ 
+ 

0 

These four st111,ins show a.ll the properties of true smooch cultures 
a.nd there c:in be· o.o doubt therefore thac at le:i.st t'rom a. coasidcr-.1.ble 
proportion of cultures "rough" by all the usu:i.l criteria true smooth 
types cnn be obto.incd.. The two str:i.ins ch.1t g:we uo true smooths 
were treated with seYer:u other phages a.nd under ,·arious conilitions 
,Tithout gi-ring rise to smooth Yai-io.nts in a.uy instance. 

Thu straiuli frolll which smwth r~si~t,lllt c•.•iv!1i~s \\'et'~ J<!rh·~•i :ill 

,._. . . 
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showed a. very slight power to induce O agglutinins in the mbbit. 
This trace of O agglutinin was absent in tho case of tha sera. produced 
by the "irre,•ersible" strains 127 R and 410 R and although 
the serolobrical evidence is incomplete it is in o.ccord both with 
the facts a.nd witli a pru,ri. considerations to believe that as long 

• as any O antigen is present reversion to the smooth form may be 
accomplished. 

It seems probable that by suit:i.ble manipulations it is possible to 
continue the alternation between tb.e S ::md R form inde.tiu1tcly. In 
the case of strain B'n!-R the sequence R to S to . .R to S to R has been 
followed and, with strain 126, S to R to S to R. In both cases the 
alternate forms completely resembled each other and maintained their 
characteristic properties, s.~. each 126 R phase was sensitive to phage 28 
while each BT:l.[-R phase was resistant. It must be pointed out that 
to obtain such results careful selection of colonies at each stage is 
neeesaary, B.g. of the "roughs" obt:i.ined by allowing 126 S 2 to age in 
broth only 3 out of 12 colonies tested gave the typical 126 R 2 
reactions. 

e. Increase 1n. Vil'ulence a.saociatad With the chance ~m. 
"R" to "S". 

It is well kno\vn that the ·change from the smooth to the rough 
type is accompauied by loss of vh-ulence. Within the Salrrum.,lla· 
group this h:is been definitely established by Topley a.nd Ayrton (1923) 
for E. attrt1"!fck6, by Bruce White (1926) for B. suiput.ifsr, and by Goyle 
for B. mterit-idia 0art1wr (1926). Jordan (1926) obtained vhe same 
result with B. paratzpkow.a lJ and in addition succeeded in obtaining 
a. virulent S strain from a non•virulent R culture by frequent transfer 
in broth. 

The nrious types derived from strain BT:\! were examined for 
their pathogenicity to,vo.rd 1uice and as would be expected the induced 
smooth foi·ms were more virulent than the original rough cultures. It 
was found in fact that both HO :J.nd O s1nooth forms were highly 
virulent by feeding and the HO form was used for a considerable 
number of infection experiments. Of 25 U1ico each receiving about 
l o.c. of young broth culture ot this form on bre:id, 2 diod on the 
6th day, 2 on the 7th, 7 on tha 8th, 6 on the 9th, 4 on the 10th, 2 on 
the 11th .lnd l on the 12th day after feeding. The followiDg 
comparative experiments may be given :--

~- l!ice were injected subcutaneously with broth cultureii 20 hours old in the 
amounts .shomi in table VIlL The figures sho,v the number oi dnys before dea.tli 
occurred for ench n1ouse ,v!illo S signifies sun-i,·nl beyond 2S do.ya. Three m.iCt!l 

were used with ea.ch. va.riAnt. from strain BT){-HR, ono receiving 0·2 c.c. of 
culture nnd two 0·02 c.c. Org:\llisms of the tn,e injected wore r:ecovcr,:d post• 
mortem frou1 all the u.uimnfa dying. 
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BACTERIOPHAGE 

TABLE VIII. 
Cmnpa.ra.tiw -vinlmc,: of 11(1"47'" from .BTJl-HR. 

D .. n UPoaa D ... TII or MLCi; =-aaa. 
STll.us . 

O'f c.c. 011! c:.c. 

BTit[-HR 9 s s 
BT~[-HO 5 4 15 

; BT~f-R . 21 11 s 
; Bnt-O, 4 6 j 

I 

I 
i 

.B. About 2 c.c. of a. day-old broth. ·culture of the strnin to be tuted ~a.s 
poured O\"er a. small piece of bread :ind fed to ea.ell mouse. In thu experiment 
su mice ~eind the strain BT~l-R and nine its smooth deri'"ati,e BT)[.Q. 
The days on which each mouse died are showu a.s before. In t1ili e::cperiml!nt 
also org:iuism.s of the type fed were recovered from the spleen. of a.ll the animals 
d:dng. 

TABLE IX. 
Virulenc, by mo11UI. of rvugl,, ,era.in l)TJI-R a.:.d iti &mooth d~fratfrt. 

BT~[-R 

Bnt-O 

9 14 18 S S S 

i 7 7 i 8 .s 9 11 12 

The de,·elopwent of smoo,h Co1·ms from rough l>y- the use of 
bacteriophage is associn.ted ,vith greatly increased nrulence. In 
agreement with Arkwright's (1927) results this mulence is inde-­
pendent oi the presence or absence of H agglutinogen. 

7. Rea.ctions ot pelllcle-f'ormin&' varia.nts. 

.!mongst the colonies obtained from old broth cultures of 
B. enter-1.'tfrlis mth or without pluige a peculiar cohesfre t:-pe is 
occasionally found. These ha.ve a. granular wrinkled surface and are 
often adherent to the :i.gnr. A. 010.ss culture on ag:ir sbo~s a dry­
wrinkled sheet of growth Yery reminiscent of cultures oi B. wbt:'lis. 
In broth a. surface pellicle is formed \ihich readily falls to the bottom 
of the tube nllo,nng fresh surface grov,th to occur. .l-2~ hours' broth 
culture therefore shows a. surface pellicle, usually a. light ge::ier:i.l 
turbidity and n sediment oi smn.11 sheets of coherent growth. 

This form of vn.ri:.i.tion seems to be unassocinted ~irh. ,rnr 
chnrncteristic antigenic cha.ngc. Three e:1eamples h:m~ been studied 
from the point of view of their reactions to ph:ige. They hn.,e been 
c-:111~,l Q types since some of thu forn1s descl'iuell by You Lingelshci1n 
~ I !_H:;) uu,t~r th.1t name seem to lm.,·e been of this ,·:i.ri~c:,·. Ic is 
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certaiu ho1vever that most of von Lingelsheim's ,·:iria.n,ts were true P. 
iorms with which the pclliclu-formin,;; type has nothing fundameoc.i.lly 
in conu.aou. Stra.in 126 Q wa.s oiJtain~d from au ol,i broth cultur'3 ot 
the smootll strain 12G S a.loug with rough aud stUoQth colonies. BT:\t 
Q 1 wns ohta.ined by plating a. culturo oi In~.r (HO form) ~·ith 
phage 18: no apparent lysis occurrPrl but,\ number •Ji these Q crJ!oni•~s 
1vas oht:i.ined. 'l'he second Yariant DT;.l Q 2 -;;as 0Lc1incd from an old 
uroth culture of the same HO fo1-m \Vithout any n.d<led pbage. 

TLcir sensitivity to phage and serologic:i.l l.,ehasiour were as 
follows:-

. 12SQ • 
i 
I BT:'il Ql 

I BT~I Q2 
I 

STII.IU, 

\ 1 

Snu.ar. 

l 
• I 

i 
• ! 

1: 3S 

T.-\.BLE X. 

:I. R. 

1600 <~) 

51:!0 32V 

2560 ~61) 

1.'1u.a11 saarrn-nT. 

1:l 1! n u i :o u »1 11 

I+:+ 
! 

! 125Q . Io 0 0 0 :!:±± 0 ~-- ~! () 0 01 0 
I ; 
; BT:\f QI I 

• it) :: = :l: + + ±'+ ++ 0 0 0 +~- ++ 0 o, 0 
I 

,3 

J) 

,) 

, B1"'.\I Q:! . I 0 0 0 I+++ +++ 0 ++.a. +-- 0 0 o'+++ - -... , 
I 

These forms may therefore be either smooth or 1·ot1gh antigenically 
and their behaviour to,vard phage is c.letermincs:l solely by their 
antigenic nature. 126 Q shows the usual reacrioll8 oi smooth stniins 
of 126, despite the e3:treme superficinl difference in their cultural 
appe:u·nnces. The variants from DT:-! a.re ,·ery ~imil:ir in their 
mode of growth buc a.re o.utigenically distinct a.nd e,ich possesses :1 

con-esponcling phage seusitivity. 
The results gi1·e ,Iefinite support to the view tbnt cbn.o,;o in 

b:icrerioph.1ge sensitil-ity is directly ni1socia.teu only mth Yariat:on in 
the bent-stable antigcn1c structure. .A.lk•i,tiou of the pellicle rype of 
gr•Jwth iu urorh or complet~ loss of motility n.nu II :i.:uigen is eqa.1lly 
without cff~ct on the reactions towa.rd:s ph:13e. 

S. The ori!rin of bacteriopha.ge-restst11.nt cultures. 

1'1"lf,,:·,-'.lc t.1kcs the yicw that lhl• ~l'Cvndar~· cul t:~r...:s oi re:ii.,ta.n t 
bncn:ri.1 ,uo the dcsceutbnts or org,misms which h .. we successi,·ely 
de!troycd .m in\"ncling pha!,:!e p.uticle: in so tloing th~~- hnY~ ncqdred 

' 

. ---- .---. - ________________ ,,_ ______ _ 
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an o.ctive immunity that ma.y be tra.nstnitted to their descendants: 
this immunity is held to be fundamentally similar to tha.t developed 
by vertebrates against pathogenic micro-organisms. The analogies a.re 
not very impressive and 11, more popular view has been dGveloped by 
Bordet (19:?5) Gratia (1921) and others \Vb.o hold that any ordinary 
bacterial population is not hon1ogeneous in its seusitivity to phage. 
The general variabiliLy of a. species around its mean character will 
provide a. proportion of organisms more sensitive thnn. foe a.verage 
:i.o.d others more resist:i.nt. ..!. minute proportion, one in a. million or 
loss, is sufficiently resistant to gi.,.e rise to secondary cultures. 

It will probably be admiLted by a.11 that the capacity to develop 
resists.nee must depend primarily on some degree oi variation pre­
existent in the b.i.cterial population. The alternath·e ne\vs differ as 
to the extent and type of this pre-existent cha.uge. D'Herelle would 
consider it as some slight modi.6.catiou that allows the invaded 
organism to cope· better with. the parasite and so develop e.n active 
immllllity. The modificntions obser..,.ed in secondary cultures a.re 
manifestations cif th.is immunity. Bordet and Gratia apparently 
consider that the organi!llls which escape lysis and give rise to 
resistant descendants do so only in virtue of moclilicntions present 
before the addition of phage, i.,., if the original culture were suitably 
diluted to give a. million discrete colonies one of these would be found 
exactly similar to the on& resistant colony produced from th.is 
population by bacteriophage. The action of the phage is purely 
selective. 

The only real gronnd for a.n experimental distinction between the 
two theories lies in the behaviour of the resistant; cultures. On 
d'B'erelle's theory \Ve should e."tpect all the resistant colonies derived 
from lysis by a. single pure phage to be appro:rimately identical ,ind 
resistant only to phages of the same group as the one causing lysis. 
If the selection hypothesis is correct the only common factor to be 
expected a.1Uongst the secondary colonies is resistance to the phage 
being used. 

A given culture will often give rise to resistant colonies e•;ec. 
when lysed by a. combination of phages from two _or morG groups. On 
the theory of selection these 1-esis~nt or;p.nisms insensitive to, say, 
two distinct phage groups (I.re present in the original culture an<l. 
should f,'ive rise to secondary colonies on lysis by phnges of either 
group as well :i.s by the combination. But on d'Herelle's hypothesis, 
resiamnce tn two groups of pbil.ges should only de,·elop under their 
:i.ctuu.l iutiuence. 

The e:i::perimentnl results ~h-en earlier in this paper are in complete 
:\Ccord with the llem(l.mls ul: the selection theory and the great varieliy 
amongst the resistant colonies resultiug from lysis of :i. pure cultm-o 
by :,, single puro ph:tge innnediatelr im·,tlidntes any simple form l1f 

d'ITurcllc':1 hypi•th~•sis. When strain ~1ti.-; S is ly:.cd Lt pl1.1gc l:! (p. :!0) 

---------- --
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two of the four rough derivatives show loss of sensitivity to one and 
two groups respectively in the absence of ·any pha.ge of either of these 
groups. 

V o.riation in the a.bsence of o.ny phage may also give rise to 
"specificn.lly resistant" forIUs. In. connection with the experiment 
described on p. 28 broth cultU1·es of the reverted smooth strain 126 S 2 
were a.llo,'"ed to o.ge for some weeks. Pio.ting then showed o. mixture 
of smooth and rough colonieA. Twelve o.ppt1.reutly rough colonies were 
tested for their sensitivity to pwige. Three oi these wei·e pellicle 
formillg cohesive ,·a.riants iu1tigenically smooth. Of the othel"s three 
were true norm:1.l rough types wuose charact.ers are describeJ abo,·e as 
126 R 2, the rema.i11ing six: colonies were sensitive only to phages of the 
second group (8-34), i.e., they behaved pt·ecisely like true resist:i.nts 
derived from 126 R 2 by the action of phn.ge 13. 

Further evidence in favour· of the view tho.t selection of 
"spontaneous" Ya.rianta is tho most important factor in the develop­
ment of ·resistant cultures can be found from a. consideration oi the 
numerical relationships between the numbers of resistant colonies 
produced on agar and the amounts of phage a.nd bacteria used. The 
following experiment shows the etrect of Ytuyi::g the concentra.tions of 
phage and of bacteria on the numbers of resistant colonies of each 
phase obtained in. the interaction between str.iill BT).I-P. and phages 
11 and 13. 

I 
A four-dr.y old agu slope culture wu washed of! with ~ c.c. of saline. By­

plating suitable dilutions th.is emulsion wa.s shown to contain appro:timntely 
eleven thousand million living orgnnilms per c.c. Another suspension one-tenth 
the concentration of the first ,vu prepared in wino. One dror (0"02 c.c.) of each 
suspension ,vu then spread over agar pla.tea thu.t hatl previously been uniformly 
spread with phage, eiilier undiluted filtmte or a 1 : 10 dilution oi this, five dro!)ll 
per plate in each case. The numbers of smooth and rough colonies obtained after 
i.ncuba.tion are sho\V!1 in the table. Only those colonies were counted u smooth 
whose a.ppearance wu.s a.bsolutely typical ~ number were tested :1erologic;illy 
and none ahowed devumons from the typical beha.viour (t:i.ble :S:I.). 

TABLE XI. 

To ,hoio relation, b,tw,m t!i, numb,,-, of nsi,tant colcmiu prodiu:tcl and 
cl,a.n.iu in ti,, eot&ee-ntra.tion of 111,aa, and bacteria. 

P,,4na 11. j PH•as IL 

! __ I ' 

i-
_u_:_orr...,.1--R._._i :-•:~ i :-_: I 7i7 

Stoclc emulsion of !3T~I-R •

1

15 iS 12 i• 9 14. :!t 1
1 

12 42 

Stock emulsion of B'nl-R 
diluted 1/10 . . . 1 10 l 7 :? 0 O , 
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This experiment exemplifies the following general rules that were 
found to apply to ::i.U tho experiments c:mieJ out along these lines. 

1. The number of resistants of opposite phase (here the smooth 
colonies) is proportional to the number of bacteria. submitted 
to lysi.s and independent 0£ the concentration of phage. 

2. The s:i.me numbers of resist:i.nts of opposite phase are produced 
by phages of different ori~n pro,·ided these are strictly 
confined in their action to the one phase. The numbers of 
resistant colonies of the so.rue phase usually vary with the 
pa.rticula.r phage nsecL 

In an e:xperiment with e:xo.ctly analogous technique, in which ~J,e 
smooth strain 398 S ,vo.s lysed by. phage 12, the .figures in table :::-:r 
were obtn.iDed: the experiment ,va.s done in duplicate. 

TABLE XIL 
ltumbus of Sand R colonu, Clpp,aMflfl afttr ly,i, of 1.% ,m-,oth 1trai11 011 a(}('-, 

Baant:: .u. C011CZXTuT10:11. 

~llCIOT•• BoC:GL 

I

' Stock e~ulston . 265· 20~ i2 44 

.• .. l: 10 3 l s 5 

! 1: 100 0 0 0 0 
: 

This shows a. characteristic diffe1·ence be~·een the numbers of 
smooth (same phase) s.nd rough (opposite phase) resist:int colonies 
in tba.t the number of smooth colonies is not proportional to the size 
of the population lyscd. In general it ~as found ,ery difficult in 
~perimenrs ,vith this o.nd other smooth strains t-o obtain reproducible 
results as to the number of smooth colonies appe:1riDg o.iter lysis while 
the numbers of rough colouies were ex:tremely consisteut. lCost of the 
"resistant" smooth colonies gt1Ye rise iDunediately to sensith-e cultures 
on subculture and it seems that some ,,ther mechanism is at work th:m 
is responsible for the appearance of the stable rough nrfa.nts. 

The t,,o c:xperiwcnts described nre typical oi a. considerable 
number oi others carried out a.long the same lines. ,a.s long as the 
phnges used were strictly confined in their action to,nrd the one phase 
the number of resistant colonies of the opposite phase depended oulr 
on the size of fae population available ior lysis. E,en \l"hen lysis by 
,\ large plaque phage such as 13 ,,o.s b:1rely courluent from the 
Jt?,·clt,pment of only ::i. fow hundred plaqu"'s the number oi coil)oies 
l)t oppositti phase was npproxillllltely the same u \l"hen ::i. thousanJ 
times this concentr-J.tiou of phtige was useu. In such a. case three or 
four hour:l uuhimlm·cJ growth of bactcl'ia muse h.n·~ l,ccurrt?,i iu thl! 

C 
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regions corresponding to the pedphero.l zones of the eYenl.uall:,- formed 
plaques, but this gro,vth o.pparently ho.s not increased the nulllbcr of 
points from which 11 resistant colony can dc"'clop. It seems that in 
the originally spre:i.d population (from a. culture :i.t lea.st one day 
old) the1·e a.re a. certain number vt resistant or potentially resista.nt 
organisms a.nd that, in the first few hours' growth un !l.go.r, resistant 
bacteria. are procluce<l only by direct multiplic:i.tion oi these orgo.nisms. 
By ra.r the simplest :i.nd probably the only "a.lid explanation of this 
constancy of numbers of colonies in the opposite· phase is cho.t they 
are d~rived from organisms a.ctually in this phase in the origino.l 
populntion. 

Other factors are evidently in,·olved in the ptoduction of 
tempornrily resistant cultures, but the two lines of edde=.c:e discussed 
indicate that the typical persistently resistant Yt1.riants ,,h·~ther of the 
same or opposite phase i-esult from the selection of ,·o.ria.nts occurring 
"spontaneously ".in the substro.te culture. 

9, Bail's theory o! the na.ture o! bacterial resista.nr.e. 

Be!.:ire proceeding to a. discussion ol the gene1'lll sigcificnnce of 
these results it is necessary to consider in some data.ii the most 
importa.n~ cun·ent interpretation oi the uature of ,1cquira~ bacterial 
resistance-that of Bail (1923-10::?5). Of the theories opposed to the 
independent virus conception of ci'Herelle, Bail's is the only oue that 
attempts an exhaustive examination oi the essential objection to a.ny 
"ferment" theory, namely the fact that se~eral different phnges ma.y 
maintain easily recognised ind.hi.duality although developed at the 
expense of one strain of bacteria.. The different phages may often be 
distinguished by the type of plaqtre produced on agar-its size :i.ud the 
nature of its edge-but moi·e precisely by a study of their power of 
provoking the a.ppear::i.nce of specifically resista:at forms. If a. colony 
derived from the secondary culture appe::i.ring J.fter lrsis of (say) a. 
Shiga strain by a. particular phage, is purified from phage b~· replating 
a.nd tested a.gs.inst a series of phages all acti\'e .i~o.iust the original 
ba.'Cterfal strain it -will be fotlud that the new strain is resistt1.nt 
to the homologous phage and to a certain number of ochers but still 
sensiti...-e to tho rest. By examining in this way resistants to all the 
Shiga phages available, a. groupiug of the ba.cteriopha;es into types 
is possible. 

.Another method of classifico.tion depends on the use of anti­
bacteriopbnge sera and i,Vato.nabo has shown thn.t t-he results obtained 
parallel closely those from Bnil's merhod. Antilytic o.cth·ity within 
the grunp of SMga pha.ges is practically con.fined to ph.11:=es of the so.me 
type as that from which the seru!ll was produced. Siwil,u: l'c3ttlts a1·0 

obtaina,ble with other members of the intestin::i.l group of bacilli, but 
irrt!gularities nro 11101·0 frequent tho.n when Slti')<t bacilli :i.ro u:,ctl. 
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Bail's well known "splitter" t-heory- of bacteriophage is funds.­
mentally an attempt to co-ordinate these findings, a.nd his interest iu 
other maniiesrotioos of phage a.ctivHy is quite secondary. He considers 
that ench pha~e type represents a. particular unit (gene) of the 
hereditary make-up of the sensitive bacterium. The gene is considered 
to ha ,·e undergone some "pathological" alteration by which its normal 
balance of. constl'tlctil"e and disintegrating power is upset, with the 
result that it no,T e:tercises a. predominantly destructive action on the 
bacteria.I cell Only bacteria cont:tinin; the particular gene invoh·ed 
are sensitfre to hacteriopha;e of a. given type- and resisunce is inter­
preted as loss of the unit from the hereditary make-up. The essentia.l 
point in which this theory becomes completely incompatible \vith that 
of d'Iierell~ is its explanation or the nature of multiplication of 
bacteriophage. For d':Herelle, there is a. direct genetic relationship 
be~ween the attacking phage particle and the particles resulting from 
the subsequent 1:,-sis of the bacterium. For Bail the action of the 
attacking ph:v;e u:1it is to ca.use the bacterium to libemte in abnormally 
acth·e form i::ce vi a. certain Umiteu number of pre-existent bacterial 
constituenrs. 

The distinctio.i is clea.r enough to allow of a. crucial experiment to 
distinguish betrreen the mo views. Sllppose we seleot from a. large 
series of" pure" phages deri\"ed from ,·arious sources and active against 
a. single bacterial strnin, a cerro.in number all belonging to one of Bo.il's 
types, i.~. all producing resist:inc strains tha.~ are equally resistant to 
all the others. .!.ccording to Bail these phages should. be identical, at 
least in their qualitati\"e beh:i.riour, while on d'Herelle's view each inay 
be capable of mai.!ltaining in<lh-idual differences through numerous 
passages mth the one strain. Further, if the series of phages is now 
de\"eloped at the expense or another bacterial species in which the 
specific resistance relation holds, any chang~ found in the behaviour of 
one member, should on Bilil's hypothesis similarly affect every other . 
On d':Herelle's theory anr indinduality possessed by the phnges when 
de,·eloped at the expen.sd of one substrnte orgruiism ,,ill show itself, 
per.bllps slighcly modified, on their tmnsier to another sensitiive species. 

It was fowtd possible co e:cn.mine these points experimentally \>ith 
a series oi phllges prim11rily det"elop~d against a. rough strai.u of 
B. cnt&ritidis G11rtner but also actfre agn,insli B. sa11g1,inarium :ind 
B. dysentcria: Sl1i'ja and the results are unequivocally in favour of 
d':Herelle's conception. 

Pha;H S, lS, :.?S. :n :uid 3~ were dilut~d suit.'\bly a.nd isolated plo.q11es obtained 
on B. tnttritidi, (str.ii11 l:?G R). 

Fn,rn ~in;!~ rla,1ut3 of each ph,\ge, broth cultures of l!:!6 n, were inoculated 
:m,l ,iir.r ly,:., ,,,·rili~,J :u rs:;;.mb h,ic:tui.i. by hea.ting to ~o• for 30 111inutc:s. 
Thi! :;.uu.e pn.-.:~,lurl! wa:1 gouc: throu;;h witli B. :kma11inm-i~1-m (308 R) and with 
B. cl!funttn'Cf! $hi:rff. l 75:? TI), a, furthe~ pb.llge, 3S, being used witli B. sa11a11imu·ium. 

TI,•,t:-t.mt m":\il,j oi 1:,tc:li or;:rni;m towl\rd ,\ll tho phngl)s developed :1.t its 
~xp,11,,: we:·. --~-:.;i::,,I. i:i r::,,,, ,.1 • .:; ,,y ;,L:iui; L>ruth i:ultur(::j showing sccoudarr 
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38 F . .If. BURNET 

growth :i.fter lysi.s but when, a., in soma c:i..,et', no true resist:i.nt fonm were 
obtained in this way they ,vcre secured by repl:i.ting resistant colonies appe:iring 
in. tile cour..e of lysis 011 :i.ga.r. Phage 2S seemed to lyse B. sa7l!1'1,inc.irium on 
agar, but the secondary colonies wero quite non-resistaut and no multiplic:i.tion 
of the ph.1g'!: occurred in broth cultures of thi.11 organism. Similar findings apply 
to the action of phage 38 on the Sltiga, strn.in 752 R. The la.st pho.ge ,vas quite 
without a.c:ion on the rou;;h e11tmtidil strain 126 R. All the resista.nts obtained 
from str:uns 305 R and ij2 R were typically "rough" b~i with characteristic 
col001es a.ad precipitating .c;rowth in broth. With 126 R (.IJ. ffltmtidia) sevcru.1 
of tho piln;:es g:i.ve :\S weil a.a rough re:iiistnnt forms IL certain. number of true 
smooth colonies. The appcarnnce oC S or R types from a. lysing culture of the 
opposite pha.se is :i. phenomenon apparently oi :i. ditrerent n11.ture from that 
responsible for the development of specific resistance within the same for,n a.nd 
for tha.t reMon only the rough resistants ha\·o beet\ considered. 

The resu.tant colonies were replated· :,.nd fr'lm a. single colony stock cultures 
were obtnined. These were then tested in the usual fashion with en.ch u[ the 
phagu beini studied a.nd 1\'ith phage 13 .\S a. member of a.n unrelated group. 
The phage filtrates U!ecl for testing the resistant strains of each orp.nism were 
develo~d a.t the e:pense of the original str:i.in concerned, i.e. resistant cultures 
from strain 3:>S R were tuted with phages grown on tha.t strain :l.lld simi:arfy 
with the mo other snbatrate orpnisma. EJ:cept for the cll!tura obtained u.fter 
apparent ly-si.1 of 398 R by phnge :!S all tho resistant cll!turcs ,vere completely 
insensiti\'e to th• action of pllages 8, 18, :!S, 31, 34 and 38 and all were lyMd by 
phage 13. The resistant culturu from strain 398 R were teated witil a. wnple of 
phage 29 de'l"elopcd ~n B. ent~-,-iti.dls 126 R. .:1s ha.a been mentioned above this 
phage appeared to lrse 398 R on ag:lr, but no resistant colonies developed nor 
could any multiplic:.tiou in broth culture be J.otected. The reaiataut strains 
producecl by phag&S d, lS, 31, :U and 38 showed no lysis of any sort by this phage .• 

These results mnke it clear that the six phages all fall into one of 
Bail's groups. ..l series of smooth :i.nd rough stmios of various 
intestinal bacilli chosen with the aim of bringing out differences 
amongst the phages was similarly tested against all of the stock pbages, 
each phnge being developed where possible on eo.ch oi the three 
substrate organisms. The usual method of testing on aga.r was 
employed and the results are combined in ta.ble XIIL 

The t3.ble shoff'S clea.rly that despite the fact tha.t the 6 phages 
all belong to a. single type in Bail's sense each one ca.n be readily 
diff'erentia.ted from auy other by the use of a number 0£ heterolog:ous 
bacterial strnins. For instance, the t.ro phnges which most closely 
resembll! one o.nother a.re 8 and 3-1- but, ,vhile 8 actfrely lys1..'9 every 
strain tested, 3~ is only very weakly active a.gn.inst the smooth 
mteritidis strain 126 S and one or two other strains. Further this 
individuality of phage beh.wiour persists with occasional slight 
modification no matter which of the three species is usecl us substrate . 
.A. good example is gfren by phage 31 which regul:i.rlr lyses three 
out ot: fonr rough cnt~l'itidis strains and fails to lysc thtl fourth on 
nll thr~ snhstr:ttcs. 

If B,1il's theorv is taken strict!,· nt its fa.co ,-:,Inc the aboYe 
e:'Cpt!ri111~nt~ Nn,.titnto .i form:11 tli~i1rooi or its validit~·. .\.ll thc 
pita,:.~•:, 1•:-.. ,:,:-.~' r.::-iol,11\ts vf the :;aiuu typc-rc,-i:itaut t11 l'ach pha!:,O 
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BACTERIOPHAGE 3i 

of the group but still sensitive to other pho.~!!S such as 13-yet 
specific differences between ail of them c:i.a be dccionstrati.:rl It 
follows that if each phage represents a. single "~eue ·• at !east 5 other 
"genes" must be lost whenever resistance is induced t,,·.rnr.J a particular 
phage. Ba.ii describes lesser degrees of "linkage" ben~een "ienes" 
(Koppeluug) but it is obvious that any unlimited exteusiou oi such 
an idea. must make the theory quite useless as a \,orkil1;; hypot!.esis. 

T.A..BLE XIII. 
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38 F. M. BURNET 

It is much simpler .to assume that ea.ch ·phage gives rise to actual 
descend:1nts in the ordinary sense of the ~-ord, which maintain the 
general cha.meters of tho pa.rent phage although they may be 
modified somewhat when passed from one species oi bacteria. to 
another. 

Sufficient evidence tins been given earlier in the p:iper to make 
it clear twi.t the source of the apparent discontinuity oi the changes 
that occur when t-esista.nt variants a.ppea.r must be sought wholly 
within the bacteria. themselves. .d..lthough more tha.n one i.ictor may 
be operu.tive it is simplest to consider that chere is some iunctioual 
entity in the bacterial mn.ke-up which is responsible for determining 
the sensitivity to phage of :i.ny given organism and that this entity 
can change its character only in a cert:i.in limited number of dis­
continuous steps. With each such cha.uge one group of phageil loses 
its power to lyse or another group shows an activity pre,iously absent. 
The pbages within each group mo.y possess widely dili'ere::.t activities, 
buli all seem to be related in some wny to a single unit in the b4cterium 
in the absence or latency of which they are a.11 equallr unable to lyse 
the organism. 

It remains to determine whether this hypothetical entity, a. simple 
"mosaic" composed of a. certain sn: 111 number of units, can be 
co.ordin:1.ted wich any of the known functions of bacteria.. 

In a. previous communication (1927) it was shown that amongst 
the Sa.lmo11,6llas there wns a definhe though not quite complete 
correspondence between the hent-stable autigenic structure and the 
sensitivity to a series of ba.cteriopb.ages. Further- evidence of the 
importance of changes in the hea.t-st&b!e agglntinogens in decermining 
or a.ccompa.nying changes in phage-sensitivity has been accumulated 
throughout the whole of the preient ""ork. This has leJ. to rhe 
hypothesis that what primarily determines whether 01· noli lysis by 
a. giveu phage will ta.ke place is the co.pncity of the phage to be 
specifi®lly adsorbed by the sa.me entity that functions in serological 
reactions a.s the heat-stable (0 or R) a.gglutiuogen. The e,-i<leuce ior 
this view ma.y be briefly summarised :-

1. the presence 01· absence of H (hc:i.t-1.a.bile) antigen is without 
iniiuence on the beh:i.viour of the strain towards p~ge: 

2. changes in. cultu1-al behaviour uno.ssoci:i.ted with :iutigenic 
change, such a.s to the pellicle-forming Q Y:uiact, ha.,·e 
no influence on ph!l.ge sensitiYity: 

3. chn.ngo in the naturo of he:i.t-sta.ble antigen irom O ton is 
associll.ted with a. sharp change iu ph:ige r~acti,,11:S: 

4. orgnuisms h11,ving. common hc::1.t-stable antigeu::s sho,, a ,ery 
close correspondence in the phages to which the~· are 
SCllliiti,·e: 
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5. organisms tha.t lm·e become resistant to a phage no lo~~er 
absorb it from solution to the sa.me degree as the sens1t1ve 
form, i.e. a specific adsorption St?f!ms to. be at lea.st one 
determinant of lysis (d'Herelle. Lepper, 1923, Pra.usnitz and 
Firle 1924): 

6. seruiitive 01·gn.nisms killed by heat absorb a. nol'mally n.ctive 
phage even a.iter being heated :i.bo,e 100° (Prawinitz: a.nd Firle) . 

It is evident that there is some co-ordination between changes 
in the hoa.t-stable antigens and in sensitincy co phage but it may be 
held that this co-orclinn.tion i! more or less accidental Impormnt 
changes in the functional elements oi the organism are invo 11-,~d in 
the S-R interchanges and these mar be refiected in more (•r less 
parallel fashion in the two propemes under coo.side.ration although no 
actual functional relationship between the til"o e.rists. But the 
evidence is strong enough to suggest thac the same surface consti~uenl:I! 
of the bacterium which pro,oke and re:ict with the stabilot-ropfo 
(0 or R) agglutinins also absorb specifically the active ·particltis d 
those pbages that a.re capable ol lrsing the organism. In particular 
the po,ver of sensitive bacteria. to :i.bsorb an acth-e phage frc1n a 
solution contafr ing it, the inability of resistant strains to do so J..Dd 
the retention of this power to a considerable degree br bacteria heated 
to 100°, a.re ,ery difficult to interprec on an~· other hypothesis. 

The experilnental work: --it. present a,·a.ila.ble is not su:'ficient to 
allow a. detailed olaborntion., of th.is hypothesis, but· some of its 
implications a.nd the difficulties they pro,·oke may be cliscussed. In 
the first place it implies th:J.t bacteria. a.re subject to certain dis­
continuous mria.tions in their heat-stable anti~enic sti·ucture, va.riations 
that occur in culture without known ca~e and are most readily 
detected by the specifically selecti1"e action of b.tcteriophage. The 
smooth to rough change is the best known and most striking of these 
variations, but other discoutinuous modifications with.in the 1i1Uits of 
each of these main ph:i.ses must :ilso occur. 

A.ccording to "\\"hite the relation betw-een the smooth and the rough 
heat-stable antigens iu Salm,m,:{la, is quite similar to tha.t iu the more 
extensiYely studied pneumococci. The smooth O antigen possesses a. 
double structure: pnrt is identical with che rough R a.ntigen; the 
other portion, which is responsible for the ~hole of its specific behaviour, 
is a. complex c:i.rbohydr-J.te. The rough antigen. lacks the ca.rbohydrnte 
:1.nd provokes a. tot:l.lly different agglutinin response mucll less specific 
thnn tho smooth O agglutinins. As far :is che serological :iua.lysis of 
S11lm011c/fo Yari:mts hns goue at present there seems to be no evidence 
that aur ch:1.ngus occur within the heat-stable antigen beyond quanti­
t.ath•e v:i.riu.tions in the :i.monnts of O and R antigen av:i.il:lble for 
rl':tt'tion, i.e. in the proportion l'f nucl~,:,rrl,tein units tlmt c:u·rr thi; 
ll[ll.'1.:itic ~:u·bvliydt·atc. The scrvll':ic:11 \n,d.:: rep,,rtc:\1- iu tho prcs1mt 
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po.per has been confined to an estimation of such quantita.tive differ­
ences :1.nd offurs no direct e\·idcnce of quo.lita.tive changes in the 
a.utigen associated with phage resistance apart from change of phase. 

II antigenic differences do occur in association with the cleveloI?­
ment of resista.nce within the smooth phase (as iu the e:oca.ruple described· 
on page 23) they must inYolV'e a. change in the nature of the specific 
ca.rl,ohydr:i.te. This seems a P"-iori ,·ery unlikely although Griffith':i 
expuriments (1928) with pneumococci suggest the possiuility of such 
o.n occurrence. However, the problem is susceptible of direct experi­
mental attack and it is hoped to iollo,v up this work with o. more 
detailed serological study of resistant Yaria.nts which do not undergo 
change of phase. 

10. Conclusions. 

Bacteriophage Iysia is n. compleic: process o.nd ini:arference with its 
course at any point will usually result in the appearance ,>f apparently 
resistant cultures. Investigation of each resist:1.nt cultu1·~ is therefore 
necessary to determine at \Vhich of se,·eral points the cunrse of lysis 
h4'8 been checked. "\Vhat is probably the commonest r'onc of resistance 
seems to be due to a. simple accumulation of prodt~uts of lysis. .A. 
sec1.,11dary culture appears after Iysis but on subculture to fresh media. 
(either broth or agar) it is rapidly lysed by the pha.ge carried over 
,vith it (Gohs 1926). The resistance of the common mucoid variants 
found a.fter lysi.s is probably rightly- attributed by Kimura (1925) to 
the simple physico-chemica.l protection of the mucus a.s an emulsoid 
colloid similar to gelatine. 

The third group contains variants showing wha.t Bail ter111s "true 
resista.nce," i.e. they are sta.ble non-lysogenic variants which ma.iota.in 
their characteristic properties on subculture throngb. sever11,l gener:i.tions 
at least. This type of resista.oce is D.Ssociated ,vith ancl is probably 
determined by o. lack of power to absorb the phage specifically. 
Finally, even when the lytio particle bas become incorporated in the 
bactei-ial cell it ma.y still encounter conditions which resttlt in resist­
ance nsunlly in o. lysogeuic form rather than lysis. Two of the cases 
ana..lysecl by Flu (1923) are nuuoubtcdly of this n.icnre. 

In the present pa.per onl~• the third oi these grottps is discussed. the 
sta.ble nou-lysogenic resistant cultures. Two chief conclusions have 
emer;ecl (1) They a.re probably pro<lncetl in \'U-tue 0f the geuernl 
varin.bility of .~ ba.cterial species nnd not in any sense by tho active 
po.rticipo.tion or the pha.ge. Phage ~ts merely by selecth-ely sp,1.ring 
tho110 ,·nriants to which it is nc,t speciticnlly adsorbed. (2) The 
,tppcumnce ui this type of resistance is fl'l.'queutl:, asi;ociatctl with a. 
change in the phase (smooth tH· roush) of the Ol'!;;lLnism. This denotes 
n. gross chn11ge in the he:i.t-srable antigenic structure nncl e,·iclonce is 
:11ltlnc·t•1l that ('\"C'll when tlll'rc is un ~uch <'11a11~•-•·"''l't0 tli,· de,·d11p111L•11t 

t•f n:si,,cance is as:s11ciatc1l with chan~tl in that hacti:rial e11uslit1tl.'11t 
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BACTERIOPHAGE 41 

which determines its "hen.t-stnblo" serological bcha.viour. In this 
connection the discontinuous nature of the changes in the bacterium 
is emphasised. There are only a. certain number of variant types thac 
cau a.ppenr of \vhich tile classical S and R types ~e two. 

It is probably legitimate to consider the typical S form as tbe 
normal genetically complete forDl and all other Yo.riants ns mutations 
by loss of certain units compnrable to the genes of ~!endelfan theo1:·· 
As is found in studies of higher organisms such mutations by loss may 
:i:esult 41 the aiJpearance oi superficially positivG characters that a.re 
normally held inacth-e. 

Summ&17. 

1. There are charncteristio differences in the behaviour of the 
smooth and ro11gh forms of Sal111ontlla. strnins toward bacteriophage. 

2. Certain ph:ige types are limited in their o.ction to smooth forms, 
others only attack rough strains, while a third group may lyse either 
~~ . 

3. The ty~ cf resistant colony produced is related to these 
characteristics uf I be lysing phage.. "Smooth" phages tend to giv'e 
rough or partia.liy rough resistants," rough." phages with certain rough 
cultures pro,oke tbe appearance of true smooth forms, while thosa 
phagcs which lrse both forms impartially a.re more liable to show 
specifica.llr resista.nt fot"IU in the sa,we. phase as tbe pa.rent strain . 

-l From cultures that are rough by a.11 the uaunl .criteria, it is 
possible by the use oi suitable phages to derive true smooth forms 
showing a.ll the char3.cters of the type including active virulence. 

5. Some rough cultures could not be so conYerted to the smooth 
type and the e\"idence, which is incomplete, suggests that the con­
version can only occur so long 3.S a. trace of smooth antigen is retninetl 
in the antigenic mnke-up of ·the b(l,cillns. 

6. The qu:i.ntitative relations between the numbers of bacilli lysed 
a.nd tho numbers oi the \ilrious types of resistant colonies strongly 
suggest that the appearance of a. new phase (R. or S) under the 
inliuence of ph..1.~e is purely 11, selection phenomenon. 

i. E.xperimencs a.re presented to disprove Bail's contention that 
pbo.ges which produce the SAllle type oi resistance with a single 
ba.cterial strain a.re necessarily qnalit(l,tively identical 

8 . .A. gener:il discussion of the naturo of ba.ctcrial resistance to 
pha~e is attempted from the stnntlpoint that its most impor~nt factor 
is change in the bncterial constituent which o.lso functions as the 
"hea.t-st:ible antigen." 

Tlii! paper comprises ,vork 11.ccepted by tha Uni,·ersity of London as a, thesis 
for thc degree of Ph.D. (19:"!i). I .i.m 1--ra:itl)· indebted to Prof. J. C. G. Li:din;h.un 

,rn.! Pr .T .. \ .. u·l.:11 ri,;ht for thl·ir .1,ldcc .111,l critici:1m durin.; the .:our~o of 
t!ii, l\c•rk. 

------- • - - ---·- ----
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RETROPERITO~EAL GA.NGLIONIC NE"GROJIA . 

D. F. CAPt'ELL. 

From th, Pat/u,IO'}ic'.1.l D'-7'<lrtmfflt of th, U1,ivcrrity and rr~ster-ii 
[1i]i,1-m<11r1J, G/!UIJOttl. 

(PLATES IV.-V!.) 

l\·a.n.z tumotus of the central ner:ous system a.re comparar.i·:dy 
common, new growths of the periphe1·al ner..-ous system composetl of 
true ner-e elements :ire of much less frequent occurrence. Within 
recent years the tru.e nature of certain tumours previously confu!led 
with the sarcomata !las been recognised, and the constituenc elements 
ha ,·e been identified as llndifferentia.ted nerve cells, the group bt:ing 
destgnaced 11,urobla.stoma. Tumours composed of adult ne!Te eleme;1cs 
are still re-;a.rd1:1.l as uncommon, and nre of i.pecial interest in. that they 
are made up oi cells which have in the adult pra.ctica.lly no poW"ers L•i 
regeuerntion, a.nu whose origin therefore must be sought in a 
displacement of an embr~·onic rnclimeut or at least in some abnormality 
origu:s.tin; at o.n eo.rly stil0e of development. Such growths are mosli 
commonly met with in connection \Vith the abdominal sympathetic 
chain, .ind mo.y attain a. lnrge size, but they genera.Uy presenc an 
admu:ture ot a,lult a.nJ. embryonic tissue. The specimen ~hich forn1s 
the subject of this communication o.ppears to be one of the largest i.f 
not acttto.lly the lo.rgest on record wbich consists solely of adult cells 
and 6.bres. 

Clintoa.1 l:llltory. 

The pntient, a. woman n1:,-ed :?i, w:is admitted to hospital complaining of .slight 
po.in in the ri~il.t side oI one year's durntion. Sho :ttnted tlui.t the p."UD. was a.ever 
severe :ind did not c:iUH her to lio up; ic came on two or three times a. da; but 
lut!d for only- a i-,,\" minutes. ,ind it oceaaionally radiated to the \"Uh-a. The 
CIO\Tcl.s w.,r~ ,:,~sti\"e, an,l $h11 t~'l'k tlll'{!idne c"r"err other day. :.I.-rutriutioa. was 
a.ormaL She haJ llne chilli, :i,cd 3 ye:1.r:11 healthy in e.very respect. 

Oa. ~inntioo the Wllm:tn lookt!\l hculthy :ind hor ,veighc was normal . 
.\. tumour. which felt .i.bont the 5izo of a. small mdon, smooth in outline and 
freely mo,-n.ble, conld be pt\lp:i.t~,J in tho right lumbar reigion; it could be pU.thed 
up into rhe ri~ht kidn.-y p<1uch Ultt ""nukl not remain there. Chemi~l e:-c:imina­
tion of die urine re'"o?afod no ,\hnormnlity. Cystoscopic elCl\mination by }Ir iV. \\'. 
Giu.bmith show<!d rllat thti bl,lJdcr w:ill:1 itnd trigoue were honlthy. Both ureters 
,veto? $c•:n t,., bt! functiunin;: :iml \\"l'l'l) he:tltlly in :i.ppl'l\l'llil~. Fire c.c. of 
o·~ p,;r ,:,mt. iu,li,;v ,:,muin,: wcN injt!d~'\l intr.\vcnousJy and tlie dye \TU seen 
to bd e:-c..-r<!tN ironi the lcit ureter in 3~ mi11utes, but a.ppenred from the right 
ureter only :ift~r :?O minute,. .l. rii,:ht urcttrnl c-.nheter was inscr:ed e"ily 
for :\ J;.;:an.:e l,i :!:i cm. :111<1 :i. pr..-h•1="l':11u w,u t;\k.m, 12 ..-.c. oi .~ l:!~ pt.:r ctnt, 

------------ ------------~---------P""ll-----..... ~-'!'9'------

f.J 
::,-

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology…
ACL Doc 13405 · Page 52 of 193

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/52

https://asbestosclaims.law/library/13405/52


I 
t 
l 

... ,- 3M ,. , er ZfiW rm err, , ,, ... , tar·- , 

4-t. D. F: CAPPELL 

ao!ution of sodium iodide being injected. TbD pyelograrn (fir:. 2) sho1ved th.,t 
the right ureter ,ns ,·el")· a.baom1lll in sito.i.tioa, pu5ing across the ruiddlo line 
over the mid part of it.s course, that it. 'l'l'U con5idernbly :>tretched and thnt 
the catheter introduced a. distD.nce oi :?5 cm. re.'\ched only about two-thirds oi 
the wo.y along it. The kidney wu seeu to be in iu normal position but the 
pelvis was diotinctly horse-shoe sha.ped with the conc:i ,·iiy dowu wa.rda. A. further 
cystoseopic e:i:a.miaation 'l'l'M mado a. wttk later, the le{t uretar being c:i.theterisc<l 
a.nd a pyelogr:1111 taken. This sho\\·ed the ureter and pelvis o( the left kidney t.o 
be normal; two ca.lca.reow glands were ~een lying adjacent to it. Ba.cteriolo:;1cal 
&%1U1Wla.tion of the tlrine from both kidntiy3 sh.owed wt. there '"ere no orsnnism~ 
in film or culture. 

As a. result of these inTestiga.tiona a. uia;nosis of ~troperitoneal tumour on 
the rightaide mu made, a.ad the opinion 1,·il.i e:i:pres.sed that whatever abnormality 
,vu present in the kiduey on tha.t ilde was. due to m~cilanico.l pressure from t.he 
tumour. Operation wu pE:rformed b)· :,[r )!. Logan Taylor, assisted by :,[r W. \Y. 
Galbraith. The 3.0domen was opened by a right rectua incision, ru: i a. largo 
retroperitooeal tnmour 'IT'U found. Tho .,rowth wu ll.dherent to tile inferior 
vena cav11. and common iliac \"ein.s. 1vhicb 'IT'ero both spread o,;-cr its inner side 
a.nd firmly a.dhennt to it. The ureter 'IT'U lying O\'tr the front a.nd inner aspect 
of the tumour, and wa.s redected along ,nth the peritoneum. The infor~or vena 
cava. and common iliac nins were di.saecred free, and the tumour ,vu then shelled 
out. The right kidney wu felt lrinll' in its normal bed but rotated, the 101,·er 
pole beinir pushed upwards a.nd outwards, th• kidner thus lying t~versuly. 
The a.bdomen was closed in layers, and the patient made an unint1!.rl"Uptod 
recovery fror.. the operacion. Two mouths later & p;elograrn ,vu ta.ken on the 
right side, and it wu then seen (fii;. 3) that 'the kidney liad come down,\ little 
and had resumd its normal position, that the ureter bad not yet contrac•td a.nd 
wu lying in folds, and that there 'IT'U a. considerable degree of hydrouephrosis. 
The indigo carmine te.st \\'ll.S repeated with a. result simil&r to that on the first 
occasion. Bacteriological e.u.mina.tion oi the u.rine from the right kidney showed 
tha, it wu sterile. The patient. was eumined three run later, ... nd wu then 
in perfect health. 

The tumour w:is receh"ed within a. ~ery short time after remova.l 
from the body. Its e.:i::ternal cha.meters ""ere noted and the growth 
waa weighed. It was then sectionef.l and a.bout half the tumour wo.s 
preserved. as a museum specimen, 'l\"hile the remainder 'ITas cut into 
small pieces a.ud potrious from ma.ny different parts were futed in e:i.ch 
of the reagents. The fi."Cati~es employed were Zenker's fiuid with 
acetic acid, Bouin.'s aqueous solution, saturated co1Tosive sublima.tc 
solution, formol J.lcohol, and 10 per cent. formalin. in saline. l'imi.ffin 
sections 'ITete prepared a.nd were suiued ior gene1·al histological 
structure by b~matu:i:ylin and 80$in, eosin anJ. methylene blue, iron 
hmm:i.to:cyliu a.nd van Gieson's stain. As special sta.ins for connective 
tissue liurray's uile blue-,:in Giesou method, ~Iallory's original 
anilin blue a.nd ~fasson's trichrumic stains ho.Ye been found to yield 
instTncti',e pictures. A variety of neuroglfal stains including the 
original "\Yeigert method and nearly a.11 its moclific:i.tious, Jfallory's 
phosphotungstic a.cid htemnto:tylin, and Ba.iley'3 ethyl-,-iolet orange G 
mixture lun·e all been employe<l; in some ca.ses the speci;.1.l fi:co.tiYe for 
these sta.iuing methods hll.S been useu after preYious formalin or other 
fixation. ~umerous sih·er impregn:i.tion methods hose been tried, t,he 
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most consistently suce:essful being Ransom's pyridin sih·er technique, 
but the Bielschowsky met.hod for blocks also g:wo good results. It 
was not found po~sible to cut frozen sections e\·en after gelatin 
embedding owing to the soft a.nd varying consistence or the tissue, so that 
the Bielschowsky technique for sections was not applicu.ble. Portions 
of the tU111our 1,ere also embedded in celloidin aitcr mordanting by 
the Weigert process, both slo,v a.nd rapid methods being tried, a.nd 
sections were subsequently stained uy "\1,"'eigert.'s original method a.nd 
by the P:i.l, Kulchitsky :i.nd Wolte1·'s modifico.tions. 

J.\ra.ked-ays appca1·a1ice. 

The tumour is roughly o\·oiu a.nd somewhat flattened ante1·0-
posteriorly. It \>eighs a.bout 1020 grms., and measures 18 x 13 x 8 cm. 
Tho surface is smooth and tho growth is obvionsly 1vell encap­
sulated, but a. larse bundle oi nerYe fibres is seen entering the upper 
and medial aspect of the growth. A large number of blood Yessels 
with well-formed walls enter the tumour at nu-ious points. Tl.te 
grow-th is of fairly soft consistence, and the capsule is tense a.11d 
elutic. On section the substance of the mass bulges o,·er tho cut 
surface, and the tumour has a. characteristic appearl\nce oi interlacing 
irregularly-arrnnged bundles of ncr\·e fibres embedded in a. soit 
translucent myxomatons tissue (fig. l). These btn1dles are of varying 
size and run in all directions giving the cut surface a curiously whorled 
appearance not unlike that of a.n cedematous o.bromyoma. The tumour 
appears to be of uniform character throL1ghout, and o.o areas of more 
cellular primitiYe tissue are seen. :Blood ,·essels are not very numerous 
on the cut surface; they have thick well-formed walls ani.l appear to 
be surrounded by a. denser stroma.. So areas of necrosis or dl!gener::,,­
tion are present but a. few sma.ll calcified nodules are scattered 
throughout the growth. 

Microscopic cxctmination. 

Mic~oscopically the tumour is seen to be a. typical g:,.ngliouic 
neuroma. in which the constituent eh:ments are large nnipolar a.ml 
bipolar g::,,nglion cells, whilu the bumlles oi nerYe fibres are of non­
mcdullated type. The interstitial tissue is of an unusually wy:i:on1atous 
no.t.uro with characteristic stellate cells n.nd abuntlaut mucoid inter­
cellulal· nui.tri."C. The gnnglionic cells tend to occur in foci, the size of 
individual groups varying from a few cells up to n1any hundrells 
(tig. '4.). They ll.ro generally large, resembling those of sympathetic 
ganglia (figs. 5, 7), n.nd posse:;;s a. IM;e nucleus with well-defined 
1111cleal' merulJr-.i.uo a.nd :.i. largo 3inglo karyusomd; binuclcute cells are 
not u11co111mo11. 'rho cytoplasm of tlle ruajoritr oi .he go.nglion cells 
is like ground glnss, with the deeply st:1ining ~issl bodies tending 
to bo di~poscll in a cil'clc tu1rnrds thu pcl'iphcry oi Lhc cdl whilL• Llic 
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46 D. F. CAPPEU 

centre is rela.tively free (fig. 7). The nucleus in such cells is generally 
situated a.t one si<le, a.nd it is prohalile lhat the condition is one of 
mild degeneration, suoh as occurs in spinal g:uiglion cells soon aiter 
severance of the axon. A considerable number of apparently healthy 
go.nglion cells with central nucleus a.nd e,·enly distributed ~issl bodies 
a.re present, but there a.re a.lso many cells in a sta.te of more ad,·anced 
degenera.tion with complete loss of ~issl substa.nce and accumulation 
of pigment~ g1·an~es in their cytopl.ism. These granules appear 
to be of lipochroms nature, as they :;t.1in black with the I\" eigerc 
myelln i>hca.th stains and with osmic acid, orange with suda.n III and 
scarlet red, and reddish purple \Vith :\Iallor)Js hmrua.toJ:ylin. They a.re 
not wholly soluble in alcohol or etb.er, a.nd appear in paraff.n sections 
as yellowish-brown :;rnnules. In. sil,er impregnation F~po.racions 
many of the ganglion cells exhibit an e~treraely foamy struct1U'e which 
is proL,o.bly <lue to degenerath-e cho.o.~es. The he:i.lthy cells here 
present a. unifo1·m finely gro.uular appearance (fig. 10). In the more 
degenerate cells the nuclei are frequently shrunken and a.tr,,phic, and 
ka.ryocrhexis a.nd karyolysis a.re found. Finally the cell ood:,· has 
become shrtlllken a.n<l appea1-s to disintegrate. ~o endence ,;f p.:Jago­
cytosis o:. the part oi the capsule cells has been seen. 

Each ganglionic cell is surrounded by a. sheath of fine connecth-e 
tissue bet,, .;en which. il.D.d the cytoplasm of tile ganglion cell lte one or 
t,vo nnclci belonging to the capsule cells l)r amz,1,ii:ytes (fig. 5). This 
memhmne is prolonged OYtir the uon in the form of a. sheath which 
a.ppe3rs -to be composed of fine collagen fibres, .1s it st .. ins pink mth 
van Giesen, blue with tile anilin. blue and trichromic stains, and 
reddisli brown with phosphotungstic a.citl. b.rematoxylin. The groups of 
ganglionic cells sometimes consist or :,. I:ir;e number or isolated cells 
(fig. 6) each mth its capsule and a:tou cc,,ered b~· a sheath, but 
frequently a. considern.ble number of ganglioo. cells occur cfosely packed 
together (fig. 4), the cell hollies being polygo!ll11 from mutual pressure. 
In such groups each indhidual cell Joes not appear to possess a. 
capsule, bnt the whole group is in,ested by a. colllmon connecti.e 
tissue she:itih on the inner :J.spect of which there is a. nude:i.ted layer. 
Froui such gi·oups n. l.1,rge number of Jl:ons may erut:-r;;:e. but e:ich 
a.ppeurs co receive :i. co,·ei·iug as it pierces the in\·estin!_: membrane. 
lfany of the ganglionic cells in thesd closely packeJ groups are 
degenerate, and in some cases the in\"'esting she:i.th a.pp('ars to be 
incomplete, n.s if it lmd lieeu ruptured by the growth. oi the enclosed 
cells. !u such groups it is not uncoilllllon for two g:,.n;;lion cells to 

_ be joiued by a. thick protoplns111ic process, such as those (lescribed 
by All.Ull:S (1014). 

The nmuerous nuclei seen in the buudles of nerw fihr~s cot·respond 
to thu nuclei of th~ cells oi tlie c~·toplasuuc sht'llth whid1 surrounds 
each fibre like cha shcnth or Sch,,aon (fig. S). With careful focussing 
in suitably st:\iued prepamtions (<'.:1• hy :.Ltltc,ry's llr ).L,:0~1Jn's ,rniliu 
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GANGLIONIC NEURO:'tl'A 

blue method), it can be seen that the nuclei of the neurilemma. cells 
&re situa.cecl interu&l to the fine collagen fibrils of the sheath and 
that their cytoplasm forms a. delicate reticulated structure around 
the central a.:cou separ&ting it from the outer connective tissue 
sheath. This appearance is strongly suggestive oi the structure of a 
me<lullu.ted fibre, ns the reticul!l.tion .:i.boYe described closely resembles 
the ueurokeratin net'it"ork \,bile the outer collagen fibrils correspond to 
the sheath "t Henle. The application oi myelin sheath stain!! has 
ho'it"e,·er failed to demoostra.te anr t-::ace of medullation e."'Ccept in a 
,ery occasional fibre \l"b.ich is U!lus.lly solito.ry in a non-medullated 
bundle. These myelinated tibres are more numerous in the neighbour­
hood oi the groups oi ganglionic cells, but the myelin sheath is 
always in a. fragmentary condition as if degenerate. In some c11sei1 a 
ner\"e fibre, mrelinated ,l"hen near a group of ganglion cells, bas been 
observed to lose its myelination and to join & bundle of non-medullatecl 
fibres after its myelin.1.cion bas disappeared, but it is of conrse 
impossible to know the condition of the a..:con in such fibres. 

In sectious oi tissue impregnated by Ransom.'s and Bielscbo,vsky's 
methods it is seen. tha.t each nuclea.te<l sheath contains an axis 
cylinder process, but there &ppear to be at least two types present. 
The most numerous u:ous arti rather fine a.nd exhibit the 
characteristic ,aricosities of non-medullaced fibres (figs. 0, 10, 11). 
The other type oc :uon is much scouter &nd is of uniform cnlibre 

• thronghout as much oi its length as ca.n be traced in a. single section 
or e,·e11 ;1 series oi sections (fig. 10). In some of the ganglionic cells 
sil\"er imore-znation re,e11ls intracellular neuro-fibrils ,vhich can be 
set:n running together to leave the cell in. the emerging axon (fig. 10). 
Br counterstainillg Bielschowsky sections by the fuchsin-poncea.u­
lightgreen method oi ~fasson the structure of the nerve bundles is 
well brought ou~, and the central a.:,:on c:i.11 be clearly recognised ll"hile 
the nucleated aud connective tissue shentlls :ire also clearly demon­
strated. In spite oi the enormous number of ganglionic cells present 
in. the tumour tht3 presence of so manr apparently. healthy .uoos 
is difficult to account ior, especially in Yiew of tlie widespread 
uegenernth"e cha.n;;~s in the ~\ng!h,nic cells. Undoubtedly the grea.ter 
part of the larse mo.ss oi rumour tissue is made up of bundles of 
R.pparently healthy a:s:ons with their nucle(l.ted and counective tissue 
shea.ths, o.nd it is difficult to concei\"e tha.t each is connected 'IYith :i. 

g:mglionic cell in the tumour. The highly convoluted course of the 
oen-e bundles and their brnnchiug :mnstomotic chnrncter render ic 
prob:i.ble that ench is cut in mo1·e thnn one plnne, but the number of 
11t1Te lnu:,llt!s is ne,·errheless rem.u·k.ible. 

In successiul sih·er impreguation preparations, a fe,v structures 
su~~!!th-e of te.rmin,\l .uborisations of :u:ons around certaiu ganglionic 
cdl~ h."·c l,,....-11 ,,l,,-,_,rw,l (ti!,!. 10'- Oc,-.1sil1nallr ,m axon or .1:--011:1 

J:.11·,· b..:t'n ui,,.~1·1·,,,l to iurm an 111-ddiu~,l network within t-ho c:1p~ulu 
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of certain ganglionic cells, but it ia difficult to be snre of the 
o.ppearances since in such cases thick sections 11re of course required 
and the cytoplasm of the g:inglionic cells is generally obscured by a 
Yery he:i,·y deposit of silver. 

The interstitial tissue is of very loose textui·e, my%omatous in 
appea.rance. The essentfal interstitial cells a.re of fairly large size and 
of char:tcteristic stellate shape with. long processes which co.a some­
times be traced along the collagen fibres for o. considerable distance. 
These fibres are oi varying thickness a.nd Cllll readily be distinguished 
o\,ing trJ their wide sepa.r:i.tion by tho intercellular mncoi<l matrix. 
The stelfate cells possess a. r-..i.ther vesicular uucleus poor in chromatin 
and the cell body and processes are well brought out in silver pre­
parations by a. fine granular precipitation of tho .;ilver. In thick 
celloidin sections stained with iron haamatoxylin ::uid ,an Gieson these 
stellite connecti,e twue cells are clearly shown in relation to the 
fine collagen fibres. The int.erstitial tissue also conta.ins a considerable 
number of lymphocytes a.nu mast cells scattered irregularly throughout 
th.e mucoid matrix, and in a few places numerous pol:-morphs are also 
present These leucocytic cells are genera.Uy more liu..nerous near 
sc·ill blood Yessels \,hicb. course through the interstitial tissue 
carrying with them a. 1-ather firmer and moro detinite sheath of 
colk ,;en fibre~. Even the smallest vessels have thrck well-forwed 
walls, anrl in the walls of the sma.ll arterioles there is a.n a.bunda.nce of 
elastic tissue. Elsewhere in t.h.e tumour elastic fibres a.ppettr to be 
completelr absent. In the loose intercellula.r :rr.a.trix the mucin ha.s 
been precipimteJ. by some of the fixatives in the form of fine filaments 
which br-.inch and anastomose with one another, and often appear to 
form definite networks a.round the bundles of nerve fibres. With the 
pb.osphotun~stic a.cid hremato:cylin stain these filaments are deep blue, 
:i.ud their finer forms were a.t first confused with neuroglial fibrils. 
Further in,·estigation showed that they gnve characteristic staining 
reactions mth mucicarmine a.nd mucihmma.tin and they were· then 
re~ognised as precipitation a.rt-efa.cts. 

Co1n1n11,ta.ry. 

The sp<!cimen here described is a. typical ganglionic neuroroa, a.nd 
has prou.i~,!y al'isen i.11 connection ,vith the abdominal sympathetic 
cha.in. O"''ing to its large size (1020 gnus.) the exact point oi origin 
could no longer be recognise<l with cert4inty, but it is clear that the 
gro\\"th haJ not originated in connection with the supraren:il glnnd 
or crelfac rlc~us, ru; it lay belo1v /lnd behind the lower pole of the righi; 
ki,lner. The liter-.1.tu1·e vf the subject ha.s not been inYestigntcd fully, 
lout thi:; 3pcdmcn appears to be the largest 011 record in \\"hich the 
tissue is of uniformly a.dult type throughout. In view of the remark­
ably complete structure :incl rela.tfroly hc:i.lt.hy condition of m:my of 
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the gnnglion cells, it is strll.nge tha.t the growth did not give rise to 
more pronounced viscern.1 disturbances, since larse bun<lles ,of nerYe 
fibres wero observed to pa.ss between the growth and the main abdominal 
sympathetic chain. 

Tumours of similar structure were recorded by Ribbert (1904) 
in connection with the supra.renal glands, o.nd many other examples 
have ueen found since that time. Dunn (1915) has collected the 
literature up to lha.t time, ancl in r~porti.u~ two co.ses discusses the 
rela.tion of g:1.ngliouic neuroma to neuroblJ.stoma. In the present c::i.se 
no tr.J.ce oi neurobla.stoma. cells has been found; the small lyruphocyte­
likG cells present in the stroma. appear to be true lymphocy~i>:! a.nd 
a.re usually associated with other leucocytic cells; their morphulogy 
a.nd arrangement are in no way suggestfre of neuroblasts. .A very 
interesting fe3.tu1·e of the case is the extra.ordinary number of nerve 
fibres, for these elements, consisting of a:ton and sheath, forxr. the 
chief bulk of the tumour, and it is difficult to conceive how they have 
been formed. Thougll the number oi ganglionic cells is grea.t, the 
number of ve'"y fine fibres seems quite out of proportion. It .::iay 
be that the ganglionic cells, probably fllllctionless, are engnged in 
constantly a.dclin-; to the length of the fibres which curl and ft.rm 
the bundles observed, after the manner of ,vha.t is seen in n.mputation 
neuroma. :lrany of the ~nglionic cells ma.y hs.ve disappeared but, 
in this ca.se, one would expect that the fibres would disapp"lar also; 
'dtgenerated ganglionic cells Crom which the emerging a.x:on is absent 
from its sheath. have indeed been observed. Some such view of 
indefinite fo1·matiou of axons by the ganglionic cells seems necessary, 
though. of course the now generally discarded view of axon formation 
by neurilemma cells would aU'ord a.n e:-.:pla.na.tion of the findings in this 
and simi111.r co.'ses (.,ce Bethe, 1903). Fa.lk (1907) J.nd Friedrich (1912), 
for example, consider tho.t some of the axons in their specimens may 
have been formed from. the neurilemma cells. Pick and Bielschowsky 
(1911) haYe shown howe\•er that many of the fibres branch, o.nd they 
indica~ that this may be :i.n importnnt factor in producing a.u a.pplll"ent 
excess ol fib1·es. They a.lso obse~e, a.s in the present case, tha.t 
many of the ganglionic cells ruay have degeoernted and disappeared. 
A.dams (1914,) described :i. ;;,.tnglionic ueuroma of fairly adnlt st1·ncture, 
and commented on the apparent new fonuation of axis cylinders by 
neurilemma cells, but in his oa.se one area. of primitive cells of 
ueurobla.st type was present; it roo.y be noted .:i.lso that the ga.nglionio 
cells exhibited neither cn.psule cells nor shc;J.tbs. Beneke (1901) a.nd 
Wegelin (1000) h:we obser,·etl shcn.ths around the ga.ugliouic cells in 
their specimens auu '\\" cgelin 11uteu that the sheath p,issed out over 
the nerve fibres a.nd was continuous ,vith the shea.th of Schwann. 
This ha.s been contirmed in the present case. The genern.1 nbscnce of 
mrelin Mhl'aths i:i .ippnrcntly the u:_..ual limliu~ iu such ~rl>wths, lmt 
it is inte1·c~ti11..: to iwlc that tltc slructnrc ut: the nen·c !il.,rcs with :i. 

JOUIL'C. or rAT11.-1·0L X%11r. D 
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"ncurokeratin-like ". reticulum is more suggesth-e of myelinateri than 
non-myelina.ted fibres. The Yaricositics of the a.xis cylinder processeg 
on the othar ho.nd are characteristic uf nou-medulla.ted sympathetic 
fibres. It is probable however tbat the fibres, being oi neoplnstic 
formation, a.ro not perfectly formed, and do not correspond exactly 
to a.ny normal. adult structures. 

Su:u::.r.aY . 
.A. case is recorded of :in unusually large ganglivnic neurowa. ~h.ich 

presents throughout a. uniform structure of a.Jult ganglionic cells aud 
nerve fibres. The majority of the fibres a.re oi non-1nedullated type 
and the remo.rka.ble feature is their enormous num.lJ£r. They possess 
a. well-formed sheath of Schwa.nn a.nu outer connecth-~ tissue sheath 
of Henle. Two varieties of axis cylinder processes ha,e been recognised; 
coarse relatively uniform fibres, and fine fibres with the ,aricosities 
of sympathetic type. The interstitial tissue is unusually my:comatous, 
but no nearoglial elements other than the neurilemma •!~lls :ia,·e been 
recognised. No trace of rosettes or other ueuroblastic eie.."tlents has 
been found, and the subsequent history of the case con11rms tbe Yiew 
that the tumour is of simple type. 

I an.• indebted to ~!r Log:i.n Taylor for tho clinical history of the case. 
)Ir W. W. Galbraith kindly supplied. the pyelogram.s from n-bieh rl;urts :? and 3 
a.re reproduced. The photo•microgrnpha are the work oi J!r J olm Kirkpatrick 
of the Pa;hological Depa.rtment, Gla.sgow Uaivenit,•, and I desire to th:uik him 
for the trouble he has taken to secure aatiJfactory prepara.tion1. 

Brrm: 

'FlUJ:l)It.ICl? • 
PIC1'. ..Lo.'r.D BIELSCBOWSKI 

REFERE~C:ES. 
Ganglio-neurom& of the sympathetic ne""ous 

system, Tlit1i1for .1/.1). Dr,rt~. G/,;u,701<', 1914. 
Uapubwhed: in thearchil'esof the C'ninrsity 
library. 

B,itr. r. pat!& . .J.nat. u. r. all7. Path., 1901, 
'IOI • .ux. p. 1. 

.Allgem. Aant. u. Physiolog. dea ~enen.syste!ll!, 
Ltipn(J, 1903. 

this Jountai, 1915, .,..ol. ::i:i.x. p. 458. 
JJtitr. :. z,ath.. ~nat. u. :. all7. Path., 1007, 

vol. :rl. p. G01. 
Frank/: Zt,cAr.J: Pat!,.., 1912, "ol. l:. p. 456. 
Ztscl,.r. /. cl. (}ti . .. Y,ur. ?'- Pr;cia., 1911, "oL "i. 

OritJ. p. 3!>1. 
Geschwulstlehre, JJqnn.., 190.i, p. 3:?1. 
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THREE NOTES 0~ TUBERCULIN. 

H. J. P ..LillSH a.nd C. C. Os:D.I. 

JP'ellcom, Ph'!)~·ol<YJico.l P.u~n:l,, L11!-01·cztrm't1, JJer:kmluz.m, Kent. 

IT is necessary to preface the following three notes mth the remnrk 
that the stanci..:.rrl of compnri!on in all the e~eriments ,;;as a. laboratory 
standard equal i::i potency to the Frankfort standard tuberculin. It is 
also necessary to refer to the paper by the :.urhors on the standardisa­
tion of tuberci:;in (1927) ,;;hich indicates the limits oi accuracy of 
the methods of me:1su1·emenc ewplored, and therefore the degree of 
significance of the ~ milts which follow. . 

L T!IE ST.lBII.lTY" OF OLD !t"BEB.Ct"I.Ol'. 

Old Tubercu.Ll...1, hu:nan ('I') or botine (PT), is a remarkably stable 
prepara.tion in the t1ndiluted state. For e::i:ample, on i.utradermic test 
in the tuberculous gui.uea•pig no difference was detectable between a. 
sample of tita.nda.rd Old Tuberculin presented to these Laboratories in 
1911 by Ehrlich and kept for some years in the cold room. and later a.t 
room tempel'ature, :ind the present Frankiure Standard. This is but 
one of a. series or obser~tions on samples of Old Tuberculin, all of 
which point to indefinite stability-. We ha.,e neT'er found any evidence 
of instability in any sample ot mberculin, T or PT. 

Tuberculin bouillon film.re, human ,TOA) or bonne (PTO), ,;;hich 
has a. glycerine con cent of a.ppro.l:imataly 5 per cent. instead of a.pprori­
?Illl.tely 50 per cent. as in the concentrated product (Old Tuberculin), 
may be rega.rded as equi\·alent to ,1. 1 in 10 dilution oi Old Tubercttliu 
in glycerine veal broth. S3mples oi TOA and PTO have frequently 
been re-tested ,1.ftcr being kept for 2 years at room temperature and 
have shown no loss oi pocency, alth•jugh a. few samples of PTO or TOA 
ha.ve lost 40 per cent ,)i their potency aiter 3 years. 

Jowett (1014) states th,1t some i.u"estigators ho."'e found that 
diluted tuberculin is unstable anJ. "under;oes more or less pi·ofouud 
deterior::i.tion as a. rc:rnlt oi storage." In our hands it baa been 
rea.so11ably sto.blc. J. 1 in 10 dilution oi Old Tuberculin in snline 
kept at room temperature 1\,r 4 :,-e:irs lost nt,out 50 per cent. of its 
oilicieucy. One in 30(1, 1 in 10(1(1. 1 in ;2(1(1(1 :inJ. 1 in 4000 dilutions, 
kept ut 4° C., n.t 1·001u temperature o.nJ :\t 3i° C. \"ere slightly weaker 
:\ftcr 3 months chnn dilutions ,vhich h,lll been freshly pr~pared; n.fter 
1 year. ;t 1lillimmcc wJ~ n•.1,i:!:,- , :~-:~c-: .. : ,:., ••ll a !Jr:;L' 1mmbcr of g-uinc:1-
pigs. It i:1 pl'oh;1Ue thL•r.•ivl'<! r!;.it r!.~ lvH in pot1;11cr wns nl11,11t 

~, 
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60 per cent. There was no si;ninca.nt variation in potency between 
samples kept in the refrigerator, at room temperature and in the 
incubator. .ls & working rule, therefore, U would appear that ordinary 
dilute tuberculin may be used for at least 1 month after dilution, but 
praferably not for looger than this. 

When undiluted tuberculin, bovine (PT), ,va.s autoclaved for half an 
hour at a pi·essure of 15 11>s. it was still apparently of full strength. 
After autoclaving for 2 hours at 10 lbs. we found a loss of potency 
just deteetahle by the intrndermic test on si::c guinea-rigs, representing 
I\ drop of about 40 per cent. Dilutions of Old Tuberculin, 1 in 500, 
1 in 1000, 1 in 2000 and 1 in 4000 1vere less hes.t-sta.ble than the 
undiluted product, after 1 hours at 10 lbs. the:; had lost at least 
60 per cent. of their efficiency. 

Similar results were obta.ined- w'ith a sample of Old Tuberculin of 
quadruple strength ,vhich ha.cl been prepared by the method of Douglas 
on potato broth. medium. 

Concfosions. 

(1) Undiluted Old Tuberculin is stable for an indefinite poriod. 
(2) Tuberculin bouillon filtrates ·(TO.A) and (PTO) are stable for at 

le:i.st 2 to 3 yea.rs. 
(3) Dilutions of 1 in 500 to 1 in 4000 of Old Tllberculin may show 

& loss in poti!ncy of 40 pe1· ceut. after 3 months. 
(4) Undiluted Old Tuberculin mo.y be autocla.,ed for half :i.n. ho.ur 

without detectable loss, ancl after 2 hours mo.y retain 60 per cent. of i~s 
original ,•alue. Dilutions of Old Tuberculin a.re less hea.t-sta.ble "but 
may retain 40 per cent. of their original value a.fter :i.utocl&ving for 
2 hours. 

II. TB:a: "OLD Tm3ERCULr.i" C0lf!~"T or NEW TUDERCULINS. 

Koch's ~ew Tuberculin (BE) is essentially a. vaccine consisting of 
pulverised tubercle bacilli suspended in glycerine, a.nd Tuberculin R 
is an extract of ground-up bacillary bodies. .A comparison has been. 
made of BE and TR with Old Tuberculins by injecting suitable doses 
iutracuta.neously, subcutaneously :.uid iutravenowily into tuberculous 
guinea-pigs. 

Al.together 7 samples of BE or (PBE) (lnd 5 of TR from british 
and foreign sources ha,e been used for the e:,:periments. The strength 
of the BE wns approxima.tely 5 mgrms. of ground bacilli per c.c. By 
the intr:i.cut..1neous method of testing, the potency of one of the samples 
of BE was approximately I/5th that of a sample of Old Tuberculin of 
Fr:inkfm·t stn.ndanl. poteucy. Dilutions of 1 in 100, l in. 200, 1 in. 400 
a.ml 1 in 800 ~\·e rise to rcnctions in tuberculous ~uine:i.-pigs :i.t 

20 hours which appro:timnted to those giYen by 1 in 500, 1 in 1000, 
1 in 2000 a.nd 1 in -t000 rcspecth-ely of standard tuberculin 
(==Frankfurt). In normal guinea-pigs which were use1l as controls 
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TUBERCULIN 03 

no reactions were produced. One sample of BE was a.bout 1/lOth of 
Lhe potency of standard Old Tu!Jerculin, tlu·ee sa.mples ,vere a.bout 
l/15th, and t-w-o ~·ere about 1/::?0th. Of the five samples of TR, one 
,vas a.ppro::cimately l/15th and two l/20th; two contained very little 
Old Tuberculin and were probably 1/50th to 1/lOOth of standard 
value . 

A suspension of de&d tubercle uacilli of strength 5 mgnns. per c.c. 
induced re:i.~tions \\"hen suitably diluted which s11ggested that it was 
approximate!:•: 1 20th of Old Tuberculin sta.ndnrd ,•a.luo. 

Heating ,)f dilutions of BE to 100' C. for 20 min11tes on 3 con­
secuth-e days c,msed no diminution iu the size of the ski..-i reactions 
obtained by intr:icutaneous injection!. This observation wr.i. made in 
connection \l"ith some routine sterility tests on BE. .A.lt:i.ough no 
e:tperiments ha'"e been made on the stability of BE after autoclaving, 
this result su~gests tlnt the Old Tuberculin present in BE is probably 
as heat-stable :is Old Tuberculin in its usual form. 

The samt relati\'"e poteucy between. the seven sample~ of BE and 
five of IR was obtained by the subcutaneous method of testing as by 
the intrader:1:ic. Doses of O·l c.c. o.f Old Tuberculin and 1 tn 5 ,:.c. of 
the BE or TP. were injected into comparable groups of tuberculous 
guinea-pigs, i.1:. guinea-pigs which had been infected at the same time 
and with the same inoculum oi mnlent cult~e. The samples of TR 
which were or low potency by the intracutaneous test were the only 
ones to fail to kill any of the guinea-pigs which ~ere injected 
subcutaneously with 5 c.c. doses. The other tu!Jerculina, including the 
stll.ndard. Old Tuoerculin, killed approximately 50 per cent. of guinea.­
pigs at the dose:1 selected. ~t autopsy the dead animals exhibited the 
'l\·ell-knorni siS?ns of death from tuberculin. 

In a fe""- e.:cperiments in which tuberculin ha.a been injected 
intravenouslr, the intraYeuol\s dose for Ohl Tuberculin has been a.bout 
half the subcutaneous dose. that is, 0·05 c.c. Sllitably diluted and given 
intra.venously has killed the same percentage of tuberculous l\nimnls 
as O·l c.c. inje~ted subcutaneously. The intrD.venous dose for BE has 
been less tb.an hu.lf the snbcutaueous dose. BE or TR which was 
app1·0:timntely l; 20th the potency of standard Old Tuberculi11 by the 
intrndermic test killed tuberculous guinea-pigs in doses of 0·5 to 
1·0 o.c. given ix:tonnously, producing the typical post-mortem a.ppea.r­
ances of death from tuberculin. 

Conclusion. 
W'h~n s:u11ples of BE and TR ~e injected inn·acutnneously, 

su1Jcur.111~•1JL:~:y or intra ,·enously into tuoorculous guiuea.-pigs, ther 
produce etfocts which ll.re qualit:i.cfrely indistiuguishabl~ from those 
(':mse1.I by 01,1 Tu~rculin. BE \·a.1·ies in potency between 5 per cent. 
,ll1d ~1) l•<-'r l'~:.::. ,1::• l TR uctwe~11 1 pl·t· cent. uuu 5 per cunt-. of O kl 
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IIL THE DCVELOI'~IE:-1T OJI' SK~·SE:-1StTIVEX&SS TO OLD TtrBE'ltCULrn 

IN THE TUDERCUI.0C'S GC'~U-PIG. 

Fifteen i;;uinea-pigs were infected ~ith 0·5 mgrm. of a. virulent 
human stroin (H 12) of B. tttbcrcttlosis. The animals were injected 
intro.dermall:r. with 0·2 c.c. of t,vo or more dilutions of stauda.rcl 
tuberculin bi-weekly from 1 to 3½ weeks and then weekly to 9½ weeks 
after infection. The figures gfren in the table represent the reciprocals 
of the highest dilutions of sta.nda.rd tub'!rculin ~hich ga.Ye 1,ell­
de,·eloped positive reactions, approximately 8 mm. b diameter, 16 to 20 
hours a.iter injection. 

Ten of the 15 gttinell.-pigs ga.,e definite posith·e re:ictions one week 
after infection a.t dilutions of 1 in 50 to 1 in 200; 7 of the 15 g:we 
similar reo.ctfoas 1 week later at 1 in 1000 to 1 in J000. The 
d~vclopment vf skin sensitivity to h~gh dilutions oi tuberculin Yn.ried 
considerably f1'om animal to animal. In many instances it was 
exceedingly ra.11id, the minimum a.mount oi cuberculin necessary to 
produce a standard re3.ction fallillg :?0 to 40 fold in 1 ~·eek. In one 
guinea-pig, ho'Teve.', 1 in 50 1vn.s tb.e highest dilution which a.t any 
time caused a. rtanda.rd reaction, in another 1 in 500, and in two 1 
in 1000. . 

It 1vill be sean from the table that more guinea-pigs were skin­
sensitive to hlgh dilutions of tuberculin at about the third week than 
at a.ny other period or the infection. ~though some animals are 
extremely sensitive for much longer periods to tuberculin given 
intradcrma.l.ly, the third ''""eek is probably the most suitable for 
tuberculin standardisation if the guinea.-pigs are infected in the 
manner described. Guinea-pigs which \\ere a.ppsrently in good con­
dition, ha.cl well-nourished skins and showed eul.Argemen~ of the right 
inguinal glands (the nearest to the site of infectiun) tended to be 
the best reactors. The mode oc de,·elopmenc or skin sensith'ity in 
this experiment is confirmatory of mauy casual obser..-ations made by 
the authors in tbe course of ,vork on the standa.rdisa.tion of tuberculin 
extending over seve1'lll years. It should be noted ho,,e,er that many 
of the reactions recorded after the second or third week a.re probably 
less marked th:in they would h:we been on other tuberculous guinea.­
pigs which had not been subjected to bi-weekl~· depilation and 
injections. We think that this loss oi sensiti ,ity is to be n.scl'ibed 
partly to desensitisation to tuberculin as a result of repeated 
intradennio injections, a.nu po.rtly to iu1pnired gener.d health oi the 
a.niu1:1ls from frequt:mt handling; the mortality iu the early weeks 
frotn tuberculosis a.nd infections uue to or~nisms of the Salmonella 
b'l'Ollp wns comp11,rnth-ely hi~h. ouly 6 oi the 15 g,.1iue,l-pigs lh·ing for 
a. lougcr pel'io<l thau i week ... 

Thei·e 1v:i.s consider:i.ble variation :uuong the indi\idua.l guinea-pigl! 
in the course a.s well as in the mode of onset of tul~rculiu 5ensitivity. 

... 
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Thus, of the only two guinea-pigs which were skin-sensitive to 1 in 
4000 2 weeks a.fter infection, one became skin-sensitive to 1 in 8000 
a.t the third week a.nd remained so for 2½ weeks, but tho other ,vo.s 
sensitive at 1 in 4000 for a few days only, and been.me markedly less 
sensitive to the end of the 5th week when it died with post-mortem 
appearances of advanced tuberculosis. The majority of guinea-pigs 
have shown a fall in skin sensitivity for some time before des.ch. 
Reactions ,vhich occur in Wll.Sting a.ulllla.h1 shortly before death ceml 
to have an atypical pallor due to the failure of the rather a.trophic, 
poorly nourished skin to give a. b.ypcr::emic response; tho pallor gives 
way to necrosis rather than to hypermmia when lo-;. e-: dilutions a.re 
injected. 

In conclusion, although the·number of guinea-pigs under experiment 
is small, the results obtained confirm ,-iews based on casual observation 
that sensith-cness develops progressively :i.lthough often q_uite q_uiokly 
once it has started. Frequently guinea-pigs are relati-,ely ;nsensitive 
or only slightly sensitive one week, and the next wee!~ or the week 
after are perfectly- suitable for ordinary testing. The 11ubsequent 
progress of sensitiveness varies considera.uly and frequ,~ntl1 shows a. 
fall for some time before des.th. 

Boquet and Negre (19_26) stll.te that sensith-eness to tuberculin 
somei;imes appears suddenly in a.11 its intensity and tba.t more 
frequently it is preceded by a short period of transfoiou (24-48 hours). 
We have not been able to confirm this opinion by intradermic methods, 
and it has been our genera.I e:cperience that sensitiveness becomes 
detectable a.t the end of a week afte1· infection a.nd advances to a. 
maximum in 2 to 3 weeks. 

R~CES. 
BoQ~, A., and Nta&E, L., .d.m,. In,e. f>a.$teur, tl 11. 

1926 
JowETT, W., 1914 . . . . . J. Compa.r. Pa.th.. a.1u:l Tlurap., uvii. 129. 
OICELL, C.C.,and P.a.aa,ELJ., Jlrit. J. E.qu1·. Pa.ti£., viii. 170. 
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THE RELATIONSHIP BETWEEN THE H..-E:MO-
LYTIC COjIPLE~!E~T AN'D THE OPSO~IC 
PO\VER OF NQRjl.A.L GUINE.A.-PIG SERU~!. 

Jon~ GORDO~. Hcc;n RoG~SO!f \VlUTEHEAD a.nd .ARTB.t'R \YOP..\LU.L. 

Prrmi thl! Dqx,,,.1,.11!11f~ oj P11.thol()(J'!/ 11.nd .Bacten.'olo']'!/ and of PhyliolOt]y, the 
School of J1~~:id11~, Lud,, mi.d the Dt'p<Jrtmmt of IJactt:rial.o']y, Crxltgt. oj 
Jltdicinl!, Se,:c'l1tlt-o,._1•ynl!, 

THE reln.tionsbip between the opsonic power of normal serum o.nd 
the power to h;~iuol:,·se sensitised red corpuscles has been studied by 
nUIUerous :mth-;1·s ::.ucl in nrn.ny instances evidence baa been produced 
to show that the op!onic action of a. normal serum involves· the action 
of complement nr perhaps a more .comple."C system consisting oi a. 

thermostable su~stance and a. thermola.bile component of the com­
plement type. lr the latter ,·iew is corretlt, the opsonic system ma.y 
be regarded as being similar to the hremolytic system in consisting of 
a. rela.tfrely heat-sen.hie a.nd p1·obably specific a.mboceptor a.nd a. heat­
labile non-spe~ific t'omplement. 

)Iuir l\lld ~wtin (1906) produced evidence to show that there is :i. close 
similarirr bet"l'l"o:e!I. nor.n.'\l thermolo.bile opsoni.na and hmmolytic complement, for 
they found th,n .ub!tanca ""hich remove luemolytic complement from normal 
guine11.-pig serum also remove tho opsonic power. The absorbing substances 
used for th.i~ purpose 'lt'ere (11) sensitised red cells (b) serum precipitates formed 
by mimg antigen and antibody .and (c) semitised bacteria, and in all cases the 
absorption oi h.-emolytic comph,ment ,\nd opsonins WOl'e closely po.r:illoL Blicher 
(1907) a.nd L~rndiri ,\nd Inma.nn (1907) produced further evidence pointing to 
a ~i.milarity bem~n normal opsonin :uid cowplement, wllilst Neufeld :i.nd Hune 
(1907) ~hawed :!lat tre:.1m1en, of norm.'\l serum with yeast cclls removes both 
h:emolrtic c:ompleruent :md opsonin . 

Other authors lio"·eyer ho.~e ~Ip\-csscd the opinion that a. thcrmost:i.ble opsonic 
constituent (ambocepwr) i.:i concerned, together with complement, i11 opsonic 
:i.crion. De:i.u (1~'07) ;bowed thnt the opsouic power of lieu.tod immune serwn 
was grc:itly incren.scd b)· the ,\ildition 0£ a small :i.mount el unhented nc-r11111l 
serum. Co"·ie anJ. l.:h.\pin (1007, l) obtained su11ifar results with norm1\l humu.n 
serum and found that the :i.ddition or a. small nn1ount of normnl llu111nn serum 
could. restore the orsooic power ot lmnmu scrum which hu.d boon he:ikd at 53• C. 
for ten minut.:s. From these Cl:'[lcrimcnts the conclusion wn.a rt::\chcd thaG the 
opsonin oi nC'rm.,l hum:11\ s,·nun b:l:I .~ ,loulile nruboccptor-complemcnt structure 
lik~ b:1.:111,,h·-::1s .,ml i-.1,·t~rivll',.in:1. l:'u1·thcr \!Yidcuco in favour of thi:! \'l~W 

Wnai pre~,mt~J. in .~ l.1t.:r 1x1pcr·, Cowie ,mil Chapin 1U07, 2), when it was sbomi 
that Strr}'h,,loro,.•,·ui tre,\ted with licntcd serum ,\nu then washed a U1oru re:\dily 
op~,,n:~"l \,~- .i ::c,rm:1 l ,.,:rutu than j,. tho untn-:Lt..-tl org-.mi11m. 1 n ,uhliri~11,, 
tr,.,:·.;,::: c,i : ... ~::: . .i humau "·mm wirh ,t.Lphyl~vcci r~'f11!t:1, under c,rtain 
cullllit:L•ll"- in :::. !, -- ,,i pr.\\·ti,,dly all th~• ,,p,,ouic power ,lint l~:n-1.:::1 lid1i111l 
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n. subs~cc which call reactiva.te a. heated serum for opaonic activity. The 
IIDJJle authors (lDOi, 3) submitted further evidence in support of the amboceptor­
complement view of opsonic a.ction. They found that Seaph.ylocoecw, tre11.ted 
with normal human scrum a.t o• C. a.nd then wn.,hed with cold snit solution, 
is not much more susceptible to phn;ocytosis in the a.bscnce of scrum tho.n the 
Ulltrea.ted ori;anism, but is more rcudily opsoniscd by a. dilute normal serum 
or by a serum which hD.d been ioa.cti,ated by conta.ct with sta.phylococci in tb.e 
cold. Thus at o• C. the bacteria. :i.bsorb the a.mboccptor component only oi tb.e 
op,sonic system. Browning (102~) sta.tes th11.t tb.o taking up of opsonins at lo\v 
tempemtttre!' \\'ithout the removal of complement may be attributed to tb.e 
existence of a. 1111.tural immune-body which pla.ys a. pn.rt in the opsonic etfect, 
leading to the union of complement, or it may be due to the e.iiatence of multiple 
complements. 

It is po.;sible to study what rOle, if any, is played by complement iu opsouic 
a.ction by observing the effect on tho opsonic po1ver when complement is "split" 
into fractions, or when one or mo1·0 components are in.activa.tcd. Simon, Lamar 
a.nd Bispham (1906) folllld tb.a.t the opaonin of serum is associa.ted with the 
globulin fraction a.nd Eieinema.un and Ga.te\Vood (1912) similarly found that the 
opsonins of aotistreptococcic a.nd a.ntigonococcic sera are precipit.'\ted 1'"itb. the 
globulins. Ledingha.m and Dea.n (1912), however, showed tha.t mid-piece as 
prepared by the CO2 method wa.s unable by itself to sensitise B. typhoau, for 
ph11.p:1toais. 

In tlil investigation of the properties of hremolytic complement the 
present authors have shown (1026, 11 that sma.11 amounts of :1mmonia. 
inactivate hremolytic complement by the almost spec.inc destruction or 
a. compon':!nt ,vhich is relatively hea.t-stable and which is associated with 
the albumin fraction of the serum. Thus ammonia.-trea.ted serum has 
no hami.olytic action on sensitised red cells but is reactivated by the 
addition of serum heated at 55• C. or heated "end-piece" (albumin 
fraction). It has been shown later (Gordon and Wormall 1928) Lhai; 

ammonia h,.-is a. similar action on the bactericidal po,ver of normal 
guinea.-pig serum against B. dyscnteria; (Flexner), and it was concluded 
that this bactericidal system consists of hemolytic complement and an 
immune-body present in the normal serum. Preliminary investigations 
of a similar nature (Gordon, Whitehead and Worma.11, 1026, 2) sho\'\"ed 
that the fourth component of hremolytic complement is uot essential for 
opsonic action, nud the itn·estign.tions described below forru a11 e:ctension 
of this observation. 

Trea.truent of normal gu.inen-pig serum with small amounts of 
a.inmonia. results in the complete loss of ha::iuolytic action towa.rds 
sensitised red cells, duo to the inactivation of the fou1·th con1ponenG 
of complement, but no corresponding loss of opsonic power occurs. 
Thus the conclusion is rc:iched that although tha other components 
of hremolytic complement ma.y function in the opsoniu system, the 
fonrth Cl)mpnncnt is uot esscnLfal. 

The tr~atmeut of scrnm with bacteria. usunlly resultl! iu the i·emo,·al 
of both h::cmolytic comple111cut ,Uld the opsouic power, :1nd chis is 
qnotetl in surport of tho view that the nl'sonic ~yskm of normal 
scrnm is a t·otuplcmcnt 01· :m1hoccptur-<·11111pk-1111•11t ,;y,-t<!lll. H ~uirabi~ 
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COl',fPLE,UENT AND OPSO,VJN 50 

a.mounts of the organism (SlapAylococe1u aurf.us in these e:o:periments) 
a.re added to normal guinea-pig scrum a.nd the organisms remo\·ed by 
centrifugiDg a.fter incubation of the emulsion for about :? hours, it is 
found that the serum has no opsonic action and no hremolytic action 
on sensitised red cells. The ce11t1·ifuged bacterio. howe\·er, after being 
washed with 0·9 per cent. Na.Cl ~olution, a.re readily phagocyte<l, a.nd 
the loss of opsl)nic po,ver by the scrum is attributed to the a.b~•)rpcion 
or adsorption oi the opsonins by the bacteria. If the ,;e,;; expressed 
a.bo,e is correcc-tho.t the fonrtu c.;owponent of comvlement 1s not 
essential for opsonic a.ction-th~n the fourth component of com­
plement need not necessarily be ab!!orbed by the bacteria., :ind indeed 
the· non-removal of this component by the bacteria would furni,:.. 
evidence in support of the byputhesis. • Experiments carried out ti) 

cest this point ha.\·e shown that treatment of tile serum with bacteria. 
nuder conditions which lead to the complete loss of hremolytic and 
opsonic functions does not cause the removal of the fourth component 
of complement rrom the serum. The bacteria, ,vhich are remo,·ed 
from the sei:um by centrifuging, are however fully sensi-cisd iur 
subsP.quent phn;oc-tosis, an<l the conclusion is drawn rhac the5e 
bacteria. haxe rewoved the whole oi the opsonic system; this sysrem 
thereiore does not inc!ude the fourth component of complement. 

Ezpmmffltal. 

To determine the opsonic power of the normal or treated guinea-pig 5i'!'ttm 

0·1 c.c. of a.n emulsion of Stapl,ylococcu, aunvs was added to o·~ c.c:._ of tile .eru:n 
in a. centrifuge tube; tbe mixture ,va.s then incubatc.-d a.t 3i" C. for 1 il•)Ur n.nd 
wa.sh.ed guinea-pig leuc:ocytes added. .liter a. further incub11.tio11 for l hour, 
films w-ere mD.de, .t:lined and e.umined for pbagocytosi.'I. For our purpon i. 
sufficed to determine ouly thot presence of a good phagocytoiis or th! absence of 
phagocrtosu aad it was not found uecesAI")' to make opsonic count.s. 

The h:2molyti•~ complement activitits were determined by dilutui;; the sera. 
with o·o per .:ent. Xa.Cl solution a.nu a.ddi:lg v&rious amounts of tho diluted .;era 
to l c.c. of -4 per cent. selllitised oi.: cells. The total volume in ea.ch tub~ l\"ns 
adjusted to 2·0 c.c. l\"here 11~ by the :uidition of o·o per cent. ~nCI sohltion, 
and the tubes l\"er-! then incnbated u.t 3i" C. The amollllt of h:emolr.;is after 
incubation for¼ hour, 'l hour and l hour ,vas recorded thus: 

+ + + + complete hiemolysia. - 110 h:emolysis. 
+ + +, + + or + intermtcliate grades of hrewolysis. 

Tiu: action of a1n1nonia. on tl,c o-psonin cmd complement ,:,/ ,,ormal 
guinea-pig &m"'l,m. 

In the earlier experiments noi:rual guinea-pig scrum w.is treatetl 
with one-quarter oi its volume of "S/G·5 NH:1 solution, buc it ~as 
fouml later thuc tren.tm~nt ,,ith n. srnn.ller volume of stronl!~r amrul1!1ia 

solution w:u preforable fur the opsonic expet'inieuts. To inacti,·nce 
the hmmolytic complement, J c.c. of guinea-pig serum were treated 
with 0·0.3-0·10 c.c. of 0·S'j S. XH3 solution and the mixture incub,Hl'•.l .Lt 

;_;7: L'. tvr 1~ lwur.:;. The scrum wa~ then neutralised uy th~ .i.i-.:i,i,,n 
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60 J. GORDON, H. R. WHITEHEAD AND A. WORMALL 

of the necessary amount of N. HCI (determined by the titration of an 
aliquot portion) nnd then tested for opsonic a.nd hremolytic o.ction. 
The following is a. typical result from a. large number of experiments 
in which tlle amount of ~H3 used a.ncl the time of incubation were 
varied. 

Op,onic poir,r.-'S o duftrences could be detected botween the opsonic powers 
of normal o.nd ammonia-treated sera.. Controls ,\ith o·9 per cent. Na.Cl solution 
showed no phagocyto,i.s. 

Hc~mol.?Jtic 11.r.tfr1"ty-

Ha!mol;sia of s-:n.situed red cells after incubation for 1 hour:-
1·0 c.c. normal gui.nca.-pig serum (l : 10) + + + + 
0'5 c.c. ., ,, ,, (1 : 10) • + + + + 
1 ·o c.c. ~"H3-treated gninea-pig se1'1llll (1 : 10) 
0•5 C.C. U II II (1 : 10) , 
0·5 c.c. ,, serum (1 : 10) pins 0·5 c.c. hc.'\ted seram . + + + + 

The heated serttm 'IT'U sumea.-pig serum hCllted at 56° c. for 30 minutes and 
then diluted with 9 ~olumes of 0'9 'SaCl solution. 

These e:tperiments show tba.t destl'uction of the foUl'th c,mponent 
of comp1ement by- ammonia. results in. a. complete loss of t:Emolytic 
action for sensitised cells, whereas no detectable loss of opsonie power 
occurs . 

.Rc-m01:al of lu,:mol'!Jtir, cr.>-m1,lcmcnt ancl tlie opsonins of normal 
[Jlliliea-pi~ se1-u11t by bact,:ria. 

.do heavy emulsion of Slapliylococcv.s aureus was addeu to uorma.1 
guinea-pig serum and the mixture incnb:i.ted o.t 3i° C. for 2 hours with 
frequent shaking. The bacteria. ,vere then remo,·ed by centrifugiDg 
for 1 hour at high speed, a.ocl the opsonic and hremolytio po,vers of the 
supernatant serum determined. The :-.n3-t1·eated serum was prepared 
as described for the preceding experilnent. 

( ~ormal guinea-pi~ serum Good. 
Op,onic actit-ity ·l ~Hi-tre\\ted guinea-pig sPrum Good. 

Serum treated with bacteria ~ one. 

Th& bacteria remond from the l:i.st serum 'l'l"ere \\"ashed "--ith 0·9 por cent. 
:S-aCI solution .,nd ""ere fowicl to be rc:l(lilr pha;ocytcd. in X a.Cl solution. 

IltriTVJl,11tic actfrity.-.-Ul the sera. were diluted ~ith 0 volumes of 0·9 per cent. 
~o.Cl $Olution. 

HremolysiJ of maitised red celu after incubation for l hour:-
1 ·o c.c. nonnnl i;uinea-pii; serum 
o·~ e.c. " ., ,, 
1·0 c.c. :::;B:3-trentet.l l,Uinl!ll.•!1ig serum 
0·5 .:.o.:. 
o·:. -:~-=­
u·;} l!.I!. 

0'5 c.c. 
~-~f'.::11 

,, ,, 
lk!rulll + o·;; c.c. hcati:,l ,erwu 

,, + 0'/5 c.c. hncteri1\·tre1\ted sermn . 
., + 0·5 c.c. heated bacteria.• treated 

+++ or 
l ·t) c.,:. b.\,·:, :-:.1-:rt.,:-.:,l s.:nnn 

" 

++++ 
++++ 

++++ 
+++-t-

++++ 
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COMPLE/11ENT AND OPSONIN 61 

From these results it will be seen thnt neither ~TH3-treated serum 
nor serum trea.tecl with bacterfa. ha.d :my luemolytic complement 
activity. 'Then combined, however, they show stroo; hremolytic 
action towards sensitised red cells. Thus the treatment oi normal 
guinea-pig serum with Staphylococcm aurC'lu in a.mounts sufficient to 
remove the opsonic power docs not result in the removal of the fourth 
component of complement. 

Summary. 

Destruction of the hremolytic complement acth-ity of normal 
guinea.•pig serum by small a.mounts of ammonia. does not redllce to 
any sign.ificaut extent the opsonic power of the serum for Stapityiacoc~s 
aurcus. Incul,:.tion of the normal soru,m a.t 3i° C. for :2 hours mth 
this organism i.r. a.mounts sufficient to remove the opsonic and 
htemolytic complement activities does not remove the fourth. component 
of complement. The conclusion is drawn from this endence that one 
component of compl~ment at least, the fourth component, is noc 
essential for the opsnuic action of the normal serum. 

Tm, of the authors (J. G. and A. W.) desire to th.u.nk the ~edical Reseuc:~ 
Council for part-tim'!I r>< rsoaal gmnts and ~or grants ~hich ha~e partlr 1l.!irar~ 
the expen.ses of this r-sea.rch. 
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THE NERVOUS SYSTEl\i L.'r RATS FED ON 
DIETS DEFICIENT IN VIT&\HNS B1 Al\D B~. 

RtrnY 0. Sn:irn a.nd G. l\URSHALr, FrnDLAY. 

From the .1.\·a.tio11al Ilo,pital for Pu.ral,111td cmd Epileptic and tit, Labonztorits 
of th, lm1w,..,:a.l Ca.11,C,r Ru,a,rcl,, Ftmd., Lond<:n1. 

(PLA.n VII.) 

SINCE Eijkma.n (1897) unt described. polynellritis in hens as the result 
of an exclu.sive diet of polished rice a. very l&rge a.mount of work ha.s 
been. curled out" on the relations between dietary deficiencies and lesions 
of the ner.•ous system. 

Tho pathological changes originally described by Eijkman consisted of aon­
inBamma.tory atrophic degene.-a.iion of the medullary sheaths of the ne"°ea 'lrith 
chromatolysis &11d atrophy of the ganglion calla in the anterior horn of the cord. 
Vedder and Clark. (1012) confir11ed these result& in fo'ff'ls, chromn.tolysis bei.Dg 
found both in the nerve cella oi the cord and dol'SR.l root ga.ngli& together 'lrii;h 
degeneration in the medulla.ry sheaths of the peripberal nerTes a.nd in the ne"°e 
roots and tract& oi the cord. Kimuro. (1919), M'Carrilon (1919) and Findlat (1921) 
obwned similar results in rico-fed birds. ~•Carrison a.ud Findlay how~er both 
found that complete starvn.tion in pigeona 1and fowls led to chromatolysu in the 
nCffe cells and degener:i.iion of tbe medullary sheaths of thlll nerves, confirming 
the earlier work of Cha.mbcrlu.in, Bloombergh and Kilbourne (1911) anri Eijkman. 
aud T&D. Hoogenhuyze (1916). Culley (19!7) beliend that the degeneration of the 
medullary sheaths of the nerv11 in fowls fed on polished rice is not identical with 
i\r allerian degeneration. 

Polyneuritia ,vith similar lesions hu wo been produced in mn.m.mals by 
deficient diets. Thus Ship and Kuaa.ma (1911) fed monkeys 011 boiled rice and 
cu.used degeneration of the peripheral nerves as did ll'Carrison (1919). .udrews 
(1912) prodnced degenerative lesions in the ne"0111 system of pappies by feeding 
them on the milk of women whoee children had died from beriberi, while 
Voegtlin and Lake (1919) prod.aced polynctuitia in ca.ts and dogs in from four to 
six weeka by feeding them on a. diet of lean beef heated for tbree hours at l:?O' C. 
in the presence of a.lk:ili. The scia.tic nerves of these animals stained by the 
Marchi method showed a.ll stngcs of myclin dcgoncro.tion. 

When rata, on the other hnnd, are fed 011 dicta which are complete except 
for the e.ntineuritic vitamin, polyneuritis is only produced in a. small number 
of animals, the others dying with symptoms of inanition only. Examination 
of the ner,ooua system in nita fed on diets la.eking the antineuritic vita.min Jui., 
been ca.med out by \":irious obtervers. Schn.umnnn (1910) produced purolr~is 
of the hind legis by feeding mu on au oxclusive diet of horsetlesh 'l'l·hich had 
been sterilised at 120• C. E.'l::uninntion of tho ocr-.·es showed no t,·pic-.il degt?ne!".i• 
tion of the myelin shenths, but a. foa.my appenr:mce which was considered to 
be evidence of the breaking up of myelin. Iiofmi:ister (102:?) fod rots on a diet 
which \l'l\S dcficit:nt only in vitamin D. In a fow n.nimnls a. SJ'l\Stic condition 
of the limb:1 occnrrcd, ;\t.:l"l.•wpn1til'1l in ~lllQ c.\~:. hy trl'1m,r~ anu ct,n,·ulsion,.:. 
l>ut in mu .. t thcru wa:1 at lir:;t a ,1,·liuitc ata1ii1 of thu hind limhs iollvw1:,l wituiu 

as 
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a. da.y or two by para.lrsu- In the nervous srstem t.hore were no de:;cncM.1.tivo 
ch&n;;cs in the peripher:i.l nen-es wich the exception of ~li\rht '!welling of the 
myelin sheaths in three rats and .in incruse in the nucki of the :ihcath of 
Schwann in two others. In the brain, Lra.in stem and cerebellum smull capiilary 
hmmorrhage.1 were hoW'!t'er obscl"\"ed, the changes correspondini roughly to the 
severity of the sympco~ obsen-cd clurin~ life, since h:smorrhage w:u a.b~ent 
in those ni.ts whic!!. ha.d not sho,"n any nervous sywptvms. D~"'!nemtive 
chromatolpic cban~:1 were present in the nen-o cells of the brain. Hofmeister 
regarded the lui!morrhng!s a.s evidence of a. h1.Smorrha.i;ic enccpbaliti:1 in spito 
of the absence oi in.tfammarory cho.nq~. Woollard (10.:?6) conormed Hof,ue:i;-;tcr 
in so far :u t!Je absenc, of ~Iarchi de;'?n11r:1.rion in tb.e c'Jrd :1:-d Mn-es C1f r:,.ts 
on a. diet detici!!lt in ritamia. B i.i conc;;rncd. There '1'1115 nn ,ib~ence of chromllto­
lysi.i in the llert'e celb of the allterior born of the cord but cbn;cs we1,i pres~nt 
in the Sn.a intermiucu.L.r med11ila.ted motor aa.d sensorv ner;c:1, their terminal 
ra.mification'5 wera swollen, p:i.rricularly in the most periphi::mi p ,.:r3 which ~iluwcd 
loss of fine duferentiation, the myelin being irre;ular in outline. :::imila.r eba.ngcs 
though of a. les.s pronounced char:icter ,..-ere however uot•,d in :-::.ts ,vbich had 
been completely s.:;.n-~d u:cepc for water ior from four to :et"ea. cia.ys o.nc.l. in rats 
also which had been. gfrea. marmite as their sole source of nou.-islin?•int. Woollard 
sug:ests that the more pronounced manifestations of expcrimen.:.al beriberi may 
be explained by cha diEerent duration of the conditions a.1111 that beril>eri 
occurring in rau may be equal to ~tarvation from ia11bility to ~ssu:1ilate food 
in the absence of the appropriate ntamin. Ia. thi:s counect~on b ~ ia.teresti11g 
to note tha.t Sundwall (1917) has conrirme4 ia. the ni.t tha 6ui..i11gs of earlier 
workers on. pigeon.s a.nd hens in re~rd to the production cf nervo:is lcsioua by 
simple i..a.nition. EJ:amin&tion of the spina.l cord diiclo.;ed co_n~stion of the 
Tessels, T;i.cuola.tion oi the cellular elements of#,the cord su~tistiag enreme 
c:adcma. and cemun abnormalitiH of the anterior 1ioru cells. some oi which were 
shrunken. and stained darkly ff"hwt in others the 'l"esicuhr appearance of the 
cytoplasm wu prHUmprin uideace oi chrom&tolysis. Ia a. rec<?n~ commll?lica.­
tion T3unoda and E'.lll'O (1925) ha.t"e noti!d swelling in the nerTe"'!ndings of 
pigeons fed on o. diet of poli3hed rice. .!£ter the :id.ministration oi the a.ntineuritic 
f&ctor the swelling ii saiJ. to ha.t"e disappe:\red. 

The eucc interpretation of rhe lesions produced by lack of vi.wnin B has 
been rendered still more difficult by the work: of Goldber~er. '\Yb.eeler, Lillie and 
Ror-rs (1928) '\'!"ho ha"e sho\\"11. conclusi'°ely that vitn.min B 'Jbtained from yeast 
consist.a of at lea.st two factors,· one thermolabile ~·hich prev~nts a.nu cures 
polyueuritis in birds aa.d rats, the other thermostable, lack of which foa.dil to the 
appearance in rau oi a conditioa. membling, according to Go!Jberger nnd Lillie 
(1926), pellngm in mnn :ind black: tongue in dogs. Since both vit:i.min B1 (lhe 
antineuritic factor) a.ad n~n B~ (the antipelhgra facror) .ire pre:;cnt in 
a.utolysed rea.st, ii; is not possible br feediug mts on a. diet conta.il!ing no 
Titamin B b11t consisdng of <:11sein0ge11, starch, cod liver oil and inor!;\nic ~alts 
to determine the uer\"O'l3 lesiona due solely to detlciencr of eithl!r vit:u:1in ll1 or 
vita.min B'!- The follo'll"ing- investigntion 'l\"O.S therefore und~r::.ken to determine 
the changes prodaO!d in the nert'ous syJtem by dieu deficient in either vitamin B, 
or -ritamin ~ 

Technique. 

The pnt.hologic:il. ma.:!rial was obtained from n. series oi e:"tperimems which 
ha.ve previou,;ly bl!!n described (Findlny l92S). Young rn.ts 1-.wu pl.1cccl on th'3 
follo,nng b:u.\l ditr :-

Pur:rl.:-d Cll.!dinogen 
Rice s t.'U'Ch 
S:ilt mixture (l1'Collum and Da"is 191~) 
C, . .J ::'l"..-r ,,:! 

25 p.1.rts 
70 ,, 

5 ,. 

---------------------------- -
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F1a. l.-A.11terior hom of spi111Ll coni: group C: toluidln 
blue. $,m!,,d swollen ,-acuolated nerve cells, distorted in 
shape.. Distribution of ;'\bisl gmnules irreg1tlar e:ccept in 
two cells belo,r. ( Rat -l 9. x 350.) 

F10. 2.-Anterior horn of spinal <'Ord : 
group C: toluidin blue. Twn 1.ir;c 
nerre cells : ia lower. :-=is,! bo<iic.., 
faith- d.iltinct, but l-eil ;woUen .in<! 
surrounded by- nianr mtellite c-..JI. • 
in UpJM!r, much di~torttnn ,.,f ,-.-11 
bod;, :-=issl grunules hn,-~ cli,­
.ippea.rcd, ruany .ato:llite ceii,. 
(Rat SO. :.c ~O.) 

l-'m. ::.-.\nt,•rinr h,,rn of ,pitv1I ,·uni: i:n•np 
C: rat lt.111 ,·hruat,· ,kin l,•,ion~. !'it•h;1rl:u-h 
H a111I h11•11u1t,•!t\0 lin. C:dls Jisturh•tl in 
shape, L"Ollt.'lin mnnr \"'Ut·noil',. ; Ill rcll in 
mi,ldl,: of fidd an 11l-cUn111iation of lipo.-hrnmu 
pigmf'l\t. surrounding :ihnOllt unre.:ogmMble 
nuclo:us. (Hat ~:!. x ~O.) 

1-'m. -l.-.\ntcrior hum ,,( spinal ,u!'\i: ,:l'\•t:_:· \ • 
r-.it h11d acute skin lesion~: tohtidin him:. .:-1·..:hl 
s"·elling nt' nnclens and cell bud~· m l.1,i:\' '" r~·•· 
n·Us, w1lh 1111 hwre•L~e in :-1tellito: <'•·ll~. l'l"\'t"l,".1 
~•presents l'nrlh:st stag,: of deg,:ncrat1,,11. , l .. , t 
51. x 350.) 

--· ------------------------

§ 

I 
I 
11 
: l 

! 

. i 

u t:: 

4 . 
' • ~ 
j 

¾ .. 
1 

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology…
ACL Doc 13405 · Page 76 of 193

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/76

https://asbestosclaims.law/library/13405/76


i 
I 
' 

• re·#'": t d C -•· ?C Ma ., 

NERVOUS SYSTEM AND '(ITAMJN B 65 

The an.iron.ls were divided into four groupa. 
Group .4. : basnl diet 11lone : lacl..-i.NJ B 1 and JJ,.. Two out of ten mts showed 

symptoms of pa.m).ysis which a.ppeued 24 hours beiore des.th. Avera.ge 
dur:i.tion of life 3~ dnys, the animals being killed when moribund. 

G-rrn,p B: 0'5 ;rm. per day per rat of ycll!t a.utocla.ved :i.t 120• C. for 5 hours : 
lacl.:in'] IJ1• Paralysis ,\(lpcD.rcd in six out of ten rat.I, the first symptoms 
occurrin; 2 to 3 da.ys before dca.t.h. Avera.:;;e dumtion of life 37 days. 

Grovp C : 0·2 c.c. per da.y per mt of Peter:i' (19.24) yeast extract : lacking B,. 
This ~-roup ~a.s further subdivicfod ; some ra.t.i ,,ere killed whe11 they showed 
derlnite skin lesions, othe1·s "l'Cre given J. little dried yeast a.nd then allowed 
to reLi.pse on the diet without B,: by this means it ,vaa hoped to produce a. 
conditiou ruembling more closoly the chronic form of pellngra in rnan. In 
group C no ne"ous Sl"lllfltoms ,vcro noted c:s:cept in one ra.t ,vhich had 
peculiar side-to-side movements of its h11ad; it died three hours l,\ter despite 
the adminiitmtiou of yeut e:s:tmct a.nd at the poet-mortem a. severe 
hmmorrhage into tho stomach waa found but no macroscopic chru:igcs in 
the nc?'\"ous system. 

~"''P D : rc:lit e.z:tn.ct and dried yeast : reeei11i1&1J B1 11flcl B~ The animals 
de-relopecl no aymptoma :i.nd served as controls. 

The weight ch.,n;es a.re given by Findlay (1928, p. 337); the controla nearly 
doubled their weight but :he ochers grew little or not at a.11 or declined. 

Peripheral nerves were 6.J:ed in lliiller's fluid a.nd therea.fter used for the 
study of r gr.inule. by the t"'luidin blue method a.nd for myo!in degenera.tion by 
the :llarchi method. Portions of tho cervical dorso.l a.nd lumbar regiona of the 
spinal cord "·ere also swncd by the ~!&rchl method. Similar portions of the 
spinal cords :i.nd brains wore aectioncd by- the freezing method a.nd stluned with 
toluidin blurs for ~issl granules and with scharlach R a.nd alum h:cmo.toxylin fer 
fatty ch&ngu and lipochrome pigment. Celloidin a.nd paraffin sections of the 
bn.ins and cords of many of the a.uima.la were made and stained "-ith toluidin 
blue for celluLi.r detail. Portions of the cord and brain wel'! a.lao li:s:ed by the 
Schridde method for studying the mitochondriLl.. In a.ddition to the control 
animals in ;roup D, other mta fed on a. la.boro.tory diet rich in vit.'1.m.ina were 
killed by con! gas or by bleeding to exclude the possibility of a.ny nervous changes 
being due to the method o( killing. 

PC1.1,hologicaJ. cl,,a.11.gu 
In group .A, consisting of rats which had been deprived of both 

vitamins B1 a.nd D1, the ch~nges found in the nervous system wel'e 
slight. The1·e wns no pa.Lhologica.l evidence of polyneuritis co1Tesponding 
to the clinica.l symptoms. The only abnormality seen in the sciatic 
nerve ,,a.s an iucrensc in the -:r gronules of Re.ich. These a.re small 
gmnules which lie scattered a.long the she:i.th of Schwa.no a.nd wb.ich 
stD.in metachrom11tic11lly with toluidin blue. .Attention ,vns c:i.lled to 
their presence in human pella.gm by lfal'io Za.lla an<l Kinnier '\Vtlson 
(1914), who pointed out the gre.'l.t iucrcn.se in their nnmber in tha.t 
disease. They \\'ere consiJ.erctl to !Jo a.n index of myclin metabolism 
:iu,l th~ir incrense a.n evidence of :in ea.dy dege11e1·a.tive chtmge. Tho 
increase oi these granules iu the ner..-e11 of this group w:is less than in 
either of the groups cfopri,·cd of only one factor of vH,1.miu B. Tho 
:shurt,•r llur~1tilltl of lifo 111ay accuunt iur Lhi:,s, There was 1w llcgcncr:1.­
ti1111 :1,•c:1 i II t hu m•rvcs by thu :\fard1.i mclholl. 1'lto spiuul cords oi 

,oua:t. or P.a.TH.-vo~ :i::i:xu. E 

= t ... 

' 1 

l 
I 
! 

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology…
ACL Doc 13405 · Page 77 of 193

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/77

https://asbestosclaims.law/library/13405/77


. 
i 

l 
i --------------.... , .. _______ ... ,_, ___ ,_._,. .... ,_,,,_ ____ 11,jj ___ ,_. ___ ..,_,., .. ______ ,J 

/; 
I 

l 

l 
i 

68 R. 0. STERN AND G. M. FINDl.A Y 

animals in this group showed early chromatolysis in some of the 
anterior hom cells, ,vhilst others ,vere shrunken, had lost their 
processes a.nd stained darkly o.nd diffusely. There was no incrc:ise 
in glial tissue nor o.ny cellular infiltration. :ifarchi preparations were 
negativo o.nd there was no accumulation of lipochrome pigmeut in the 
nerYe cells. The spinal cords of this group in common with those of 
the other groups, including the normal group, were gt"eo.tly congested, 
but this was due probably to the effect of the coal gas asphyxia. The 
brains a. ppen.red normo.L 

fo group B, which receh'ed only the B1 factor, the sciatic ner,·e 
conta.ined large numbers of 1r gmnules. Ia one rat which had shown 
symptoms of paralysis f-1r a.s long o.s twelve days a. foamy a.ppea.ra.nce 
was seen in lia.rchi prep·1.ra.tions of the sciatic nerve. According to 
Schallmann (1910) a.nd ;"oegtlin and L,ke (1919), this is the earliest; 
sign of myelin degeneration given by the ~!archi method. It is there­
fore reasonable to suppose that if the other. llnimals of this group had 
sttrYh·ed longer similar degeneration might ha.ve been seen. In the 
spinal cord the changes in t ·ue nerve cells were. similar to tho;;e in 
group J. but more a.dvaucecl. 1.Cost large cells were shrunken and 
stained darkly, the Nissl .granules being generally indistinct and 
"powdery" in appea.rnnce. In some there WllS a. clumping oi Xissl 
substance round the nucleus. Eccentric nuclei were rare, but many 
cells had lost their processes and ho.d become rollllded. There \\·as a. 
moderate increo.se in the number of satellite i:ells u.i:onnd the anterior 
horn cells but no geneml dellufar in.filtration . of the cord. )Iarchl 
preparations were negative and a.gain in this group chere wa.s no 
accumulation of lipochrome pigment in the nerve cells. The brains 
appeared quite norma.L 

In group C, which received B1 but not B2, the cluulges in the sciatic 
nerve consisted solely in ll large increase in the number of ':l" granules. 
As there bad been no nervous symptoms of o.ny kiud it was not 
surprising to find no demyelina.tion by the :\farchi method o.nd the 
increo.se in 71' granules WllS regnrded a.s evidence, not of a. degeneration, 
but of a functional exl1austion, such as occurs in senility, in which 
there is a. grea.t increase in 1r granules. The spinal cord presented 
a. striking appearance. The large nerve cell~ were swollen, much 
vacuolated a.nd distortod in shape. The ~1.,sl substance did not form 
recognisable granules in most cells. In some it occu1Tec.l in thre:i.ds, 
in others it had completely diso.ppen.red, 183viug a pale "honeycomb" 
cell In certain oi the rats some groups of cells were defiuitely more 
affected than others. The number of satellite cells a.round the nerve 
cells w:is enormously incre:i.sell aud u1any ner,·c cells 1,ere completely 
surrounded by them. l[..1,1•cbi prepa.mtious wc1·0 nomUJ.l. In the nen·e 
cells of the rllts which had survfred for some mouths a.iter the appear­
ance of the skin lesions, there wns ll consillcra.l.>le a.ccuumlntion of 
lip0d:i·vmtl pit,;mcnli illlll a smalkr but Jc.ti11itu a111uu11li was funml 
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in the cells of the cerebral cortex of the same animals. The brains 
otherwise appeared normal, there befog no hyaline changes in the 
blood vessels. 

Mitockondri.a.l cl,.an!J"· 

Vedder and Clark (1912) were uno.ble to determine any changes in 
the mitochonclrfa oi the nerve cells oi fowls suffering from polyneu.ritis, 
results which were similar to those of Clo.rk (1914). ~.fa (1925) 
however showed that in certain of the spinal ganglion cells oi fowis 
with beriberi tho mitochondria, had changed from shorli rods to tiny 
gl"\nules and had also decreased in number. 

~t::xa.mi.nation by the Schridde method oi rats deprived of vitamins 
13! and B~ sho,ved no qualita.th·e or quantita.tfre changes in the 
mitochonr.lxia. of the nerve cells of bra.in or cord. There ~as a. similar 
ab1;dace of change in the b:r:1ins and co1·ds from rats depri..-ed of 
,;ta.min B1 alone. Tha br:iins of rnts deprfred of ntamin B! also 
shn•secl uo abnormality in the mitochondria, but in the Colrd.s the 
mitochr.ndria of many nerve cells ,vere reduced in number and ~ere 
small and granular in shap&, in contr:l.st to the more rod-shaped 
miLo,1hondria found in the ganglion cells oi control rats. 

.Discussion. 

The result of the examination oi the nervous system of rats which 
ha.T"e been fed on tlieta lacking one or boch oi the factors making up 
the vito.mi11 B complex shows that such Jiets produce results or a. 
tota.llr non-specific charocter. The absence oi de~.nera.tfre changes 
recogw:Sn.ble by the l!archi method· i.n the peripheral ner,·es agrees 
with the observ:i.tions of Hofmeister and ,Yoollard. T!iis absence oi 
myelin dege11emtfon in the peripheral nerYes of the rot is in striking 
contrast to the n1yelin clmnges found iu the periphernl nel"·es of other 
maJllIWl,ls :i.nd of birds as tho result of deprintion of ,-itamin B. 

.Absence of the B1 antineuritic factor alouo produced for the mo:1t 
pa.rt cl11:om11tolysis in the nerve cells ouly, though in the sciatic ner'l"e 
of the rat which had bceu paralysed for twel'l"e days there was evidence 
by the )farchi method of ,·cry c:,.rly ile:jener:i.tion. 

The mrun poiut of interest in reg:ird to the nervous lesions found 
in rats fed 011 the diet lacking \-it:i.uun B~ lies in the resembbnce or 
thtse lesions to those found in hulll!ln pellagra. J.ccording to 
Winkelman (1026) tho cssentfal nerYous lesious of ht::llan pellagra 
cnnsit1t in :\ p1·imary dei;enoration oi nen·e cells throughout the brain 
null spinal Cl)rtl with tho deposition in them oi la~ quantities of:.,. 
fatty :mb;;tancu a11u a hy,\liue dc~cner,1tion oi the blli,:,,l W:.$~1:S wirh 
the Jcposition nrouud them of the same fatty mo.teriaL This fatty 
~uh!lt:mce is prcsnmo.bly simih1r to the yellow pigru.enc deseribe,.l by 
K .. ·,•ll'~ky l HH:!) ms (1<.'t't11Ti11~ in Lll~l' ,~:::ir:::c:,•s 1:i th:: 1:1.•1·,·,, ,'l•!l~ in 

!::1:!:a:1 pdlai;ra, thu ,1ccumulatio11 l•i wi1i1.:h hi.! cvns:,~l·:·~•.i t,l b\! thl.! 
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most constant a.nu genel'lll nltemtion in the ner,..ous system in this 
disease. In our material al.so, pib"IIlent rJi a lipochrome un.ture was 
present in tho nerve cells of certain of tho r:its fackin~ ,it:imin B:l" 
The a.mount of pigment present ,vas directly pi:oportiono.l to the length 
of time that the a.n.imo.l had bflen on the diet c1nd it wns absent in 
tb.ose rats whicil had been killed durin~ the first acute attnck of 
derma.titis. Tllo la.r;est amount was founu in the nel"\·e cells of a rat 
which ho.d survived for a. yeo.r on the diet, though lacking hair a.nd 
appearing prcmo.turaly old. Iu this rat there wo.:1 fatty degeneration 
of the he:i.rt muscle and en.rly atherocna. in the aorta. Sorma.l rats of 
the SllDle o.ge dicl not show o.ny lipochrome pigment in the ner,·e cells. 

The presence of ,r gr:i.uulcs in ner:es is not a. lesion pe1:-.iliar to 
pellagra, since they a.re present in many other conditions, inc:uuiug 
spinal syphilis (Doinil.:o\v). The finding of tb.ese granules in the 
nerves of this series of mts is of interest only in that it shows that 
there is some alteration in myclin metabolism. 

The great vacuolation and swelliDg of the anterior horn cell~ of tl1e 
spinal cord which \VU so constantly found in our animals whoa,, <l:'!t 
was deficient in B~ waa similar to one of the t;r-pes oi de;e:o.eratfon -:>t 
nel'\"e cells described by Kozowsl..-y in. human pellagT&. The sateLtosis 
also was comp'lrable with that found in human pellngrn. Su:c·:im.111 
(1917) also obtained identical changes in the anterior horn cells of rats 
deprived of 11.ll food, tbongh he makes no mention or satellitosis. In a. 
recent communication Denton (1928) has compn.red tb3 nervous 
changes in a.outo human pellagra with those or bl:1ck tongue in dogs 
and has found that cbroma.tolytic change was the only coustant lesion 
in both conditions. Thia agrees with our findings in rats J.epri,ed oi 
vitamin B~ 

The three findings, accumufation of lipochrome pigment, the 
presence of -r granules in the peripheml ner-es and change11 in 
the ganglion cells of tho cord, if considered together, bear some 
resemblance to the lesions of the nervous system in human pellagn, 
while the skin lesions described in the so.me series of rats (FiIJJlay 
(1928)) resemble very closely those ot huma.n l'.\8110.gtil.. 

5 ti'.JlIJ.RY. 

L Eats fed on i\ diet deficient in both nto.min B1 :tnll 13~ e::chibit 
only slight chro1110.tolytic clrnnges in the ganglion cells of the cord. 

2. Rats fed on :\ diet defici,mt i.u \"immin B1 elthibit the same 
changes but to 3. grenter extent for the sau1e durntion ot liie. !n 
::llklition, when symptoms of p:ualysis nre of k•n,: sr:t111lin~. e:i.rly 
lleg~ne1·atio11 may I.,e found in the my~Ii11 or the! p1..•ripher:1l neL·,·es. 

3. Tho histologica.l changes found in tho uer,·ous system or ca.ts ied 
on;\ diet lnckin)! Yitamin n~ con:.1i:<C in sm:-!Hn'.,.!' aml \".ll'\tr,btinn or the 
.mkri,,r horn edl~ l•l tho ~l'i11al 1.'t•r,l witll tl,1! ,lq "~i1:,.,n :n thi:-m l•t 

---------------------------------------
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lipochrome pigment,• :i. notice:i.Lle incrense in the surroUllding satellite 
cells 1.ond o.n inc1·case in the number of 'T b'l'nnules in the peripheral 
nerves. 

One of ua (R. 0. S.) is indebted to the ~!edical Research Council for a grant 
which enabled her to undert:ike thia investigation and 'l'rishes tilso to thank 
Dr J. God,vin Greenfield for much v:i.lua.ble help :ind :idvice. 
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A C.-\.SE OF DIABETES ~1IELLITUS WITH 
.A.CRO~IEG..UY A.~D LIP..:E~IIA. 

,JOH~ GUY'. 

Depart11Unl oj PatholO']!I, .l.b~rclm, C'n.iv~rsity. 

O!f first admiuion (to .A.herdeen Royal InnrEZW"y) the patient, a married woman, 
was 39 years of age. Four 3-nd ~ hali :re:u:s ~ore the cernx uteri had been 
amputated for prolapse and rn-o ye:us b1fore a. "tumour," hutologically 11. 

chronic niutiti.s, had LGIUl. romoTed from the l~~ brea.st. Since the latter date, 
she had complained of general we:i.J.:n~s tiredAes.s :uid bre11thleDness 11.11d, for the 
four months prior to ar!mi.~ion, 0£ thiln anJ !'('lyun& u well. In the last 
si% months failin; eyesight had oeen complained oi, and she had had pain a.t the 
back of the eyes. lCenstrwltion ha<i occurred oulr once in the previous two years, 
a.nd hAd bQOll i.-rc;ular, onc!l in .;.i3: to eigh! wetla. "for years" prior to th:it. 
She wai".,,ften rather constipated. 

Exa.111inntioa on admwion (26 9.':?3) :-Height 3 ft. 2 in. Weir,rht i st. 13 lbs. 
The skin and muco111 membmnea were ~rr pale. The handi 'l'l"ere slightly ~p:i.do­
like, but patient seated they lad ill.wars oten ltia that. Th& lower ja.w wus 
somewhnt_ protruding 11.nd the nose coar.se. Th& hair of the head wna thick. 
Thero wu irome mn.stitis in both breasts. 

Urino S.G. 10..0: 82 oz. in 2-' hours: supr 19"8· gm. per oz. : tmce of 
&eetone : no albumen (fa.int ~mce on two d&ys only during reat of stay in 
hcspitll.l). 

Blood au;nr cmTe: (2S, 9. :?5) 0"312 per unt., 0·35; per cent., 0•355 per ce11t., 
0"300 per CC?lt. 

Ophtha.lmolo;ist'a report : fielda of 'l"Ui011 and fundi normal : spectacles 
required. 

X•r:i.y uamination : 111.rgc sella tarcica. irro:gufo.r in ontlino. 
Fmc:tiomu ti?St•lll~'IU : no nbnomw.l dn,liu~. 
Wo.saermnWl rcl.\Ction nc;-.!tfre-. 
Other syatoma: nil i111porta1?t noted. 
Thore wn.a no di:ibi:tic family- hi.uoey-. 
Pl\ticnt impro\"OO on :i. ~ diet (blood SU!;:U', 20 ·10 25, 0"173 per cent.), tho 

urino beaune ;.ug:tr fr._'13 nnd ,J,·cntuallr n~ti,ne iree, nnd shtl wa., discharged 
(~/10 :?5) on:,, b:11.-u diet plus 1 oi. of ch~e!~ daily. 

Sho wwi re•nduuttcd to ho,pit.il almo .. t three years later (:?G. S/28). She had 
been unconsciow for 2-l houn. So detailed hi.tory oi th.:- period since her l:t:1~ 
o.dnilii-iion Wll.ii :m1ilable, but ~he had not been '1'81')"' well for se\"ernl months. Hi:r 
tempcrnturo wns norm:i.l. 

Urino: acid: .i.lbuwcn 0·7:; per cent.: pr:ictiaillr no chlorides: sup.r 48"i gns. 
per oz. : o.ootono + + + : fairly nwnerow llraline nud granular cn.sts. 

P:Hicnt wns r,ri'l'en 60 units of i121u.lin but di~-d the same d~y. 
~l 
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PosT-l[ORUl! EXAlil.'l',lTION. 

There wa.s slight bony enlargement of the fa.ce, especially of tho 
nose and lower jaw. The lutnds and feet were slightly enlarged. 
There was no marked stubbiness of the fingers. The hotly wo.s well 
developed a.nd well nourished. The blood wo.s mostly fluitl and very pale 
pink: on stamlinq, it soon separated into o. norma.lly coloured ];JOrtion 
and a. white si.:pernatant l:i.yor oi fat. Portions collected in test-tubes 
from various le\·els of the (rccuu1bcnt) body showed va.1·ying depths of 
this fat layer, but on the average tho layer of fa.t wa.s rather deeper 
than the 1uiderlying blood (fig. 1). Very little of the blood ha.d clotted 
save in ::ie heart, whe1·e large clots almost filled the dilated right 
auricle acJ the right ventricle. These hea.rt clots were almost des.cl 
,vhite and 'Jn l)ing exuded a. milky fluid. The smalle1· ,·essels of Lhe 
meninges ,b.o,ved as opaque white lines from the contained fa.t. 

There ,,as ,. small amount of pcncccrrlial 11:1:1UUJta which had an 
appearance ab•.ost exactly like milk (fig. 1). Hearl muscle ani:em.ic . 
.4.orta sho~ed 1110.rked superficial fatty change. Li,nga congested, with 
a. little muous in the larger bronchi. 

Kid.nays enlarged: capsules stripped readily: outer and cut 
surfaces pa.i.e: the cortex broadened, and the appearance that of a. 
"subacute nephritis." Li'l:c1· enlarged. a.nremic and fatty. Wall of 
gall-bladder not thickened, but it contained five facetted mixed stones 
of the ordinary type. Bile duct.a pa.tent. 

Stomach, gret!.tly dilated; contained a la.rge amount of o.ltered blood. 
Its mucosa. was ca.tarrhal throt1ghout. On each side of the lesser 
curvature, 2 in. below the casophagea.l opening, there IVO.S a recent 
active ulcer. Both ulcers were ovo.l and over ¼ in. in long dia.mete1·. 
Two other ulcers, almost healed over, wete seen lower do'IVIl, a.lso near 
the lesser curvature. No chemical irritant could be found in the 
gastro-intestinnl contents. 

Spl,;en was moderately enlarged, po.le pink, soft though not 
di.ffluent. 1!uch of the cut surface was of a. pinkish gelatinot~s 
a.ppeart.Lnce, o.nd slightly sticky, resembling blood clot oi poor clotting 
quality. 

Tltyroid: distinctly en.lnrged, symmetrico.l, of uniform nor:ma.l 
consistence. 

PifaitarrJ: grea.tly a.nd asymmetrica.lly enlo.r;ed (fig. 3), of uniform 
soft consistence and po.le yellow colour. Its left ~lf showed a. smooth 
upward projection a.bout the size of a. hazel nut. The dnra. overlying 
this projection \Vas complete, but greatly thinned .i.nd o.dhereut. The 
oYorlying brllin substo.nce showed o. localised hollow corresponding to 
the projection. The optic nerves were slightly elong::i.tt:ll. The right 
optic nerYo passed ho.ck clear of the prvjcction, but the leit wus 
stretched o,·er its left mo.rgin. Tho optic chi:uma. was displaced slightly 
bnckwo.rds o.nd l&y behind tho tumour. Further dissection showed 
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F1G. 2.-Pituitar1 adenoma I tall columnar 
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F10. 3.-Pltuitarr ,1ftl!?' remo,"lll t'f part of the cgir-shell bone and clur:i of the clorsum sellir. 
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th&t the gland projected on both sides into the cavernous sinuses, 
displacing the carotid arteries downwards and l.itera.lly. The posterior 
clinoid processes n-ere eroded, that on the right side having a.lmost 
completely disappeared. Posteriorly, the gland had thinned out tho 
dom1m sell~ till only a thin transp11,rent egg-shell of bone survived on 
the left side, whilst on the right side, ,vhere the backward projection 
we.s greater, et"en th.is had disappeared, and the bony layer became 
continuowi mch a. thin but complete dw·a.l cove1·ing. The sella. w:i.s 
greatly increased in depth also. The suda.ce of the gland was smooth 
and lobulated by the upward projection on the left side (B) a.ncl the 
bacb,Hd projection on the right side (.d.). There was no perforation 
of the dura. • 

Greatest tranfferse measurement 
GreatK~ a.ntero-posterior measurement 
Gra.tui depth • . 

2'9cms. 
2•7 ems. 
i'4r CJDL 

Su1wr1rtJ1!als: normal size; cortex appeared to the naked eye to 
contain. a. -:i.ormal a.mount of lipoid. Ova.riea: atrophic. Pi1.11,C1'e,u: 
appeared nc-rmal to the naked eye. 

l!ICltOSCOPIC EX.Ul:nl'J.l'ION. 

Blood. The Cat present was in the form of droplets ta.king 
suda.n III and scarlet R readily; and staining a blimh pink with 
nile-olue sulphace. ~ smaller amount of fat was shown- in oemic 
a.cid preparations. .Anisotropic ma.teria.l wa.s present, but was very 
scanty. ..ul. the droplets were very small 

Li1:,r-. The liver showed a. fine fibrosis of slight degree and r:i.ther 
patchy- distribution. There was only a. slight degree of increase of 
conneetiv-e tissue in the portal tracts, most of the new connective 
tissue being intralobular, lining the sinusoids. Circumscribed patches 
of liver tissue here and there near the centres of some lobules showed 
marked fatty infiltrlltion without nuclear degeneration. Theso patches 
sho~ed fat in sndan, scarlet, nile-blue and osmic a.cid sections, as a.lso 
did the lumen of the nssels, both the sinusoids a.nd the larger vessels: 
the :i.mount of iat in the vessels w:i.s ve-ry striking. Similar appe!l.milces 
were seen in the ,·essels ot the kidney, heart OJJd other Otg!l.US. 

Heart. .N'othing abnormal sll.vo the fat in the vessels. 
Spl6ffl. The sinusoids coutnined a. fair amount of fatty material, 

stainable with sud:i.n, scarlet :ind nile-blue, nnd ?tith osmic a.cid to a. 
less extensfre degree. The nuclei of manr of tile reticnlo-endothelial 
cells st,\inell pt'orly. The ~fo.lpighian bodies were rather sm:i.11 a.nd 
were int11rpenetr.1teu by an increased number of reticulo.r cells. In 
frozen sections, there wns a. la.rge o.wount of grnnulnr pigment in che 
splt:-nic pulp. t.1kiu~ th~ sulh\11 stain faintlr (much scnutier in pn1·n.ffin 
sections). Th~ Hrikiug foa rnrc wa:; thu prclll't1cc of muucrons !.iq;o 
ruuull :lllll Y~1·y faintly st,\ining gloiJ\\lcs iu tho siuusoills. l'hcso wore 
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74 J. GRAY 

irom two to three times the din.meter of red blood corpuscles a.nd were 
mostly non-nuelooted. Iu para.tlin sections stained with hrcmalum a.nd 
eosin they showed merely as clear areas bonmled by a. thin rim taking 
on the hremalum atn.in faintly. With ,v ei:;ert's iron hrematoxylin, 
they wero mther better defined, a.nd thougl1 still only the rim 'l'l'"as 
stained in most cases, in others there was a faint granular grey 
staining throughout. Save for a faint greyish staining of the 
periphery, they did not stain with osmic a.cld. In frozen sectious 
stained for fat, they did not sl:Ain a.t all with sudan, scarlet or uile• 
blue, taking up rather the nucleo.r (hien1alum) stain throughout, much 
more deeply than in paraffin. sections stained with hremalum. The 
materia.l was therefore apparently of n soiue,l"hat simifar nature to 
myelin. No globules of ilnything like similar size or staining reactions 
were found in the other organs or in the blood. Th:: small globules of 
fat in the blood of the spleen, as in the blood elsewhere, showed 
readily with a.11 the fat stains. There we1·e also presenc in the splenic 
sinusoids, in smaller numbers, definite large mononcde:ir cells, oi the 
same size a.nd the same spherical shape as these git;bules. The 
cytoplasm of these also wa.s cleo.r except a.t the nry periphe1-y (in 
h~alum st.a.wed parar11n sections), and with other methods iii gave 
identical reactions to those detailed a.boYe for the globules, sa,e for , 
a.t i.illles ·a. rather deeper staining with iron hrerg.ato:cylin. These 
mononuclear cells had vei·y small eccentdc nuclei, often compressed 
ag&inst the mo.rgi.n of thd cell to produce a si~et ring appearance, 
a.nd, as transitional fo1·ms with vague nuclei ~ere found, ic \\"as 
concluded that the globoid bodies represented similar cells whose 
nuclei had disappeared or ,,ere in some ca.ses not in the pl::u1e of 
section. Occa..,;ioual transitional forms were obser~ed also bet\veen 
these monunuclea.rs and the splenic cells-the reticular rather than 
the endothelial ..ippa.rently the condition was a. splenio reaction to 
the presence of lipaunia. such as has been recorded in a. number of 
diabetic lipreinUJ.s (see Dyke, 1928). Tho st::i.ining reactions of the 
cells in the recorded cases vnry considerably, and those in the pre:Senli 
case approximace most closely to those in Oppenheimer anJ Fishberg's 
case, where the lipoidal cells of the spleen J.id not stain with sudan 
or Smith-Dietric~ although their cytoplasm dissoh-ed out in the 
prepo.ration of po.rnffin sections. The mnterial \l"M also nppnrently not 
un.like tha.t in Dyke's case of hypei-cholesterolremic splenomegaly. 
The :i.ppea.1·0.nc~s in my case a.re homn·er modified by the widespread 
degeneration of the cells concerned. It seems surprising that tbe 
lipoid should remain "masked" in spite of such degeneration. 

Kidneys. A. "subo.cuto nephritis" \"\"l\S presi?nt, with tubular 
co.tnn·h aml fiurous thickening oi the capilhlry w,1lls throughuuc 
p1-acticully a.11 the glorucruli, n.ml a. similar finely distributed i.Dcrease 
of connectfre tissue bett't·c~n almost a.11 the tuuulcs or the cortex. The 
uniformity of tl1c picturu did not CtllTl':<poml cxat·tly with che ut"lli11.u·y 
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DIABETES WITH ACROMEGALY 7a 

types of subacute nephritis a.ud inclined one rather to describe the 
condition found a.s a. fine cirrhosis of tho kidney, of a. type ana.logous 
to that found in the pa.ncrea.s a.nd liver. The interstitial tissue did 
not show anywhere :i.ppreciable accumula.tions of lymphocytes or 
pla.smn cells. 

No anisotropic material ,v:J.s present in sections of llllY of the a.hove 
orgo.us, save ill the blood, where it wa.s \'ery scanty. 

Pituitary. Sections showed an adeuoma.tous growth reproducing 
closely the normal a.ppearn.nce of anterior lobo tissue (fig. 2). The cells 
were a.rra.nged in typical groups and columns, there was a. supporting 
network of fino connective tissue and there ,vere mm1erous thin-wa.Uecl 
blood v,~;seJs like those of the normal gland. ...\. large number of cells 
were oi. columnar shape, often t11,ll columnar, a.nd in places the 
dema.rca.tion between individua.l cells was difficult to make out. The 
nuclei varied some-w:ha.t in size. In all these features, the tumour 
corresponded completely ,vith the descriptions of Bailey of typical 
chromophob+celled :i.denomata... Though here and there, there were 
a. few multlnucleated cell forms more suggestive of the chromophil 
adeno:aw. (a granule fype, " eosinophilo ") these ,vere very scanty, and 
the predominant appea.rance in every field was that of the chromophobe 
adenoma.. Specific granule staw confirmed this impression. The 
great majority of the cells were· cbroruophobe, but a. minority showed 
a fine dusting with small a gr:Ulules (~cid violet-acid fuoh.sin stain, 
Mallory's phosphotun~tic :i.cid !immatoxy lin). Eosin-atained sections 
showed a. uniformly pink cytoplasm to all the cells, but this was nor. 
regarded as of assistance in diflerenti.ating the type of cell. The 
outer surface of the tumour was covered over by a. very thinned­
out layer of anterior lobe substance, compressed so as to a.ppeAr 
le.mino.ted. 

Pa1&C1"eas. The striking ieo.ture was a. modera.tely marked but 
universal fine cirrhosis, similar to that in the liver but more widely 
distributed. Individlllll :i.cini were all more or less separated up by a. 
network of delic:i.te but not Yery cellular connective tiasue. Ai·ound 
the larger ducts also there wns a.n increase of connective tissue, but the 
c:b.a.nge w:i.s not specially ma.rked there. Islets were identified (tail of 
pancreas) in ,·ery sru:i.11 numbers ouly. They were small. with some­
what shrunken cell nuclei, a.nd the c:i.pillaries within them hnd 
thickened walls. 

Supra.renal1. The cortical celh1 contained ~ fair a.mount of fatty 
material, the cells of the deeper parts containing much more fat than 
the superficial la.yors. Only n small propori;ion of this fa.tty material 
was a.nisotropic. The medulla showed a. slight cliftuse increase of 
connective tissue, but was otherwise norruu.l. 

Thyroid. Prnctico.lly a.ll the epithelial cells, which were cuboidal 
in shnpc, were arrn11~ctl in sin~lc-byeretl ring~ round colloid cu11-
tniui11g spacc:1. Tl11.:ro wa:1 110 lil1ru:.is or cellular i11filt1·ation. 
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76 J. GRAY 

011a1-ies. There was markod thickening of the smaller arteries with 
considerable hyaline change in both media and intiruL The 
appear:mce throughout was tha.t of the normal involuting o,·ary. 

The organs were stained for the presence of wa.:,:y chnnge, but none 
was found anywhere. As the autopsy 'l'."as performed fourteen hours 
after death, the tissues were not examined for glycogen. 

Su.mma.T'IJ. 

In a case dying of dia.b.ztic coma. aad presenting al.o cc,·tafa /cal,mJ 
of acromtgaly, the /ollo1,.,;,11,g lesions u;cra noted, post~11tort,mi :-l.ipa:m.;.,.1., 
co11sequmt mononudcar hypl'f1>lasia. in spleen, pancreCttic, hcvatfo a1'.d 
rrnal cirrhosis, cl,,.olelitliia:ris, ck,·omopliob, adonoma of ~iituitary ;]la.ad, 
gastric catcwrl,, with multiple gastric 1,lurs and, hrzmorrlurJtJ into stomach. 

Dis.cuasion. 

In. a case such as the present, with all the classical syt:tptoms r,i 
diabetes mellitua, with lipll!mi& a.i_1d death in coma, a pancre~.tic origin 
can hardly be doubted, and the changes found in the pancreas tnay ~ 
tak:1:u as accounting for the diabetes. Iii is more difficult to deeide 
whether this pancreatic lesion was i·ela.ted, either as co.use or effect, to 
the P.1~uita.ry lesion. In spite oi the intimate inter-rei.ation of the 
endo~e organs, it seet?-9 unlikely that o. pituitary lesion of tumour 
no.tu::e could be brought about by ::i. lesiou of the isleu of Ll.ngerhacs. 
Such eridence a.a emts reg:udiug pituitary cha...iges in pa.ncrearic 
diabetes-is rather conflicting. Some observers have described a. diminu­
tion in the "eosinophile" cells, but &i.kakibara, recently, has failed C·) 

find any constant changes in ten cases exrunined. Xo description ,jt 
pituitary adenoma in pancreatic diabetes has been found in .in 
admittedly incomplete study of the litemture. Ilcgarding the possi­
bility of the pituitM')' lesiou c:i.using the pancreatic one, this also see?ll.i 
unlikely in the present case, inasmuch as the la.tter lesion seellls to be 
but part of a fine fibrosis affecting the whole of the p:increas, the Ii Yer 
and probably the kidneys a.lso. ..!.n infective retiology which might, 
explAin the changes in at least li,er and po.ucreas is suggested by the 
cholelithiasis present. ..:1.t any r:i.te, the diabetes seems to ha'>e 
origiua.ted in a. more or less o.cciJenta.l invo!V'emeut oi the islets of 
Langerhans in a. ,videspread fibrosis, not confined to the pancrc:is. J. 
"repla.ccment" fibrosis, following on a primary lesion of the islets, 
w~>nld uot e:ocplain e,·en the pa.ncre3.tic pic:ure. 

It seems. therefore, most re:i.souo.ble to postulate two independent 
diseases, a. pituit.-uy :i.denoma. a.nu :i. pancreatic dbuetes, proo.\bly of 
iufocciYe llr tllxic odgiu. Tho hi:1tory proviut!s uo clue ,1s, wh~n tir$t 
s~n <4lmo:1t three yc.\rs before dt!u.Lh, both lesions were ,,ell de,·elopeJ. • 

• The X-m}· ,,r the $Clla turek':\ tnken in 19:!5 shows ,in enlargement :1pparo:nC\· 
ab.,ut rnt!i..:11:nt l.i ~-cum1uodat.: th.: i;land as fuum.l po~t-murt1:1u. • 
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Granting this iudependence of origin, it is unlikely that two such 
lesions could run their course without mutually a.fTecGing one another. 
It. may well bo tha.t the paucity of "eosinophile" cells found in the 
adenoIIlll, and the stationary nnture :ind slight degree of the acromegaly 
present wero related to the absence or diminution of the pancreatic 
hormone, ns those observers who ha\·e foun<l alteratious in the 
pituitaries of diabetics ha.ve descrihed ue,·ia.cions in the direction of 
dimin11tion of the "eosinophile" cells. There are no symptoms of 
hypopituit.1.rism in ~he c:ise recorrl, yet the histolosical appc:ir::i.nces 
(chromophobo :idenoma) are snch ru1 to lead one to t3Xpect this r::i.the1· 
than acromegnly. It appears thu.t such e,·ideuces of :icromegnly as 
were present had existed for over three yea.rs, and had not increased 
sinci:. The contradiction between the clinic:il acrome;aly and the 
chromophobe tumour found post-mortem m:i.y be due to the latter 
having had a more "eosinophilic" character at its commencement, aud 
the fater alteration· in cell typo may ha.,e been. stimulate<l by the 
pancreatic change; at the same time it must be remembered that 
spontaneo.,s transition from :i.cromega.ly to bypopituital"ism is not 
infreq·:ent. 

I c.<tn i,uggest no explanation. of the gastric lesions found, beyond 
the surmise that they are merely an. enmple of the proneness of 
diabetics Lo all sorts of s~ondn.rr infections. Severe gastro-intestina.l 
symptoms, with melmna, wero • prominent terminally in Smith's co.se 
of diabetic lipremia: the lesion found post-mortem waa a. <liphtheritic 
and hcemorrha.gic ileocolitis. 

I wish to thank Professor A. W. ~Iackintosh for permi.uion to use the clinic:il 
hi.story of the case, and to )!r W. Xel:.on likewise I o'lt"e a debt oi grntitude for 
taking tho photoi;.-raphs aud microphotogra.phs. 

DOTT A..'rD BAILEY . 
Dn:1: 
S ..i.x...i..KtD.AB..\. . 
Smrs ... 
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THE ISOLATIOX OF BACTERIUl-tf JJfORGANl 
FRO::'.I THE ~L~:\D[ALS, BIRDS AND REP­
TILES AT THE ZOOLOGIC-U. GARDENS. 

REGl.'('..I.LD LOVELL. 

I,,,nd.oll Scl,.O<JJ of Hnien, and Tropical Jl,di.ci.m. 

Ts:E frequency v.-ith which Bact. morgani • has been isolaterl. from some 
of the cases oi enteritis occun·iDg amongst the animals in :,be gardeus 
oi the Zoologico.l Society of London appears \Vortb. repol'ting. 

Ba,;t. morJa1ti w:i.s first described by l!orgnn (1906), when working 
upon the bacteriology of summer cliarrhma in infants. H.:, G:mmined 
the stoolii oi 58 :iffocted infants and isolated what he term~ b;J :No. 1 
bacillus from 28 or them : he £ailed to find it in normo.l human stools, 
sewage or drinking water; E.1:perimenta.lly Ile showed thr.t it may 
ct1.use deatli preeeded by cliarrhcea. in young animals, and. could be 
recovered in pure culture from the spleen and sometimes from the 
heart blood. The following year he ca.used death in young rabbits, 
rats anu monkeys by ieedi11g e~periments. Four monkeys were used 
and the ouser oi diarrhcea varied from 2 to 12 do.ys after. feeding: the 
bacillus was reco\'ered from all four animals after the onset of the 
diarrha?a acd from three oi them after death: it wa.s not isolated 
from tbe spleen. nor wa.s it found there iu infants dead from clia.rrhO!a. 
A.n intrn,·enouii injection ca.used the death or a. goat in 18 hours: the 
orgauis111 mr.s reco~ered from the heart's blood, spleen a.nd liver. 
liorgan a.nu Ledingham (1009) brought forwo.rd further evidence of 
tb.e associ3tion of Bact. morgani with summer cllii.rrbcea. in children. 
They also suggested tha.t the bacillus may be iound in bovines, for, 
in 18 samples oi cows' freces examined, Bact. morgani wo.s isolated 
once. 

There are numerous references in the literature dealillg mth the 
isolation of this org:111ism from ca.ses of hu.ri:um intestino.l distm·bance 
but very few connected in :iny wa.y, e~cept experiment:i.lly, with the 
lo,t'er animals. Scott (10:26) repo1-ts the isolation of a.11 org:i.nism 
gi'riDg the morphologic:i.l, cultural :ind biologico.l cho.ra.cters of 1forgo.n'3 
Xo. l bacillus from two pams cercopitheques. Boch a.ni1uo.ls lmd dieu 
from an enteritiii :,ml thli orgnuism was isolo.tcd in pure culture from 
th~ bile, lh-.:r tirnt~. spleen pnl-p aull liluod 0£ 0110 a.uimul :ind from the 
li1·st thre:! sites oi the other. 

• S,,t,,, .. ,,.ii,, 111 .. ,•:•·11,i ,Lc,'t•rclin:: t., lkry.'\T• T11jutta (J. !11,1;,c,. Dill. 192S, xliii. 3!'•1) 
i:in•• l't' ,~,·,, i •~ :"::":t~ :: m /,' .. ·11, ,.;,.;,;,, ratlwr th:111 ::icii111u11,/l,1 anti would prcti:r to 
\',1,i It J;.,. i . .'" ;,.,,'J·: 'i. ~•,: ,d,.._, Ul'iuw !'• 91. • 
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T«lmi,p,e.-The a.utopsy wna cnrriod 0~1t a.s soon aa pouible after the dc:i.th 
of M aninuu. Cultures were prepared from the liver, bile, spleen, blood and 
intoatine, and sometimes froiu the mescnteric glnnds. Preliminary searing of the 
surfaces of a..11 orpna with a hot iron W(l.:I carried out. Th~ intestine "ll':u cut 
open with sterile scissors nnd a tube of broth libera.lly seeded with loopsiut c•f 
contents. a. simil.a.r technique wa.s employed witll the blood aud bile cultures. 
Small portions of liver, spleen nnd mcaenteric gland ,l"ere excised in a ,teril•? 
manner and dropped into tubes of broth. All cultures were incubo.ted at 3;'C. 
and 110 tube was discarded a.s sterile until it. lia.d been incubated ior at !i?a;,t 
5 days. .ill tubes showing growth were pla.ted on to )facConkey's agar plat'!s 
~d those were incubo.ted £or :2-l, hours at 3;• C. ~ on-lnctose f>!rmC"ntio~ cohnies 
were studied morphologically a.nd biochemically, and if con.,id~red to be typical 
~Iorga.n ba.cccrio. ,vere tested for pa.thogcnicity in ruice. The fotlomng cha.rac:er• 
istica were 1·egarded a.a identifying 11,n organism a.s IJar:t. w,1;1a11Z:: 11, &,-ram­
"~~tive, non-sporing bacteriwn, i>riving :i.cid and gu in dextro.se, but produciu; 
no cho.nge in mnltoae ma.nnite lactose iiucrOie or salicin; failing to liquety 
gelatine; producing indol in p,aptone water after 5 d:i.:,·3' incubation, :tncl 
rendering litmus milk markedly alkaline within 10 to 15 clay3. :ifotility rario:d, 
a felY" strains being non-motile on isolation, but all stmins except ooe appeared 
motile after sub-'culturing. 

Bact. morgan.-i. was isola.ted from the following; 
A'\"ZS. 

(1) A !,'!'een-billod t.oucau (Rha.m71ha$to, dief1lonu) of Guinna had been -in 
a,.ptivity for abo11t three years. It died from :ui a.cute enteritis and showed post­
mortem an· acutely in8o.med inteatino, the mucosa being of a. u:iliorm deep reJ, 
swollen and cndema.toWI. IJad. moruani \l"M i~olated from-the inteatinAl cont'i:nto 
and the blood. 

M.UO.ULI.rL. 

(1) .!.n omng-utan (Simia «itlJra) from Swnatm. ha.d been in this coUI1try for 
two and o. half years. It wa., ill for about a. mouth before death. Nfusing io,;d, 
vomiting and suff'ering from clia.rrhma. Po~t-111orte01 renalt:d a. severe colir"..; 
of a. dysenteric no.ture. The intestino.l tract ,\ppeo.rod to oo normal until the 
large intestine was rcl\Ched ; from tho hepntic flexure the mucom wa.s inrlan1ed 
"ll'ith scattered petechue which iucrensed in number and size u one de,,sceadetl 
the bowel : from the ducending colon to the rectum the '!';hole mucosa. wa.. 
ioBa.med, with numerous mi.sod nren.s terminntin; in petechi:2 or cratcriiorm 
ulcers. Tho mesenteric glnnw were s-w-ollon :i.ad coa;ested. ~o nmcebm or cysts 
were seen in smears prepared from beneutl1 the ulcers. JJ-1•:t. r.u,r7ani -.Tiu 

isolated from the intestine, nnd no other pa.thogenic orS'llnism could be fou11d. 
(2) A.n orang-um (SimiCJ satyra.) ho.d bi:en in contact 1\·ith the prcnon3 cas'! 

a.nd died about si% \VCCb later. Previous to llur den.th she bau b~en ill with 
diarrhCCll. for a.hout three weeks. Tho u.utopsy revealed :i. ~imilar condition, the 
small intestiua being normal, :.\lld tho hu-ge inttistine acutely i11!la1ned : from the, 
c:ncum to tho a.nus tho mucous membrane "IV:l! almost ~ntirdr replaced hy 
sho.llow greenillh-grcy ulcers with ,slougll!. Tho mesenteric ;;l.\nds "ll'ere swollen 
lllld con.rested. No a.mcabm were fclllld in smenrs from the intestiolll mucosa. 
Bad. morg,ini was isol:i.ted fronl tho intestino, cultures from th<! spleen, kiuner, 
liver, n1escntcric g!.1.nds, bile nnd blood pro'l"in:; sterile. 

(3) A squirrd monkey (S<1imiria s1·1111"e•1) ot' South .imC"ric-:\ ,lbl after six ~·eeks 
in cnptivity. Tho iutc:itino \\";I.Ii doi:ply ~-ong1::itctl, the W$~d, ~u;;or.;ed ;mcl tu; 
inteatino.l contents mucoiJ. :i.nll uloo<l tinged. The mcsentcric lrnJJJh glands were 
swollen a.nd congested. Bar:t. 1nar,Jaiii wall isolated from the iut.:itinal cont~nt.s ; 
cultures from the liver, uifo, spleen n.nd blood were stiirih!. 
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BACTERIUM MORGANI 81 

(4) An Abyasinian monkey (Cercopithet:'IU aethitY(>a) died after only a. few 'l'l"eeks 
in the ga.rdenlf. The latter few inches of tho small intestine and tho whole of the 
large intestine ,vore in.damed, the mucosa wns thickened and showed numerous 
small shaggy slou;hs in minute ulcers. The liver o.nd spleen were studded with 
greyish depoi;it., varying from 2 to 3 inrn. in diameter. Several of tha me.senteric 
gland3 were swollen a.nd one Wll.S veey largo measuring 2'-' by 1 ·s cm. and 
contained pus. /Jo.ct. morgani wa.s isolo.tcd in pure culture from the blood, liver, 
spleen :i.nd p11:1 of the rneaenforic lymph gland. 

RZPTILU. 
(1) A pine snake (Pituophu 1n.tlanoleucua) bad been in ca.ptivitr for uearly 

t'\\·o yea.rs beiore its dca.th. Post-mortem showed various abscesses in the ill.Ilg, 
a.nd a membranous enteritis. J u,t ;i,bove the cloaca there apperu-eu a 3ma.ll pa.tcb, 
three to four inches in length, 1t"herc tbe mucosa ,vas replaced by a.1 a..hy grey 
false membr;i.ne: the base of tb.i! was infia.med and the ,~all conaideraLlr thickened. 
11,&et. moryani WM il.ola.ted from the blood; from the blood, bile, ~-:-er a.nd lllDg 
absce61es '1'1"13 also isolated :i.n ors-:i,nism biochemica.lly resembllilg lJa..:t. ,w·t,·yd:e 
but iiliowing 110 scrologic:il rclationahip to that group. 

(2} A. pine snake (Pituophi, mtlanoltuerta) of South .America die-: sho'"'ing a 
similar but less acute condition. There appeared to be 110 abnom11litr in the 
intestine till just above the cl01Lc:i., where there wns a. small area oi ir.'fa~mation 
rn-o inches in Ien&,rth !bowing e:u-ly signs of ulceration. /1a.ct. m~1·1a:1i waa 
isolated ftum the bile and was thit only pathogenic orga.nism reco'l"ered. 

'(3) ~ large-scaled mamba. (Dmd1"0A]'t-& ·viridi,) of West Africa di•!d ~bortly 
after 11dmi!i,)a to the gardens. The 11111g was congested and the intesi.:.Ue acutely 
inflamed, the termina.l portion and the cloaca showing marked coa.ge$tioa. The 
spleen "'8.S enlarged nnd pa.le. Bat:t. morgam was isolated from th, bile. spleen 
and cloaca. Let~ fermeuting a.nd unidentified non-1.'lctoae fermenting bacrei:ia 
were also culti,..ated. 

(4) .!. fal..9 mocasain (.,.'rGt1-iz /(uc,,'a.ta) of North America had beea. in the 
gardens about n moath before death. Thers waa at ~t-mortem an enteritil, the 
intestianl mucosa wu much int!amed, raised and grnnula.r and could be euily 
scra.ped otr. The lung waa slightly congested but no further abnormality was 
found. Bact. mo1;1ii11i was isolated from the liver. 

Ea.ct. 111.organi ha8 therefore been isolated from the following:-
.t.mma1. 

Green-billed toucan 

Oran~•utan 
Orang-utan 
Sq,uirrel monkey 

Abyuiniiin monkey 

Pine suke 
Pine snake 

wr;e-scnkd lllllmhiL 

False mocwin 

811& 

{ 
Intestinal contents. 
Blood . 
Intestine. 
Intestine. 
Intestine. 

{ 

Blood. 
Liver. 
Spleen. 
Pus of mesenteric gla.Ild. 
Blood . 
Bile. 

f Spleen. 
) Bile. 
l Clo.\cn.. 

Li,..er. 

J',1t!1,,.,,,11i,·it!., 1i H,1ct. mor~aui.-Thcro is ,\ 1li,·ersit:· ,:,{ upinion 
l't';,:.lrdin,; th!! 1·1·.i'-' which B,id. 111orJtr.11i plays 10 th(' causnti,.,11 ur 

F 
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81 R. LOVELL 

ba.cillary dysentery a.nd summer diaJ:1'1100& in hun1ans. Thjotb (19~0) 
describes uine cases of diarrhma from which he isola.ted Bact. morJan i. 
He could not find :i.ny serologi~l coruiection between the strains 
studied, noither could ho find any evillenc:e of a.ntibo<lies in the sern. 
of the pa.tients from \Vbich the bacterium was isolatetl. He considers 
tho.t it is not enough that the orgo.nisn1 is merely p1·esenc iu the 
intestine, for the intestinal Bora may alter considcJ::i.blt under the 
po.thologica.l condiJ.ions that take place u1 the intestines cluri.ug n. 
severe a.tto.ck of colitis. He ha.s recently (1928) ,.lesc::ibed a. case of 
cholecystitis in which B. morga.ni. wns isolated froru the pus aud t'roni 
the blood and a.gglutina.ted. by tho patient';; se1·uru. Iriboncleau :iml 
Fi~het (1916), referring to their reseinches on dysentery in the Dal'­
da.nelles, maintain that the lack of agglutinins anrl complement-fixing 
bodies in the sera. of patients is no criterion. They re.car to other 
drsentery cases where they a.re fa.eking a.ntl sho\v that blood culture 
for l\!,,rgan's bacillus was never successful .ltorg:in bad previously 
produ;ed. evidence that the bacillus did not frequently penetrate 
be:ron,1 tb.e intcstina.l mucosa, even in his ieediDg e:tperiment in 
mllukoys. \V"tlson (1927) has sb.own t~t lfot·g:i.u's bacillus, uu1.lc.· 
ceri;aiu conditiorui which he ia unable to define but which :ue 
probably associated with the clietnry, may assume the po\\·er 
of spreading epidemically and of giYing rise to fat:i.l infections 
in mice. . 

Of the nine cases denlt with in this report, Bact. morgcrn·i. wns 
isolated three times from the intestine only a.nd all three oi these 
cases were monkeys, and in ea.ch Ct\se it \,o.s the only organism ot a 
pathogenic n:i.ture isol11.ted. ]from the fourth mammalian case, also a 
monkey, it was isola.ted iu pure culture from the blood, spleeu, lh·er 
a.nd pus of a. meeenteric glll,llll \Vhen one takes this into considero.tion 
there can be little doubt tbo.t Bact. morgcmi can assume a. pathogenic 
role in such animals. Tho po.rt played in the ca1tsation oi rile Jench 
of the 1·eptiles is no& so certain sinco other ol'gnnisms were present: 
the organism resembling Btict. ac,•fryckc and the tmirleutified coliiurm 
bacteria. may ba.ve plo.yecl some pnrt. 

All strains were tested ou mice and proved to be pathogenic, 
0·5 c.cm. of a 24-hour broth cultnro being injected intmpel'itone:dly. 
al.though. the- time of the death l)f the mice ,·aried from 5 houl's co 
3 do.ys, the orgn.nism could ahvn.p1 be isola.ccll from the hea.rc lilood. 
In ,;ew of the rapidity with which dtmth occm·red in many c:tses, an 
attempt was made to detonui11e whether a. solttblo toxin m:i.s present 
iu the broth cultures. A. stru.in which i11 a. llose ot 0·5 c.cm. had 
killetl a. mouso in 5 hours wns sdectt!1l and :;ruwu in broth al 37' C. 
for ,·arying pe1·iods aud filte1-ctl through u. Seitz tiltt!r. Inoculated iutu 
mice intr:i.peritouoally or int1·:i.veno11sly in doses up to l c.c., the filtrnt•3 
111·0Yt'1l hannlc:is an,l there i:,; no cvi1lcncc that JJ. 11101·:mni prrJ,luce,; .i 

sulublu cxutuxin. 

b •• 
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BACTERIU:\t ),lORGANI 83 

S1nmna1·'!J· 

(1) Bact. 11Lorgani was isolated from one bird, four monkeys a.nu 
four reptiles, in circumstances which suggest that this or;nnism was 
retiologic:i.lly related to the infection from which they died. 

(2) ~o evidence wa.s obtained that Eact. 111orga·1L·i is capable of 
producin~ a. soluble exotoxin. 

Mooo.1.N, H. D& R. (1906) . 
1fonoA..'i, H. Dli: r .. (lO0i) . 
MocGA..'f, H. DE R., A..'iD 

LEDrNG!U.~, J. C. G. (1909) 
Scon, H. H. (1026) . . . . 
T.llJiiTT..I., T. (1920) . . . . 
TirJiiTT.A, T. (1928) . . . . 
T.aIBOYDBA.tT, L., A..'fD FIClllT, 

::IL (1916) 
Wu.soN, G. S. (1927) . . . . 

REFEI:.ESCES. 

IJrit. Jlecl Jour,1., i. 008. 
B,·it .. llecl. Jo11nr,., ii. 16. 
P1-oc. Roy. Sor. Jlecl., Epid. Sect.,;;_ 133. 

P,·oc. Zoo. Soc. Lond., i. 2:11. 
Journ. of Bact., v. Gi. 
Journ. l11jtct . .Dis., 1:lili. 3i0. 
.d.m&. de l'/11-st. Paat., 1::a. 34i. 

Journ. of H'J'J., nvi. 170. 
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BACILLI WITH NOTES O~ I);'TESTI~ AL 
SPECIAL RE'FEREXCE 
ROCGH RACES. 

TO S:i\iIOOTH A~D 

P. Bnoci: WHITE. 

FT'Om tA, .. Yationa.l !11,1,tituufo.,. JledicaJ, R,ua,rch, LO'IVlo'fl. 

THE obj~ct of the present notes is to outline Yery briefly certain 
dh·erse -,bserra.tions bearing for the most part on the relative 
beh:ivi.ow· oi smooth and rough organisms. 

I. ~ snrru: : I?TrrOD OF snrDrn.G THE Din'U&..'ITIAL DIST1UBOT10N OF 

TBE SOL'."EU: SPECll'IC c.unoRYDIU.TZ FACTOR IN Sl[OOTH ..u;n 
ROCGll BACII.I.I. 

In earlier communications (White, 1927 and 1928), e:ctending the 
original ol:.ser,a.tion of Reimann (1926) on the pneumococcua, I have 
pointed on.t thar the essential serological event of rough change in 
Sabnontlla and rela:ed groups a the loss, complete or partial, of that 
non-r•rotein. ca.rbohrdrate-con~ing soluble specific component which 
as a result of the investigations oi .l very and Heidelberger, of Landsteiner 
nnd Furth, of Zinsser and others has come so much to the fore in recent 
serological studies. The essence of my o.wn observations was that while 
I could without difficulty obtain soluble specuic substances of this clllSs 
trow smooth cultures of all oi several Salnionclla types I foiled o.t 
repeated trials to e%tract any corresponding serologically active 
material. from a.g;lutinath-ely pure rough strains. The same relation 
I ba,e since found to hold good for the corresponding va.ria.nts of 
Shi~'s dysentery li.1cillus. 

The soluble specific substances in their stability a.nd in the quality 
and range of their precipitation reactions declare themselves unequivo­
cally as the O--rmpto-rs (as opposed to the entire "0-antigen ") of Weil 
aud Fe~ In my- hands, as in those of others, f,hey Jui.,·e re.1.cted 
negath·elr in the biuret and 1Iillon tests, while giving a strong 1ifolisch 
~tiou for: carbohydrate. Precipit:i.tively potent solutions of these 
substances obtained from B. acrt?'ycJ.:e, B. c1it,rit1'd1's, B. typliosus :ind 
B. $UIJJCStij,:r, thrice injected intro,·enously into r:ibbit~ nt weekly 
intc>rnls. ha,·e n"t ~ti!uul.iteJ. recognisable o.utibodics for thumsdvcs 
"r for the curre:;ponJi.ng whole organisms-a finding which tallies 
with that of Zin;;ser and Parker (19:?3) wi.th B. typhosw, but which 
5~1.'!tl;; :.tt v-1.ri:u:c~ \\"ith th.it oi D:\~· (19:lS) writing of rhe S.'lllle 
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88 P. B .. WH!TE 

organism, and of Branham n.nd Humphreys (1927) dcnling with 
B. enterit irl is. 

The following appears to be a. satisfactory geneml method for 
preparini; solutions of the soluble specific substances in question for 
serological purposes and oi demonstrating the presence a.nd a.bsence 
oi these components in smooth and rough J.14cilli respectively. 

.lsar-i?Own bacilli are susr,.;,nded in 'S,'5 acetic acid made up with physio­
!o;ir.:ll 3:llin~ S well-grown phts culrnres to 100 c.c. of the a.cid s.a.line being 
a. con-renient proportion. Thu ,u11~osio11.S a.ra heated by immersion of the 
containl!r-prefora.oly lict~ with a. reri.iu: condensP.r-in a. bath of boiling wa.ter. 
The sa111e eud llli)" be attained by boiling the bo.cilli in acid of simila.r or lesser 
conce:ntration but tb.e frothin; which occurs renders the :•rncoeding difficult. 
So truted rough o1l.lpensious swfer prompt coagulation, lca.vi~g the me115truum 
clear i&"re for circ:tlacing flake;;. t:ndf:r the same circumsta.111:es smooth ba.cilli 
m&y show some initial a;;re;::uioa, doubtless d110 to coo.gulatfon of the liagella. ; 
such. clumpin;, should it occur, ii trall!ient :Lad for a. considembla period (which 
u,ar endure for :?·3 hour.,} the 11apen..io11 reinain.s uniform. Eventually ho"·· 
ever prt>l,rtUi-re clumping and se:dim,:.lltation set in until fin.:1Uy 0.:1 appc:irance 
is reached idenrical with that rapidly de-rcloped in the cue l'f ro.1gh culture:5. 
Tl>is ma; be t:i.ken a.s indi<:lltion thai; the reaction is at :La. sn,1-tll:Lt the great 
bulk of the s.:rologi.cally acti-rs c:irboilydrate factor has been ~«.po.rnted fro1n the 
bacilli. Only trac11s o{ this suo1~11ce a.re obt:i.incd by further .1cid washings of 
the :..acilli. bui. 3hould it be d;?sired to obtain a '1UO.ntita.tiv"' yield, 3, second 
e:m-action with a smaller 'l"olume oi acid saline should be carried out. Smooth 
and ronih ·' !tllipensioas" which ha-re pnsHd through this process side by side 
a.re centrifuged. till clear, while yet .mongly aciu. \Vi,h ueutmli.sa.tion of the 
supunatant ~ further precipitate forn:.s and must be ce:.trifuged or filtered otf. 
Serolosrital tests mav be mo.de with. the solutions so obtained or the active 
princi~:le mar be concentrated either l:-r boiling olf excess of water, Ly precipitation 
with l:ad acetate or best by pr11ci1>ic .. :ion with a.lcoboL The proportion of added 
akohol re-1uired to alfect preci-pit:i.:ion of the serologically active subsui.nce 
appears to -rary with the bacterial type, but a.a a. rule the precipitate thrown dom, 
from a dt-rlnitelr acid solution such .i& ho.a u.sually been employed by 2 volumes 
of alcohol is serologically intrt. and. ma.y be disau-ded, 3·4 -rolumes being 
required to eject the specitic subita.ne1?s entirely. The cornsponding precipita.te,s 
deri-r.:d from smooth and rough bacilli n.re lllllde up ench in a small volume of 
saline (10-13 c.c.), a.cidulateu "-ith a.eerie :,,cid and boiled, after which the protein­
conwnini; precipit.'1.te ia centrifuged down ; the superna.t:mts may or may not 
gin a. j111I ,Ji,,:erni.ble biuret renction. 

The swooth-<lerh-eJ. solutions so obtained cause vigorous prec1p1-
t.3.tio11 mtb type homol~?(l\15 snLootb. antisera. (prepareu a.gninst ,vhole 
bacilli) and clle reaction uu:9 still be seen :i.t a solutio11 dilution of 
10,000 or more; with typical rough .-i.ntisera. no precipitate results. 
The s\llutious derh-erl from rou~h bacilli are t-0 :i.11 intents serological!:; 
inert: ocl!:isionally they c:iuse c1-ivi.,l clouding in type homologous 
$11111~•ti< antiser:i; witb. the _trnlr homologous rongh autisern no renctiou 

Es.pcrinLent shows thnt the process of heating for 2-3 hours in 
~ 5 ac-~':i._. aciu ('t\US\.'S uo ~i;nitkmt rl>tluctio11 in tho sel'ological Y:1.luu 
llt ,!ll' ~•-•lul,i..i ~p<!cith.: sul>:Haucc iu qncstiou; e,·cu cousi1lur.i.lily higfa:r 
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concentrations of acetic acid and HCl a1·e tolerated. I have been 
uoalile tc, detect the presence of reducing sugar in auy of the mi.:r.tures. 

Since the rough-derived solutions cont:i.in a consideraule amounti 
of serologically inactive ina.tter, it is p1·ohaule that such substances 
contaminate the solutions of smooth origin; but as the nim of the 
work has been essentially serological no zea.lons attempt has yet been 
made a.t furcher purification; complete extrnction of the actiYe principle 
without damage, conce11t1"ll.tio11 of the extract and remo..-:ll oi protein 
havi, been tht! only serious objer:ts. It a.ppe:i.rs that br the method 
gfren the soluble specific substance !llay be extrncted 11 na.ntir:itfrely 
in a giYen Yo!ume of saline; it should, therefore, be possible to 
determine se:-ologically the relative richness, as regards this component, 
of two strain'! of like type-a. point which must be of \"alue in a.n:,­
attempt to t'!"!'.ce a. relationship direct or indirect between "Jegree of 
smoothness" :iud iniecth·e Yi.rulence. 

Serologica.i e~amination of the curd of bacilli left by the e~tra.ction 
process is as yet incomplete. It has been found that rough bacilli 
may eu1er;e i:-om 1,he treatment still possessing consiuero.ble. ii mucb. 
reduced, po,ver ol agglutinative reaction to .ordinary rough antisera. 
(Tests must of co·u-se be co.rried out at a low saline conceutra.tion-
0·1 to 0·2 per cent. of NaCl-in view of the denatured state of the 
bacterial proteins.) With smooth cultures it was found chat from 
the time oi their coagulation the b(.cilli beco.rue insensith-e ro th~ 
somatic aggiu~inins of smooth antisera. There was some erpect:ition • 
tbat they l\"Ould now be found to react to rough antisem; this e:\:pecr:i­
tion has only been partially fulfilled for in no case did the obsen-ed 
titl·e of aggllltino.tion attain to more than ¼ of that achieved in che case 
of similady trea.terl rough \"ll.ria.nts; with v:i.rious rough sera clumpin~ 
,vas obtained up to dilutions 200 or 400. The matter is being further 
examined ''"ith the use of sera prepared :ig:tinst bacilli, smooth and 
rough, which h:i.ve passed through the e.:r.tnction process described. 
Up to the present the cle1u·est indication obtained' of the presence of 
the rough agglutinative complel: within the smooth orgo.nis1u has been 
the selecth-e action of sero, prepo.red ngninst solutions of smooth bacilli 
in Nil0-"S/8 NaOH solution, on rough ns opposed to smooth orgnnisms. 
On thls point the pnr:illel with Reinuum's observations on the 
pneumococcus, if it exists, has not been so clea.rly trneed as it ha.s 
in the DU1.tter of the specific ~1·bohydrnte component. 

II. THE REACTIO~ OF SllOOTII .\ND ROC'CU :O,\.CILLI TO JfitLO~-'s 
~D TO :uou:;cu's llEAGE~TS. 

A slriking ,lifferenco in the beho.Yiour of smooth and rough 
Salmonellu. bacilli towo.nls )IIillon's rea.gent ha.s been noted. "\Yhen 
a l:i.rge loopful of rough growth is emulsified in n.pproximn.tl'i~· :1 C'.c. of 
wat~•r an,! :d••l\t l c:.c. uf ).fil1011':5 sulntiuu i:5 atldctl thurctl•. the :•,Le;il!i 
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are a.t once clumped and, on boiling of the mixture, collected in dense 
masses a.nd quickly asaume the deep red-pink color1J.tion of the 
posith·e test. Under the same conditiona typically smooth ba.cilli of 
the Salmonella, colon and dysentery groups are relatively little 
a.trected ; the bacilli remain dispersed a.n<l the colour of their 
suspension does not deepen dui·ing a fe\v minutes of boiling beyond 
a. yellowish or ochre tint. The deposit which settles on standing 
commonly varies in col'lur from yello,v to ochre; occasionally it 1s po.le 
pink-& variation probably related to the d~gree of smoothness-; in 
iill cases it is fine and readily dispersible. . 

Smooth bacilli from which the soluble specific non-protein factor 
baa beeu e.uro.otcd (e.g. by prolonged boiling with dilute a.cio) or the 
proteins thrown down by acid from a solution of smooth. ba.r:illi in 
Na.OH solution react precisely like fresh rough bacilli, and it ,vould 
seem to be an inevitable conclusion that in the smooth organi.im the 
soluble specific carbohydro.te intervenes-probably mechan:1!0.lly­
between the t)TOsin-containing complu a.nu the reagent. The 
negatfre reaction of the smooth form is seemingly not due 1;0 i..uy 
injury to the rea.gent by componen&s p!!culia.r to smoothness, for roc.gh 
bacilli res.ct in a. perfectly typical manner when tested in mixture with. 
smooth bacilli or the freed soluble specific component. 

It has further been dbserved that smooth bacilli usually pact far 
more vigorously in lI:olisch's test for carbohydrate than do rough 
bacilli, always provided the test be applied to both u.nder exactly 
para.lie! conditions. 

IIl OBS'EUHTIOSS O~ THE TOXICITY OP' s:uoom A.."m ROUGH 
S.dl:,JIO;:.."ELL..J. BA.CU.LI. 

Goyle (1926) concluded that autolysates of smooth cultures of 
B. entaritidi, are more toxic to mice by int1·a.peritonenl injection than 
are those of the rough derivo.tfre races. 

fu my O\'Ml compa.risons of the relative toxicity of smooth a.nd 
rough races, made intermittently during the past 5 years, r.i.l>bits mice 
and rats, all injecto<l intr:weuon:sly, ho.,•e been employed for test 
purposes. So used the rat is p,1rticula.l'!y useful in testiug fo1· toxic 
~tivity in Sal111011clla. strains in that all the co1nmouly occurring 
species, after o.n incubation period of 35-45 minutes, set up n.n .i.cute 
into:;i.:icatiou with prostr:ition a.ml dfarrha:m :inJ t1mdi.11g to death in 
a. few hours. The into:xic11tio11 set up by B. typhos-us is proh:il>iy to be 
regar<lecl as most o.cute, that <luti to JJ. ~ntcrit·idis lease so; intermelliate 
in e!lect are 11. aatrycke nn<l h'. par,rtyplw$US D [Sa/111011,;lla :;;:lwttm1illcriJ. 
In the r-J.l>bit, ns is well-known, JJ. typhosus ,ulll B. pamtypl.01J1£1J .. l 
[Salmo11clla paratz,zJhi1, dose for dose, grc:i.tly surpass B. entcritidis 
E. 1,atr!,,:l.c nm! B. 1,ar,,II'/'h,,.,11,j 1J in the ac11tc11c::1s of tho intoxica.tion 
which they 1•·:l"tsiun 11mll'r .. nlinary cir1:11111i;l,Lncc::1,-tlmt is to :my 
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when so.line suspensions killed at 60" C. aro injected intra.venously. In 
the mouse, according to my own experiments, B. entmtidia hns 
exhibited the most intense "immediate" toxicity, that of B. aertrycJ.:e 
and B. paratyphosus B being definitely less; B. typ/,,oSV,S, like 
B. dyunteria: SkirJa, tcnus to occasion late death after 2-3 <lo.ys of 
apparent \'l'"ell-being. Wheu broth culLure filtrates or saline a.uto­
lysates a.re injected in pla.ce of whole bacilli intertypnl differences or 
toxicity for a.ny p:i.rticula.r host are inevident. Furthermore, I have 
found th,1t wheu liefor11 inj~ction the bacilli are extracted \V'ith alcohol 
(½ hour at 50' C.), a process \Vhich ne,·er reduces toxicity, a. consider­
able rnising a.nil levelling of the poisonous properties of the types 
results. The:;e facts rendor it probable tb~t. such a.pparen t differences 
in toxic Ya.lue as are seen among the t:rr~s of the Salmonella. series 
depend not on a.ny specific differences in Lne activity of the toxins or 
in thcfr a.mount, but on tho \"aried capacity of tho different animal 
species to break do,vn bacilli of the sev~ral typos s.nd liberate the 
toxic substances \,hich they conto.in. 

That saline suspensions of smooth heat-kill!'d bacilli excel those of 
rough bacilli in to:ticity for laboratory rc,denta ia not difficult of 
demonstration. The action of B. tyz1h.0S1.ts 1>a. the rabbit furnishes an 
excellent example: w t-his case ½ to 1 a~~:ir slant culture oi the 
smooth form constitutes a ~roba.hly fatal dose for an animal of medium 
size, whel'eas 2 to 3 agar slant cultures of the rough orgo.nism a.re usually 
tolerated. Should the living organism be employed, as is in this ca.:1e • 
ft-asible, 2 ago.r slant cultures of the rough r:i.ce commonly co.use o.n 
almost symptomless septic:-emia or a. chronic emaciating disease of 
several weeks' lluration. 

In a. series of expel"iments \Vith Shiga's ba.cillus :ind mice the s:i.me 
relatiYe impotence oi the rough form ,vo.s patent. Furthermore filtrates 
from bl'oth cultures of 1·ough Salmon.ell<, bacilli-and app&rently also 
of Shiga. dysentery bo.cilli-do not, a.t lea.st as a. rule, approximate in 
toxicity to those obta.ino.ble iu the iDstance of the smooth organism. 
From these facts it might be argued tho.t coincidently with loss of 
soluble specific carbohydrate and of infecti,·e virulei1ce t.ue organism 
in roughening suffers loss or severe reduction of tho poisonous 
principles which it uonuall:y cont::i.ins. This <loes net ho1vever appear 
to be the co.:se. Rough Salmo,iclla bacilli after trea.tment with n.lcohol 
assume toxic properties a.t least as great a.s thoae of similarly tre:i.ted 
smooth bacilli and sometimes seemingly greo.ter; even rough coliform 
bacilli, so treated, exhibit fo1· ra.bbits and 1·ats a toxicity which hardly 
falls short of that of smooth E. typhosi,s. In o.n expel"imeut in \Vhich 
equb·:.1.font llrr w1?i;.d1ts of suwoth :inu rough o.lcohol.treo.tcd ac·rt-rycl.-c 
bacilli \,ere injected in gradud amounts iutmperitoneu.lly into mice no 
difference in the to:cic va.lue of tho variants was ob\·ious. It seems 
probnhlu chat th~ 111•tt!11tial toxicity of tho rough dcrh·a.tive o.pp1·oxi-
11mt..:,a t11 t !1.1t ,,t' tli,; ~111"11th par..:ut ur~:111i:m1 and that contra::1t:1 iu 
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actual toxicity a.re due to differences in the rate oi liberation 0i to:cic 
substances within the animal body or into a. fluid culture medium. 

So far as I ho.ve been able to ascertain the solutions of soluble 
specific carbollydrato substance are to all intents non-toxic. The 
entire yield of this substance irom 2 n~ar pl.ate cultures of 
B. t'!JPhOS'U,S produced no symptoms in a ral.ibit. uor that from 1 a;.;ar 
plate culture of B. enteritidis in a ra.t; 1 a;;-ar slope culture r,i the 
former organism and 1 platinum loopiul of the latter, both killed at 
60° C .• proved fatal by intra.venous injection to a. rabbit and a. rat 
respectiYely. Without destruction or dislodgment of the solnl:,le 
specific substance the toxicity oi B. c1crtry,:J~e tor the rat ~as found 
to be practically abolished by autocla,ing a suspension for ::)040 
minutes at 15 pounds pressure. 

IV. OBSERVAT!0~"3 0~ lC'C'C0iD Glt0\,'l'R. 

In the pneumococcus smoothness and the presence of the svluble 
specific carbohydrate seem to be associated rnth ability to form a. 
capsule; the rough cocci a.re non-capsulate. Ille same relation bet~een 
smoothness and capsulation has been described by- Jullanelle (1920) for 
the pneumo-bacillus, while Tomcsik (1927) apparently- looks upon th, 
capsule as the source of the soluble specific ca.rbohydxate-like substance 
which he prepared from B. lacti.s aoro:7t1tts. 

Though in mucoid growth of Salmoncila the bacilli are not strictlr 
capsula.te but merely suspended in a coI!llllunal m.lS3 of secreted slime, 
it has seemed desirable to consider the possibility- oi a relation l:>,:tr.een 
such mucoid growth and smoothness, more particularlr in connecciou 
with those irregularities 'll'hich are encountered in old laboratory srrai:is 
in applying the "Schleimwn.11" tesc t'or the dufcrentiario.n of E. pa1·H• 

typkams Band JJ. acrtrycko. There is a prima. j'ar.1:e argument ag!!.inst 
any connection bet\veen 1nucoid gro\.th and hypertrophy of the specirlc 
ca.rbohyd.J.":l.te component, in that mucoid forms re:ict particubrl:,· 
poorly to the homologous somatic asglutinins, only recovering normal 
behn.viour a.fter the suspensions ha\·e been boiled (\\hire 1926). Io 
support this argument smooth and rough ,·arfants oi se'"er:il strains 
of B. para.typl,oS'Us B a.nd B. abort1u equ, ~ere cultured as ~eli­
sepnrated "mncrocolonies" on agn.r; airer 24 hours' incuba.tion the 
cultures were allowed to continue their de,·elopmenc at room tem­
perature. .A.ll, smooth and rough, denlopeJ in typic:i.l fashion the 
ma.rgina.1 wall of turbiJ a.nd slimy seconJary growth. In a. further 
experiment .a pl~te cultures of n. rough pnr.uyphoid B strain, showing 
well-!ormed 11111coid rings :i.bout th~ ewulr lli:;persell c~,1,,nie~. w.-re 
taken up into 10 c.c. oi N/5 acetic acid ~nJ heat~ in a. \,ater bath 
for 2 hours. The cle.1r supernat.i.n~ finally- obt.uneJ. br ceurriiugiug 
~an, uo precipitat~ with smooth ,,r n111:.di p.lrar:.-:··:~•)i,l B .u:::~c>:-.l. 
Thc::ie l'l':rnlts imlicalo that 110 rl'l,ltivu exi~ts l•d'"'l'1.::l muc,1i,l :"l°•'""t:i 
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of ,S'almo-ndlla t1,nd ~he smooth Rtate, and· t.hat this gro,vth habit is 
not in any sense homologous with. encapsul:i.tion as seen in the 
pueumococcus. 

V. Tm: POSSI13LE T.A."'CO:S-Omc V' A.LUE Oli' THE ROOGn V .U:U ... 'iT. 

Within each of the great "biochemical" groups of "intestinal·• 
ba.oilli serological methods hu.ve revealed the c:-.istence of more or less 
numerous ty]:>~S or species~lewento.ry species di.il"erin~ from one 
another no,v a.a riago.rcls oue group of antii;enic properties, now as 
regards another; sorne a.re c.lefineu by the serology ol their tiagella 
a.lone, sowe only by tha.t of the bacillary bodies, some by ~~nt of 
both. In tho Salmonella group the meas11re and nnture ot ~hese 
differences have heen more or less effectively elucidated; the exact 
relationships of 01ouopha.aic types, .B. typh.osus IJ. paratY1JIL0$llS .L and 
B. mtcritidis, to the dipha.sic organisms of the old "paratyphoid B" 
group have been determined; the generic unity of the whole bas been 
established beyond reasonable doubt; nigh on 30 types, cou;.m<.111 
infrequent or rare, ha.ve been r:i.llied by unequivocal serolC'gical 
argument to the clan Salm01tella. But there remain in doubt a. \·ariecy 
of organisms, t0 1.demonstrath-e of any sa.lmonellar o.ffinitr in their 
normal serology, which v·arioll8 systematists, seeking to juggle the 
intestinal bacilli into pigeon holes on the score of their biochemical 
reactions, have ascribed to :ialmon.ella, appareucly regnrdins chat ill­
used group as a. very fitting dumping-ground for their difficulties; a.g. 
E. coh1mbs"fl.8is a.nd :\!organ's No. 1 bacillus, ,vhich Ber;ey (1926) 
dignities with the title Salmonella. )!oreover the e~perience or most 
of those who hav·e attempted serological a.n:il:,si::1 of the grea.t coliform 
groups is that the diversity of beh.L1.viour encountered renders any 
comprehensive classinca.tion on these lines unthinkable. But it is 
clear that the continued use of "functional" criteria-the use of 
biochemiool reactions-in bi\cteriologi.ca.l taxonomy cannot le:1d to a. 
res.I. classification; it is a. proceedillg which the biologist has condemned 
but in which the bacteriologist ingenuously pe1·siscs.. Somehow and by 
some means the substance of the organisIUS themselves must be utilised 
in tracing their goueric a.illnities. To this end I ha.ve e,::a.ruined the 
possible vruue of the rough va.1-iant in effecting serological ;rouping of 
str:uns, seeking, more pa.rticufo.rly, a.nswer to the questiou: what is a. 
SaJ.-monella 1 

Schutze (1921) pointed out the remark:i.ble la.titude of cross 
a~lutination amoug rough vn.l'i:mts of the Salmon,ila types, aud 
"\Vhite (1D:2G) has shown tha.t this LlepenJs 011 similariw of the rous::rh 
soma.tic autig1ms throughout tho Stil111011cila series :ind ;:irries with ~it 
unity in complement-fi..~ng behaviour: even by means of the absorption 
test it is difficult to etfoot :1 lliiTcrcnti:i.tion oi the rough lx1cillan· 1,odies 
ui lhu n1riuu11 species. Ex;~cLly ano.lugous i:s the ca;t! ui the i•ueu111u-
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cocc111 types. The question for present consideration is a.s to how far 
such community in roughness is limited; ho\V far the rough ,·a1·ia.11t of 
the Salmonella group i.liffers from the corresponding variants of other 
intestinal l,acilli. 

Rough nria.ots of 9 different Salmond.la. types [11. twl,o,us (!3;, n. r,ff.ra­
twh.01u, .1 (1), JJ. ent,ritidia (3), B. •lf:rtryclu (4}, 11. parat'.fP/ioru, E (2:, American 
IJ. !11ipt&t1j"er (2), European B. 1uir,tstijirr (2), Xewport typo (l) and Stanley 
type (2)] "·ere isolated o.nd antisera, at least one per type, wero prcpaml. Sera. 
were :wo prepared against r<Ju;h races of Shii,-:i.' .. l.iacillus (2), Sonne·s hacillu:s (!3}, 
Flexner·s bacillu.s ( ~), IJ. cr,li.1J•l,t1uu (l ,, }forgn.n',. hacillu.s (2), h:emolytic JI. coii 
strains (3), saccharo~e non-fi:rme:itin,r n. coii. (3), and .m.ccharoso fermf:nting 
E. (0/.i (3). 

For a.gglutination purposes the rough cultures, growu on a.gar, we:re treated 
with ab~lute alcohol or n. rui:ttuN of alcohol ar:d chloroform for an hoW' at 
50-53° C. to destroy tfa;ellar antigens if present, and ,n render tho bacillary bodies 
insensiti're to tho precipiutin; a.crion of electrolytes and normal Sllrum (\Yhite 
1927 and 19:!5). In rnany c.'Ues the bacilli were stored dry :liter the e:s:t1uction 
proces.1, t'> b-3 :nado up in :;aline as required. 

.tg;lutina.tion tests 'l\"ero p;,riormed in the usual UU1.nner (4 hours in the 'l'l"ater 
bath at ju' C. and standing for a f~'lf' hours at room tem:erature). In all cues 
afflut-.narion, 'IT'here it occurred, w:is oi the chanu:toristi,: rough type, either in 
fine dispersible granules or in. coarser bnt equally disJHrsihle dakcs, unill:e eicher 
the "sandy" a;ilutination oi smooth bodies or the l0<~;el1 floccular agglutination. 
of flag!lla. The titres oi the &era. for the homoloyous organiswa, treated as 
descri'uc:<l, ranged between :!500 a.ad 5000, except in one anti-dysentery (Shiga) 
serum of 'l\"hich tho nl'c.e 'l'l"JS only 1000 a.nd au n.uti•adrtrf.JCU serum of titre 10,000. 

With the many S,,lmon.ella rough sera tested the numerous rough 
SrJ.lmondla races agglutinated in indistinguishable manner to the same 
titre; 'l\"ith no other rough serum tested did nny of these 1-:ices react to 
above 5 per cent. of th.e homologous titre; the genus Salmonella. stood 
defined in a. stTiking m:inner. 

In tests made in tbe reverse sense with the 1·ough ,aria.nts 
of coliform stmins, Sonne, Shigti and Fle.xner dysentery bacilli, 
B. columbinsis a.nd :\Iorg-..in's bacillus, results were mther more complex. 
With rot:gh typhoid antii:era none of these org:i.nisms showed J.ppreci­
a.ble re:lction; B. colmnbe:11$is, all the hremolytic coliform r:i.ces, 
.llorga.n's bacillus, Shig:i.'s bacillus, Soune's bacillus and 111ost of the 
other strains tested reiused to re.ict to a.ny typiCAl. Salmonella rough 
serum; the rough races of certain Flexner st1·:i.ins nnd of 3 of 12 
sa.ccbarose nou-ferm~ntiug coliforms agglutinated up to 25 per cent. 
of th& titre oi set'er:i.l of the rough aertrycko para.typlt.o8ua B and hog 
cholera. antisera employed. 

It is true that Schutze (1921) indic:i.tes considerable cross 
agglutin:i.cion of a. r01.1~h ,·,irfaot of Shig:,.'s bacillus with rough 
Salmv11d,t antisera; but siuc~. as I hn,·e shown, the rungh races of 
this org:1nism normally ag-.;lutiua.ce to titTe between 2000 ttud 5000 
with nol·mal rabbit serum, the significance of the obsen-.uion is 
J.uubtful. 
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The results obtainerl support in no nnc·ertaiu way tho inclusion of 
B. typho&u.s in the genus Salmonella, and 1mprCSij the injustice of any 
attempt to snmler tha~ organism from its ;as-l'orming congcnen or to 
associate it, as <loes Berg-ey in his genus ELei·tl.alla, with a cong-eries c,i 
orgn.nisms ~ith which it has no serologicnl link who.tever, o.nd with 
,vhich its specia.l biochcmico.l siinilaritil.!S O.l'e of a. pu1·ely neg!\th-ll 
nature. .B. cofomben.~is an<.l E. mor:Jct:ni :ire shnrply e.xclmled from 
the genus 8,dmon,lla. 

Scu<ly of the gt'onrin~ 11f the non-,5'/l!mone!la. stra.ins has been 
cursory. The rough \·arrn.nts of the severn.t Flexner strniua e,::o.minerl 
showed the sa.tn.e communicy of ag,;lutina.tixe heho.viour ,vhich rnarb 
the ,:,'u.imond,r, types, and with them reacted the rough \"a1·fants oc 
S,)nne's or,6 t ".ts:n; all these "rga.nisms showc1l :wa.rked ailiu ily \Vi th 
~he so.rue cli:~ tt:r of saccho.rose 1100-iermen ting·, non-hiemolytic strain::1 
of B. ,:oli. whi~h e\"inced somo relation to the .Stllmonellll. series; from 
the rough ,,w·:1nts of. Shig:i.'s bacillus they stood sharply distinct. The 
four hremol: Lie coliform races formed n. defiuite cluster in. close 
n:;glutina.ti•:e ha::::uony wi.th the rough ,·:i.ria.nt11 of two strains of 
B. t:olzimb111si:. au obser,·otion which supports Dudgeon's (l927) \·iew 
as to :he rc,~ticm,hips oi that organism. Four rough saccharose­
ferment:ing me- ?S oi 13. coli, hy the specio.l vigour of their reaction to 
any 'lne or the co1-responding ~era, stood out from the sacclw.rose non-
fermenLing forms. • 

T'.uei,,1:1 oo:,crYatious, desultory as ti.Ley be, suggest tbat study of the • 
1·ough mdant ..1loug che:.e lines may be of some real value in checking 
the present i,wmnl gt"Oupings oi bll.cterill. a.ncl may give some imlication 
oi :,, more rntii:-n:11 amm;~1uent of species. In the wide ra.nge of rough 
ngglmination we ha\·e perhaps a.u e~ression of the biological truth 
tho.t those elements oi the org:mism which are least e:cposed to contact 
a.nd conliic:; with the en \"i.r,)nmcnt are le1ist subject to e,:olutionary 
chauge and longest maintain their primitfro characters; between t.he 
baso.l proteins of the bacterium anJ the mcLlium of its lifo-in the case 
of the parasitic species between these proteins and the reaction of the 
host-at.J.nd che soluble specific substAnces as a shield. It is hardly 
to be e:t.pectetl that any such order oi na.tur?.ll)" related orgn.nisms a.s 
that formed 1.iy the "intc!'tinnl" uncilli c:i.n bo, l.Jy o.ny meana, re:solved 
into sharply ,.lcfinetl :;enct·a; Lint mu,;h c:1 n tloubtless be lloue to Ul:i.p 
out the bro..1d lines of Ji ,·ergeut e,·olution J.nu to clisconnt groupings 
basetl only on the :mperficiui s,utilurities oi convergence . 

SL":.m.utY. 

1. Thi.! St>:1\blc ;:.pecific ~nh--ta111.:..: tll:l:· be extracted qnantit.1ti\•ely 
f:•,,w .~ ·.,, .. .,. ,, at,ti ::i:ai:.1r l.1.:..::l:i hy ]wt ,iilutc add. 

:;. l:vn:;;h ,·:iriants ginJ .m i11m1cLli:ite reaction ,vith ~ril!on·s 
rea~c'nt; s1m,nrh l',\C('S rc:1cc l,nJy when tht• snlnhlc specific :;uh~t'lnre 
Ii. -: 1 ·•': ... , ' '. ,I. 
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3. Under ordinary cirou111stances of te~t ~mooth S11l111o;idla and 
related bacilli and filtrn.tes of lii-oth cnltures th~rc1Ji nre more toxic ti) 

ln.bomtory rodcn tR thnn are tbe co1'1·esponcii11:; rough b>lcilli nntl 
nltro.tes; the rough bacilli how<n-er possess n. pc.,teutinl toxicity, dis­
closed 'Gy treatment ,vil.h alcohol. appro:ciui.1t1Dg to tbat of the 
smooth forms. • 

4. :\focoid growth in Salmo11clla ha.s no relati,)11 to smoothness .iud 
is not a.nalogons to capsule formation. 

5. The serologiC:11 re:ictions oi ron:;h ,·nriaucs :1ppe:1r to form. ,i 

useful basis for a. 11i1tlU:al cia:;sillcation oc iucestiunl ba.ciili. 
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DIFFUSE AND NODULAR FIBROSIS OF 
.A.DVENTITI.A OF AORT.~ 

(RIIEU:'11.A.TIC PERIAOP.TlTIS) 

\V. G. BAPS.-1.RD. 

(l11i.11n-siiy Collt(Je /Io,pital, J[e,Jica.l School, Lond,;,ra. 

(PL,\.TES IX. .-1.~D :S::.) 

Tms case is of interest Lecause as far as I 1:ta,·e been a.ble to disco\·er 
only one other like it has been <lescrihe, l he fore . 

Summa.r'J ()j hiltor,;.-The pntient wns a m,in oi :23. .a\.s A schoolboy b.e had 
growing pa.ins and rhcmnntism in the leit shoulder. j.t l.\ he ~as treated in 
hosy,ital for precordial pain au<l drspno1a .: :i.t :20 he \t'&s trent~J for curdiac 
failure. Ou admwi.on to l"ni\·crsity Coll,;;~ Ho.,~-i:.il i:I Jul~· l:i:?:i he ~a.'l l'••l.:. 
th:n and looked ill, and sho\\·cd the sir,,'ns ,;i ;ro.u c-.ird11.: fai:11re. He \\".U 

ol"'hopnmic, the veins of neck were engor;;:d, :he !~ill ccn;~s:tcd, the liv~1-
enlargerl :md the llllkles caclellll\tous. The hc.ut w-u p-ta.tlr ~.1la;·,:ed, cha ape3: 
beat being in the lUlterior axillary line; o. loud to-and-iro a:nrniur \'\"as htard 
over .ne o.p~ aml base ii.Du tile pttl~e w.i.~ w,\ter-bam::n1:r in ~-pt!. There ivere 
no signs of bactcril\.l endocarclitis. Tht1 puloe \t'a,s regular lllld r.1pid r.:maiuin;; 
about 120 per nunute, th.e ;;ystolic lilood pr,muu w.u 1.20 mm. Hg. The t.,m .. 
pera.ture v:ui.ed between DS·-. aud 101• F, He ,.fa<l t'\t'o d>1.y,. ,\iter Mlmwion. 

S11nuna.171 of ]>9'1-fflOl"tm&.-P«llid man, 6 it. :! ini:b.c:1, 6 !tone 11 lb:;. Langs : 
ri3ht 2; ozs., left ~ ozs. ; brown indurn,ion .mtl .,-.i.ttereu sc:.i.11 h1¥morrha;~!. 
Liver: 6'3 ou., a.dvanci::d "nutmeg" aod ~c-,icr-,ue ,\myloid dlll.n;e. :,1,1le .. n : 
s ou., tirm, purple ,mu congestt!d. K.iune,•3 : 11 ozs., irregufa.r, .m1k,;11 pt1td.:." .. 
with pitte<l surfaces over corte:r. oi both .imylcid l.i.dneys. E:fu.sions : pleural, 
l pint ri~hi:; ~ pint left ; pcritonenl 3 pint~. 

lltal't (40 ozs.).-FihroWI pericardfui adhe;ions bo1111d part of rhe p.ui.etal to 
the vuceral pericnrdiu1u on tbo posterior ,\::.J to a. lll$s eJ:teuc 0:1 the anterior 
surface. ThcN were nuwerous peteclliil.l ~i:worrllnges iu bot!i l..ireu or 
perirnrdium. The m,oc,u-dium wa.. h}"!'•mrophied and all .:ha.mbers "l\"1:re 
dila.ted, both the llypei·trophr and dil.1.tatiou h.:ia;; llll.lit mark.eJ in the leit 
ventricle. The CUS'P9 of the aortic Ya.I've ~ere thickened, rolied and retracted 
to'IV3.rds tllcir bases (lig. 1). The 111,ps oi th~ mi:ro.1 ,al,1 \\"ere slightly thickei,etl 
and adhl!rent nt their angles. Pockct.i lull formed in the enuocardium of the lei c 
ventricle below the U1U11aged aortic v:i.h-es . 

• .J.orta. 

The ad.veutitfo. of tha aorta wns e\·ery\vhere greatly thickened 
by tibrous tissue rue:isnring 3 mm. ne:n- the he:ut and up to 10 rum. in 
the lower p,1rt of t-ha thoracic .1ort,1.. Iu plo.ce!I this had become 
~•.lu,ll!nsetl in such a way lhat the aort,1 .1ppeare1 l r.o h,i,·e been bounll 
\Vith thick 1:ord. .l:'ilJ1·uus tissue w,1s pres~ut l.~cw~u lhe bauds l>nt 
here it ,vas less llense so th,1t on opcnin;; the a.orta the cut b..'1Ulls stood 
out promi11c11tly ,l:l 111ilky-whiti: nodule•>'. The fibrosis w,1s limiled to 
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the a.dventitia. and a.po.rt from smo.11 patches of atberoma both the 
iutima. a.nd meilia. appeared normal a.nd together meiisured 1'5 mm. 
thick. This change extended from the hco.rt to tb.e biiurc.1cion of the 
aorta. but was most m11rked in tho thoracic region. It was continued 
to a. slight extent 1·ound the branches and particularly 1·ou.nd the 
bra.nclies of the abdominal aorta, which \'VeL·o surrounded hr a. somewhat 
less dense but wide zone of fibrous tissue. 

l!icroscopically no cellular reaction could be found iu sections or 
myocardium, pericardium, endoca1·dium. a.od adventitia. of ,1ot·t~ or its 
bra.nches. The sections showed: iu tho myocardium patches of 
perivascular fibrosis, in the valve hyaliue fibrous thickeuiug a.ud 
between the layers oi penca.rdiuru hyali.ne fibrous a.dhesious. ~!any 
sections of all parts of the aorta were e:cD.mined in the hop~ tlla.t a 
cellular reaction, ghing some clue to the nature of the process, U1ight 
be discovered, but while all sho\ved more or less dense fibrosis oc the 
adventitia only occasional groups of two or three lympb.ocytes with or 
"'ithout plasma. eells \Vere found. The fibrosis of the ach·entitia. 
consisted of dense collagen fibre corresponding to the bands and similar 
slightly leu dense tissue bet,veen. The n"iedia. of the aorta. shinved 
slight my:,toinntous degeneration; there \V&S no trace of perivascular 
infiltration, any form of fibrosis or breaking up of elastic tissu~ The 
inti.ma. ,.as normnl. The vessels in the adventitia. \Vere consp!cuous, 
being moi·e numerous than normal and mimy of them ha.,ing thickened 
degenerate walls. 

'Ihe points in the case which ha.ve to be considered are the heart, 
the aorta and the presence of a.myloid in the liver and kidney~. Since 
no focus of suppuration could be found at post-mart.em the amyloid 
~as probably a legacy of the more active stage of the process uow 
represented by fibrous tissue. 

.A.s there was no e\·idence ot inflammation in tho mediastiuuru uor 
in the bodies of che \·ertebrre it seems improbable that the fibrosis of 
the adventitia. had been initiated in surrounding structures. ,,-ea.re 
left with the lesions of the aortic and mitr.i.l valves, the patchy fibrosis 

•oi the myoco.i-clium, the perico.rdfo.l adhesions and the fibrosis oi the 
:id'l"entiti& as tlle princip:11 parts i11 the puzzle, while the diseases 
c;1lliug for conside1-ation are syphilis, pe1·iarteritis nodosa. .1nd 
rhcUI11D.tu1u. 

Syphilis. The a.ppear:mce of the a.ortic \"alvcs is strongly suggesrfre 
of syphilitic endocarditis. They ha.,·e the typico.l "s:i.us.1ge" sha.pe nncl 
it is uot nncomruon to find syphilitic endoc:mlitis withom sc:u'l'in~ 
of the aortic intimn. In syphilitic aortitis t-he grnnulatiou ti~rne 
st:1rts in the ,1lln:ntitia and extends lik~ o. sll!c,·o round the nntril'!lt 
arc.:-ries inti) the media, where the ehLstic tibi-es of tile medill. a.re broken 
up. .Apnrt from tho fact thnt there is no spread to the medi.ll it would 
nvt be nect>ss.tr~· to nmlnl:, stretch the imagiuatiou iu ordt!r to ~llllL'L'l\"l' 

-------------~,,__.. ___ _ 
----- ------ - -----

' .-. 
r. ·, 

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology…
ACL Doc 13405 · Page 106 of 193

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/106

https://asbestosclaims.law/library/13405/106


( rztrzi tr •• 

'A/t­
i 

- 'tz?S t Vb 

'pa.tclles of a.the1·oma. both the 

d together measure<l 1·5 mm. 

heart to the bifurcation of ~he 

acic region. h wns continued 

3 and particularly round the 

:ere surrounded by a. somewhat 

could be found iu sections of 

1ud ad•-:entitia of aorta. or its 

i.Le myoca.1·tliun1 patches of 

.Jluc fibrous thickeniug and 

ine fibrous a.dhcsioos. 11Iany 

enmined iu the hope tha.t ~ 

~ nature of the process, might 

·a or less dense fibrosis of the 

or three lyruphocytes with or 

i8 fibrosis of tho acl ven titia 

1ding to the bands and similar 

~ uiedia of the aorta sho,ved 

,vas no trace of perivascular 

ng up of elastic tis!ue. The 
1 
a.dventitfo. '"ere conspicuous, 

1J1:t of them hMing thickened 

be -..1.1nsiderecl a.re the heart, 

ile liver and kid.aeys. Since 

,tt post-mortem the amyloid 

·e stage of the process now 

:tion in the media.stinnm nor 

1probable that the fibrosis of 

1unding structures. We are 

'llol \":ll\-es, the pntchy fibrosis 

ions a.nd the fibrosis of the 
1 

puzzle, while the diseases 

periarteritis nodosa.. a.ud 

,-:iJ.ves is strongly suggesth-e 

typic:u "sansnge,. shape and 

Jocarditis withont scarring 

,itis the gro.nubtion tissue 

l"lre,·o 1"1>untl tho nutril'U t 

:·~•:; t)f thtJ w~Jin. are Lroken 

pre:id to the media. it \Voulct 

: uatfon in Ol'tfor to COUCl•h·~ 

------ ·------. 

--
rrt:ai"~ ,,·so e rr r ?tti • ••-••· • rte » 

JOIJK~ .. u. or f.t,.nll)LOGT.-\·01.. XX:tlC. PLATE IX 

I 
l 
l 

l 

I ,r . 
• ... 

\ , 

,r 
i 

,,,. 

,,. 

1 
I 
\ ., 

I 

,; 

\ 
t' 
I 
~ 

_..-, 

PEAr .. oirnns. 

, > ...... 
'/~-· 

\! •~.. /. 
.,.. \ \ ~ .. •4,,_ ,. 

I ~ • 
• 1 l ( 

--""'-. - - .. -
Fill.~-- rh,,ra,· . .: ., .. rta: , .. ,,tul.,r ,,r l, \:·.,,.t,k~· thkk,•niu~ of adn•utitin .. 

1_:-is.-,..,,·1:nth~ 1111t11r.1I SI¥•'·) 

:l 
l 
1 
j 

-A 

J 

-----------------...... -------~-,.-------~--.,....._......... 

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology…
ACL Doc 13405 · Page 107 of 193

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/107

https://asbestosclaims.law/library/13405/107


l 
·--------~------.......... --.................. ------1 

' 

JOC'lt.S.a.L or l'.LTHOLOGY -\"or.. .'t:tXII. PunX 

PJ:AUoanTJs. 

..... ~P',.~\.l'-f.ifll.):c'-•7' ~~ _;7~ 
.. --~-:-.:.!:.~-':1:-; ~. -~-"; :·~·::.~ • •• ... ' • 

-_-,t~,,;r:·,;.~ • \ ... r( • .f. -!',.. , .. 
... ,.;,;i:f:.-=--:.•:·.· .... ~ ... ~----:•; .. • ,,1~· ... : :' _19,,' .. 

"'. ·.c:.:t?..:: .... \,. ,. i.--'. ,. ,, - • ,. .,, • ,. • , ' 

·--.-· 

d- - ...... ;. ., • • .. • • •. -- -=-~- -,:.. . ·r . ~ 
'o -~ • ••• • ;;_· . ·.' , • -: .:1 

:-:.;, • . --:· /," ,,: , .,. 
~:..:-:.;.,,. . ·•,": • ..-,. .. ! ~-
~--- • ~ ", .. ,.,, • • .,,·· • •• ""/,' ✓f.'," .. •• ~- f '· , ,,., . - •~-.! • ; ,. , ,:.,,,, 

'.~ ~- .(: : .. :: . ,: -·: ~-<i p,/;.~· 
; ,- .,.--:_ .. -:--:- -- •• • • "·-:: .. ~-i...· ... ;;·/.k~ ✓ !-·. 
••• • ,I .......... /~~ ..:-.·. ,--- .... ;· 

;:": ,._~ ~~1I~?J~)J1• 
Fra. 3.-Transt"Crse section of nortn: 111iaffected media and intfma, gr~t libro11.1 

thickening- of and <·onspicuous ve11e!.s in adventiti&. x 14. 

fm. ~.--Luni:ilUtli1111l ,wti,,n ur' ,111rta: 1111cl11l,-,. uf dl•n.~c anJ interTening less 
J,m~e tibru1w ti,i:,ue. :< HS. 

---------- ... --------~----------------------
M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology…
ACL Doc 13405 · Page 108 of 193

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/108

https://asbestosclaims.law/library/13405/108


l ., 

j 
, .. -

~ 
i{ 
J 

' ·1 ., 
.} 
(, 
1 h 
I
,: 
.j 

n 
'· 

~i 
~! 
I" 

J 

1 

I /, 

ij 

I 

• • ,-on==• e • s· ·u • a • • ta-i:t tt~ • ·, rnrrMP a:· ts • a 

RHEU,JIATJC PEIUAORTITJS 97 

a. syphilitic aortic endocarditis associated with a completely fibrotic 
aortitis in which the reaction had been limited to the adventitia. 
Consider:ition of the patient's history and age make it very unlikely 
that this is the true expla.na.tion. Syphilitic aortitis is seldom !oun<l 
before 35, aud the younger the patient the grea.tor will be the certainty 
ol finding a cellular reaction. This patient was 23 and hAd had no 
antisyphilitic treatment. The Cact that he had n. detinite heo.rt lesion 
at the age of fourteen is also against the possibility of a syphilitic 
etiology. 

Pcriartc1·iti.s nMosa is an acth-e infiammation which, st.i.rting in 
the ad,entitia. of arteries, usually spreads to the media or even the 
intima. 'rh~ uidammatory reaction is at first made up of polymorphs, 
eosinophiis, 1:,-mphoc~·tes and rarely plasma. cells; later fibroblasts 
proliferate and e,·entually la.y do,vn new fibrous tissue. The media. 
e'\'"en ill the absence of direct in,asion often undergoes necrosis and 
as a result aneur~·sms are produced. The i.miamma.tion is not even, so 
that macro1<•:•)pically the art~ries appear as a. chain of beads each. bead 
correspond.in~ t,;. a. nodule of acl"'entitia.l. infiltration, with or \Vithout 
ane~sm formation. II one imagined such a. reaction limited to the 
adYentiria. a.i:d :ia\-ing reached the S.brotic stage it would account for 
the conditior. ol the aorta a.nd the amyloid in this ~ but not: !or the 
lesions in the heart. There are two furcher objectiol18. Periarteritis 
nodosa. occurs in arteries of the size ot the coronary a.i:teries, or smaller, 
and though it has been described in the coronary, mesenteric, renaL 
intra-hepatic:, inrra-splenic, pleural, peritoneal, small muscllUU' arteries 
and rarelr in• arteries of brain and lung, it has never been described in 
tlie lar-~er arteries : in this c:ise the :swaller arteries were not affected. 
The other objection is that in the scarred stage of peria.rteritis nodosa, 
e"'en if the media escapes, the fibrosis e.l:tends beyond the ad,entitia 
into the surrounding tissues; in this case it is con.fined to it. 

Rh,umati,111. The first serious contribution to our knowledge of 
rheumatic aortitis was ma.de by Klotz in 1912. :S:e divided his cases 
into groups. Those who died in the first a.ttack showed (a) in the 
·media-penetration of nutrient arteries beyond the outer third, 
perivascular a?dema. and infiltration by lymphocytes llD.d plnsma cells, 
'"'ith damage to elastic and muscle fibres ill the. vicinity: (b) ill the 
adi-cntitia-connccti-.e tissue loose O!dema.toua and diJl"usely infiltrated 
with lymphocytes ,1nd plasmn cells. Those who uied from recurrent 
attacks showed similar cha.nges, eJCcept that they tended to be lesa 
cellular and there '"'as definite perfr:iscular fib1·osis of the medfo. a.nd 
incre:ise of fibrous tis.sue in the adYentitia. In chronic rheumatism the 
celluur re:iction w.1:s Hill less conspicuous and tho fibrosis moro dense . 

.A.n1.:,u:;:;c the u10:5t r1.-ceut are .i series of paper:s by P,1ppenheimer 
and ,·on Glahn; their findings m:i.y be :mmmarise<l is follows: 

inti ma: acth-e cellul.1r re:iction, cells similar to those forming an 
.\:-,·:,1,il" a,•-l~ \ l[\:!7'): 1,,,.J Z(i: cdluiar i111ill1·atio11 :.1hout the pe11ot1·u.ting 

J,•1·1:s. u1· l'.\Tll.-\"c'L. X:\::UI. G 

e, 

~-------------~----... """""""' ..... --.-Ill!'!'-------------~ l 

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology…
ACL Doc 13405 · Page 109 of 193

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/109

https://asbestosclaims.law/library/13405/109


l 
1 
l 
' i 
! 

\ 
i 
I 

! 

l 
j 

1 

5% _,... M c cmtm ee t«at'ri frt-dt: en-, ts ~nc, «-- ctic > e w ,,- • f z : - rrni 

98 W. G. BARNARD 

vessels, (192-1:), localised atrophy and clisappeo.ra.nce ot muscle, peri­
vascular fibrosis (dame - shaped scars) round vasa vasorum (1926): 
ad1:mtitia.: cellular 1nfiltra.tion, . .,\.schotf cells, plasma cells a.nu lympho­
cytes (1924) with little tendency to nodular grouping, slight fibrous 
thickening of ad,ent.itia. and obscured demarcation between media and 
adventitia. 

Chiari (1928), in a. series of si."t" rheumatic cases, describes reactions 
v:1rying from .!..scholi nodules to fibro3is which we1·e prn.ctically 
confined to the ad,entitia; the l..:Lsi; of the cases hij describes is exactly 
like mine but for the fact that he found cellular reaction as woll as 
fibrosis; he regarded it as a late stnge oi rheumatic aortitis. 

The appearance of the fibrous tissue in the a.dventitia, i11 the 
myocardium, in the pericardium and in the valves suggests tha.li the 
reaction which preceded it affected all these structures at a.boui; the 
same time and from the history it appears likely that this was abo•.it 14, 
with. a. possible uacerbation at 20. Of the cauaes discussed I su~st 
that wbu.t e,idence we ba.,·e supports the rheumatic etiology. ·wne:i 
the age a.nd-1'istory of th& patient are ta.ken into account it s~ems 
highly probable tba.t the val-ru.la.r lesions were due to rheu:mn.tism <\nd 
this is supporte~ by the perivascular fibrosis of the myocardium u.nd 
the pericardia! adhesions. If this is accepted I can think ol no valid 
reason for doubting that the fibrosis of the a.dventitia. was also due 
to rheumatism.. .!.S is well kno\Tll, rheumatism ma.y affect valves 
myocnrdium and pericardium either singly, any two of them or all 
together. In the same wny the coats of the a.ort& may be affected 
singly or all together, and I suggest that in this case we are des.ling 
with the scarred results of a. rheumatic inda.mmation of the a.dventitia. 
of the aorta. The nodular :i.rr.i.ngement ma.y be related to the 
movements of the aorta or to the Jistribu~on of blood vessels; in this 
case there is no clear inclica.tion of its cause. A similar nodular 
fibrosis sometimes occurs in the perica.rdium, partic11larly over the 
auricles in rhenmatic a.ft'eotions of the heart. 

Sum:m.artJ. 
a. widespread fibrosis· of the adventitie. of the a.orto. is described; 

the suggestion is m11de tho.t it is due to rheumatism. 

ram indebted to Dr J. W. ;i[c~" for permission to .use his clinical notes in 
this case. Th:oushout th.is pnper "rheumatism" has been used for tho speciiic 
diaase which in its acute form i.:1 known as o.cnta rheumatic fenr. 

REFEnE~CES. 
Car.uu . . . Ziegler's .Beitr., 1028, lxxx. 336. 
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GEXERALrSED VACCI~IA I:N' RABBITS WITH 
ESPECL:\.L REFERE~CE TO LESIONS IX THE 
I:XTER.X .AL ORGA.XS. 

s. r .. Dot:GLAS, '\YILSON SmTH and L. R. w. PRICE. 

From t.~, .fotional. l1~titut, for Jled.it:a,l Rma.rcl,,, Ha.mp1t«J.d, Lorul.015. 

Dcr.~G the course of investigations on Yaccinia. in rabbits a. condition 
of generalised ,accini11 occurred, closely resembling huma.u sn1allpox, 
in which there \t'aS a widespread distribution of mn.croi,copic foco.l 
lesious uot on!r in the skin but also in_ many of the interna.i organs. 

The literature 011 -raccinia contaias 11umerous refere11ces to "ge:c.,•ro.lisa.tion " 
in tabbia. The !ll:ljori:y of authon have used the term to dG&Cril,., simply a. 
widespre.a.d skin eruption, in many caus following inoculn.tion inco the :kin 
it!elf. Ca:.:!:tte and Guerin (l!lOl) ~ere the first to reco_rd true gen .. rali.sa.tion; 
they found cb:i.t a.n eruprio11 of typical um;ilica.ted p11stules appeo.red, three days 
a.fter intra.t"1:111oll! inoculatio11 of mccine, on are38 of skin which had been .,h&ved; 
110 lesions ITere oo~ed br them Oll other ares.a of skin 110t irrit:l.ted br shanor. 
C:Lmus (101 i"·l91S) proJaced, b; intraYe001U inoculation of der112ovaccine. luio11S 
on the Jip1 to~--ue and genital or;-an.s, 11.11d showed also that nan bums and 
the .ipp!:.::\tion of .:hluroiorm llliS"ht determine loc:ili.aation of lesioUJ.• Lt!Taditi 
and ~l..:,jb::. tlt•:?3) carried out an el:tensiTe and suggestive research, i.Jing 
ne\ll'OTaccine. '\""arious routes of inoculation '\Tere employed, some of which 
pTe rjjs to i;enerulised lesions 011 the injured skin. Grea.t stress was laid on 
the impllrt.1.nce of injury aa a. determinant factor ia the production oi such 
lesions, but a. few ca.sea were coted in which pock.a a.ppea.red after intraTenous 
inoculatio11 on sl.:in a.rens not preTiowly epilated. whilst irritAtion 'ITU folllld to 
be unnecessary io the c:ise of tho muco,:c. The rnamm:e were sometimes 
sprink!N \Ti.ch b:emorrbges and showed microscopically foci of necrosis a.ad 
polymorphonucll/a.r leucocyti~ i:uiltrntioa. Guncnilisn.tion to·the brnin foilo1ved 
intratesticular injection. These authors n.&;ree with Lipschutz (19:?z) in placiu!i 
vaccinia. among the ectod"111osts .1111rotroptr. They stato tht the virw po..ses.;~s 
particalnr affinity for tiuu11i deri'l"cd from embryonic ectoderm and oo adinitr ior 
thou derind from the ,>ther ;ennina.l ln.y.:~. Occaaioua.l.ly they found sma.li 
foci of n!C?'O:iis in liTcr :i.'\d Jun;-, but rei;.,.rd theso a.s ~·ithout definite si.,-nidc:mce. 
The 'l"ery gTtllt su.sceptibilit;- oi the gonads to .,.11.ccininl infection is erplnined on 
the grolllld th:it ~rminal cells contain the potantinl ch11.ractel'istica of all other 
twaes including cct~ll/rm. S:uon .wd PLic:idi (192.J.) described a cooditiou oi 
~neralisatioll in the rabbits u.s.:d for the production of "bpine": a 1111mber 
,,f their uni:uah d:~,l fr,,m cnccrhaliti$ ;lUOttt. the fonrth dny :Lftcr ths insertion 
oi \·ir-,u in ,l.:in $~aritk:1tio11s; in :,,J,licion • to thll lesions fo1111d in br.,in .inJ 
men.in~• \Tere pllitulcs on the buccal mucot.:a rmd tongue, but no mention is 

• :,.,,;..,1t·1'i (::,:~) obtaineu 5inular rault11 br the intnn·enous inll<..'Ulnti<>n tlf 
t'-":-th.·:i!.,r , ::-u .... 

l n 2 . ~ 
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made of any lesions in tho viscem. ~odak& (1924) spew about "genenilised 
vaccinia" in r:ibbit.;, but men.ns by thia simply a. spread of virus from a focu., 
of primary infection in tho tasti1 which ¢vea rise to immunity, in spite of early 
castration: he makes no mention oi lesions, either Ill4C1'0$COpic or microscopic. 

The following protocol gives an outline of the condition of true 
generalisation including lesions in the inte1·na.l orgnns as first met with 
by us. 

Protor.ol 1. 

Rabbit 10 inocula.ted 10.11.25 by skin scarification 'ITith brain "diff'Ulla.te." • 
No sigm of a.ny reaction wers noted tllltil 1.12.25 (21 days) when rabbit beCll.me 
ill with 1Tatcrr cwcharge from E:yes a.nd nose, sa.li.ation e.nd rapid b1·eathing. 
The condition became worse 011 the fol101\i11g da.y and tho animal was killed. 

Po.t-morttm tzamina.tion-
fikin Eruption resembling smallpox over entire surface of 

:,ip, a.nd to,r7v1 • 
Jl1J1mnary uland . 
Zun!'i 
I,i,w,· 
S;,ltM 
(),.-a.,-iu . 

trunk, tho shaved areas were not more a.fl'ected than 
the skin elsewhere. 

Pocks on mucosa. 
Peppered with 1Yhitish. opalescent spot:L 
::$'umerous 'IThitish, some,,ha.t translucent spots. 
Small white spota irregular in shape. • 
Enlarr-d, Srm. 
Enluged, firm, paler than normal 

Ba.curiologica.l tzamina.tion-
I:Ieart's blood added to broch. Thu wu incuba.ted both aerobically and 

anll.erobically and rema.ined starile. 

Test, for i-iriu-

The lesions wen tested !or presence of nrus by rubbing tho cut surfaces of 
foci over scarifications in the eptlared skin of .:i. normal rabbit : 

skin spots . 
lip pock 
tongue 
me.m.mary glu"d. 
lllllg . 
ova.ry. 
linr. 
spleen 

Microaeopic t.rami11atio11-

; } ill P= --• =Pri®L 

} produced discrete pocks. 

Sectious of l11n;, .,,.arr. m:unm:-.ry ;land a.ad Iinr showed foci resembling in 
essentials \"&ccinial skin lesions. These sections \\"ere kindly c:ta.mined by 
Prof. I:I. ){. Turnbull who contirmed our lindings (vidd Turnbull and )facintosh 
(1926) Br. Jo11rn. E.rp. Pllth., vii. :?10). 

• The temi "diff'usate" Is us~ throughout to describe the clcnr fluid obt."l.ined by 
dropping :i. pi~ ot rnCt"ini.-\1 ti,.~m: into broth or Ring.:r soluti11n nn<l incubating rit 
3;-• C. for ,nr~•in~ r,.·n,><ls. Such tluiJ., po~~~s the ad,~1nt.'\i:e~ of bcin~ pr:u:til'llllr cell 
ftte nnd or pron-cl b.11.:t.:n,,1,,,d,::1! ;.t,·nlitr: th,•ir potclll'r i:1 u~unllr such that the 
lntrndcrma.l inoculatlun of 0·:? c.c. ,11' n l in :!•)00 dilution produ\.-e:. ,1 llistinct re:iction. 

TI1e stmin o( ,-nccinia ,;ru, ~ throu!lhnut our expenrucnts ,vns nbtainec.l in the 
first pince from Dr Le,-aditl. It w;is cnrrled on by bmm or tcstkular paasai;es in 
rnbl>it:c. 

t c·· 
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GENERALISED VACCINIA 101 

The post-mortem findings in this case are typical of a. true 
generalised \"accinia, although the absence of primary reactions at 
tbe sites of inoculation and the long incubation period a.re unusual 
fen.tures. Lacer it was found possible to obtain such generalisation at 
will b)~ a number of diiio:!rent mcthod,3, each of which produced certain 
special features. 

Intravenous i1toi:ulation. 
Intra.\·enous inoculation. is the simplest and most certain methorl 

for the production oi generalised \·a.ccinia.. The severity of the 
symptoms rinrl the e~te!lt of the lesions depend principally upon the 
nature of the inoculum, the amount injected and idiosyncrasy iu the 
experimental animal. :.fost of the e,:periments we1·e carried out on 
a. strain of lop-eared rabbits which appeared to be more susceptil,: ~ 
than other breeds especially when young animals were employed 
Emulsions of ,·accinfal br.iin and testis ha.Ye been used most frequently 
and ha.ve gh·en rise to t.he most 'Widespread distribution of lesions, the 
disease culmins.ciDg occasionally in death, but diffusates of these 
organs in either broth or Ringer's solution ba.,·e been successfully used 
on se,·e1-al occa.sivns. As ;1. ~t!leral rule there is a rough proportio.na.llty 
between the amount of rirus iDjected and the degree of resultant 
generalisation. Emulsions o{ abc,ut l part of tissue to 50 parts of 
saline (by ~eight) ha,e usually been employed; from l c.c. to 5 c.c. of 
such emulsion rarely fails to produce ,ery widespread generalisation. 
Idiosyncrasy a.lso pla:,3 a.n important par: in the determination of both 
degree and distribution: it rn-o rabbits of simwr weight are inocuhted 
"·ith e~actly equal quantities of the same emulsion the result.me 
conditions zn::iy differ widely, as is clearly illustrated by R447 a.n<l 
R-W:8 iu r,11.,le L 

The incuLatiun ~rfoJ. before the appearance of a skin eruption is 
usually .J.. or 5 days, but has ,aried in our experiments from 3 to 
7 days. There ha ,e been no C!l.ses of long incubation period following 
intl'8.venous inoculation. like tha.t recorded in protocol 1 (Ila.bbit 10). 
The pocks on the skin are irreSU,l&rly distributed and a.re pai·ticulnrly 
frequent round the lips and nares. Those in the hairy skill can be felt 
better than. seen; in the Mrly stages they feel like shot imbedJ.ed in 
the thickness oi the dermis. Cuincident with the a.ppear:ince of the 
skin eruption there ~ ob,-ious malaise, the rabbit becomes very quiet, 
sits huddled up in a corner oi the cage .1nd refuses food. The e:-ttent 
of the eruption. increases for a few do.ys "hilsc the general condition 
becomes "°orse. Frequently there is a w:itery discharge from the eyes 
and nose "·hich later m:i.y become purulent and is often :iccompnnie::J 
by snli\-·a.tiou. Loose stools are the rule, sometimes a. true diarrho::a 
sets in. Yer:, occa.s:on:illy symptoms inJicritive of :in iuvolYe1.ucut 
of the centr:i.l n.:rn•\~S ~yst~lll :ire wet ,rith such o.s p.'lrcsis or pa.mlysis 
of the hind l~s. jerky mo-.·ements of ehe hea.d, strabismus, etc.; if this 
occuni the auiwal ,lies. 
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The period of malaise and eruption is usually followed by gradual 
recovery, the pocks umbilicato, form black crusts and then fade away 
in a.bout 3 \\•eeks after their first appearance lea.nog no ,·isible 
scars. Tho disease is succeeded by a complete immunity, e,·en intra.­
cerebral inoculn.tion of highly virulent neuro,·nccine pronng entirelr 
innocuous. 

If the animal dieff or is killed from the 5th to 10th day, a condition 
similar to that descrihed in protocol 1 is found post-mortem. Sorue 
organs show lesions much moro frequently tha.n others, the skin a.nd 
lungs are scarcely e'Ter spared, mamma1·y gland, ton~e. li,er, a.nd 
spleen show lesions Vf!lrY frequently, other tissues are :fi".:cted more 
rarely, but there is scarcely any tissue which has in,ari:1 hl:,- escaped. 
Very occasionally the skin eruption is hremorrhagic, in such cases 
death is the roe and a.t post-mortem e:camination the inte!:na.l lesions 
a.re also found to be hmmorrhagic. 

Table I shows the experimental details and the dist:-ibu~ion oi 
macroscopic lesions in 36 rabbits inoculated intra\"enously. 

Skiri. -i'MC'Ula.tion: ski11, SC11.riji,ca.tio11, and iMra.dcrmal inj :ctio11,. 

Generalisation, other than on the skin. itself', ha.s noc been 
encountered very frequently as a. sequel to the insertion of mus 
into skin scarifications, a.lthougll the condicion was first seen in suc!l 
a. case. A secondary skin eruption on the shaved ,li,rea quite distinct 
from the primary reactions is comm.on. This mar be due ro t!le 
relath-ely small amount of virus which gains entry- in this merli,;,l 
of inoculation: Huon and Plo.cidi (1924) found that genel'31.isation 
and encephalitis occurred only in those animals which had be.:n 
scarified over a. very e.z:tensive surface. Furthermore, ledi.ngbarn and 
M'Clean (1928) stated that a testicula.r strain of virus multipiied 
to a. less extent when introduced by sca.rifica.tion than ,~hen ioocula.red 
intraderma.lly. In our cases whore generalisation did occur the lesions 
were usually slight, odd foci being· found in lungs and li,er, but 
a. few exceptions have occurred, notably rabbit 639 which de,eloped 
lesions in severnl other organs. 

Intrndermal inoculn.tion le:i.ds to gcnernlis;1tion more freq'tlently, 
bur; here also the lesions nre seldom abundant or widtspr~nlL The 
local secondo.ry skin eruption ho,vever occurs in almost e\·er:: case 
and it has been seen oven i.n rnbbits which g~we no primary re2.ctioo::1 
a.t the sites of inoculn.tion; ,ve consider in fact that this local spre:id 
iu the skin is so common that any nttempi; to re:lll th~ results of 
in tralltrmal inocuhltion Inter th:i.11 the lifth i1J.y is iutik esped1llr 
a.s the secondary pocks sho,v a. tendency to loc:i.lisa in :skin areas 
injured br inoculation of control mnterial known to cont;iin n,) ,irus. 
Tablu II ~hows tho dutails, of those c:~scs in whi.-.:h t'ntt! ;;•:::-.::-.,'.:.:;.~:: .. :1 
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At !en.at 90 per cent. of rabbits inocu.la.ted. i.ntracerubrally with 
neurovacoine die on the 4th or 5th day, even when ,·err small 
doses &re used. Therefore it ia not sw.-pruing, considerhi~ foe time 
relations of generalisa.tion (ollolriz!g inoculations by otl.:.er routes, 
that the majority of these animals fail co show lesions elsewhere than 
in the central nervous system. In the few cues which. Lave begun 
to genen.lise in tbis short time the lesfon$ ha t"e been. few and smo.ll. 
One exception, rabbit Gi, which diJ uot Jie " uswi.l a.nd 'lt'as killed 
on the 38th day, showed post-mortem. pocks in .. kin, lips, nose, 
tongue and soft palate, lWLgs, spleen, lfrer and connective tissne, and 
also congestion oi the testes. !n rabbit '36, another chronic case, 
no necrotic lesions were found, but; enda.ces i.n pleural and rericardia.l 
ca.vities were pro,·ed bacterio1ogically co be sterile and were found 
by intra.cerebral and skin sc:i.rification tests to cont~in actiYe t"irus. 
At the time it was doubte-J ,vhetb.er such ,i reaction could be due to 

T..uu: III. 
l1•tra~e~bra.l i1lOC'lliatio11. 

T'.IA• wt:.111 Cl:ICl'OICOl)iC l•iou. 

lntff"'Sl 
Rabbi& .i..mout 't.el•ffl> 

raaca111111. tnocaJUjg :s'o. c.c. 1 •11oi i'.~I. 
!Ada)"lo 

I_ 
I ---, 

d6 Ill"ll.in emubion I O•'>. I 29 • , I 
d;' I Ditfu,ntc . 0-2 3g 

n<rt n 

•It;;' 

I 
Bruin l'mubion . ' 0·5 5 

,;41 u11rumte . I 0·5 -l 
5d; Bmin eruwsion I 0·5 7 --. • I o·a 5 '·- ) .. ,. 

; ::·· :::j ::: 
- - ~ .... 

···, 71 .,.I ···i •• ... .,. :I .. T .. 
••• ••• I•••' + 

••• 1 ... 

,_.....,.,...,. _____ \,,._~---·---,·---- ----- -- -

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology…
ACL Doc 13405 · Page 119 of 193

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/119

https://asbestosclaims.law/library/13405/119


'. 

106 S. R. DOUGLAS, w: S.llJTR AND L. R. W. PRICE 

vaccinia, but the results of introperitoneal inoculation dealt with below 
provo that seroua membmnes may be extensively affected. Table III 
shows tha.t lungs a.ud liver are the organs which. most frequencly 
develop lesions. 

I11.tra.11.e1iral inoculation,. 

Two rabbits were anresthctised with t:retha.ne and ether, the 
sciatic nerves of both sides ,,ere e:q,osed and t.ba~ oa. the leit se,ered. 
.a..ftor an interva.l of 14 days the left ner,cs 'l\el'9 again exposed and 
inoculated with 0·13 c.c. of neuro,accine; in one case the inoculation 
W:J.S into the centr&l. end of the ner,e, in the ocher into the peripheral 
e:id. The primary object of this experiment was to determine whether 
t!ie path of vaccinial infection follo,,ed the cow-se of the ner,es. ~o 
symptoms of encephalitis were obserYed, but in both animals genero.1-
u.a.tion occurred. Rabbit 193 inoculated peripherally developeci typical 
i.osions in sl..-i.n eyes lungs adrenals 11nd appen~; rabbi, 194, i.tioculated 
c:~ntrdly, lesions in skin lungs lfrer and spleen. The skin pocks first 
appeu.red in both cases on the same day after injection and their 
dfatribution was quite irregular o,er the surface oi tIUll.k and liml.. ... 
Tlere was thus no evidence ·that the interierence with the inller,a.tion 
of ~ 1imb modified the distribution of the lesions ot genenli.s.lcic,n. ;. 

r ... u: rv. 
r ruran,ural in«ula.tior&. 

Iawl'ft.l Tlu,z19 wl:ll mac'°""':C lNIOU. I be,_ 
Babbit. 1-111&\IOD I l i and P.3t. S1wl. s~- .l.~'T'~ ;o,-u,-. Dara. LlPI• j Corn~ , L::ip. . I.11'er. .l.;,~l:.1 

I I ' 

:l 
------------
I 

I ! ! i ; 
15 + + + + I + ... ..,.. -;,, + 

I 
I 

9 + ... ... + i + + . .. I -· i . .. i • : 

Intra.tcst1"eula.r ·inoculation.. 

Intra.testicular inoculil.tions ha,e been performed in most co.ses 
with the specific object of obtaiDiug sterile testicular Yaccine; iu 
consequence the animals have usu.ill)' been sacrinced on the 4th or 
5th di:i.y a.nd therefore h.'l.Ye not had time to <l,n·elop the lesiou:i of 
genernlisation. A. fe~ rabbits ha'\"e shown. a.t a.utopsr a. ie\v sc.1ttereu 
white spots in the liver, which on microscopical e::t:lmina.tiun were 
considered to be vaccinial lesious, a.nu in one a distinct, thoush swall, 
pock wu seen on the skin of the nose a.t the time it was killed. on 
the 4th da.y. A few rnbbils were sparell in the hope that t)·pic:1.l 
genernlisation woulli ensue, but unfortunately they dieJ. on the 5th or 
6th da.y. 

Tho most constant ,lllll striking- feature at :1utops:·, :ipart from 
tho Cl)mlition of ~lie lL'sks Llu:rn.;,.:[\·,.,~. w:u. d:<.' pr..-:•~UCI! l)C a ckar, 
st1·:i.w-<:olour1.-u pc1·itouc:i.l 0xtHI.Ltc vi ~..:1ui-:,;cl;1tinous cvu::ii:stcucy whid1 

----· --- • --
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set into a. firm clot a. few minutes after \Vithdr:i.wal; occasionally it 
was very turbid and tin~ed with bloo<l. This fiuid has been tested 
repeatedly for bacterial flora., both by 11.erobic and a.na.crohic cultures, 
but h:is al~aya proved bacteriologica.Uy sterile, a.nd we regard it :is 
a. definite reaction. to the \·a.cci.nia. virus. It often contains virus in 
considerable quantity but occasionally fails entirely to produce '1. 

reaction on testin~ ii; either by intraclerma.l or intratesticular inocula.tioo. 
Peritoneal exudate was only produced by tbe inoculation of \·irus 
passaged a.t leasti three times from testis to testis, o.n<l hu ncn·er 
followed, in our esperimencs, the intro.testicular inoculation oi bra.in 
emulsion. 

T~t..: V. 
l11.tratt1ticular inoculatio~ 

I 
I I T11111n wttli m&UOIOOpla lcsioaa. -

Rabbi'-
I Da1 oC 

I i d•!Ja. I 's:m., ! I Llftr. BlAddar. .i.dnaaL P1r1toatc1l C&Titr-
I 

610 5 ... + . .. ... . .. i 
! 623 ' ' l + I I 

... . .. . .. 
i 050 " ... + ... . .. Abuad4at exi.da.tu 

699 ' I + Fluid I 
I I I 

... ... . .. 
I 753 i s I ... ... + . .. Abundant clenr fluid i 

I 7130 I . i . .. . .. 
I 

+ + Clear ydlow !!uid : ;as i 8 

I 
+ ... . .. ... . .. ; 

i 758 • ... ... ... Exudate I I ... 
! 

Intrarritoncal inoculation. 

Intrnperitone:il inoculations of neurovaccine were stated by 
Le,"8.dici (1923) to be entirely- innocuous. We were led to doubti 
this, in. the first- place, ~hile carrying out the series of intra.testicular 
po.ssa.ges. The earlier inoculations produced a. testicular reaction 
only; tb.ey were made with emulsions of bmin or emulsions of thst 
or second pass:i;e testes. .Alter three passages however the loco.I 
reaction increased, nnd in a.ddition Lhe peritoneal exudate described 
in the previous section wa.s found at post-mortem exa.mination. The 
possibility suggested itself th:it the virus was not only acquiring 
incren.sed virulence for testicular tissue but also an affinity for the 
cells of the peritoneum. Direct inoculation of a. potent testicular 
emulsion into the peritone:i.l c:1.ity IV&S therefore performed, and 
resulted in a vaccinial infection. with cert3.in unusua.l feo.tures. 

.Rc.&bbit i55 . 

Po1t-m.ortem. 

Protocol 2. 
Inoc. 9.S.2S intraperitonc:il with l c.c. emulsion 

of testis of R i2-'. Died 14.8.:?S, 5 do.ys a.iter 
iuo .. '111.\tion. -

Skin. and tzt~rnal mm:01<1!' So lesions. 
rm·to11tum lford nodull! size of be:in a.t site of inocula.-

__ .. ....., __________ _ 

til,:l. l\ r:t1.'11Cl111l COll~"l.•:ltlld :\nu sprinkJ..,,l ,ill 
on-r \\"irh pLmctiforw h.c111orrha~c:.. 
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GENERALISED VACCINIA 107 

set into a. firm clot a.. few minutes after withdrawn!; occa.siono.Ily it 
was very turbid and tinged with blood. This fluid has been tested 
repeatedly for bacterial flor:i., both by aerobic and anaerobic cultures, 
but has always pro\·ed oocteriologico.lly sterile, a.nd we regard it o.s 
a definite rea.ction to the vaccinia. ,•irus. It often contains virus in 
considerable quantity but occa.sionally fails entirely to produce a. 
reaction 011 testing it eithe1· by i.ntradern10.l or intrntesticula.r inocula.tion. 
Peritoneal exudate wo.s only produced by the inoculation of virus 
passaged at least three times from testis to testis, and has never 
follo,ved, in our e~-pe1·iments, the intl·atesticular inocufa.tion of brain 
emulsion. 

Tau V. 
lntrattrtictdar inoculation. 

I 
Tl.- with -pie !c.ioaa. I 

R&t.bia. Da.y of 
1•!:ll. 

I~ I ; Sld.a. ' 
Llnr. Bladder. ~DAL Pu!IODl&l caYlt7. 

810 5 I 
+ I i ... . .. . .. . .. 

823 I ' I ... + ... ... 
Abunda.ii."t ·exudate 1169 ! 4 ... + ... . .. 

699 4 ... + ... . .. Fluid 
753 6 ... ... + . .. Abundantcleur tluid 
760 4 ... ... 

I 
+ + Clc11r ydlo,~ iluid 

785 8 + ... . .. ... . .. 
788 4 ... ... . .. . .. Bxuda.to· 

Intra.pmt01&eal inoculation. 

Intra.peritoneal inocttlntions of neurovaccine were stated bv 
Levaditi (1923) to be entirely innocuous. We were led to doubt 
this, in the first plnce, while ca.rrying out the series of intratesticular 
passages. The earlier inoculations produced a testicula.r reaction 
only; they ,vere ma.de with emulsions of brain. or emulsions of first 
or second passage testes. .Uter three passages however the loco.I 
reaction incre:1.sed, a.ncl in addition the peritonenl exudate described 
in the previous section was found at post-mortem e::ta.mination. The 
possibility suggested itsel! thnt the virus was not only acquiring 
increo.sed virulence for testicular tissue but also an a.fflnity fo1· the 
cells of the peritoneum. Direct inoculation of a potent testicular 
emulsion into the peritonell.l ~,ity was therefore performed, a.nJ 
resulted in a vaccinial infection with cer~in. unusual features. 

llabbit 755 . 

Post-mortem. 

Protocol 2. 
Inoe. 9.S.2S intraperitoneal with l c.c. amulsion 

of testis of R i2-li. Died U.8.2S, 5 da.ys after 
inoculation. 

S'!..·m a71.d ezt,rn,al muco11> ~o lesions. 
I'erito11t'l1m l:ford not.lu.lc :1izo of bca.11 nt sit-0 of inoculo.-

til,n. l\·ritu111:lUII cu1u.rc:1t~d nnu :1µrinkku .ill 
o\·er with 1,uni:tifonn hu.:murrhai;l':1. 

-

----

l 

! 

~ l . t 

f 
l 
i 
I 
i 
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108 S. R. DOUGLAS, W. SMITH AND l.. R. W, PRICE 

Pmto.,.,aJ. c"uity 
Intatina 

Li.uer. 

Spltt11 
A.drmal, 

0mfflt1&m, 

Uurra 

.Bladder 

Kidney, 
Lung, 

Full of semi-gclati.Dous turbid yellow fluid. 
~fatted together with sticky exudace, with 

fibrinoUA adhesions ; the l:.i.r;e gut sprinkled 
with b:emorrhngic spots. 

Entire surface sprinkled with sme.ll, round, 
whito spots. 

Enlarged. Numerous white spots. 
Soft and ve17 friable. Left adrenal showed 

a. pock. 
Rolled up into s.i.uso.ge-shaped ma.ss, folds stuck 

together with ez:udate. 
Congested, entire surface covered with h:emor-

rhagic spots. 
Intense, hamorrl:.agic congestion, sme.ll h.-!mor­
. rhagic spots. 
!-f'tl. 
Nil. 

Stained smears of the poritoneal exuda.te and the liver shol\'ed no micro­
organisms. Cultures, both '1erobic ll.1ld ::.naiirobic, remained bacteriologic.lily 
sterile. 

Sections of th~ affected organs showed micro1copic lesions resembling perks 
in the earliest st::.ges. 

The peritonoa.J. endato wu tested for virus by inoculation into the testis ~f 
a. normal r11,bbit, it produced a typical vRCCinial orchitis on the ~th da.y, toget.b.t!r 
with lesions in the bladder a.nd ndrena.l. 

The a.ppea.ra.nces of the a.bdominal et1,vity and viscera. in thi::i rabbit, 
although ditrercn t from those hitherto encountered in any ,•accinial 
injection, were undoubtedly due to va.ccinin. virus. There was ho,,e,·er 
no sign of tl'ue generalisn.tion, for only tissues a.nd org:i.ns actually 
covered by th& peritoneum, a.nd hence in a position to come in close 
contact with the original woculuai, showed lesions. Further e::cperi­
ments proved that generruiso.tion could be produced fairly easily by 
this method of inoculation, the failure of this first co.se to gener:i.lise 
being due probably to the early deD.th of the animnL 

Ta.ble "VI summ&rises the post-mortem findings in ele"'en e~peri-
-ments (seven females and lour ma,les). The n1ost striki11g feature, 
apart from the peritoneal ezuda.te, w:i,s the frequency with which the 
reproducti\"e orgt1.ns were attacked. Tho uterus sho~ed pocks in six 
cases, the ovaries in three (llld the mammu.ry tissue in four; the 
testes were affected iu three out of four a.uiwa.ls. A further point of 
especial interest is the frequency with which the bla.duer sliowetl 
changes ; previously the bladder ha.d been re~rdcd as an organ 
entirely non-susceptible to vn.ccinia. (fig. 'i). The liver escaped in 
only one c~pe1·i.u1cnt, whilst the lungs showed recognis:~blc lesious in 
only a single case; this is in striking contrast to the distl·iLution 
of genernlisn.tion produced by int1-o.,·011ous inoculntions. Poritonc~l 
e:-cud!lte Wt\S very 3,bm1lla.ut i.11 :ill except one of tho soYen femnli:s nml 
prcscur, bnt to tL less cxlcnt, ia Lhreu uf tho uudcs. 

l'wo oi tho aui.ma.l:i wc1·u inoculated with ,·cry thick cuiul:siuns vi 

------'-=~-_.,.,... ___________________ _ 
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JOORY.a.L OF P.a.TBOt.OGY.-VOL. XXXIC. Pun: XIIT 

GaEAALIIE1> V'ACCINU. 

I 
fF10. 1.-Rabbit .Sf)2. O'ten1s nnd broad liga.ment. Animal had aborted 

shoJrtij before den.th. L..:ft burn: pocks on peritoneal surt'ace. ~lght hom 

opened up, inner l\llpe«:t ~bow~ large pocl·~ localised chietlr on placeuto.l 

sites. Broad ligament c.-ontnins many lesioos. Intravenous· aeuronccine 
passaged throu;h testis, testicular emulsion. 

. . .... 
.... .... t. 

Fu;. •.-1:,il,hit lilll. l'hut11111i1•rn~r:1ph (X1;n llf lyJ>k:il lc:,ion in ,ulrerml 

,·urkx: ct."ntr:il 11~•,:n:~i,. anti pt:riphcrnl inlilt?ntiun ,tith munonuclenr cells. 

lntrnvenun, ncurov1u:cine, !>rain t:mubion. 
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GENERALISED VACCINIA 109 

hiHhlY virulent brain in order to test the va.lidity of the hypothesis 
that modification ol neu1·ovnccine by intrntesticular paslillge is 
necessary to ena.ble the virus to attack the peritoneum. The results 
proved conclusively tha.t this is not the case, both animals ha.cl 
a.bundnnt peritonEllll exuda.tc with lesions of tho abdominal viscera and 
a.lso evidence of true generalisation. Nevertheless, in other experi­
ments emulsions of brain failed to infect, and ,re express the tentative 
opinion that the testiculo.r passa.ge virus showed some evidence of 
ex.ilted Yirulence for peritoneum a.n<l the generative organs. 

I 

ll&t.llic. I lnten-al 
bntweeo 

!!~ ioocu.J&~OO 
I and ~.l(. • I 

TJ..JJI.E VL 
In,ra.pwi.tQ1,~al inocvlation. 

Tl- with mac-«>pla laloaa. 

i i 
I 

:I = 

I 

f 1 1-"'= I J l 1 IA d&ya. ,, ~ ,. 
~ t ! j ➔ 1! I ! t .. , l !i J "' .i ! ~ .: j ~ !. .:I I~ ~ I,,. 0 ;:i = 

~ 
:- ,_ -, - -

I 
I 

F ~ ... ... ... ... ... +' + + . .. + . .. + + . .. + Exudate++ 
6 F 1 + ... ... ... ... + ... . .. + + . .. . .. + ... ... .. ++ rsG I F 11 ... ... ... + ... + ... . .. ... + . .. ... . .. . .. ... " + iiO I J:,' 5 + + + + ... + + . .. ... + ... + . .. . .. + " ++ iil I F i + .+ ... + ... + + ... + + . .. + . .. ... + .. ++ 

iS2 F 8 + ... ... ... + + ... .. . + ... ... + . .. .. . + Nil 
I iS3 
I 

F ' ... ... ... + . .. ... ... . .. + . .. + . .. + . .. Exudate++ 
j(l4) 

I 
)( 10 Nil +- ... + ... ... + ... + .. . + :I::: .: ···1 ··· ill! i ~r 11 ...... + + + + + Exudate+ . .. ... ... .. . .. . 

; ::: • ::: ! ::: 
:'!'~ ~I II 

···1 ·•• 
+ ... ... ... . .. ... . .. .. . ... ... I .. ;~,3 :'II ! 11 ... . .. + ... + ... + . .. ... ... .. 

I 
' I 

. .. , • .. I 

l)acription of lesiona in gfflO'ra.liaation. 

(&) ,1/acroscopic.-The ma.croscopic appearances of the lesions vary 
according to the tissues in which they- occur and the stage of their 
development. It is unnecessary to describe scpa.ra.tely the appearance 
of every organ in which evidence of genero.lisation has been found, 
for many of them h:i.ve never presented any special £00.tures. 

The extcrn11l pock is best seen on the mucous membrane of lips 
11nd nose or ou the ha.irless sl..in; it conuuences as a. small raised 
p.'1.pule which rapidly becollles hard and nodular, and :i. little later 
sho,\"& vesiculation followed by umbilica.tion. The centre of the pock 
then assumes n. darker colour, becomes necrotic and finally forms a. 
"punched out." ulcer. It he:tls without lea Ying o.uy sco.r (fig. 1). 

Lin!r and spleen lesions nre a.t first round dull white spots. 
Later they show a. serui-tr::mslucent greyish zo.ne when tho \Vhite 
Ct•ntre becomes sunken slightly below tho surface of the ol'g:tn. 
n,-,·.i~i .. 11:1lly on thu lh'ct· a. 1111n-ow ring of purple congested tis::;uc 
:> :::~ .1ru1111,l thu ll•::;iun (ligs. 2 :mu ~)). 

~ 
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The lung pocks begin a.s puncti!onn h.cmorrhagic spots. When 
fully developed they arc glistening greyish nodules with a. hremorrh.agic 
spot in tho centre; they do not stand out clearly from the norn1.1l 
tissue and ma.y closely resemble the tubercles oi acute tuberculosis 
before caseation has ho.cl time to develop. ~ peripb.eral zone oi 
congestion is frequently seen (fig. 4). 

The lesions of uteru11 a.nd bladder a.re of two types. They n1ay 
appear 1s ,small round white spots sprinkled over the peritoneal 
covering and quite ilush \vith the surface. Oii the other hand, they 
a.re often distinct protuberant nnLl umbilicated pocks which bear a. 
close resemblance to those in the skin; in these ulceration may 
occur. 

lesions in otb.er organs conform to one of the a.bo,e-rc.entioned 
types. Those in the supra.renal bodies • a.re not 1.U1like accessory 
adrenals, except that they a.re ne\·er raised above the st1rfa.ce. In the 
ovary it may be difficult to distinguish between pocks and Gra.afia.n 
follicles and sometimes it is only by microscopical enminD,Lion that 
one can be quite sure that vaocinia.l lesioos are present: 

(b) M.: .. 1·oscopic.-Tb.e minute histology oi tha lesions of generalised 
vaccinia has not yet been investigo.ted. The essential features of a. 
lesion in a;uy tissue &re a. central necrosis, consisting oi a. finely granular ~ 
acidophilic material enclosing masses of basophilic fragmented nuclei, 
and e. periphor::.l zone of cellular infiltration. The majori'liy of these 
cells a.re mononuclear macropb.ages, but ::i. number of polyt1orphonuclear 
leucocytes a.re also seen (fig. 8). Lesions of tb.e • sl.."in, mucosm and 
peritoneum may sho,v ulceration, the eJges of the ulcer are ragged and 
often. undermined, the base is formed of necrotic debris. In the later 
stages fibrosis may be seen st.l.rting a.t the periphery. 

Co11,co11ii.tant blood clt.an!Jt:& 

Blood counts, total a.nd dift'erenti:i.l, together with estimation of 
hemoglobin were ce.rried out on two i·a.bbits inoculated intravenously 
'IVbich showed the sigus of gcuero.lisation (charts 1 to ~). 

The number of erythrocytes commences to fall ou the 2nd day niter 
infection. This fall continues until the 7th Jay- on which the red cell 
count attains its minimum, being- approximately ha.li the normal. 
From this time ouwa.rds there is n. ste::i.Jy increase until the 15th OL' 

16th d:i.y when the norm:i.l level is rcga.ine<l. Xormobiasts appear in 
the blood stream p:11·ticul:1rly dul'ing the first ,-reek fullo,-rin; injection 
(often to a. 1uuch grc:iter degree tba.u in the c.,.ses illustra.ted here). 
Thero is a. corresponding Yariation in the ha~w~1:lubin content oi the 
blood; this is not strictly proportioual to the reJ cell \'ariation and a. 
rise of the colour index :iccomp:i.nies the erythrope.oi:i. 

Tho totn.l whito Cl'll count lh'crcascs for ~ or :3 1hys, then ~hol-rs 
:i. grl!:ic im•i'U'.LSO aLt.Liuin:; .~ 11mxim11111 about tht: 0th d,Lr. Th~ large 

TS 
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1e above-mentioned 
t unlike accessory 
he suriace. In the 
pocks and Graa.fian 
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which the red cell 
h:i.11 the normal 

i until the 15th or 
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GENERALISED VACCINIA 111 

mononuclear cells show the greatest increase; with these "" have 
included the so-called intermediate cells which possess the same 
characteristics as the large mononuclear cells e~cept as regards size. 
The polymorphonuclea.r leucocytes also increase in number, but to a 

1 
~ :-i 

t~ j: ~ .. , .. 
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·I 
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j •t aj 
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• l a •" l. J.I .c! 

I ~ 

le!'ls e:i:ten t, 'l"f"hile the lymphocytes sho\V a. decrea.so. ~!:,elocytes 
:i.ppear in the blood from the st.ut of the infection. 

These findings differ cousidcr.lbly f:rom those reported by Hine 
(19:26) :is occurrin~ in mbbits iufoctcd by the metholl of skin sc:1rifica­
t:,•:1. t.':,pCl'iallr :is rc1!:m.1:s th!! P"lym0rplw11uclcar leul'Ocyte cvm:,;. 
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T1°SS111 susccpt ibility. 

Our experiments suppo1·t to some extent the optn1on of Le,·aditi 
and Nicolau that neurovaccine displays particul:i.r .'.lftinity for tissues 
derived from embryonic ectoclerm. But an analysis of tables I to 'n 
makes i~ abuudantly clear that almost all the tissues of the body are 

CBA&T 3. C1t.\llT "· 

capable, under certain conditions, of reacting to rnccinia virus by 
the formation of specific lesions macroscopic..'\lly visible. The lun;s. 
derived from endodcrm, are :i.tl'cctcd in almost 100 per cent. of the 
c:?.ses of genarnlisation following intravenous inoculation. Tissut:-s 
derived from mesodern1, :J.lthough nut so frequeutly .'.ltfocced, are by 
no means immune. The kidney is :l.U exception; ,,c b.'.lYe ne,·er seeu 
it a.m~cted in any of our experiments. Waldho.rd (1927) ho'l'l"enJr 
succectlcd in cultivatin~ ,·acciuia ,·irm; in the ki,lut>,·s l•i r::1Lt,ic.s 1,Y 
iuocuh1ti11g lymph dirc~tly into the org:111 :1.111.l iuuml • that hi~cvl.i·;ic:.;l 
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GENERAUSED VACCINIA 113 

changes ensued which .probably represented a specific reaction; ~eneral• 
isa.tion to the injured cornea a.ud skin occunecL He also recoYere<l 
active virus from striped muscle in a. series of six intr.i.muscular 
passages. 

In dealing rn.th the question of tissue susceptibility only thuse 
rabbits infected by the int1·n.venous route ,,ill be considered, liec:i.u=e 
in no other mode of infection is there the Mme possibility of all the 
tissues being brought i.uto contact with virus a.t the rro.me tirue. Iu 
skin inocula~ions direct spread of virus probably pla.ys a. part, ior 
secondary skin lesions are particularly a.bunda.nt round the primary 
foci. Table VII shows the relative frequency with. which lesions of 
various r,i3sues ha,•e been found. 

T..uLE ·vIL 

S"""7'tibility of tiu-ues. 

Total number of animals inoc:ul&ted "' 38. (Sex unrecorded.) 

Lun'fS acected in 35 Supmrenals alfected In u 
Hairy skin ,. 31 Oraries ,. . i 
Muc~•se 28 Uterua ' Ton,r-..ie 2, Testes . 

' Spleen 24 Mamme a ( all ferm.lea J 
Li,,,- 2, Other organs .. less than 8 

The lungs a.re therefore extremely susceptible, a.a much so as is the. 
skin ~hough it must be borne in nund tha.t in intra.venous inoculations 
the lungs probably receive a.nd fix a la.rge proportion of the virus 
before the remainder of the inoculum reaches the left heart to be 
distributed to the tissues served by the systemic circulation. 'fabl~s 
II, III and IV however offer a.dditiona.l evidence as to the great 
susceptibility of lung tissue. Unfortunately a record of se~ "IVas not 
kept, so that we are unable to record the precise frequency oi lesious 
in the respective gonada. 

Vaccinial infection cu a ca.use of ~ho2·tion. 

In vie,v of the fact that abortion occurs in a.lmoat all pregnant 
women suffering from smn.llpox, we induced generalised ,accinfrl, in 
pregna.nt rabbits to see if a.ny po.rticuln.r loc:ilis.1,tion would occur on 
the uterus a.nd gfre rise to abortiou. The results were positfre. 

Rabbit 802 
13.9.28 

li'.9.!?S 
1S.9.2S 
20.0.:?~ 
:?2.9.:?:i 

P,·otocol 3. 

A pregnant ferunlo, e:,:pected to litter on 22.9.:?9. 
Inocullltcd intra'"cnously wic.h :! c.c. omulsion of '"accini:i..1 

tc11ti:1. 
Aborted. Pocks appenred on lips. 
Very ill, l.i.rgu crop of pocks round lips and nose. 
Pnl·kii dcwll>pl•d in hniry ,kin nnd sc,·cml in ~.,rs. 
1 >il·d. 

H 

:n:e,; t • 

i -------------- "..;:,:::::;,.._·;.:.· __ .:-_-_-_-_~_-:_--.:.=-------------~--..... ------"'==-=·--
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Ezt4rMJ, 
.Jla.mmaJ 
C Olfn«tiv11 ti&1118 

Peritoneum 
Uterus . 

Oi-~ritr. 
Lfrtr . 
Splem . 
iidrewu.1 
Bladder 
Eid111!1• 
LaTr}tl inttstine 
Diaph:ra.r1m . 
Lungs . 

Htaf't mu,c{e 
Ptrii:ardium 
Brai11 . 

Pocks on skin, lips, nose, c:u-s, tongue. 
Congested : distinct pocks. 
Pocks. 
Fluid in peritoneal mvity; pocks on the memhmne. 
Eicternnl surface covered all over with large hmmorrha;;ic 

pocks with necrotic centres. Tho interior was foll of 
a. necrotic debris. Intern.ii surface covered '\\;th 
!Arge, protuber:i.nt pocks as largo as small peas 1,ith 
ulceration of the necrotic central portions. 

)!asses of pocks. 
Pale and soft : surface covered with lesions. 
Enlari;cd, c!a.rk purple, patches of white spots. 
Covered ,vi.th pocks. 
Very congested: mas.,es of pocks on a::~::rnal surface. 
~othing abno11111.I. 
A patch on one loop sprinkled with small 1Vhite spots. 
Wbito spots. 

. Entiro surface of both lungs covered with ,vell-del'l?loped 
r,ocks. 

A amall patch with white spots. 
Cll.vity contained eicceu of clear Ruid. 
Congestion : no 1I11M:roacopic lesions. 

Sections of orgnns with lesions showed typical necrosis with the usual 
peripheral cellular infiltrn.tion. 

This e~periment wa.s repeated on two other pregnant rabbits. Ia 
bot:b. of these abortion. occurred, a.nd the post-mortem findiu·gs were 
aimil11.r to the aboYe description. Deo.th ensued in all three cases. In 
another rabbit kille<a ou the 4th day, before aboTtion had taken place, 
emul!ions of placenta. and of fcatus were found to be highly infective. 

Tiss-zu infccti'IJ'i.ty. 

A few workers ha'?'e been a.ble to recover virus from the tissues of 
an injected a.n.imal after o. period sufficiently long for the deYelopment 
of immunity. Levaditi and Xicolau claim to ha.ve demonstrate~! the 
presence of virus in testis and o•,nry by the skin scarification !l1elhod 
up to 21 days after infection, but they a.ppea.r to have inoculJ.ted a. 
second dose of virus during this intervo.l as a.n immunity test. They 
st.:i.te e.J:piicitly that sterility of the orgn.nism is tot:i.l after this lapse 
of time. Ohtawa1·:i. ( 1922) used intratesticnlo.r inoculations ."LS the 
method oi test and succeeded in recovering Yirus from m:i.nr organs 
up to the 8th day. 

~ series of expel"iments was c:i.rried out in order to determine how 
soo11 .ifter intra,·enons inoculation the v::u-ious tissues bec:uue infecCiYe, 
and huw loug they remniued infectiYe i11 cases of gcuemliseu \·accinia.. 

Eight raubits (-! uf encl! sex) were inoculute<l intl"a.Yenouslr with 
3 c.c. of an emulsiou of vaccini:i.1 br:i.in. They were killed at rn1·ious 
interY:i.ls after inocufation. Pieces of the orgnns nml tissues tu uc 
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GENERALISED 'IACCINIA 116 

tested were remo,ed with aseptic p1·ecautions and rubbed over lfoeai· 
scnrifications in the epilated skins of normal tn.ubits (table VIII). 

Rabbit ~o. -! 
Day :ofter f-14:loa OIi whldl 1· 

&111-! WU lulle<i • • 

I 
Blood I Lung 
Liver . 
Spleen '. : ' 
Bone mur-.; -.v . : Adrenal. 
Testis ' Cmry : : 
Lymplultic ;!Juld 
Brain . 
Kidne 
Skin y . 
T"'ngue . 

' 

T.uu vm. 
ln/tcti11i.t!I of lu,ue1. 

IOI lM IQ 

l s ~ 

!ISi 

T 

-- ------
? ? ... ... 
+ + + + 
0 + ... + 
+ + + + 
+ + . ? + ... ... ... + ... . .. + ... ... 0 ... + 
... ... ... . .. 
0 0 0 .;-
... ... ... ... 
... ... ... + ... ... . .. + 

I 

111G 101 190 

~ 11 I♦ - ... . .. . .. 
0 + + 
0 0 + 
0 -t- + ... + + 
0 + + 
. .. + + . .. ... . .. 

+ . .. 
0 ... + . .. . .. 0 
. .. . .. . .. . .. . ... 

The failure of any of the tissues of R 166 (killed on the 9th da.y) 
to give a. 1taction was possibly due to a. certain grnde of natural 
immunity in the test .1nimaL One rabbit of the series (k-illed on the 
38th day) bu not been included in ta.ble VIII because many of the 
tissue~ ga,e ,-e:ry doubtful reactions. 

Ia new of the more definite results obtained by intra.dermal 
inoculation as compared with skin scarification it was decided to repeat 
this in-esrigo.tion using the former test method. Three rabbits were 
inocufated intraT'enously with app1·0.:cima.tely 3 c.c. of lightly centriiuged 
emulsion. of ,·acciliinl testis. All the o.nimals showed tlle signs and 
symptomd of general~tion with mdespre:i.d skin eruptions. The first 
was killed on the 14th day when the skin pocks were in the early 
stages of retrogz:ession: a.t a.utopsy it presented tho typic3,l picture of 
gene1-alisa.tion described :i.boT'e. The second animal was killed on the 
28th dar when proctically all the lesions had he3,led; the third was 
killed on the 41st da.y. Tissues for test were removed a.septics.Uy and 
emulsified by :;rinding with sterile sa.line a.nd sa.nd in sterile mort..·us: 
0·2 c.c. oi each emulsion ,,as inoculated iutrnderma.lly into the epila.te~l 
skin of a normal rnbbit. Retictions ,vero • rea.d on the 4th day 
(tablt~ CT) . 

T.i.bles YIII :ind cr sho,v that ,-irus m::i.y remain lo.tent in the 
animal tissues for a cousi<lernble tin1e (up to 41 d:1.ys in these 
exp,·rimt•nt.:;) :1itl'f iujcerion. The tlistrilmtiou of this "1:J.tent" Yirus 
i::1 irn•;;ul.1r. Oi 110 org.1.u 1:au we l,c quite ccrmin that it ,vill contain 
,-i.rus in all c:is~s after a. gh-en length of time. The organs particula.l'ly 
pn111t• tu h.u-: ·c•l:r Yim::1 nn' lira in a1ln·n:1h; skin :inil tongue, perha.ps 
.d,-v th~• ~~lll'ni,ini vr;::rn:<. The l>l"ain:- ui :rnch "(':\tl'icr" auinuds ha,·e 

• fit e r ,-

e 
j 
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116 S. R. DOUGLAS, W. SMITH AND L. R. W. PRICE 

always shown a. complete absence of lesions, both macroscopic and 
microscopic, whereas the other org11I1s mentioned here ha.ve usually 
been the site of pathological cha.nges . 

TABLE :a. 
lnf«tii,;,t?I (If ti'nuts . 

llabbit So. 1$T I :'31 :'Tg 

DaT attar i11oculACio11 '1'1te11 
ulmal WU kille.! u 

~

; '1 

Blood 0 ! Skin + ! + I 0 
Tongue . + + i + 
Lymph gland + 0 ! 
Lung 0 0 ' 0 
Liver . . . ' 0 0 I 0 
Spleen . . 

' 
0 0 : 0 

Bone marrow, 0 0 
Adrenal.a i + + 
OTU.ries or testes 

. ' 
• I 0 ,. .,. 

Uterua : I 0 0 
Brain f 
Kidney : 0 0 0 
Heart . • ' + Q 
Skeletal mu.scle 0 " Bla.dder. 

• I 0 0 0 

Immunity following intravenous inoculation is usually so ,~ell 
established by the 10th da.y that even intracereb1·al injection of 
large doses of virttlent brain emulsion fails to produce any symptoms. 
Therefore in the above series of animals there can be little doubt that 
those allowed to live more tha.n 10 days wei·e immune. Furrher 
inYestigations are being ca1Tied out to settle this point. 

V'i"'8 fa tlia blood stream. 

In the enrlier e::cpol'iments, in which tests were performeu by 
means of skin scarificntion, virus was never demonstrated in blood 
samples withcu."11.wn Jatc1· than the second day after injection. The 
distl'ibution of the lesions of gc11ernlised vaccinia howe~er- strong}y 
suggests,,. circulatory spread of the Jisease. lfoL'eo\"cr- Ohto.w.J.ra 
(1922) reported tha.t he obt.,ined specific reactions by intratesticul.ir 
inoculations of blood \vithllruwn up to the 15th dar :1111.l his ~ork 
has recently been larguly confirmct.l by GilJemeister !lnd Heuer 
(1928). Hoen Tschortkuw nnd Zipp (1926) ,mu Goldman (la~S) 
pr01.luced cutaneous ren.ctions with ~th amt 3th day s..1mples only 
by the use of a. special technique i11 which tlu~y attempteu block;1de oi 
the reticulo-endothclial system. 

A series of ~:-.pcrimeuts was c:irrie1l out in which daily 1,h,L',I 
samples were with1lraw11 at'tt•r i11tra,·t•1w11s i11iwti1111 :ir11l t~~te,i t,r 
i11tr,1dcrm.1l inoculatiuu intll the epilatl'1I skiu;; l•L 111.•r:.J.Jal rai,,,:t~. 
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in the hope tba.t during the process of generalisation the nrus 
content oi the blood would increase to a. point at which it would 
be reauily demonstrable. A reaction was obtained in one case on 
the 6th day, but the results set forth in ta.ble X sho,v great 
irregularity. A. similar irregularity \Vas reported by all the \\"Orkers 
cited a.bo\"e. 

! 0;~·.- c.! 
j s.u:t"?l~:; a!"..tr" 
i l~O('~,~-:Oa. 

l 
2 
3 
~ 

s 

" 1 
8 
9 

10 

T.au X. 
ln/«tivit!I of blood. 

· ·t I 
++ 

0 
+ 
0 
0 

0 0 
0 0 

I 0 0 
0 0 

I 0 
I 

0 

RSU. 

... . .. 
+ 0 
0 0 
0 + 
+ + 
0 + ... . .. ... . .. ... . .. ; ... I ... 

i I 

.J.ll lh, rabhiLI 1/ao111i.,g pomu:, 1'tGctiom 11Hr1 p,-oo,d .n,buqiuntlg eo 6, immun,. 

.Di$Ct&Ut01&. 

The e:rperiments recorded here sho,v that vaccinia. virus is capable 
of producing in the r::i.bbit o. se'\'ere generalised disease tthich ;-ery 
closelr resembles alast?im or uncomplico.ted smallpox: in mau. 
Although 1..irge doses of rirus ha,·e bt.:.en used in most of ,jur experi­
ment~ g£=neralis.1tion ho.s l,iten followed the inocula.tiou of ,·erY ,,mall 
amounts. The lesions produced a.re Ycry widely distribut;d boch 
O'\'er the e:ctel"l::.al surface and throughout the internal 01·g.ins. They 
pre!ent a distincti're appearUD.ce macroscopic:i.lly and mic1·oscopically, 
and are unlike illlY other lesions with \Tbich we are c011\"er:1a11t. Ihe 
internal lesions are always bacteriologically sterile and conrnin the 
virus in a condition. c,lpable of reproducing the disease. Tlwse in the 
skin. always heal without lea.ving ·visible scars, a. fact ,,hich bring:5 
this e1:periruental dise:1se into closer relation \Vith alas trim than wit ti 
true nntlent smallpox. 

The study of the minute histology, which !ms not been ,\LtempteJ 
by us, should thro\T further light on the pathology of ~1u:11lpox in 
mnn. In fatal cuses or this disease lesions of the intemnl ori::ms h:we 
u~.irl:, ,ilways bet!u folulll to coutniu strept-0cocci. Histolv·;i:;r;; h.n-e 
been undecided w!it?tht!r to ascribe the m::i.in role in thdr production 
t,:) the su·eptocl1cc:\l ini~th111 nr to the ,'irus of Yariul.i. )'he su:.:zestion 
1°rescnu it:1~li tliat the Jiffcrl!n~o t,,.,twl~U ala:strim ,lllll ~-irnh•nc 
slllllllpox mnY be th.\t th~ former is ,\ disease due solch· to ;-i.rns 
infl'Ction whi.lst the bttcr i, an intection "·ith the same ~-ims com-

103 
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plic11.tud by the presence of pyogenic cocci. Tho e.,se with which both 
facto.·., of such a. rni:rnd \'irus-bactcrial iniectio11 may be transmitted 
di:~:n•..t epidemics is exemplified by sue:h dise.iscs as measles o.nJ <log 
distemper . 

. Tl1e ability to produce genemliilativn is apparently not possessed 
by a.11 stro.ins of the virus. Our expi>rimeo.ts stronqly suggest tha.t 
Leva.diti's neu.rovacciue i11 capable of llwlet·;oin;; cou.5iclernble 1uo<lifica­
tion. In the first place, \,e fowlll tb.,lt intrade1·mal reactions lJecnme 

. mu,:,h ,r,,l)re constant and ensiei· to elicir. \~ith the ueurovaccine stmiu 
obt.a.ineJ from him after it had ueen pus:;a~ed through rabbits' testes. 
Secondly, the testiculu.r passage iucluceJ an iucrea.seu \·intleuce fm· 
peritoneum o.nd bladder. Thirrlly, testicular pas~ilge nrns induced 
generalisation with greo.ter constancy, no matter b~· ""'hich route it 
wns introduced. 

We can offer no satisfactory expla!lation for the few cases of very 
prolonged i1&C'Ubation period. P.a.bbit 10 sho"ed no signs 01· symptoms 
wha.tsoever until 21 cfays a.iter skin scaritic:1.tion, cbi::n. a. ,ery wide. 
spread generalisation occurred which would prob.ably ha.">e proved 
fatal had not the a.nillllll been kuled. Encleucly \-irus may remain 
la.tent under certain circwnsta.nces in susceptible as well :is in i..wmune, 
animals. Rn.bbit Si a.lso showed generalisa.,ion 38 Jays a.fcer intra~ 
cerebral inoculation, but in this case o. chronic ini~tion pt·vJuce,.i 
cel·ebral symptoms from the 2ud dar until it rras kille,L 

Infection by the intrapel'itone:i.1 rouce produces a \'erita.ble periton:iti$. 
The constantly negn.tive bacteriological e~.imiriations e~clude the 
possibility of secondary infection :i.s a. c:iu.se of the condition. The 
exudate has been found ,·e1-y highly ,·irulenG in some cases, absolutely 
non-infective in others. Whether this disparity is due to the eady 
outpouring of antibodies in the la.tter cases we are at present unable 
to say: further expei·iments are being carried out to settle this 
point. 

The tables show th,\t tho po.rtic~tlar strain of ,irus used by us, 
when inoculated by any given route, possesses Yarying degrees of 
affinity for different ti~m. Geneml st:nements on tinue susceptibility 
to vaccinia virus shoulll howen:r be recei\·ed with caution. It; is 
certo.in chat commercial calf lywpu possesses particular a.ffi.uit:,- for 
the skin ,\ud the originnl neur1n·acci!le of Le\·:i.diti probably showed 
selective !\ffinity for tissues of ectoderiuic ori.;;in, but the facts recol'clecl 
here suggest tha.t such" :it!inities ".ire merelr the re:ulc of a.ccliruatisa­
tion of virus in o. new eiffiroumeut. Gi\"en the opp0rcunity, virus 
might be a.blc to o.ttack any tissue as easily as calf lymph attacks the 
epidermal cells. This ,·icw is supp0rteLl by the e~pcri.rnen ts ot' 
Waltlumi (1927) meutioue<l .i.bo,·e. 

Several authors h.1.ve t·uportctl ,rnrL·fra/ of t·i'Tu$ in animals po:.sesse(l 
of,\ certain g1":1tlu of im11111nily. Ottr t.!Xl••:ri:m·ut~ on ::.-.,th.l inii:_-ri,·ity 
c1111lir111 this. l~abbits 737, -;-~.s .u11l -;-7:1. l'L>1tt.1in:11; \"Int:. in ~l!vcrnl 
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GENERALISED VACCINIA 119 

organs, were clouLtless irumune a.t the time they ,vere killed, ior we 
have never known a.ny ra.bbic to recover £ro10 gencr-.i.lised ,·accinia. 
and yet fail to sho,v a. complete immunity O\"t'll to s~Lscquent intra.­
cerebral inoculations of neurovnccinc. Row long the nrus lllay remaiu 
la.tent has not been settled, though tile point is of ob,-iou.s importance 
in connecLion with the question of cou,·alescent cru-riers oi tilterablc 
vi.ruses, such :i,s that of anterior poliomyelitis. 

SU:IDURi. 

l. .A. condition of experimental geuera.liseJ. vacc1n1a. in rabbits is 
described which closely resembles human small po~ of the ala.strio1 type. 

2. !n this gencra.lised <lisease :ilmost e,·ery tissue oi rhe bod_, may 
be affected ,vith the prouuction of macroscopic· lesions; no iujur;-· or 
irritation is necessary. The internal viscera. roost commonly affi:cted 
a.re lungs liver spleen adrenals and the organs ol reproduction. 'Ihe 
kidneys are exceptional in that they b&\·e ue,er sholrn generalised. 
lesions. 

3. The mesodermic origin of UL orgnn does not indicate a uon­
susceptibility :o vaccinia.. 

4. .A. stl-ain of testicular passage· virus 'l>as obtained which ,,as 
highly infecth-e when introduced by intrnperitoneal inoculation; it 
produced a vaccinial peritonitis and ,ga,•e rise to patbolo;.ical lesions in 
organs hit-herto thought to be non-susceptible, for uistance uterus, 
bladder, peritoneum o.ncl m11scle. 

5. Vaccinia virus mn.y renio.in 11.tent in the tissue! ot an immune 
animal for a long perio<l (np to at lenst 41 d,1ys) aiter initction. 

6. Yirus \VOS recoYei·eu from the blood of nn anim11l o J,, YS ,1iter 
infection. Infectivity of the blootl is irregular and app~ars ·to htn·e 
no correlation ,vith the time incillence of genern.lisiltion. 

7. -Vaccinial infection c.'lnsed abortion iu three preg'.lant rnbbit3 
in a.11 of which there wo.s purticulnr localiSD.tion ot lesions in the uterus. 
Both placenta. and fcetus co11taiuecl virus. 
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STANDARDISATION OF ANTI-DYSENTERY 
SERG:)I: EFFECT OF INCREASED TEST DOSE 
OF TOX.IX ON THE ACCURACY OF TITRA­
TION 

ADELAIDE Y. BLUE and C. C. OKELL 

Wdlcr,me Phy,iol()(Jica.l Research Labora.torie,, .B«lm,Jiam, Kt1,t.. 

[N two pre\-ious papers published from these la.bora.tories, Sud;nersen 
Runge l\nd O'Brien (1924) have described the st:i.ndardisa.tion of a.nti­
dysentery serum (Shiga) by the use of intra.venous injection Jf mi:e. 
This pa per is a. further study of the methods described • by thi:m. 
Similar mef1ods were adopted by the Sto.ndardiso.tion Sub-Coo.:.,litt-ee 
of the league of Nations. For fuller details of the meth,Jds of 
numerical ere·· tmeu t used in this work, refe1·ence shoul~ be nude to 
the following pap~r by J. "\Y. T1·eva.n, elaborating a. st.o.tistica.l method 
for the preseur:i.tion oi results. 

The difticulty in devising a.n accurate test for the st.ar.da.rdisation 
of a.n.ti-dysenteric serum has been commented on by mauy \vorkers. 
The error of the present methods, as compared with those in the 
titrlltion of anti-diphtheritic or :i.nti-tetnnic serum, is very great. This 
a.ppears to depend on t,vo factors, the first of which a.rises from the 
grea.t dift'erences in susceptibility to a. givon dose of Shiga. toxin in 
individual mice, a.ncl the second from the difficulty in obtaining a. 
preparation oi totiu cont.'\i.uing a. sufficient number of lethal doses 
in a. \"olume a.nd in a physic.ii st:i.te suitable for intra.venous injection 
of mice. 

With rego.rd to the first factor there is little rea.son to suppose that 
the nbbit 01· other a.nimal c:i.n be a.dvantl:l.gflously substituted for the 
mouse. The san1e irregt1laritics a.re found when the figures of the tests 
on a. sufficient uumber of mbbiLs iu·e exawined a.s in those obtained by 
tho uso oi mice (O'Brien and Rltllge, 1025). .A.itcr renewiug the 
results of nrious \Vorkers, a Lc:i.gue of Nations sub-committee d~ided 
011 the use of mice. It might be expected tha.t the iudividual 
incgularities in the susceptibility of mice could be partly elimin:i.ced 
l,r usint! a :Sp~cially sclectcJ strain of mice: this cxpect:i.tion ho,ve,·er 
has uot b1.-cn re:ilisctl in our own work where from time to time tests 
hu.ve been put up au ca.rofully chosen mouse popul:i.tions. The va.rying 
s11:-ct•ptihility or 1uico to Shig:i. toxin m:i.y be seen fro111 the following 
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~ble: with both toxins it requires 4 times the I..D. 50 • to ensure an 
L.D. 100. 

SQmt>eror P~rC1'nta;,, 
m;ce 111Jected. mor->1&t7. 

0·02 mgs. 20 100 
0·01 ,. 20 80 
0·005 

" 
20 -15 

0-0025 ,, 20 zo 

Shi7t.J tozi~ I'.T. Ill (precipitattd broth tt»:in). 
Snmt--rot Pere•ntJ.~9 

m:ce,nJec:l'i. mortallty. 

0·2 mgs. 20 90 
0·1 ,, 20 i5 
0·05 If 40 ~7·5 
0·025 

" 
20 20 

0·01.25 ,. 20 15 

Th•~ second difficulty is to c-bcain a. toxin "-i.ch & high "toxicity 
combining-power ratio." For • example a typica.l high ~de toxin 
001,sisting of dried bacillary bodies, cont:iius less than 10 minimun~ 
letilal doses (i.e. L.D. 100', in the test dose as compared with 
ap:iro:cimately 100 minimum lt!thal doses in diphtheria, tetanus, 
botulinus or red,;mati,rns conn. 

In 1926 the Leag,.1e (•f ~ations sub-committee, to fo.cilitll.te com­
parison of tile work done at \"Uious laboratories ou dysentery 
standardisation, suggested a. test dose oi toxin that shoulu be nsed for 
the mouse test tmtil f1U·ther improvements could be devised. • This 
test dose is the o1mount oi to:Iin which when mued with 1 nnit of 
Copenhagen standard sernm (i.e. 0·005 c.c.) aud injected inttti,·enously 
into a. group of mice will kill 33 per cent., and with 2;3 nnit of 
standard serum (i.e. 0·00:53 c.c.) will kill 66 per cent. oi mice. In the 
subsequent discussion this will be referred co as the LT.D. (League 
test dose) of a. toxin. This ''"as accepteu apparently as the largest test 
dose which coulu be conn?nientl;, used, t:i.kin~ into consiclerntiou tile 
physical nature of the toxin and the Yolume wfiich c:i.n be injected into 
the c:i.udal ,·cin of the wouse. 

Most of the toxins ch(•5en for test purposes by \\"orke1·s in con­
nection with the League or X.itions sub-committee consist or che dried 
intact bodies of the Shig:.1. bacillus, auu the Lcngue test dose in rugs. 
o.s ,vell a.s the toxicit~· per m~. are all of :i.ppn,xim,ud:9 the same 
order. The l.i:\cill,uy body toxin 3 .~. prcpnretl b~· O'Dricn and Unnge 
(1925), is of high potency for thi,- cype ,_,i preparation. The L.T.D. of 
3 A is 0·12 m~. will•rt>t1:ct the I..T.D. oi :~ si111ilar prep:1t·ation:; issued 

• ,u sui:q:csted by J. W. Treran (!~:?:) L.D. 50 is a con,·cnioentnbbn.•,iation for the 
dose which kills 50 p.:r cent. .,{ n lar;:-e ~.iup of animnls. Anal,>ftous ~rmb.,l.s L.D. ;:; 
:111d L.D. 100 indicate d<>S>e$ "·hi,·h ktll ::; per L>ent. and 100 per .:cnt. of .111i1u:ds. 

, 
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ANTI-DYSENTERY SERV,rl 123 

by the Sta.te Serum Institute, Copenhagen, 011 behalf of tho Le:igue of 
Nations sub-committee had test closes of 0·:33 mg., 0·45 mg. and 
0·:}6 mg. respectively. Our experiments ha,·e shown that one is 
not necessarily restricted to such a. small test dose of toxin as that 
sug;ested by the League of :N'ations sub-committee. For example a. 
test dose of the dried bacillary toxin 3 ..l, consistiug oi 5 times the 
L.T.D. and the equiva.leut amount of serum, can be used, not only 
without affecting ~he specificity of the test but with a. definite 
improvement in iLs accuracy. 

Tho chart gives tho 1·esults oi the intra\·enous injection oi mice 
,vitb. dried bacillary torin and Copenhagen standard serum. The 
ordinates gfre the percentage sm·vivals of mice and the ahscissca 
represent the closes of serum in c.cms. plo~tecl on a logarithmic scaic. 
Cur,·e ..l was constructed by Treva.n and O'Brien from obser\"ation of 
Stfferal hundred mice iujected at ,al'ious times with one League test 
close of rlried bacillary toxin ancl ,·arying a.mounts of standard serum. 
We have confirmed the slope of this cur,·e after an iuterYal oi more 
than one yea.r by an experiment ,,here 100 mice at three points were 
used on the sa.mo da.y and under the same conditions. 

The neutralisn.t ·.on ch:uacteristic of the highest ~alue serum which 
we luwe prepared (K.C.D. 150J) ,,ith:,. "t"alue of 6000 units is similar to 
that obtained 1Vith t!:e standard serum (:!00 units). The results of the 
experiment using l L.T.D. of a. dried bacilla1·y toxin 3 A. (0·12 mg.) 
and varying amount!! of serum are as follows :-

..... ., 
SumbuoC Ut0rtt!~ 

mt .. P,...-•n:a;, 
i>"""""~ .. 

injeetld. 
,u.m,-a;,. 

c:rt"tn!J. 

0-0000;5 c.c. K.C.D. 1504 58 1;·2 13 
0·0001 

" " 
57 2s·3 31 

0·00015 
" 

57 70•2 70 

The theoretical pe1·centage sm·vival tigures illl.Ye been ab.ta.iueu by super­
imposing ctm-e A on a similar curYe obtained from the abo,,e figures. 
The llifferences are not statistically signi.tica.nt. ..l similar neutralisa­
tion curYe hns also been obto.iued l,y using I\ 2000 unit sernm and 
GO mice at three dift'ereut doses of serum. 

CurYe B is constructed from observ:i.tion of 20 mice at ~ different 
points, 5 times the L.T.D. or a. dried bacillu.1-y toxiit 3 A. '-1\S useu aud 
the eqtth·ulent ::uuouut of sen1111. Curve D is considerably lesa sloped 
th:tn curvo ..l and this differcuce is shown to l,e signi.tic.i.nt in the 
accompanying paper (bdaw p. l:l7) br Tre,·a.11 by the usual st:1ti::-eical 
ru~thoJ. Thill effect mu1:1t be 1ltrn ta the greater r.i.tia oi the surplus 
lochal Joses ta ~ho neut1·ulised lt::thul doses in the graded uuueutralised 
111ixlur~s. 

..\. tli:;,\l!Yautago il1 Lhe uso of bacillary bolly toxins is that in sa.liue 
su:1p1:msion the toxin is 11ot in :1.11 e:isily <lifr'usible st:Ate. Even .i.!ter 
lwnrs of st:u1di11g the snpl'r11:1.tu11t lluill a.iter filtr:itiu11 has littltl 
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toxicity. The toxic material does not diffuse out into the duid medium 
but l'emaills a.lmost entirely within the intact bodies 0£ the bacilli a.ncl 
one, must imagine that before it co.n show its toxic effect on animals 
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Cllll1'1: A: obtAf.aed from hundreds of obscrratlons. l League test dose dried 
bncillu.ry- toxin 1:'. Copenha.gen sta.ndard scram. 

Ponrff X. Y, Z: :JO mice a.t 3 diff,m:nt doses of sbnd11rd serum t'. l L. T. D. of toxin 
P.T. III. 

Ccu•:i: ll, 20 mice at 3 dirferent doJSes of st:ind.a.rd scrum ~- S L:r. D. of toxin 3 .\. 
Cun,·c C: 30 mice .i.t 3 diil'crent duses of sto.nd:r.nl serum 1:'. 2~ L:r.D. ~f toxin 

P.T. I!L 

it must be set frl'e from thlJ ktcillar:, bt•dics l,y phagl,e~·t·11sis, I~ sis or 
othl'r i11t•~r111c1liaLc pl't•ccss which lllll~t nccL·s,;arily i11\·1,ln: il:; own 
va1·1al>lc ,mu UllCOJlLl'Ollctl factor. "'ith .I. ,·iow lo el.imi11.1.ti11g thi~ 
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complicating factor, attempts have been ma.de to devise & test toxin 
which will be sufficiently toxic for the purpose oi the test &11d will 
contain its toxic principle iu a colloiJal 3ta.ce of dispersion. We have 
prepa1·e<l such a toxin (P.T. III) by a.ddin; 40 per cent. solid ammonium. 
sulphate to a filtrate of a 14 days' growth oi a. strain oi Shiga.'s bacillus, 
and collecting and drying the precipitate. The stability of this toxin 
has not yet been fully tested o,·er a long period buc ttp to the time of 
writing the stability seems entirely sa.cisfaccory. 

The League te.,t dose of P.T. III ii'! 1·75 mgs. and in titration 
gave a. characteristic curve similar to tha.t with l L.T.D. of the 
bacillary body toxin 3 ~-\.. The actual results obtained by injecting 
30 mice with 1 L.T.D. of toxin P.T. III and 3 different doses of serum 
are sho,vn lw the points X, Y, Z. 

The L.T.D. of P.T. III conto.iDs 35 L.D. 50 s. 
,. ,~ 3 ..!. ,, 24. ,. ,. 

It ,vas found that the largest amount of P.T. ill which could be 
injected int:nve:1oualy into mice without interference ,nth. the specific 
action of the tvxin ,vas 4,375 mgs. i.e. :?½ times the L.T.D. of this 
toxin. This ,:or.ta.ins appro:cima.tely 88 L.D. 50 s . 

Curve C sho,vs the results of titr:ition of :?½ times the L.T.D. of 
toxin P.T. III a.nd the Copenho.gen standard serum. 30 mice were 
used :i.t three different points. The increased slope oi the characteristic 
C comps.red wich curve A (i.e. the decrease in error oi titration) is 
comp::n'll.ble wit:li the effect of increasing the test dose of 3 .A. as shown 
by curve B. • 

The gre:i.ter curvl\ture of curve C near the 100 r,er- cent. sumru point ia due 
to the des.th of one out of the 30 mice injected. Thi.i was probt\oly i111 accidentn.l 
death as the mouae showed no signs of rlysenteric ~lysis. Omog to the 
relatively gre:i.t abermtions iu the region oi the 100 p,:r c~nt. sur'l"i'l":u point due 
to i.;;oJo.ted accidentnl den.ths, this pru-t or the cun-e .:annot be uken a.s a fair 
indic:i.tion of the accurncy of the te.sc. 

The results of the experiments LUaY be illustrated a..; follows. The 
test dose (L.T.D.) of dl"ied bacillary toxin as recommended by the 
League of Na.tions snb-commictee, W"hen mb:ecl "·ith 0·005 c.c. of the 
Copenhagen stand.ml scrum, gi,·es 130 per cent. sur,·h·als in a. group 
of mice; and with 0·0033 c.c. stancfard serum gi,es 33 per cent. 
sun·ivnls ·i.e. a. 33 per cent. drop ill sur,-inl rote corresponds ,vith 
34 per ceut. drop in serum potency. Interpol:iting in the curves, 
it \'l"ill be seen that by using 5 tiines th~ LT.D. oi a cli·ied bacillary 
toxin, such :i.s 3 ..!, a 3:i per cent. drop in stu-YiY:il 1·.1te represents il. 

11) per cent. drop in serum potenc~· t1.1hl wi ch :?~ times the L.T.D. of 
P.T. III :.i. 33 per cent. di-op in sm·Yi,·:J.l r:ue repre:;('nts .i drop of 
8·5 per cont. in serum potcncr. This begins to approach the :i.ccur:i.cy 
of ,mti•lliphtheritic and anti•tet:mic serun1 titratious. 

Tho ~xpL•t·inwnts lllttli11l•d .d,,1,·e ha•,t• l•~•:!l ,,c :i prdiminary nature 

Qt It b 

f 
r 

: : 

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology…
ACL Doc 13405 · Page 141 of 193

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/141

https://asbestosclaims.law/library/13405/141


.- rl .... 

i 

j 

·tnsbC cc·: &Sil d If 5 ttn«rttr 

126 A. P. Bl.AKE AND C. C. OKELl. 

only but we ue ·convinced tha.t tho a.ccura.cy of anti-dysentery sorum 
stanclo.rdisation on a limiled number of mice can be greatly increased 
by using a. test dose of toxin which con taius many more lethal doses 
than the present League test dose. .A. precipitated broth toxin such 
as P.T. III is more suitable as a. test toxin thu11 a. dried ba.cilfo.ry to:tin 
011 account of its greater "soluuility." (Professor P. Hartloy i;ecently 
kindly placed a.t our disposal a. ~ample of a. conceutmted toxin prepared 
by b.im by ,mother method. This toxin see1us to possess the same 
advantage as P.T. IIL) Further improvements are still possible in 
the preparation of a. better toxin which will be mo1·e solul.ilo and ha\'a 
a. higher ratio of toxicity to combining-power. 

In conclusion, it seems necessary to a.skas in a.U biological titratioc.s 
what degree of approximation to exactness should be demanded from 
estimations of dysentery antitoxin. The degree of accuracy which cJn 
be reached by the use of a. test dose of precipitated toxin conta.ini.:g 
2½ LT.D. iillows one to distinguish a 20 per cent. difference in poten-,y 
in two sera on two groups of 10 mice. It seems rea.sona.ble to ehin:c 
that such a degr~e of accuracy in titntion is more than sufficient to 
prevent a.ny mistake being mo.de in the estimation of serum whic:1 
could be detected i.c ther:i.peutic use. 

Sum.ma1-y. 

In the testing of dysenterj• (Shiga) antitoxin gi-eater accurnc·y Cl\n 
be obtained by increasing the test dose of "bacillary body" toxin 
5 times or by employing a. toxin precipitated with ammonium sulphate 
and using 2½ times the present test dose. 
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A STATISTIC.AL NOTE OX THE TESTI~G OF 
ANTI-DYSE~TERY SERA 

J. W. T1n::n.-.. 

W'ellcqnu Ph:yaiolotJical Rcua.rcl,, Laboraton·e,, Btck~nham, Emt. 

L'l" the determination of the L+ dose oi J. serum to,clu mixture for a.11y 
toxin iii is usual to take a. fixed dose of toxin a.Du add iDcreasing doses 
of senun until a. lethal rufa:ture is fow1<l, the a.duition to which of a 
sma.11 further qua.ntity of serum mil produ'!e a. non-letha.i ic.ixture. 
·with all such mb::tures the actual a.mounc of serum neceM:ary to 
protect. some animals against tbe eif~t of a standard dose of to:tin will 
fail to p1·otect others. This arises from the fact that the L+ .ilixture 
for one animo.l contains (or sets freo niter injection) one lethal dose or 
more of toxin for tho.t a.nimal. Since the lethal dose ,·a.ries o,·er ~i<le 
limits for different individuals of a. species the o.mount oi serum wh:.ch 
it is necessa..-y to add to a. given dose oi toxin to lea ,·e just one ,·l,)se of 
torin free varies from anim11l to o.ni'1ual and the fin;1l L+ dose asi;igned 
to a. serum Cll.i. only be an average n.lue represe!lting the l+ dose for 
an !'.'\"era;e o.nima.l, and giving more or less accur:itely the :i.,·erage of 
lihe L+ doses for the species use1i J..s has bttn pointeu out before, 
the n.ccurncy oi o.n esti1n11tion of an L+ dose depends (1) on the pt'o­
portion of toxoid in the test dose of toxin used, t)) on ·the number of 
lethal doses in the test dose of toxin .J.nd (3) on the steepness of the 
curYe relating mortality to dose oi tonn. The lo~er the proportion oi 
toxoid, a.nd the larger the number oi lethal doses in the test dose and 
the steeper the Clll"''e of toxin ruort!l.lity, the smaller the diffe1·ences 
between the L+ dose of serum for diffdreut animals of tb.e same species 
and therefore lihe greo.ter the accuro.cr act.iina.blc in the titration of an 
antitoxin. 

For diphtherfa toxin and serum unJer the co11dicions st:inda.rdised, 
the diffcirences between the imliviLluai L+ dos-:s oi serum for different 
guinen-pigs a.re so small as to be of little irupc,rtance. buc the individual 
L+ doses of :inti-dysentery serum for mice Yary o,er a. comparo.th-ely 
,vido range. In the ctm•e A. reproduced in fig. l (continuous line), the 
figures are taken by permission from a. l:i.r~e number oi titr,\tions urn.de 
br Dr O'Drien o.nd :lliss Runge, by the Ull!thod Jt.?scriLed b:· them aud 
Sllllmer!en (192~). for the permanent stanJo.nis commission of the 
Ht.?nlth Org:i.nisa.tion oC the Lengue oi Xatious. The serum doses nre 
plotted L\U a logn.rith.mic scnlo as al,s1:i~~.e au,.l the ordinates r~prescnc 
pL'rccntago of 1uice sm·viving. 1'1.itl Josi! ui to~iu is the Silllle for all 
doses of scrum. :i.11d is chosen so :i.s to gh-e as uearly as possiule a. 
GG per <"t•nt. sur,·ival mto 1'\"ith 0·005 c.c. or tlLe fo:..:-m:.1tiunal sc.rnJ,ml 

1~~ 
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serum usecL A smooth curve, which is t\ normal percentile frequency 
curve, bas been drri.wn through the points a.ml can be taken to represenc 
with sufficient accnra.cy the o.,,·ora.ge relation between dose oi serum 
and survival rate towartla which the results actually obtained ,voulu 
approximate as the number of animals injected with e:ich dose of 
serum increased. 

It will be seen that the vn.riation of the response of the mice is 
such tMt on the average a.bout 4 per cent. oi a. group of mice 1;ill Le 
protected from the affect of this dose of toxin by 0·002 c.c. of serum, 

... 
C .. 
< 

&OJ. 

t 2.ox 

ec: or '002. •ooU '0~ 0 003$ 'OOlo, '005 •006 °007 ·aog ·ooq ·01 
Strum. 
7itnuior& of antilom i11 aniwly•mt,ry ,.,,,m. Sur,tftl r.i.tes plotted ap.inst doses of 

ser11m. a.t dilferent dates. 
Serum : international standard.. 

Toxin: 3 A, 0·12 mgm. a 1 "Lea.gue test dose." 320 a.Aimala (crosses} were 
used for B (by Miu Blake) a.nd 220 for A ()Iiss Runge). The black circles 
represent one series of tests on 70 nnimals for A. 

49 per- cent. by 0·004- c.c. t\nd 96 per cent. by 0·008 c.c. That is to say 
96 ·per cent. o( mice require more than 0·002 c.c. of serum, 51 per ceut. 
require more than 0·004 c.c. and 4·0 per cent. require wore than 
0·008 c.c. It is very clear that if a small nurul>er of mice are used for 
a. test, the dose of serum found necessary in different experiments ,;ill 
,-ary over o. ,vide range. In :iddition to the wide rn.nge of dose oi 
serum necessary to protect th13 individuals of any gfren group of 
animo.ls ~Iiss Blt1.ke has sh,)\vn th.a.t a. se:isona.l \·ariation takes place 
in the avomg~ dose necessary to protect: the results \;ill ~ descril>t-d 
in a sul>&.-quent communication. The individua.l ,·o.riations from the 
roea.u remain proportionally Lhe sn.me at different times as is sho~n 
by the two curves in fig. 1. The crosses represent the results with 
large groups of anima.ls injected a.t a. different time and tl1e curve B 
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drawn through them, which fits the points very well, is parallel to 
curve A.. Since the dose scale is a. logo.ritJ.un.ic one, the parallelism of 
the two curves indicates tha.t a. simil:l.r proportionate increase of serum 
dose for each curYe produces the same increment of percentage of 
survivals. This variation in the mE!1l.n protecti11g close of serum 
necessitates the use of a. standard refereuce serum for each titration, 
the potency of a. serum being gauged by the comparative survinl ra.te 
in t,~o groups of animals, one protected with the serum of uuknol'l'n 
potency, and one with the standard scrum. The estimate of potency 
of the tmkno~ in· terms of the stand:i.rd can be :i.rrind at most 
accur:itely Ly readillg from curve ~ tho ratio of the doses ,vhich give 
the same sun·ival rates as that of the two groups r.f animals used 
in the test .. Thus ii 49 per cent. (point M) are pro~oted by the 
" unkno~-n" serum and 70 per cent. (point N) by thu same dose of 
the standard, the ratio of the potency oi the unknown to tha.t of the 
standard is that of 0·00-. (the dose protecting 49 per ceut. •Cur'\"e .!.) 
to 0·005 (the dose protectiug 70 per cent. in curve A). 

The degree of acctltll.cy . of this estimation ca.n t>e d,;rived by 
methous already described (Trevnn 1927): on. p. 501 l)f the paper 
cited is a £o1·mula. for estimating the accuracy oi such esi;imations. 
That formula. is worked for au arithmetical scale of dosage. Tho 
corresponding formula for a logtirithmic scale of dosage, the geometrico.l 
proof of \l'hich Is silnilar, is:-

I.og R -·200.!.~ 
~ 

where R is tb.e ratio of the extreme positive variation of the estimated 
value to tho true \·alue n.nd also the ratio or the true v:i.lue to the 
EU:treme u~1tfre varill.tiou. The extreme va.ria.tions to.ken a.1·e those 
outside which only 5 per ceut. of estimations will fall. .A. is the 
increment of the logarithm of the dose for each a.uclition of 1 per cent. 
to the stu-\"h-J.l rate; chat is, 'for e::i:aruple, for an. increase in mortalitr 
rate from 35 per cent. to 36 per cent. 01· 71 per cent. to 72 per cent. 
p is the ch.1nce of suryi\·:i.1, and rz tho.t of deo.th for the dose gh-en, and 
N is the uumber of animals in ea.ch group. 

The ,•alue of .!. lo be used is co.lculateu from the average mort:i.lity 
of the t\'\"o groups. The formula. ;fres much closer results tba.u the 
one origiuallr derh-c<l for char:icteristic curves on an arithmeticnl 
sea.le of doses, and for tho dysentery curve gives :i.lmost exact agree­
ment with the more laborious methods as previously described for 
groups as low as 10 iu unmber and surviYn.l r::i.tes as liigh :i.s 00 per 
cent. In fig. 2, the fuli line curve gives the limits of the error 
calculated from this formula. foi· JifTtircnt size<l groups of animals. 
The absci:ma o.re the numbers of a.uim:i.ls in c:i.ch group, oue group 
injected \t'ith standard serum aud the fi...,_ed dose of torin, aud one 
inj~td with serum of wuich the potency is required and the fi::i:ed 
doi!C of to:tin. The ortlinntcs :i.re the number of nuits estimated to be 

1.lUll1', OP PATll.-VOI. Xx:tll. l 
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present for each unit a.ctua.lly present. Thus using 20 animals in ea.ch 
brroup for each unit of a.ntito,dn acLno.lly present the test \Vill give o.n 
estimate ,·arying bet,veeu O·i (point .A) o.ud 1 ·4: (point B). 

The formula brings out the fact, \rhich is indeed obvious wit11out 
a formula, that the accur:i.cy of th~ titration depends on the ruo.gnitutle 
of A. 

,·e 

1"6 

1°4-

·s 

·4,. 
RATlO 

I 
.... .. -

,_;_-------------­,_,. 

I,imit., of ,rror 0t1uid1 uthit'/i. .S p.-,. rm#. of ob1i,1Tatio,u trill fall 11:h111, an unk.not!'n 
,,nun i• 1:0ffl11(11'1Cl 11:'it!& 11 stamiard. The ordimites marked •• !'11tlo " S"i\'e the 
number of units estimated for end:1 :i.ctu:u WJ.it present. The 11bscissm 11rc the 
number of animals 11:1ed ; two such groups beitlg injected one with the unknown 
and one with the sta.ndnrd serum. The continuous lines refer to titmtions made 
with one test dQ!!e of :J A, the broken lines to titratiolli made wiU1 2½ test doses 
of P.T. IIL 

The value of .!. ma.y be expected to be diminished hr use of larger 
doses of to1:iu in the titration as is show-n by the following :i.rgmnent. 
The survi"'o.l r:ite cur,e for mi-ctures of serum a.ud toxin gives a. 
measure of the excess to:cin in the mb:tures. A survival rate of 
80 per cent. using 1 "League test dose·• of to:t.in 3 A corresponds to 
the presence (or the setting free in the o.nimals) of 0·0018~ mgm. of 
excess to:-cin in the po.rticul!1r mixture used; as is shown by tho 
toxicity cur,e (A in fig. 3). This mi:tture contains 0·005G5 c.c. of 
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serum. A survival rate of 20 per cent. corresponds to a dose of toxin 
in excess of 0·0103 (13 in fig. 3). The serum dose in the mb::ture is 
0·0029 c.c. If a gr,,up of animals only sulficient in number to 
distinguish between these survi ral rates is used in a. titr.ttion of a. 
serum, lloses of serum from 0·0020 to 0·00t:G5 c.c. may be coniused in 
successive titrntions. The amount of serum necessary to reduce the 
excess toxin from 0·0103 mgm. to 0·oo1.g2 mgm. is 0·00565-0·002!) c.c. 
= 0·00275 c.c. which is G-H per cent. of the mea.n (0·00~28 c.c.) of the 
doses which mo.y be confused. 

>-
I-
..J 
~ 
>-
~ 
0 
C 

I·O 
"?i·o 

l,•).. 

5·2. 
1•4,. FlfIIr 

·-i.-~ ~A 
Log do)e. 

'" ""g"" 
To:ricity cu1T,. Jo,- t,ro t~i,u: 3 .:I. (1q1m,-,1) aml P. T. III (ciN"lu). 
The tox!citv ol 3 .-\. is ten time!I that of P.T. III so that two sCllles of 1\bscisse 

are given. one 
0

for 3 A :ind one for P. T. III. 

Let us now a.ssuu1e for the sake or argument that further addition 
of serum to the 80 per cent. mixture p:-o•.luces proportional diminutions 
in the a.mount of toxin uencralised. Then if we t:i.ke :1. multiple of the 
test dose, say j times, and t1.lh.l $,mun to it until it gh·es a. mixture 
which pl'otects 50 pe1· cent. of :i. !.irge ;roup of animals it will couta.in 
0·0:?14 c.c., a.pproxiwutelr J thues the d0se ,'\"hich protects 50 per cent. 
when ouly one test dose is used; :1.01.l the range oi doses not dis­
ti11guishable using the s:1111e swall 11t1111ber of animals as before will 
be from that giving :20 per cuut. to that giYing 80 per cen~. of stm-i.va!s 
on a \'C1·y large group ol anim.1.l:!, or mixtures conta'ining 0·0103 to 
Q·0018~ mgm. of mmeu~r.1.lis~u toxin. Ii we make the assumption thu.t 
a.t this stage of thu ncut1·a.lisatiou each :i.ddition of seru1n a.bsorbs the 
smlle n.mouut of toxin as bdore, the mixture which will protect ~0 per 
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cent. of a ...-ery la1·ge group will contain 0·00275 c.c. of serum less tho.o 
the mixture which will protec~ 80 per cent.; this being tho amount oi 
serum necessary to reduce the excess toxin from 0·0103 to 0·00182 mgm. 
The percent.lge range of tho mean doso of sernm which this uucertaiuLy 
. th d . . 100 x 0·00275 3 fif l 1n e en -pomt represents 1s 

0
_
0214 

= 1 per cent.--one- t 1 

of the error for one test dose. Therefore when the serum do!!e is 
plotted on a logarithmic scale as in fig. 1 the survival ra.te curre 1vill 
be steeper-the Yalue of .A. will be less. 

In actual practice it is likely that the <lecrea.se in the ,•:i.lue or _.\. 
will not be in propo1·tion to the multiple of lethal doses ttsed, for when 
a to:-.in such a.a diphtheria. toxin is nea.r complete neutralisation further 
a.ac:itions of serum take up less and less toxin. The reduction in .A. for 
5 L.T.D. will therefore be less tha.n that calculated a.bove. That the 
reduction is appreciable is shown by the figures in the preceding paper 
by Bl3.ke and Okell (above p. 125) using multiple test doses of toxin 3 .A. 
a.nci of a. toxin P.T. UI precipitated from a. filtered culture. The curYes 
for '3 A in this pa.per and those given iu their paper. sho\v that ehe 
valM of .A for different test doses are those calculated ill tll.ble I. Tb.e 

T..t..Bt.1: I. 

nehltf•• naml!.r ot I 
Tasia. Yo.otr-11111 Xo. ot L.D. ~- \"&laeot A. ,uumai. ntctU&r7 

testdo .... fllrr.ftft <t•~ 
o acauscr. 

3,\. . 1 ~ 01l0456 6·9 

3A 5 0·00111 2"4 0 

P.T. III 1 3,5 

I 

0·00390 4·9 

P.T. III 2·5 S3 0•01)180 1 ·o 

values of .A. are given for the range between a. Sltrvh-&l rate ol 25 per 
cent. :i.nd i5 per cent. where it i11 pr:i.ctically const:i.nt. The cnlculation 
for 2½ Le:igue test doses of r.T. III is as follows. .A.n increase of doso 
from 0·0l to 0·0125 c.c. of sernm go.ve rise to :i.n increase in sm:Yfr:.i.l 
rate of 76·6 per cent. -21"(3 per cent. The difference of tho log(u·ithms 

of 0·Ol a.ml 0·0125 is 0·007. .A. is therefore 76.~~J1 .6 = 0·0018. 

The number of L.D. 50 (dose necessa.ry to pl'Ouuce 50 per cent. 
mortality) refers to the number of letb:ll doses of toxin in the test 
dose of toxin and is d~rfrct.l. from the mo1·tn.lity cur,·es for toxin :.i.loue 
\l'hich is !!i,·en in ii!?. 3 from fi1?ures ohtninl'd h,· ~Iiss Dlnke. The 
shnpe oi ~he cm·,•es~ is in,listingui~lmhlo :i.ml th; L.D. 30 for 3 ..:\. is 
appro:-timately 0·005 mgm. :ind P.T. III 0·05 mgm. 

The rel.ltive ma~nitmlo of the en·oi-s and the rel1itive numbers of 
auim.d;; lll'l.'es:sarr t~ L•htain I ho samo accuracy a~·c abo tabula to.!'1, .unl 
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in tig. 4 the o.ccura.cy of estimation using 2} test doses of P.T. III is 
plotted (dotted lines). The observed ,·alue CJf A is affected by an cirrr,r 
which can he estimated in the manner similar to that given for the 
estimation oi the error of K in the formula. for o.rithmetica.l dose scales 
(Tre,"ll.n p. 508), as follows. In fi3. 4, BC represents the middle pare 
of the sur\·h-al curve obt:iine-1 by Blake and Okell for 2} LT.D. of 
P.T. III a.nu the international st.lndard serum. The dotted line is the 
slope of cur.-e _\. fl;. 1. B is the survi'l"'al rate with O·Ol c.c. of serum 
and 2! LT.D. or P.T. III and C that with 0·0125 c.c. The true \·alue D 
of the sur,·i·.-a.l .r::.tij for O·Ot c.c. sei·um way lie anywhere on the line FG 

H 

C. 
E. / 

I' 

00 

I' 

~ L.O rl': 

i /:l 
~ '2.0 ~-l,_ _ __. K 

Co ' 

I·o I.·1 Logof fLT'Vffl dose 

where FG is the range equ:il to plus or minus twice the stilndard 
deviation oucsiue which onlr 5 par cent. of such obser,·a.tious would 
lie. S.imilnrly, HJ" represents ± twice the stllnda.rd de\"iation for the 
point C. The difference in suninl rates with O·Ol and O·Ol.25 c.c. of 
serum, C~. is inYersely proportional to A. and the s.taudnrd devi.l.tion 
of this difference is the square root oi the sum. of the squares of the 
standard de\'iations of B(S ii) nnd C(S &). 

1 CK :: 200✓ S ~ + S ~ 
:. true ~ue of T' • BK 

/0 .. ,,, x o•-» 0·<>3 x o· .... 
CK+"OO -- • "' + - " -- '\ 60 GO - BK 

• 53 ± 15·21 
i:ru07 

• A. is between o·o97 a.nd o·oo; 
• • 70':?i 39·75 

i.e. between 0·00135 and o·oo:H4. 
IOt'lllf, ot· P.\lll.-~\ll.. ss:u1. 

----·- ··--~._ ____ ., _________________ .., • .,_ ___ ~.....,-... ,•41"»--zc""'-------••--r:::rT-· 
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13-1. /. W. T.REVAN 

Tho limits for tho·valuo ol A for the other doses of toxiu a.1·e gi,•en in 
t&.ble II. 

T..uu II. 

Tonn. ~u. of LGA:::ua 

I 
4. Paalbkl limits ot I tea,doa.._ o.....,.ad. 'l'&ild of~. 

! 

:JA 1 I 0·004.!i5 0 ·00.09 to o 1l05 l I 

3A s 0·00277 O·OOliO ,. 0·003H I 
P.T. III I 

1 0·003118 0•00262 ., 0-00750 I 

P.T. III z·a O·OOl76 0·00138 .. 0·002'14 l 
7he possible range is large in all cases, except 1 test dose of 3 .A, 

becac.s& of the relatively small number oi animals, but it is probable 
tha.t the num.b~r oi animals necessary to obtain the so.me degree of 
a.ocur.,cy with. 3 :A (l test dose) is not lesa than three times that 
neces.'uu:y "ith 2½ test doses of P.T. III. The difference between 
5 dos~s 11f 3 ..!. a.nd 2·5 doses of P.T. III is not significant, but the 
diff'eronce between 1 and 2·5 test doses of P.T. ill and the difference 
betw~u 1 and 5 test doses of 3 .A. a.re significant. 

Tho!: observed va.lues of .A for 5 "test doses" of 3 a and 2t "test 
doses" of P.T. III suggest t.hllt the eftect of increasing test doses is 
greater for P.T. III than for 3 _-\.. This difference, if a. real one, is not 
due to a.:iy dill't!rence in the distributiou of the lethal dose of toxin 
a.lone (see fig. 3), but; must be due to a. difference in neuti·n.lising 
properties, but the number of animals used is not sttfficieut to 
establish decisively the o.d"l"o.ntage of P.T. III over 3 .A. The case 
for using large test doses is, howe\·er, quite complete. 

Su.m.,na.ry. 

1. :lletuods of eva.lmi.tiog the error of determinn.tion in toxicity 
determination are describe<l. and o.ppliccl to the estimation of the 
potency of anti-dysente1-y serum. 

2. The el'ror of estimntion or the potency of Shiga anti-dysentery 
serum by the metho<l recommended by the League of ~a.tions he:ilth 
corumitt1?e is co.lcnla.ted. lf 40 a.ni~ls be injt.'Cted, half ,vith 11. stamlo.rd 
serum a.ud half with an uukno,vn scrum, tho potency of the known 
serum in terms of the staudu.nl ,vill be not le!>s tha.n 70 p,~r cent. and no(; 
more than 140 per cent. of tho true vn.lno· in 05 per cent. of such tests. 

3. Tho uso of multiple test lloscs of toxin ns lloscribcu by Bl:i.ko 
a.nd Okcll is shown to diminish tho limits of c1·ror to 88 per cent. a.nd 
112 p~r cent. of tho true valutJ for tho :;niuc nnmher of animals. 

REFERENCES. 
SUD~tEnl!E~, RUNGE AND IJriti~h Jo11r11. E.rp. Patil., l!l!-i, \·, 100. 

U'H1:11:s 
'l'1:Y.Y.1S. . l',w. Cv11 . .-:, ••. l.,;11,l. 11., 10:li, ,·i. l~:1 . 
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SIDEROSIS OF THE GLODD'S PALLIDUS: ITS 
RELATION TO BILI..TER.~L :XECROSIS. 

GEOFFREY H.aDFID.D. 

Frr,m th.a .Dtpa,rtmtrnt1 of Pathol09y, Gtnn-al Hc.;pitaJ.. Bri,tc:, 1,4,ad 
tlu Royal. Frte Hospital, Lo11do,,. 

CO~TENTS. 

L ilfTllOJ>O'CTION-
Iron in the brain under physiolopcal and pathological • 

couditiona . 1:18 
Iron deposits limited to the lenticular nuclei. 1ucul4r 

.;ideroais of the pallidwn . 137 
ll. Smznosts or Tm: ~o:a..uL r.u.r.mnc-

Froquency, 111tiologr, cha.mete.rs. Di.sc~uion aa to its 
nature 139 

III. AssocrA noN ol' smoosa mn :aILJ.~..u. n.:c1tos1s- . 
£tiology, cue-reports 143 
Discussion 148 

I. ID.troductiou. 

SPATZ has shown tho.t the grey matter or the normal cerebrum 11nd 
brain-stem ,vith few exceptions reacts positi\"elr with the usua.l 
histological rettgents for detecting free irl'u, but that the globus 
pallidus of the lenticula.r nucleus o.nd the mefauin-iree po1·tion of the 
substa.ntia. nigro. show rapid and precise stainiI:g, accurntely mnrkillg 
them out from neighbouring nuclei and coutr.Lsting strongly with the 
weaker and more slo,vly de,·eloping colour oi the surrounding grey 
matter. Hurst has shown thut this richnesa oi the globus po.llitlus in 
irou is very likely related to a. 0'1'oss, and often striking, intiltraLion of 
its vessel walls 'l>y iron so.Its, a. condition found by him in fifty out 
of a. hlllldred bro.ins from cases of chronic nen·ous dise:rse. 

In this paper evidence will be Lrought forw:mi shotl"iug th..'\t this 
,·:iscufar sidcn1:.is is frcqul'1H ly fonud in the r ..1l!htum (•t uorn.uil bmiu::s 
Lut that uuder aumc p:.i.tholu::,ic:al conJitivu.:. ic i:S, iu all pruo.1ltility, 
the determining factor in the prodtlction of :icute bifo.ternl destructiun 
or thi::s nuch.ms. 
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136 G. HADFIELD 

Iro1l I.A th• bra.in uxu1n ph7s1olos!cal concllt.1om, 

~o iron can be detected b.i.stolo:;ically in the brain of tho icetu., and ne\v-born 
child but from about the su:th month onward tbe globWI i»llidus ;ives o. 
positive reaction. A free iron reaction then .ippcars in the suLstantin. ni:;m, 
the red nucleus, the dentate no.deus of the cen1bellum, the corpus Luysii, the 
putamen :i.nd caudate nucleus, rou;hly in this order. Iu the a.dult, in addition 
to the a.hove situations, :i. ~eak iron reaction can be normally obtained in the 
corpom rruunillaria, ;anslic.n habenul:a. oi,tic thlllamus, deep layers of tho cortex, 
the claustro.m, nucleus amr;dala a.ad corpora. quadrigemina., and a. weaker 
reaction still in the pontine nuclei, the '.,Tf:Y' matter of the third ventricle, tho 
pineal ;tland, the pit'Jiury and the nuclei tccti. 

The richne.w of the normal glohus pallidUJ in iron is not necessarily related 
to ib reddish coloar for Sr,atz tindJ that the reaction can bo given by colourless 
compoundJ. Furthermore. a similar colour is found in the corpora geniculo.ta, 
but t.hese nuclei a.re hi:i,olo;icnll~- iron free. In the pallidum a.nd substa.nti& 
nigra the iron is found in their comparatiTtlr la.rge ner'l'e cells and in their 
neuroglia (Spatz). Lu the pa.llidam ii: ma.y be found normally as particulate 
granulu. The pallidum i., rich in fat and lipochrome pigment. In other 
situations the iron uaiuin; is ditru..e and particulato granales are absent, no 
iron beint' found in the ntr.c c~l6. 

T;ie (rains oi some of the mammalia. giTe the reaction, though not so 
inten~ely, in those portio::.s ,t>hich react most strongly in the hwnan brain­
the ~·!obcs pallidus and substaatia. nigra. uppers foWld tb.a.t the meso- and 
palaeo-stria.tum of birds gan the m-on;t-n reaction. 

Spatz belieTes the iron to bos intrin1ic a.nd not hama.togenoua, not increased 
by excwive hemol~u and in the :idult Tery constant in qunntity. Hallevorden 
a.nd Spatz e.nm.ined t.ho brain in a. C3.it vi congenitnl idiocy 1\-ith generalised 
fl.uor contractures and choreo-athetoid movements. Strictly connned to the 
globus pa.llidw ud sub3tantui. ni;ni. ,t>et"e thickly SCllttered dark brown pigment 
grnnules gi+i.ng an intellH iron ruction. They think this condition is a. pa.tho­
logica.l exaggeration. or :i coudirioa normal to both the globus pallidus and the 
subatantia nigr:i. and re;'Ud it as indicating a. close physiological relationship 
between thesl! mucrures. They rep.rd the pi~ent as a. product of meta.boli.m 
and attribute it.s formarion to neuroglial nuclei. Spatz has amied the investiga­
tion further by attempting t.> trace a. connection between the globua pallidus and 
the substanth nigta. He ends the fatter pre!ent in all mamma.ls and, proba.bly, 
lower vertebrates but meb.:lotic pism,enta.tion in it is peculiar to man in. which 
it appenrs at about rhe foa.rth year. Thil compoct meln.nin.-containing portion 
liea in o. dorso-me!ial ~rion. Thi! reticular portion lies ventro-lAterally, is 
Cree from melanin but its nen-e co!lls cont:li.n iron. It is connected by iron­
containing cell-island.I to :he grey matt.ir of the globus pallidus. This direct 
connection is denied by \forkil.,-y. Hutf has 311coieded in loading the central 
ne"ous srstern with iron, i:i do~,; 'Witii .in Eck'.t fistula. Symptom.ii resembling 
thoae found in. w-culed e3:':l".l.-p~·rnm.id.u di.Hase wero prod11ced when the tot.u.l 
iron in the brnin renc:il!d twi.:-e the nonn:\l: the highest amount w:is rct:i.ineJ in 
tb.e globlls pnlliJus. He ~:o:rr.:-u,;3 the 'l'fow th:\t iron very likely plays a part 
in the metabolism oi the n~!"'l'e ~Hs oi tile ~lobus pallidws, subst.'Ultia. nigra. :i.nd 
e:tra-pynunid:11 srst~r.i in i;~neral. 

Iron 111 th• b~ uxider pu.holos!ciu condittoiu. 

There is consider:ible litenture denlin!; -nth deposits of ferruginous n1a.terfo.l 
in the brnia in due:u:e. Wo?ber in 190~ fonud it encrusting nerve cells nc:\r ohl 
{O<'i c,f s,,ft,:n~::::. (::,~k::- •.'.'!l:::-::::•I c!::~: i::,·iJ,mtally ht• ,;howcd thnt th..: 
so-..::111,..ll 1.':.1lci:i~-d t·.:L,,.--,·.1;:; in t:i~ k:,t::. r ,,i 111~r.:uri..: chlvritl,: poisoui11g arc 
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largely composed oC iron. Pornllini, in nddi~ion. to describing tho encmstation 
of necrotic nerve coils with iron !!lilt.,, a.lso described ;ra.nullU' fcmi;inous depoaits 
!yin; free in cla.mnged ner.vi,u~ tissuo and s:ud .such dcposita wero commoner thn.n 
wu previo1111ly supposed. He particul~r!y found them in the region of the 
intern&l cnpaulo in chronic encopha.litic and arturio-aclerotic conditioiu. Da F:ino 
and Perdrn.11 found nerve cells tncrusted with iron salt3 and a gmnular deposit of 
the same mn.terfal in the bro.ins of two mbbits which h4d recovcro:ld from herpctic 
encephalitis. Spatz tirst described. a periTa.Scular depo,it of iron-containing 
material in the indamcd cortex of general pamlysi.s and tr.,-p."\no.soJUWi.s and 
occaaiona.lly in tho region of a. cerebml hamorrhngo or thrombotic softening. 
In all these instances the material giving the iron renction u limi~d to ::a. 

definitely clis<-.a.se<l :irca, lyinq frre in cla.mo.ged nl't"YOWI ti.ssuc5, t-ncrusti.llg necrotic 
cells or contnined in tho bodies of glial :idventitial and endothelial phagocytes. 
It originAtes, ill all probability, in the iron of the indD.mma.tory e::s:uda.te a.nd is 
h:ematogmoaa. 

Iroa depoatta limited to th• lant1cu1&r DllcleJ. 

Quite ape.rt from the depotit.a deam"bcd abo•e there are iuay records 
describing a.morphoua material in the giobus pallidu.s or lentic11lar nucleus. 
USU&lly bilateral a.nd ~t accompo.nied by siqns of encephalitis. In the W'lior 
records the dopoaits are described as calcueous and frei\uently n I m~rry­
shaped. Elischer in l8i5 described thne in the corpu.s striatum in chorea. 
Flechsig and ~ Jakowenko found them in the globus pallidUJ ii: the same 
diaeue. Wollenburg found them in the lenticular nuclei in six c:uu oi chorea, 
a.nd ill thir~y--two out of forty-six cuea of other diseases. Similar depnaitJ were 
found by Permini in the region of the internal capsule ill chronic en·:eph&litic 
and arterio-Sl·'orotic conditions a.nd in th11se he could demonsttnte iro.i buc not 
calcium. I; seema very likely from Hur.st's obs11rTations thnr. the deposit.I 
dllCribed u cnle&r80us by authors previo11,1 to, and by several after, Perusiui 
were a.ctua.lly fem,.ainoaa. 

Depoalta bl tile Tflftl w&llll of the slolnu pallldus. 

Vucular "cnlcifi~tion" in the brain mis first described by .\.schoff in 1902. 
It wu observed in enccphltlitis lcthArgica. for the Sr.st time bJ• Buzzard and 
Greenfield in 1919 ill a. womD.n of twenty-eight d;ing four montb.:i aiter a severe 
and characteristic attack of the clisenae. The vessel 'l'l'alli of the globu.t pnllidus 
were heu:rily inliltmted; a fe,,. vessels in the corte::s: were aJrected. Diirck found 
'• calcification n in tho brain in twelve out of fifteen cues of lethu;ic encephalitis 
dying from eii;ht da.ya to th-e weeks from the onset and at agu nrying from 
thirty to seventy. 1'h• "cnlciJic,.tion" 'l'rlll found u :in encrn:.tation of nerve 
cella, deposits of globulea rmd tfo.kes and "CDJ.cification" in the mill:i of blood 
vessels. The encrusted ne?Te cells were necrotic. The globular depo5it.s were 
found most often in the ,vbite substance of ilie hemispheres. Ther had tho 
appearance of cerebral mud normnlly found ill the pinea.l body. "Cakitiotion " 
of the walla of the blood •esscls w-.i.s found in the corpus strill.tum in eight cases, 
in the dent&to nucleWI of the cer11bellum in three, in the hippoca.mpus mnjor in 
two, in the contrum semiovalo in t"·o, in the optic tu.llWlus in one. The proce!ls 
was often limited to the wnlls of one IU'ttry, its nrterioles nnd cnpilIJry field. In 
the cnpillnriu tho depoeit was in tho outer layers of the a.dvenritia or jlut e::s:tema.l 
to it. In the arteries it ,..-na in the media nnd the inner portion of thd ad ... entitia. 
t\nd 'l'ffll frequently preceded by hyalino degeneration : tho incim.'\ w:u rarely 
aft"ectcd. :\[cllpino found "c.-ildtk~1tion" in the n,$<d 'ITilll:i aml in rh•~ fonn of 
frcu gn\nulcs in tile :i.ntorior pnrtA of tho glol,lu pnlliutts in ~il: C-,19(':1 or enC•'t•halitis 
lethargica. ill ono ca.se aa eArly 4s tho fourth dn.y of the disell.$0. Thu change wn.s 
:wo Co\\nd ill a. CAie of Hlwtin;ton's chore:i and in three c:\Sts of idiot1nthic 

t 

I 

i 
I 
' 

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology…
ACL Doc 13405 · Page 153 of 193

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/153

https://asbestosclaims.law/library/13405/153


~,--·· 

1 
I 

t 
' i 
I 

½ a X 0 : set X .... cOt"' 
.,.. -·· .. 

138 G. HADFIELD 

pamlysia agitana. He emphasises the fact that the deposits in his cases were 
strictly loc:alised to the :interior pa.re of the pallidum. Preceding tile deposit in 
tho vcsaol nil he describes either n. rmee:rs r,f hraline ucgenemtion of thu media., 
or a fatty dtpnerution oi the 1'esael wal!.s mth the escape of fat globules into the 
Virchow-r.obin spe.ce. The !?llrlii,st" depo!!ito appear between the adYcntitia. and 
tho media. u amall i;r:mules in one part of the veuel wnlls later sprea.ding to tho 
media. aud tin:illy coalescing to form solid pla.quea entire!}• surrouudiug tho vessel. 
In other nssels the Yirchow-Robin space appears 611.;d with a. dep01it. Thero 
is rarely any reduction in the lumen of the "'euel and no thrombosis. )IcAlpine 
found many globules staining "i.th schnr!ach-R but showing no double-refraction 
and could tn.ce all transitions from these to those h&ving the a.ppeamnce of 
calcium and ~Wning deeply with hti?n1.:.to:rylin. He :1.:1.swued that the vascular 
and ext.r11,-vascul&r depo1its were compo.;cd of cnlcium bet quotes Wiemann who 
showed that they giYe a retlcLion. for iron. .l-1 the Teuels rcXDIWl i>4tent in spite 
of gross inftltrntion of their walls and he wu un11ble to find any serious nutritional 
e!1R::1ge in the cell• oi the pa.llidum he concludes that the infiltration docs not 
j,h~y a.n important pa.rt in the prc<lucrion oi srmptoms of ner,-oua diaeues. 
"C' r,~ and Elekes foand ''calcification" in the vusels of the lenticular nucleus 
in cerebral sn,bilia and belieTed the deposits to consiat of fatty acid, iron and 
ca.lr.ium. They emphui.Hd the fa.d that no symptoma referable to the lenticular 
nucleus were present during life. 

Lhermitte Kraw and )!c.Upine foWld deporits Jiving a poaitive iron reCLction. 
in the v~saela of tile o.nterior half of the globUJ pallidus in l:llcepha.lit:is lethargie&: 
they were unable to demonstr:ite cnlcium. Spielmerer describes the deposition. 
of t£.lcicm in the ad\·entitia of cerebra.I vessels as bein; a common change met 
wit!:. in chronic di.sea.sea and in old atrophic areas aud also in a.c:ute pr0Qt9a8S 
such u carbon moaome poi.sonin1 and in encephalitis lethargic&. Diirck and 
Weingarten. found the change in the cor,,us stria.tum in casM of malign&nt 
m,.Ioria. and Herzog in thne cues of c:i.rbon mononde poi1onin~ dym; between 
the fourth and ele,.enth day. 

In the m:ijority of accoll.llta of the po1t~ncephalitic state some reference is 
made to "calcilication n of the Tessela : in some tjpica.l ca.ses no si1:31 of the ch&n1• 
has been found. Few obteM'ers definitely ucribe symptoms t-o thil process : 
many a.cknowledre that there seems to be 110 definite cot111ection between the 
dise:i.ae and the change in the T<!Slel 'ff'aUs. up to 19~6 most ~counts of the 
process were b:i.sed 011 the uami11:1tio11 of diJeued br:iius in which some 
pa.tho logical change in the lenticular nuclei miih t ha <re been e::rpected. None 
of these obae~tions seem to • have been controlled by the c:nmina.tiou of a. 
aut1icient number of norm&l controls. 

fa 1926 Hurst, working 1u the ~atioaa.l Hospit:u, Queen. Square, published 
the results of tho en.minl\tion. oi a. hunJ.red bra.in.I from patients with m11,ny 
types of nervous disease and =me to the conclwion thnt the so-called " ciuci­
lica.tion" of the llrteries in the anterior half of the globus po.llidua which hAd 
previoUily been so frequently described. in encepha.litis leth.\ri.-ica. is "a.n extremely 
common occu.rrence a.nd is found in many uia~u atfecting <r:lrious parts of the 
centr.i.l nervous syat1:m." In his kries it \TU preient in -'O per cent. of c:ises 
and :i.t a.11 age-periods from twentr to ei;htr-oue. He foui:u that "the process 
consists in the intiltrnrion oi one or mon co1m oi the <rcu~I l\"ith iron salts, the 
ap(llici.tion of the u:1u:ll tests failing to sho"· the pres.?ace of cnlcium.n He found 
the descnemtion bodie:t described by ~[c.:l.lpiuu in the ~loba:s pttllidus in G8 per 
cent. of these brainf a.ncl rt';;-.irrled the rr~:!•?nce oi the~e ~md the v:iaeuh1r 
depoi:1it11 as "an ~.s1,rcf:<ion oi til~ pl'tl-:!i,·i,~· ,,i tht l,ilol-tts prdli,lua to wiuergo 
degcnur:1.tion in thu $'1!Cond h:\lf of liie. to ht! corrclat.::d with the hii;h iron 
content of these parts of th11 bnun." His r1milts a.re in comp!tite CLgrocment 
with those of :lCc.A.lpine :u re&!WS the strict an.1ton1ic::u !0t.-:1li111.tion of the 
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YUCtWl.r siderosis to the anterior po.rt of. the globus pallid us. He found the 
globaa imllidus to be rich in lipoid globules !i0111e of which were a.bnorma.lly 
insoluhlo ;i.nd also pigmented granules of o. subsmnca which ho regnrds u o. 
Hpochrome. Hes could not find any clenr tmnsition between tho lipoid or 
lipochrorno nnd the iron-contnining degenemtion bodies. His work leans one 
in no doubt that a. forgo part :1.t !wit of this intiltmting ma.torinl is iron o.nd 
not co.foiu1n and from his published figure:s it lLppcars ren.,onnbly certain that 
the clinnge is one likely to be found in a. large percentn.;!l of otherwise normal 
brains of people dying in the second halr of lifo. The tirat part of this pa.per 
dll&la with thi.-1 a.ipect of the question. 

II. Slderosis of the ~lobus pallldus in. the a.bsence of chronic 
nel'VOua diseua. 

65 brains baYe been examined. Of these 22 were fron1 ca.ses of 
accidenta.l death or from patients dying as a. result ot disease which 
had not, in :1.ll probo.bility, implic:itecl the central ner,·ous system.. 
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13 were from cases of cerehral a.rterio-sclero,1is, 30 were from cases of 
chronic mental disease, which were examiDed in tho laboratory 0f the 
Bristol l!ental Hospital by Dr Barton White, to whoru I am indebtt:d 
for permission to incorporate the results in this pa.per. In all cases 
of doubt where there wu any su~~estion that chronic structural 
changes might have been present a. systematic histological ellJilinatioa. 
of the brain wa.s undertaken. 
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35 of the 65 bra.ins, or 34 per cenr., sho,\'ed typical \'"a.scular 
aiderosis of Vllljing inteusity u.sually a.fleeting the 1ue\lil\ and 
adventitro. of :J.rteries, the ad\"~utiti:i. of arterioles and capillaries o.nd 
leas frequently the veins. Th~ loea.lisa.tion oi the change to the 
pnllidum w:ia precise and aua.romico.l a.nu in the m:ijority the a.nterior 
half only m1s a.tl'ected. The ch:,.nge was bilateral nnd appr0Dm11.tely 
eqna.l on the two sides: the histolo~ic:tl aml histo-chemical char:icters 
ol the deposits were as ,lescri~l hr Durck, .lfo.:Upine anu Hurst. 

The main teu.turea of the c:1.sea are sho,vn in tables I and II, from 
which it ,vill be seen tb:tt the percent:tge incidence of the clmnge i.s 
a:ppro.ximatdy the sawo in 1wrmal br:iius 1_51 per cent.), in thosl! from 
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ca.sea of chronic nervous disea.,e (50 per cent.) a.nd -in those from cases 
of chronic mental disca,so (56 per cent.). 

Tho ct1rve shows tho a.ge incidence, combining the results found in 
normo.l urn.ins with Hurst's published figures. From the age of 
30 onwnrcls 6i per cent of tho brains examined showed Y:iscul:lr 
siderosis. It \V&S found n.t the age of 18 iu a. boy who died of juYeuile 
G. P. l and, by Hurst, at 22 in a paticut <lying of a.n intrncra.11i11.l 
neoplasm. The youngest posith-e ~e in which no sign of disease was 
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found in the central nervous system w:i.s 35. In normal brains its 
inte~ity be~rs no relation to age. 

Severe a.rterio-sclerosis IllD.Y be present when sid~rosis is absent. 
In several ~es of cerebral h::emorrha.ge si<lerosis w::i.s wild in degree. 
It \":ls completely absent in a. case of senile dementia. with high gra.<le 
Cijrebrnl a.theroma. Jyil1g n.t the ago or 89 . 

Figs. 1 :i.nd 4 :i.re taken from sections of Lhe globus pnllidus of tl. 

\t'oni:m of 35, who died from :111 onmlosc of chloroform given for 
c~traction oi teeth. She was a. presmnnl>ly healthy woman. Sub­
sequent inquiries elicited nothing in her history su!;!gesting dise:i.se 
atlll post-mortem no sign of tlise:1.se \vt\S found in her orgnns. The 
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brain 1\"&8 exnmined systema.tic:i.lly a.nd no :i.bnorma.lity w:is discovered. 
Figs. 2 and 3 :u-e fro1n sections of the globus pa.llidus of a. ma.n oi 48 
dying 40 minutes after accident.ally Rwa.llowing 4 ounces of a. liniu1ent 
cont:i.ining bella<lrmna. Beyond :1thero1na. of a. mild gra.<le of the iirst 
part of the arch of the aorta. there was no evidence of disease in the 
organs. A. systematic histologica.l examination of the brain sho1\"ed 
no abnormality. 

Discussion. 

It appears res.sona.bly cGrtain tha.t si<lerosis, limited with a.na.tomical 
precision. to the ~lobus pallidu.; uccurs normally in at least 60 pe1· 
cent. of indh'i.dua.ls over the age of 30, and that the mere fact of its 
presence cannot be ta.ken as incliCAt.ing the presence of a.ny dise:ise 
process, although evidence will be brought forwn.l'd to show that it 
d~l!S 1mder certain conditions st.rongly predispose to a.cute bilater:tl 
d.!struction of these nuclei. The siderosis is in. a.11 probability 
enc!ogenous, the large store of iron held by the nerre cells and 
ne:Jrogl.i& of the nuclei beeoming unmasked and accumulating in a. . 
staina.bla and visible form in the periYascular spa.ces. 

In the intact but siderotic globus pallidus the iron is a.l~a.rs e:s:tr:l.• 
cellular. I bave not seen it in the bodies of phagocytes or encrustiug 
nel"l·e c)lls or their axons, except when, 11s in cases to be described, 
there has been acute necrosis. In the int.,ct nucleus it may be that 
the liberation of iron from its intracellular combination is so slow 
tha.t phagocytes are not attracted. The presence of iron in ner,·e ceils 
can be e:rplAined only by :iumning that it is esi,ential for normal 
function. :S-icbolson has sho,vn tho.t there is organically bound irou 
in the nucleolus, in the oxychrom11,tin of the nucleus and in tho 
chromophilic substance of t.b.e cytoplasm of the nerve cells oi the 
hypoglossa.l nucleus in rats. Degeneration is accompanied by a. 
decrea.se, regeneration by a ren.ppoa.rancs, and necrosis by total 
disappearance of this iron .. The unm:i.skiug of iron and its e~tra­
cellular a.nu perivnscular deposition a.s observed in the pallidum oi 
otherwise normal hum:i.n bmins, quit~ a.po.rt from disease and senilicr, 
therefore suggests a. retrogressh-o clmnge of considerable chrouicicy 
possibly related to a.trophy. From several poinls of ,·iew, it is difficult 
to escape fNm the impres11ion that the process is, in sornc '"ay, relatet.l 
to the phylogenesis of this p:irt oi tho bro.in. 

The corpus strintum first appea.rs in the telenceph::i.lon of the lowest 
vertebrates as a. secouclary ma.a.", the pu.kcostrfo.tum. corrcspont.ling only 
to the g:lohus palliuus of mo.mmnls. The o.ffcre11ts of this m:iss are 
from the olfactory system, the efferents are motor. The striate body 

_ is added to by the de,·elopment in reptiles of the o.rchi-smntum. 
repusented in mamma.ls by the tunyg1laloid nucleus, and the neo­
stri:ttum repre~~uted by th•.) ca.mla.to and puln.men. Elliot, Smith has 
sho,\'n, from. its de\·elopment, thn.t in reptiles it functions as ::1. 

' -------------------
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substitute for the cortex. In birds cortical f,'t'Owth is chiefly intra.­
ventricula.r, and the strir.tc body appeo.rs to carry out those functions 
which ha.,·e not yet ohtninecl cortical representation. The ccrebr.il 
hemispheres 11nd a cel'l::brospinal motor mechanism gradually evolve as 
the telcncephi.lon becomes dominant in higher forms, and the primitfre 
motor system r,f the striate body becomes submerged. 

Phylogenetically the1·eiore the pallidum is the olclel:lt pa.rt of the 
primitfre motor mechanism of the verteb1-nte fore brain. Its age in 
mammals is shown by the early de,·elopn1ent of its cells and the e:i.rly 
myelina.tion of its fibres. Wool.lard, reYiewiDg the evoluLion of the 
striate bo<ly-, remarks th:i.t it is difficult to sa.y what functions may still 
survi.-e in the human striate body, anrl remarks that "anatomy offers 
no supporc fot" the ,•arious motor functions which ha.Ye beeu n;cribed 
to it a.nd were it not for the pathological changes found in it in 
'Wilson's disease and paralysis ngitans one might be tempted to regard 
the whole comple::t as a \·esti~ial system." 

The site oi the essential lesion in eittrapyramida.l motor disease!'!, 
such as paralysis agitans, is still sub judfr~ and lesions of the subsi:antia. 
nigra and the subthalllmic nuclei appear to be more oiten preseuc 
than clea.r-c..:t lesions oi the pallidum. It is probable that side.rosis 
of these nuclei b.as Leen interpreted 11s the pathological basis or the 
tremor and r.~-idity found in these couditions, for whee. SlNCi.tlc 
stainin;; is not employed nnd the siderosis is gross, the :i.ppea.rances are 
strongly su;ge!tive oi a srructmal chan~e due to disease. 

~g3,insc accepting the chnnge as being due to diseade a.re its sb:ict 
bilateral llnatomical loca.li::J.tion, the lack of cellular reaction in the 
nucleus and its frequent presence in the presumably normal brains oi 
incli'riduals who Juring liie sho,.-ed no neurologico.l symptoms. For 
these reasons, combined mth the suggestive facts regarding tb.& 
phylogeny- of this part of the brain, it n.ppears probable tb.nt pallid(([ 
in·dcrosis i.a tk6 aprC1Sio11, of a sfr.,.,u c1:olutitY1ia.rrJ at?-01,h.y aff~ctin.g tlw 
11:uclci in at least 60 per cmt. of 1,eoplc M'ol" tha ag~ of 30. 

m. 'l'he a.uociatio:a. o! va.scula.r siderosia with 'bilateral 
:a.ecrosia or the pallid.um. 

There i.s no doubt that under a Yariety of pathological conditions . 
one or more of the components of the lenticulax- nuclei a.re prone to 
undergt> bilateral and symmetrica.l di:!struction. Such n change is 
fountl in the familial group of dise:\ses included under the term 
hepo.to-lcntieufar degenera tfon (H.i.11) incluuing progressive lenticular 
t!e:..re111?ration oi S. A. ~- Wilson n.uJ pseudo-sclerosis (W estpha.1-
St ni.mpc!l). ..\. similar lt':.'il,n h;1~ bel'll described by Pn.cerson and 
C'.Lrmidi:i.d in a fa1uili:1l ivrm 1.,i ccrel.ll-:Ll ue1:,rc11ern.tiou i.u ch.iltlren. 
Thero :i.re clinic:il facts which hint nt the production of o. bila.teral 
ll·atil'nl.lr lt•~iun in n:an;;·1:1t':,tl) p1.1i:wni11~ (Chu.des). ..:\.cuto l>ilaternl 

._ . ..., .. , .. 
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necrosis has been described in. hydrocyo.nic acid poisoning, autl is 
certainly very frequent in carbon monoxide poisoning especially when 
the Yictim survives a fairly hco.vy close of gM for a. few days. The 
lesion in carbon mo11oxi<lo poisoning ha.s been described by \'on 
Recklingbo.useu, Simon, Lesser, and Poelchen. Kolisko claims that 
some degree of symmetrical encepho.lo-malacia in the lenticular uuclcus 
is an in va.riable a.ccompo.ni1nent of carbon monoxide 1,oisoning. 
Emory Hill a.ud Scmcrnk examined 32 bra.ins from c:i.ses of c:ubon 
monoxide poisoning: gross bilatcra.l lenticular softening was founJ 
in 14, a.nd microscopic evideMe of damage in tbo rcmaiuioi-; 18; 
the change 1rns invariably most 10a.rked in the globus pa.lliJus. 
Meyer, describing the lesion in man and animals, obser,•es that "the 
stl:iking frequency and selectiveness oi the po.llidum lesion in carbon 
mono:.1c~-~ poisoniug has exciteJ attention for a. long time," that "a. 
symmeLrical o.ffection of the pallidmn is an extremely regular finding 
in dogs poisoned with carbon monoxide," and that "the vulnerability 
of the pallidwn.is greater than (I.UY other nucleus." He also mentions 
tha.t it :.:.i the anterior pa.rt of the nucleus which is most frequently 
a.ff'ect,ed. 

I ha.Ye t.:ndertaken the systema.tio e.ica.mination of fi.,·e brnins 
from co.ses of coal-gas poisoning. In three of these, bila.teral ancl 
symmetrie!l.l areas of softening \'l"ere found occupying the anterior 
half of thti pallidum, i.a. preciselr tha.t pa.rt of the nucleua which is 
the site of ,n.scular siderosis in 60 per cent. of norma.l bi~ns O\'er the 
age of 30. In n.ll three C&lies gross ,•n.scular siderosis was pt·esent. 
The ,ame naked-eye lesions \vei·e fennel in 3. ca.so of lobar pneumonia, 
in which e.xposure to coal-~ras could be excluded, and in which a. simil.ir 
degree of siderosis -was present. All the coa.1.-i:,"8.s cases gave microscopic 
e,'idence of \'a.rying degrees of degeacration of the cerebral corte:c, but 
in those in which naked-eye pallillnl Iesious ,vere absent there was 110 

pallidi.1.l siderosis. 
C&N repol"t& 

cue 1.-)[ale, aged ':'O. Was found unconscious in a clol!eu room with the 
pa "full 00." He li'l"td tb.ree :ind a. half d:i.ys with a. brief lucid intcrva.l of ,\ 
few hours on the second day. Th1ua were turruina.l hypost,\tic pneumonia nnJ 
hn,errrrem but uo locafuing neurolo:;i~-:i.l ;i,,11$. 

Post-mort .. m, the cherry-reJ. colouring oi the tissues ba.d l.i.r;dy <lisappe::irell. 
There "°ere IW1ny petccbi:1.1 hll!1norr~;e,s into thll ,vhite matter oi the cc1·ebl".lm 
ll.nd :i. smnll pa.le focus of u.cute soitcning sh11.rply limited to the ll.uterior half of 
c:lCh ;lob111 pa.llit.lus (fig-. 7). 

:?llicroacopic:\llr, the lesion '"'as clc11rly demarcated from the surrounding 
tiasue by a. Ione of m..'\rginid cdlul:ir infiltmtion. It;; blood ,essels showed 
e.xtensi,·e iron depoo.its and their wul~ wcro di11i11tegrMing. Throtnbosia nnJ 
capillary b.:cmorrhn;e were aot prominer1t. The cellu!.u· intiltmtio11 at the cJ;;e 
bud 0111:,· pvnetr.iti:d a. ~hort dist.i.ncll into thu ncl·rotic arc1\ in which th1ml 11 a.; 
unh-~rs:11 ,knth oi ncr,e cells with swcllin;;, i11J1:1ti11ctnc:1s anJ foi:blu $t:l.iniu;; 
of the neuro;;li:i.. The 111ujori.ty of the necrotic ue"e ccll,s s;.ve ,\ diffuse but 
definite iron rc:,.ction a.ud iu umny of them there \'\"ore indilitinct gr:mule.s £,iYin!; 
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r·u;. 1~t !°'t•\"t.•ral tl>\•i .,f ,·~qtilla,·y h, .. l,lin~: i:,•nt•ral inti1tratiu!1 !,~- .:ranuJ,,,.,hlii"''"'\' \T!: ... 

~t•r,- ... tibr.: ... t•111,•ntl"lh·d \\tlh 1r,,11 ,lh•\\· :a:-. tu,..- linl• .. thr,111:.::ll•llt ti1t· "'c:'-·:1-,n. 

~·u• .. ) :. l',·n,·apill:trr ,ll"t'tlllltd,1li11n ,tt'),.!r:11111l11-,1tlip11 .... • "'•II ... -
r'tn. 1:,. -~111111:tr ,·,·II, ,·11111·,·11lrah·d ar,111111I lhr11111l""•'•l vdn. 
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a.n iron reactioa. ~[uch free ferru,;inoai; mo.tcri:i.l was lyin,r (roe in the nucleus 
lesion, o. considernble po.rt of it 1"J!J1-io11-~ly derived from tho disinte:;r:itiog vessel 
,nils. In one place n~r the edge there were n. few lnr~c cells of the "gittcr­
tellen" type loa.d~d with iron. ,\ part from this there WM nr, evidence of 
pba~ocytosis or 1"'.!pnir. 

Six blocks "·ere cut from tho cortex and patchy degeneration of the cells 
of the third and fow-th layers fou11d. The degree of chromatolysis w:u; definitely 
greater than could be accounted for by post-mortem antolysi:, but was not 
striking except in one section from the left prmcentral region. Here there 
had been n1o<ler:1te capillary ha:morrha;:e, widespreo.d se\·ere chroruatolytic 
chnngcs in the c~!!s of the third ::.nd fourth layor:i, o. mild. infiltratioa. b1 gr:i.nulo• 
adipose cells and a fairly brisk e:ndoth(:lui.l reaction. No free i1·on was found 
in the CQrtex. ~o other cha.n;es ,vere found in the ceatraJ nen-oas ~yi,tem: 
the r.ells of the .;ub,;ta.ntio. nigm appeared normnL 

cue 2.-A man of 37 WllS found unconscious lying agn.inst a. ~s cooking 
sto~e in a. clo.-;ed kitchen. It wns subsequently proved likely that he fell asleep 
and. accident:i.lly ttirncd on a. very loose t&p. He died in 4½ da.y!, after a.n 
interval of semi...:onscio1lS1les11 o! 2 hours 12 hours :iitcr Ile wa.s found. The 
post-mortem examination wo.s delayed :i.nd exact histological tl:il.Dllnation 
impouible. 

Eila.teml oofte,ing oi the pallidum ,vns ·present affecting its :interior two­
thirds and specuia staining sho\'l"ed gross siderosis of vessels of a.II c:i.libres limited 
to the softened a.1u. S'o sign oi old diseue ,vns fo1111d in the brain or its vessels. 
'The organs wl!:e h~lthy, except ior recen, severe hniostntic pneumonia of both 
l,,iset. The previoll.i iwtory showed th:i.t the patient wns a. stroug active llUUl in 
full muscular \'l"Ork. 

Cu• 3.-A. \\"Oma.n of 46, admitted to boapita.l comatose &nd cherry CQloured; 
. ha.Tin;- i.nhaled a moderately large ,·olume of gas. Sb.e remained in coma for 
3 do.rs, partfally rl:co~ered consciownesa for 2 days, lo.psed into terminal coma. 
and died on the se~cnth do.y. There \'l"ere no localising neurologic:i.l !igns. 

Post-mortem, both lungs showed senre by-pasta.tic pneumonia. There were 
two symmetri.:ally placed foci oi softening in tho globus pa.llidu.a clearlr marked 
otf from the surrounding tiuua by a.n incomplete line of separation ,~ai.:h became 
rnnch more e.ccentunted aiter wtion (fig. 5). Tht! lesions ,vere softer than in the 
prenous case but just u acc11r.1tc:ly limited to the a.nterior ha.1£ of ilie pnllidnm. 
There were no oilier naked-eye chnnges i11 ilie brain. 

llicr01COpicallr, in ~-ontrast to the prenous case, these lesions were infiltrated 
throughout br g'l'!UlUlo-adipose celu (Uld endothelial phngocytas, diipoied a.bent 
the wrula of la.rge numbers of recentlJ,·-formed budding cnpilla.ry vessel.a which 
stippled the \'l"holc ltsion dig. S). E..-ery pre-e:wtin; artery :i.nd :mcriole in tile 
le$io11 3ho'l'l"ed grou siderosis: their walli \'l"ere disintegrating n.nd much free 
iron-eoutl\ining material fay scattered in their immediate vicinity (Ii;s. 16, 17). 
A. moderate number of ph:igocytic cells of t.he ":;itterzellcn '' type had accumu­
lated :,.bout these vessels, their cytopln.am loaded with iron. Granulo-,tdipo,;,i 
cclb ,vero m\"l!t. numerous at the edge ot rhe ltsiou o.nd were mostly concentrated 
:i.b\,ut the \'l"t\ll:5 of in~ading capillitrics but several more peripherally plnced 
a.rtcrie.t with di.iintegrnting walls s!Jo,ved :i. heavy perivn.scular conc~ntration of 
tbeH cells. The :.ba.dows oi many necrotic nerve cells were seen, the majority 
d,1:<dr (':\l'kl!d with tinll gmnul~~ giviai; .in iut.:<nse iro11 rcn.cti.on (ti~s. 10. l:?) : 
in """v' r:\l thl' :1:-1:,,11 w..u< s11,m simifarly cncnutcd (tig. 12). Throu;;ho11t the whole 
le:.ioa !<Jng str.iight tmct.t of clo~ely packed ierruginous grn.nules ~ppnrently 
mnrklltl out the ~-curse of diiintegrnting- n:i::ons (fig. 11). D~g,mcration in the 
J,•••p,'r l.iy,•r~ l>( rh,• <'!lrh':t wn:a mi,re t•:ttl'll~ive th;m in thl' prc\-i•"'" cn..c and 
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146 G. HADF'IP.llJ 

most mn.rkcd in tho front.'\! regions. It did not seem to orii;innto so ct,-rinitelr 
about c:i.pilln.ry h.umorrh.'\_qcll hue ,ippcarcd to be ;~ more ~len.rly-cut s<!l'!cti\·e 
chromatolysi~. Wbcro capillary hmmotrhn~ had occurred theri: were locali•ed 
foci of neuroglio.l and cndothclinl re:.Lction with capillary budding. 

Cue 4.-:'lfale, aged 65, living on :i. farm not s11pplicci hy ;:i,i, dc\·e!op'Xl a 
"chill" ,,itb. ba.cko.clic. After tomporn.ry improverncnt for 3f3 hour!, he \'l':1.3 

seized lfitb. sudden n.bclomiMl po.ins for which he ,vas given morphia. foar 
hours a.fter this ho ,vn.s admitted to liospitn.l, 1vhere he wa.s found to h,'\\"e ~mall 
pupils and a. respira.tion ra.to of :1."J, tcmpern.turo 102 n.ntl pulse l:!O. He ,l~r,t 
soundly for 8 hours a.ad on wa.ltlng wa.s found to ho.ve some "·cakne~~ in che 
right a.rm. After a. lucid intcrvn.l of ,ibout ;J.n hour, he became uncousciou;; ,\r.J 
died 14 hours :ifter adn1is.siou, or 3! rl.ay;; l\ftcr the onRPt of his illn~ss. 

Post-mortem: there ,vas typiCll.i lohl\r consoliclnliou of the central part oi th~ 
lo,ver lobe of cu.ch lung- and of the po~tcrior hnlf of the right upper lo~. The 
spleen pulp ,v:i.s diffluont. A modcra.te <le:;,rrce of geuer-.i.lised artcrio-sclerosi; 1-,ur 
!10 renal nor myoca.rdio.l fibrosis ,,M found. 

Two roughly elliptioo.l 3.rC.'\S of softening- occupied tho 3.nterior hafres ~ r ench 
globus pallidus (fig. 6). They ,vero iiiol11tcd froui the: surrounclin;l tiuu-:! by ,\ 
deep cleft and sharply confined t-o tho pn.Ilidnm. Their_ blood v'!ssels sU.Qt'\"Cd 
universal and grou sidorosis of their w:ill:1. Those of tbe pntamina weH· free. 
In El4ch nncleus the ,valls of the larger V'CSl!els ,vero clisintcgratin; and -:.iu.~-, 
of a.mol'l,)b.ous iron-containing material were ileen lying free in the dL;ince-:::-.iri:.i; 
nucleus. A feeble endotbelio.l renction wM present in the nei;hb,,urb. ... vi ~ i 
these vessels and a. few iron-<:onta.inin.~ phagocytes ,\"ere pre!len. in close proxh,ity 
to the w:i.11.s of l~e more hea.\;Jy iu.tUtmtcd va'lola. Here :md there haruor:·::..;.;i 
bad accompanied chis di.:iintegro.tion. In some vessel.s in addition to iide,•),i.; 
there was widesp•"?ad hyalino C'hnnge in the medU\. The uerve ceU,;. oi not.ti 
nuclei showed advanced chromat.olytic changes. Th~ of the adjoiuin; r,nt:.m:u, 
thalamus and caudate nucl,1111 ,vere little altered. The corticnl ner'l'e c,;ll; ,x-,m· 
relatively Ullll.ft°llctcu. S'ecrosia was l!ontined to the :i.r~ of pallidal .si,-lero;;i.;;. 

Di.'iC'ltssion. 

Several expls.na.tious have uccn given for the striking frequenc:,-, 
selectiveness a.nd bilateral syminetry of the pallidal lesion of CO 
poisoning. ~Iost obser,·ers agree tho.t the basis oc the change i.s 
circula.tory. Kolisko ascribes it to the acutely b(l.ckwnrd course t.1.ken 
by the long narrow eud-a.rteries of the nuclei Shellshenr lays stress 
on this a.na.tomica.l peculiarity, expresses surprise tllat it hns been so 
rarely described a.nd observes that the course the blood takes is 
definitely against the current. The :i.cute angle of origin ot' the la c~rai 
strinte a.rteries is a.pp.1rcntly due to the great development of the 
hu~n prosencephalon, but as they supply tho other components of 
the atria.te body and the adjacent po.rts of the internal cnpsule, their 
angle of origin docs not explain the special vulnerability ot the 
pallidum, nor na :.!eyer poi11t3 out, \vhy a. symmetrical p.1lli1lul lesion 
is so frequent in dogs poisoned wi tll cn.rbou monoxide. Further in 
cerebral arterio-scle1·osis the vussols of the puta1111m a.net cnm!.1tc uucl.:i 
a.re as lreqneutly :\.8 n.ud prob.'\hly more often :i.ffuctell thn.11 those ut' 
thu pt\llidum. 
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Siemerling and Olotr, in discussing the pathology of bilateral 
pa.lliclD.l lesions, su;;gcstcd that the e~ce!s of iron in the globus palli<lus 
is a.n indication of some special biochemic:i.l property, and uwler some 
conditions of disense might lend to its selectiYe <lestruction. Meyer 
considers it "more than accidcntnl" that the .anterior part of the 
globus pa.llidus, so ,·ulnerable to acute soitening in CO poisoning, 
"should also be the site of pre1lilect:.on for pseudo-calcium deposits on 
~he \'essels," and chinks "F. H. lc,l":,'s hypothesis seems plnusible­
tha.t this peculia1· change, which occurs e,·en ,,itl1in the limits of the 
normal, gives cert.:un inclicatious of a susceptibility on the pa.rt of the 
vessels :i.ffectecL" 

In the cases described in this paper necrosis wns only found ,vith 
pro-existing sidcrr1r,(:;, nncl in two cases 0£ carbon monoxide poisoning 
with no grosa pallidE.l lesion siderc•sis was absent. From these results 
it seems reasonable to suppose th.-ic nscular side1·osis beara a definite 
CIUlMl relationship to bil&teral necrosis, and is the only condition 
which 84.tisfa.ctorily up1uns its frequency and selective nature in CO 
poisoning. 

1. The wa.lls of th-3 blood v-cs!!:ls of the healthy globus pallidus M·e 

often infiltrated witl• iron salts wh.icb. nre deriYecl from the nucleus 
itself. 

2. It is likely that the process i~ one of evolt1tiounry atrophy. 
3. It predis?OSes to the acute biliceral destruction of these nuclei 

which is frequent in coal-gns poisoning. 
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EXPERDIE~TS ON THE NATURE OF THE 
C.A.RCIXOGENIC AGE::{TS IN :)!I::{ERAL OILS 

C. C. '!'WORT a.n<l J. D. Fc:tTOX. 

.ifamh.estc,· . 

I~ our extensive studies on carcinogenic :igents oo-e of our 0111in 

ohjecth·es has been to isolate, or :i.t least to gain an insight into the 
nature of, the chemical substance or group of chemic.1.l substances 
responsible for the malign:mt a.ctiou on Lhe skin. The iso1::i.tion of a 
single chemical individual with toxic properties we did uot :::ope for in 
the early stages of our experiments, :J.od thereiol'e endea\·oured, :J.s o. 
first step, to concentro.te ),y various means the a.cti,·e agent w. the oils. 
To this end t-he methods given be!o,v ha,·e been employed. Dy testing 
the e1:tract and the residue of a carcinogenic oil we ~ero a.ble to 
cowpare the toxicity of the extrnct ,rith that of the i·esidue in a. 
parallel series ot e.1Cperiments. Ill this paper ,ve sha.11 deal nuly with 
oils whicn in our sta.nclo.rd experiments "·ere applied twice ~P.ekly- to 
the skin on the backs of 100 :nice. Details of distillation .md the 
methods ot making e:ctracts a.re given else,vhere (C. C. !wort o.nd 
H. R. Ing, Zeit.;. Krcbiforsclt, 1928, voL :crni p. 308) . 

Our e3:periments wiLlJ. the oils consisted in :-
1 . .Fr:J.ctiono.l distillation. 
2. El:traction with methyl sulphate. 
3. Extraction with picric acid. 
4. E:i:tr:i.ction with methyl sulphate and picric acid. 
5. Extraction 'l'l'i.th methyl sulphit.e. 
6. El:trnction with ethyl alcohol. 
i. Treatment with sulphuric o.citl 
8. Oxida.tiou. 
9. Reduction. 

10. Silica gel :J.dsorption. 
11. Ifradi:ltion, etc. 

The oils used were :-
L .A blend of a. purifiell (1.lllerica11 petroleum oil :i.nu 10 pe1· cent. 

sperm. 
3 .• \. pure ruueric:m pt>troleum oil. 
, .• \. pure retined he:i.,-y peunsyh·.mi,tn petroleum oil. 
8. A pure relined shn le oil. 
0. A pure retinctl caliiorni:m pdrt,lc11111 oil. 

10. .t pure retind te:i:.1:1 pcL1·oh:1u11 uil. 
11 . .-\. pure relined li~ht pennsrh·aui:ui petroleum oil. 
17 .. \. u:cdium motor l>il. 
:::: . .-\. pur~• r~tinl'll :111~!t1-pcr:cii.11t l'l'l r,1lvn111 uil. 
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160 C. C. TWORT A.VD J. D. FUl.TO,\/ 

Distill at ion. 
In a. previous pnper we have gi\·en uetails of uistilfation cxpcri­

inents on t,.vo oils which were actuolly used in the cotton-spinuiug 
industry, tho cli8tilla.tion.<1 being for the most part ca.rrie<l out under 
reduced pressure, a nitrogen leak being used to pr,m:int o.:ci<latfon. It 
\Vill suffice here to give a. table of our final results (table !). 

Oil n11saber. 

1. w:1ole oil 
J.iJ-385" at i60 mm. • I 
3S,;-420· I 

• 1 

3. \\" 1olc oU ! 
i(0-42O• at TSO mm. 
2tt. -300• at 12 mm. . , 
30C-380" 

• I 

IV ou of lint 1umou. 

\f&rO. I ltpi~4•11<1ms. 

51st .'.i3rd 

:?8th 3Sl:h 

35th ~0th 
25th 31st 
:J2nd 
23rd tSth 

' 

---
Ottr:>1 :o::i or i 
u~~:nt!..f. , 

\\"irta. r:_,it!i~Homu. ::1 .,..,,1..1,. l 

lli7!: i 
i 52 
I 
• jl) ' 

0 1 
0 0 
6 ¼ 

1 2 
s 2 55 
l 0 52 

10 ll 50 

Th{:se results were encouraging and led us to belie,e th.it L,y 
distilla.tiou a.lone we had a.t hand a. 1nen.ns wh.~raby ~e conld quickly 
estilnate the relative carcinogenicity of Llifferent petrolenni oils. The 
concentTation of the to::dc compouenrs in the b.i;her boiling fractions 
was most stTiking. Ottr subsequent Llistillarion t?~periments 1,ith 
a.merico.n petToleum oils leit us less sanguine about this method of 
trmtment. Oil i, n. mo<ler:1.telr he:.wy gm.de oi penn:;yh·ani:in oil, ,.as 
distilled under 2-3 mill., five fractions being ol>t:1.iued with a boiliog 
range of from 180-315° C. Each fraction 1'\"ns c,u-efully reimctiona.rc,l 
once. When. applied to tho backs of mice the whole oil ;;::ixe us only 
two, nou-ma.lignan.t tumours in ::ui expe1·iment lastiu; oYer 60 weeks, 
the first tumour ,ippcariug in tho 26th week. Coutrary to our 
e.~perieuce with oils 1 nnu 3 there w:is no ob\'ious concenti.-ation of the 
active a.gent in :i.ny of the five Crnctious oi oil T, ,l sin:;le tumour 0ul:,· 
being obse1·vod n.moug tho 300 n11i111nls utili.;;e,.l iut· t:1e experimt:ut. 
Oil 11, a lighter gr.i<le of pl:'m1syh·,111iuu oil, was di,·h.leJ into c,;;0 

frnctions by tliscilliug undt.!1· U mw. The fraction i:iuiliug belo,v 300, 
a.nu the i·esi<lue Mt iu the tlask: l>otu i.iiletl to induce tuiuours in u1ice, 
while with the \Vhole oil a solitary tumour w,1s vl>::;erwd iu the 
-.0th week: of the experiment. Si1uil,11· di::;tilliltes were 1Uade from 
oil 9, a. califor11ia11 oil, t-his oil pro\"ed to be more carcinogenic th,rn 
any of the other rctim:1l aweric:111 uil:i wo h.Hl S'J i..ir tc-stet! Lut 
J.istillation 1litl nut dlcct any co11cculmLit111 t•C tll•! ,1cu·.-t.! cowpoHcul::, 
of the oil No very dolinite results ,,·e1-e obt.1iue<l with ilistilb.tes 
of a refiued. :u1glo-pcrsiau oil 
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73 
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52 
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55 
52 
50 
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tolt- oil gi:n·e us only 
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Co11t.rary to our 
i c,,-:ceut1·.~tiou of the 
'· s:::;;lo tumou1· only 

,v:.- the expel'imcut. 
\S clividou into two 

,n i.-,)iling below 300~ 
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CARCINOGElv'IC O/lS 151 

Tl111s unr results with distillates of re.fined nmel"ican pcLrolcnm ni111 
nre on the 1vhole too irrcgnlar to he of any-\·o.lue, and indico.te tho.t 
distillation c:umot be nsed with cert:iiuty tol" ~ho co11ce11tration of the 
ca.rcinogeuic substances in these oils. 

IJistillatio11 of sl,alc oil. In view of tho results we h:id. obtllined 
with the a.meric.1.n petrolcuJU oils 1 and S \Ve anticipated that we 
should be ah!e to concentrate the co.rcinogenic substances in shale oil 
by simple division of the oil into t,vo fr:i.ctions. Accordingly oil 8, a. 
refined slrn.lo oil, was distilled at 12 mm. pressure, the fractiou boiling 
between JQQ.;;Go, C. and the r~siclue left in the fln.sk ouly heirn; used 
for animal experiments. Tal,le II sho\,S that we have effected no 
concenh-ntion whnte"°er, exc~pt pottsibly in the low Loiling fraction 
which we did. not test. The higher boiling frnction will be seen to 
have a. less degree of toxicity than the w-hole oil, ,vhile the o.sphaltic 
residue contains still less of the -nctfre subst::mces. .3. series of 
experiments was a,lso performed with the shale oil under e:tactly 
si1nilar conditions to those just mentioned for oil 7. The results given 
in tahle II inllicate that the m&jority of the ca.rcinogenic substances 
preseut in this oil boil nt a. fairly low te1nper:i.ture, conti'llry to what 
was found with oil ~. and confirm the results obtnined ,vith the ftt-st 
e:xperiments where the oil ,vas distilled ltnclt!r 12 nun. 

T,UltE II. 
F,-acti011a.l di,tillation oj ,hale oil 8. 

We.I< or nna tumCIUl'. 1
1 

Tobi nambor of tumcnsr11. ! PtTee11tA1• , ofllr.ai; 

------- --------1 "t'~'!:r:•~~I; 
· Eplth~ion1111. j .?lich Wffl.. \ru: Jtpi~!.~~:oms. m,ns. 

--- ---··· 
\Vboleoil 17th 25th 13 18 42 
300-360' at 12 mm. 22nd 26th s 10 11 
300-360" residu.: 

: I 
3-1.th j 

140-221)• <Lt 3 Ulm. 14th '.?!Ith 10 
220-2-to• 16th 32ntl 20 

I 
240•2CO• 2c!th 31st i 
260-2S0' : i 16th 4 
2so-;i1s· -tdth -1.Sth 

0 0 
2 44 
j 23 
9 s 
0 12 
l 0 

The ch1mtion ,,f each experiment mu 50 weeks. 

Iu order to test \'\'"hcther during the process of dist1lhition nny 
decomposition of the c:trcinogeuic components takes pl.ice or \Vhether 
we \\"l'rc m,rnufacturing the sul>st..'\uces from pre,·iously uon-c:u·cino~enic 
co111pou11ds, ·we h.1rn ::mbj~cted rn-o oils to distillation llml utiliseu the 
who!~ eombiuctl distillate for control experiments 011 :,,uiw1ds. Our 
l'f:',;ults do nut :!t.'l'lll to iudk·:\te that th~ distillation processes effect the 
oil~ to an appr~eiahll.l rll•grce. On the wholu it seems tit.it possibly 
distillation renuers an oil a, little more c:i.rcinogeuic th:111 it wa,; 
pl"l',·io11,-J_,·. 
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159 C. C. TWOHT AND J. D. FULTON 

Eztractio,n, u:-i.tl~ methyl sulpha.ta and sul.phila and picria awl. 

Extraction oi oils \Tith 1Uetbyl snlph:i.te provetl of limited use as 
a method of concentration of the carcinogeuic principle. Both tho 
extract o.nd the residual oil, in the single e~periment which ,ve have 
performed, turned out to be less carcinogenic tho.n the original oil from 
which they were prepared which rather indicates that some o.t le:i.st of 
the active substo.nces have been rendered inert. 

T .. .BLE III. 
1'he co11Ct11tnitio" ()j oil, b!I 1M<i1u of 11Utll?1l mlphite, ttr.. 

Oil number, etc. 

1 Weel;; of !In; tulllOIU', \ To~I aum~er at tlunoan. \ Dltl"ll~loD 
I ~-
-------. , -1 ,onmeaa 
i ll'art. E;,ltlleUc- : \\"art,. j Ec,iU1wlio111M. ! ·11 wffb. , ______ _ 

3. Whole oil . 
Ext?'ILctCHR l 

7. Whole oil 
Extnct C 
Rcaidue C 

35th 1 59th I l I 
l~th 17th ' ll • 

'.Mth 
loth 

lith 
:!3rd 
:?0th 

40th 

26th 
35th 
35th 
36th 

2 
9 
0 

13 
I ·13 

l 
2 

0 
0 
0 

:. Whole oil 
E....:tl'llct A 
Residue A 
.::.'(tract B 
Residue B 
E."ttrnct C 
Residue C 

. , 11th , 
33rd ; 

30th 
~➔th 

20 
H 
0 
i 
5 

IS 
3 
6 
13 
0 
l 
5 

ll. Wholeoil 
Extnict B 
Rci.idue 6 
Extract C 

I 
Residue C 
Extract CR 

17. Whole oil 
Extntct C 
Residue C 

23. \\11ole oil 

Extmct CHtl. . 

~t.\. 

•• B 

3ith 

10th 

.;oth 
l~tb 

!5th 

::oth 

31st 

49th 
lSth 

I 
0 
0 
3 
0 
s 

5 
0 

0 

)[ethyl sulphate extr:ict. 

0 
l 
0 
0 
0 
2 

I 
t 
0 

0 

0 

)[eth;l sulphate-p~cric ncid extrnct. 
){ethyl sulphite extntct. 

70 
27 

60 

" 60 

50 
45 
.i0 
45 
60 
40 
~o 
!10 
38 
60 
!5 
GO 
45 

GO 
•15 
tiO 

l'en:e11ta1111 
Of :.IIIIWlla 

bean1111 
tumoara"; 
IOlll Wtolt, 

0 
0 
0 

40 

0 
IS 
0 

I o 
(:mh week) 
I 20 
,(2·1th week) 

C 
CR 

,. CHR 
)!ethyl sulphite remot'ffi under reduced pressure. 
:iicthrl sulphite extnctfon with hc11.t. 

The adLlition of picric n.cid to the ,uethyl sulphn.te enabled ns to 
prep::tre c.::ttrncts which were consider:i.bly more potent th:i.u the origiual 
oil, the residual oil being o.t the so.me tillle depriYeLl of most of its 
cart'inog~nic aeunty. Ho,~e,·er, the majoriry oi our eicperiwents were 
performed with methyl sulphite, the e::ctract obta.i11cd being greater in 
,·olumo than that obtiline\l by tho soh·cnt! previously mentionc(l 

, 
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CARCINOGENIC Oll.S 163 

Here <1go.in the extracts were much. more, and the residues much Ie~a. 
carcinogenic than the original oils, hut "e hiwe not yet decided whether 
this method or the methyl sulphate-picric ncid methud is the more 
satisfactory for the routine diagnosis of oil samples whie:h are to lie 
used in industry. One or two of our experiments ro.ther indic:i.te that. 
the latter method is the better. This is seen by the high degree of 
activity of some of the extracts and the inertness of some of the: 
residual oils. Picric acid in :ibsolutc alcob.olic solution. is no,v being 
tested as selective extractin~ a.~nt, and bas given posith-e results. 

The result., of the:sc in,·estigations \\ill be best appreciated bl' 
referring to table III. Note the diftere!lcc in. the figures relating t~ 
residue 8 B and rP.sidues 8 A and C. The utilisacion oi hes.c and the 
removal of tho methyl sulphite under reduced pressure appear lo 
increase the yield of active substances. Tb.is is shown by the uumLcr 
of tumours and their early appearance with e:i:rract 11 CR as against 
the comparative inactivity of extract 11 C, and as we shall see later hr 
the fact that extra.cc 8 C 'l'Vas apparently less potent than e:ttract 8 CHR 2 
(table V). In our oxpe:·iments we ha~e _ o.~..U .. ed strongly carcinogenic 
shale oils anc.l the re1a.ch-ely weak amcrican petroleum oils. The 
ability of a chemical reagent to effect separation oi the acti...-e 
substances in oils can be demonstrated ';\"hi::ther the oil be weak or 
strong. Tu. the iorru~r case our indication is best obc.1in.ed from the 
activity of the e:ttract, and in the fatter case from th& ina.ctivi~y of 
the residue. 

Frnctional distill:i.tion of a methyl sulphite extract of shale oil 
showed the ,vide boiling range of the 3cti~e compoUDus in the e:s:trnce 
(taLle IY). Thl.15 the discillates of the e:i:m.et did not act in a mauu1tr 
p1u-.i.ll~l to thll.c of the distillates or ,he pa::i: vil. 

T.sr.z rr. 
F1·act/01w.l distilfotio,~ nj a 11&ttliyl ,ulphita utmt:t of .,/1al11 ,:,ii ut 3 mn& . 

i I 

'l\'""k o!llrst tumour. ! To:.il r.11:111:tt or :::=11n- Duntiuaur, 
Oil !mctlott. 

j E:~ttlltl!'!::na. ' 
up,nn1e1.t ! 

1\"~.t. ~·.1,::1. le;r.:i:~l!- [:i wwk._ 

F.xtru.ct C 11th 30th ~ l -I') 

lt-=:iiuue C J::rd 40th s ~ ;ii) 

i::..~tr.ict 1-10-:!:!0' 13th 3:!nd 1S :? .jl) 

2:!0-210"' I l:!th 30th 11 .. l() 

2-l0-21iO• • I loth 33rd l-1, ~ -IU 
260-:!So• I l:?th :.!Olh 19 12 .j,) 

:!S0-~15• 13th ~Sth JO .j -10 

Before wo cunhl ntili:sc ~xtru...:ts uf ot.1.s cor the rapiu lliagtw~i,, ui 

nny p1rtic11l.u- s.unpli!, we h.hl to be Cl'!'.r.,::1 cb,t we were iwc m:11:·:­

faccuring or dc:itroyiui; caNiuog~uic sui.i:lt:1uC!!'! duriug our chl•!1.;, .1: 

processes. The most ob\·ious control w~ to take :i.n oil \Thich w:,,; 
known to he ab~t,lutl·Ir d1ffL,ill of c:u:cL'l."•! :·• :t~cir:~ :11:tivit:,-, :11:ci l" t,-: 
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C. C. TWrJ~i ANO j. 0. FUlT()N 

the e:-ctro.ct obt..'lined. Tho diffi~11lty wns to finrl a. ~ertainly ncgntiwi 
oil which would give o.ny yield of extra.ct at all. Ordinary medicinal 
liquid paraffin has provcrl to bo consistently a. neg:1.tiYe oil hut this oil 
does not yield a trnco of extrar:t when trc:i.ted with methyl sulphite. 
In the o.bsence of any lubric:1ting mineral oil iree irom su;;picion as 
reg:mls co.rcinogenieity a.nd ca.pahle of yielding an cxt-ract, there \'\"ere 
two possible methods which sugicstcd themselves to us. Firstly, as a 
control oil we decided to utilise a min:n-a.l oil 1'\"hich had been pre,-iously 
treated with. sulphmic a.citl, 1vhioh treatment, as '1";'& ha\"e shown (1>p. ,:it.), 
purifies a. carcinogenic oil of its toxic components in a ,ery thorr>ugh 
manner. The refined americ:i.n petroleum oil 3 \'l"as tre:1ted with 
sulphuric Mid in the usual wa.y, and from this purifierl oil we prepared 
a. methyl sulphite extract. If oo residue oc carcinogenic subl't ~r.ce 
remains a.fter the acid treatment, a.nd at the 5,1-me time the merhyl 
sulphite e:c:traotion does not intrndnce fresh carcinogenic compounds, 
then the resulting ext1·a.ct applied to mice should le:icl to the denlop­
ment of no tumours. Our second method of control consisted in 
making an extra.ct of an oil and then re-mi:ting ~ith the residual oil 
left over after the e.xtl-action had been performe-..l. Snch. a mL-.;:tnre 
should act similiu-ly to the odginal untreated oil il during the metL..l"l 
sulphitB extra.cti- n no fresh cn.rcinogenic compounds hu·e been manu­
factured or if none of the active substances present in the origiD,1l 
oil have been ,des~:oyed. We selected for this e.xperiment the light 
pennsylva.nian oil 11. • 

We utilised in this gitup of conn·ol experiment;; 900 animals. ,Ye 
performed three different series or e:c:periments, 300 a~imals being 
used for ea.ch. series. In e!tOb. cnse the e:tcract, the residual oil and 
a. mil:ture of the two substances in the e:s:act proportion in \Thich ther 
were present in the original oil were use<l for the .ipplicat:ioos. Our 
results indicate thn.t there is no ma.nufacture or fresh cnrcinozenic 
substances during the treatment 'l'l"ith methyl sulphite. On the ~ther 
bAnd, there ia quite a. possibility thnt by our e,:tr:ictions 'l'l"e are losing 
e. certain a.mount of the original nctiYo substances present. ~dditiono.l 
control e~periments with shu.le oil :i.re ooing periormeu in order to test 
this point. 

The methyl sulphite extrnct of the :uueric:m rem,lemn oil 3 ,\"hich 
hacl been pre,'iously pnl'ified by me:ms of snlplmric J.ciu foiled to e:s:cite 
the clevelopment of ,\ single tumour, the duration oi the e~erh:ueut 
being -:1:0 \\"eeks. This is the only firt1t e~trnct of an oil \1"hich in our 
experience hns pt·o\·ccl to be totru.ly deYoid of cnrcino~enic :1.ction. The 
expedment shows how completely the sulphuric acid tr~atment bad 
reu10Yecl the to:cic principle of. the uriginnl oil lJesitles pro,in; that the 
·chemic:\l processes of tho lllnking oi the extr:1.ct tlo n• ,t le:Hl to the 
nutnnfachu·o of c:irciuog:cnic subst.1m·es. In c::tu· cw~, ,;eri~s uc exp~ri­
ments with oil 11 Luth the pnre e:ur.icts ~·ere carcinogenic while both 
the rosidnt\l oils (1.llll both tho mixtmcs of e:i:trnct and re!itlual ,.iil ~·ere 
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completely oega.tive. The controls a;:ain indicate an a.bsence of manu­
facture of carcino-;enio substauce!! rluring our chcruico.1 processes. le 
will ba noted that- we have spoken n.bo\'e of the first extract of an oil 
as being the only negative extract we have met with, the reason bein~ 
tha.& we have found liy taking a series 'lt extracts from the residual oil 
of the first e.xtr:ictirJn we may finally ol,tain an extract which has uo 
carcinogenic properties (see table V). Thus we found that ou1· fifth 
exti·act of shale oil n-o.s colllpleteiy nega.tivc which is llI1 adclitional 
proof oi che fack ,A change in the c0mpositio11 of the oil Jue to tbe 
me thy I sulJ..1hite ex tr::i.ction. 

'!ABLE V. 

Fra~tif>na/, TMthyl suip!.itt extraction of s/1.a/,~ r,i,l. 

\\"hole , ,;; 5 l~th ~-lth I!! 18 50 ,. 
-~ 

E.~trnct Cl 11th :!Qth I l -lO 2; 
C'i.R.:? . Uth lSth 11 ~ :n ~3 .. .. 3 1..:.th :lt!tb s 3 -lO 3:: .. .. -l '.!':lad ti 0 40 3 

: P.~idue C. 1 . 
5 0 0 44 ') 

3:ird 4t!th 5 I 5 50 0 .. CHR!i 0 • : 0 ~o 0 
I 

It m:ir be chough& that w-e hase utilised an unnecessarilv !.ar;e 
uUilll.1cr oi t1:ii11:.1l3 ns controls. For our pnrt howe,·er "-~ ,wre 
c,:,u\°iu~.;,,.l tlilt ii w~' ,..-e1·e g,1iug M u:,: ..111t

0

1UethvLl wh,tte,e1· for the 
quick Ji.l.guvsis ot au oil we w~1·e bot111Ll to be as ce1·to.iu as possible 
thut "e \'\"cl-e neither dt!st::oyiug nor manufacturing the acth-e caucer­
proclucing compolUlLL,. Ii \'\"8 were not rensonably certain thut this 
wns the case theu no reliance contd be pla.ced on the results obt:l.iued 
from each indivichml test. 

E.rtnrction tL"itlL .:tlt:;l alcoliol. 

Alcohol extr~ct,; h.1 Ye h._•cu 111,1d.:- fr.,m sb: auwricuu petroleum oils 
,tnll one shale oil; tlt!t,11ls ~)i tht! ext1':lctivn having been ginin cls1::where 
(op. ~-it.). 011 the \'\"hole, with the pccroleu1u oils we have efftlctetl J. 

cuncc:it!':Hiuu of the c::i.rciuogeuic :mb:m1uccs in t.he extract, although 
our rcrnlts (tal,le '\""I) are ~ .. ,1uewhac irrcguhir. Thi! a.uitllitls !Jniutcd 
with the sit.de uil re5pvnde\l in ,i peculiar mntrner, fo1· w·hil~ the extract 
i111ll':.1:c-l but icw tnm11ur:; ,1:S cvmp.u·cLl with the origin.ii oil, tho residue 
r'.ti!t· t r .. l'X,·ir-~ t!1,: t1._,,.,..:,.,pttwn~ l'i llWl't.l than ,L ~inglc ttm1um·. 1,\0 e 
ha,·,: ,1•·:·. uL1ta•..l .1 .:'."~•,l cic:tl lll''-'11 the l'l':rnlls uf thu shale oil uxpcri­
ments, aml the oul:,- re-.1.sou.ilJlu conclusion justified at preseut nppc:irs 
t~• l.,c tlut the l1nlk <.•t tht:' L':tn·im';;<.·ni~• ~ttb:itaucc:s h:ivc wen n'jer:tc,l 

~ 
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in the second alcohol resiclue. We are proceeding to test this residne 
on a.ni.mllls, but sb.lll not. he .:m.rpri.sed to find that it has no very great 
carcinogenic activity. w·,~ ima;•-ine that something more subtlo lrn.s 
happened, aud a.re testing the a.dmi.i:ture of extrnct ilild residue :i.nd o.t 
the aame time we a.re studying the questfou llloug other lines. 

Tuu: VT. 
1'/,,. n:tr,1•:li?1i '!'° oil~ ,,.ith (1/cr,l,,,J. 

1\".,.~ ~, Gl'llt :11:0,:r. T<>:.>i i,u.mberoCtumour.. ; l.l!U:lilon of I 
Oil uu.mbu, eto. ----- ---1 etprr:rr:,mt 

1 
l'l"a:t. l::;>'1!.li!o=. W'ar.:~. &;,itllellom111. i '" "'""111

• J 

; I 

3. Whole oil . ! 3:ith ~jth 2 ! iO 
Ex•n.ct I 

ldth 0 38 • I 3 

7. Whc,ic oil . - I 2Sth :! 0 G'l 
Ex:rnct . I Uth 7 0 i:i 

11. Whole oil . • i 49th l 0 60 
Extruct . l 0 0 30 

9. Whole oil . 19th !.:Hll : I 60 
Extnct 31Jth :! 0 45 
Res;due iJ 0 40 

8. Whole oil . 17th :Eth 13 1S 50 
Extract l~th :?,th ~ l ·13 
Reaid.ie -13rd. 0 50 

l O. \Vhole uil . 0 0 iO 
Extnct 

4 i 12th 3 0 27 

23. Whole oil . . ! 0 0 2~ 
&.tract !:'th 2 0 20 

! 

'\Ve have obtained our hi.:b..:;r c•:::•~entro.tiou of the cnrciuogenic 
components of shale oil by maki.t.1 an alcoholic extra.ct of a methyl 
sulphite c.-..:tract of oil 8. In mice painted mth this double extract tho 
first tumour a.ppenred ou the sixtb "eek, and 1 i l'l"eeks after the com­
mencement of the e~ei-imenG Go per cent of the a.nimals :i.lh·e ,vere 
bearing tumours. 

Purification. b!I means of ~1tlpliuric _acid. 
The oil wa.s shaken up 'l'\"ith SC:.!!! successh·e quancitics of con­

centrated sulphuric aciJ till th.e el'.t'!'l~teLi l,1rer l'l"as oi the sallle colour 
as the origi11a.L Petroleum ether as~ists tlie sepnrn tion oi the oil. 
Excess a.cid \V:\S reruoV"e<l by successi,e cre:1t1nent with alcohol wnter 

, and ether llml the solution dried. o\·er poc:issium ca.rboua.te. Om: tiual 
results with four oils before and o.iter treatment with the llCid o.1·c 
given iu table VU wherein one c:m see hol'I" thoroughly the oils hnd 
been detoxicated (see C. C. I\t'Lirt :inll H. R. Iug, La1H·ct, 19:.!S, i. 752). 
It remaiucd to be seen hl,wt.',.,_.!' w~:.:i:1L·r the oib w0rc t.'ntircly fl"l•ell 
of th~ir c:irciuogeuie principl..-. In tirder to m,·estigate this point we 
ha.ve performed two concenlra.tion e::i:perimt>!lts, oue by wenns of 
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2 iO 
ri 38 

() 60 
0 -l;i 

0 00 
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: 43 
0 50 
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distillo.tion :i.nd the oLher by me:llls of methyl sulphite extraction. The 
latter e:tperimeots ha.v.e already beP.n mentioned when we were dealing 
with the controls as to tho manufacture of co.rciuogeuic substnnces rluring 
the extraction. lfor the distilln.tiun experiments we utilised the s,ime 
oil, i.a. sulphuric acid tr~ted oil 3. The oil wa.s distilled at 12 1um. so 

I 

I 

T,\JII.E VII. 

Tl1c p1trift,catim& of oila lnJ mcan.t of n1lvl,m-ic llC'l
0

d, 

! I ,r..,k oftll'!!t twnour. Toti! •ambfor oftumoun. , Dl'lm,::011 o_f , 
OU D IUD...,r, eco. 

' , I ,x;,..u:eo. 
1 

\Tan. I .:p,u.,u- 'l\'Artl. I li:p,Chtllomu. :r. WNb. ! 
I I 

I 

3. Heavy fnlction . 23rd 
I 

18th 10 I 11 
Sulphuric treated ... ... 0 0 

S. Shale 11 17th 21!1:n 13 18 
Sulphuric h'e:ited ... ... 0 0 
Sbllle 6 . . 15th ~th 12 10 
Sulphuric trented ... 0 0 
Hea'1" fnlctioa . 22nd 25th 8 10 
Sulphuric treated ... . .. 0 0 

Sulphuric act-l tre:ited oib pve 0 tumours in ,oo ILllima.111. 
Untrea.ted oils pve 92 tumours in ,oo a.aimala. 

I 

i 50 
~s 
~o I 

I 

70 : 

! 
io : 
iO 
50 
;,) 

as to give us two frs.ctions, one consisting of the oils boiEug up to 
300° C. a.nd the other of the reshfoe. 1'hese two concentrntion experi­
me.o.t.s ha.¥e not yielded any tumours, which le11..,.es us assured th:it ar 
lea.at no more than a. tl:ace of carcinogenic substance is left in the oii 
when it is treated, according to our procedure, with sulphuric acid. 

TT,,, o~tio-n of oils. 

Ozi.dation by means of pm·, o~!J011. at 150-160° 0. ODdation was 
first o.ttempted by bubbling oxygen through the oils at 3, temperature 
of 150-160° C. for '.?.Ji hours. We selected for these experiments three 
oils which we had already shown to be highly ca.rcinogenic, viz. shale 
oil 8, a. methyl sulphite e:s:tract of this oil ruid the high boiling fraction 
of the american petroleum oil 3. Ti.l,ble VIII shows tha.t the o.xido.1cion 
has rendered highly potent oils 1J.huost inert. Sha.le oil, for e:s:,:unp1e, 
after treatment resembles in its nativity 1J. lowly ca1·cinogenic petroleum 
oil. The figures rehting to the total number of tumours i11 extract 8 C 
a.re lower tho.n they should be owing to the hea.,•y mortality among 
this particular balch of aninmls: ma.ny other e:tperiments with this 
e,:trnct ha.ve shown how very high is its carcinogenic nctiYity. The 
physical p1·operties of the oil wcro entirely altered howcn•r by the 
aboYe Lrca.tment, :md althon!!h tho method is ctlicu.cious in dl'stn>Yill!! 
tuxic agents (!:<:perimcutal ~onditions for obvious re:isuus lrn~l t~ ~ 
:ilterecl. For this reason we ha.Ye c:ul'ied out similar e:xpcriments at 
the tl'lnp~rotuJi' 0! the stc:1111 halh with shale oil, wllL'n little cluugc 
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in the chnrncter of the oil results. .ls far a., we cRn judge from the 
present state of this c.:cpcriment, oxidation a~ 100• has effected a 
change in the cm·cinogcuic potency oi the oil, liut much less than \Vas 
the case with oxidation at 150'. 

T.uiL.E V!IT. 
Ozidatio1, !&nrl rtrl~tio,, of oil,. 

WMlc or ftn\ tamwr. I Tc.~I n=!ier ottamous.: 0-:nt!ou • I'!?C!GI~~ 

ct •-r- I c,fl:'"1:i; 
OU nwnbff, etc. :1:i.w..1.l• t.eu·. 

'\T'an. I .&:plthallomL I 1 1 ~~~i.: .::= nu:1iour< 
"'•r-~. : l::;::b.tl!l>IIIU, l IA ~ i ~~ ~t!,. "'"""•: 

I 
I \ 

8. Whole oil . 17th 26th 13 IS 

I 
fO 23 I 

I ! OxygenAted l~ o• 33rd i ; 0 iO 0 

I 

... 
i I 

8 (2). Whole nil . 9th 22nd 15 ' I 30 ~o I 
Ox}•genated 100° 15th '21st 12 I 3 25 2, I 
Permang:iruLte . 22nd ... I l i 0 I 25 

I 
3 i 

Reduced . ... ... 
I 

0 l 0 I :o 0 ! Gel 21.st 2 I 0 215 
I 

3 ... ' \ ,. residue 18th ... I ~ 0 25 12 

3. 3oo-aso· 23rd 18th ' 10 11 :a 5 ' I OxygeDAted 150° 0 0 .. 0 ... . .. 
I I 

,, 
I l 

8, :i:.xtract C . 11th 30th T 

I 
l ,tt, 15 

Oxygenated 150" 24th ... 5 0 I st(• 3 
' ' 

Oil 8 (2) wu & second sample of purified shale oil. 

.As oxida.tion a.t 100° C. i::i noL nearly so eft'ecti't'8 a3 on<lation at 
150° C. in renderiDg the oils less to:,:ic:, we ba,·e commenced a. series 
of experiments a.t the ordinnr:· temperature with c:e:-rain orgnnic 
salts as catalysts, of the snme natme as driers used i!l paints, both 
in the p1-esence and :i.bsence oi ultra-\·iolec light "bich is known to 
be efficient in the promotion of 03:ygen 3.bsorption. Ca ralysts ha.,·e 
also been employed at 100° in further e:i:periments. 

Pt:rmailf)C1,nat, o:r:idntio1, of sh.ale oil.-Tue oil in this case ,;ns 
shaken ,vith slightly a.lk:i.line aqueous permanganate for ,\ number 
of hours wheu a. compar:i.tively small nmount of the o:tidising agenc 
was reduced. On removal or the precipit::it~d Jfo3:hle by sulplmr 
dioside the oil was taken up in ether. cirit:!•.l .inu rhe ~ ... : \·~11 r remoYeu 
finally fa -r:acuo. This method oi tre,ttwent t•i the oil has etl~cteu 
a marked change in its carcinogenic ncti\'ity. There are :u present, 
25 weeks from the commencelllent or the cipplications, 3 per cent. of 
tumours among the anirunls trenretl ~irh tht:1 o:s:iJiseJ oil rrhile a.t 
the 25th week 50 per cent. or tho contrtll animais bore tumours, 
three out of 15 tumours beiug at that time mali~nnr. 

R~dut·tit,11 if 11i[~. 

Up to the present, reduction experiments ha\·e only been performed 
on shale oil. Ca.ta.lytic reduction of th~ nnh·ented oil cc,ul,l not be 
can-ieJ out 011 account of thll :mlplnu· wmt<.>nll,i.i l'ri:~..:i.:~ [".:ti~oniug 
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the ca.talyst but tho reduction wa.s cffccted by the action of sodium 
on boiling 11myl 11lcohoL The reduced oil \ras founu 11pp,uently to 
be free from carcinogenic prope1·ties, thore being no tumour form:i.tion 
11.mong the animals pn.inted for 40 weeks. The reductio11 by catalytic 
men.as we teel would ha,·e gi1,•en us a. n1ore exact knowledge oi the 
chemical nature of the toxic compounds respr.,nsible ior the carcino­
geuio properties of tho oils for the changes brought. about by this 
means :i.re limited. We hoped to got rid of the sulphn1· compounds 
by means of ::i.dsorption hy silica. gel, but in this we were disappointed 
aucl a suitable method for the complete remo,al of these objectionable 
bodie:: ·1!'.s still to be found. 

Silica !]el cr.dso1-ptfo.11,. 
It is well kno\vn tha.t silica gel on a.coounc Qt its structure possesses 

certain physical properties whereby, a.s the result oi ~w·faca tension 
effects, unsaturated bodies a.uJ. certain st1l1:,hur c-ompl)unds can be 
remove;:}. p.oferentially from a mixture. Pl?rcolation of oils through 
a. long ceiluniu. of silice. gel was carried out in nn ende3,our to remo\·e 
the sulphur pL'Osent and a.llo,v of_ c:i.talyric reduction subsequently 
being earned Oltt. In this we were unsuccessfol in so far as sulphur 
still remained in the treated oils. Even niter such trearment the oil 
still contained sulphur bodies ·possibly oi the nature of thiophens 
,vhich cannot be i·ewoved by ti·eatmeut with b,.u:tite, ~ilica. gel or a.iy 
other adsorbiug agent. .a.s the gel in our experimeuts miiht possibl;, 
ha.,e removed unsaturated substances, nnd indeeu our ·e1:perience ha.d 
suggested th.at these were toxic :i.gents, we tleciJeu co c,ury out some 
e=cperiruents with oil so treated. 50 c.c. oi shale oil were J.liowed to 
percolate through :i. column of gel 4½ feet high, abouc GO per cent. or 
tlie oil being reta.ined by the gel a.t the ordinary temperature. The 
amount of oil passing thrntigh was readily increa.seJ. by sream jacketing 
the adsorption tube. 50 c.c. of the oil which had passed through tbe 
gel \Vere a.go.in run through 11 similar column before use. Tlie oil which 
passed was designated "oil 8 gel," while that retained which was 
collected by repentcll cxtr:ictfou of the gel with hoc benzene, wo.s 
design:i.ted "residue oil S gel." The results or these e:tpel"illlents 
(table VIII) ,vere n.t first .1. little pt1z:.:ling as both portions of the tre:i.teu 
oil proved to be less c:i.rcinogcmic tlmn the original oil. .. .U the ~5th 
week 50 per cent. of the control a.uiumls alfre bore tumours wllile at 
this time only 12 per cent. of the residue oil 8 ~el and a per cent. of tho 
oil 8 gel a.uima.ls bo1·e t.u111ours. A possible explanntfon oi the lack oi 
activity ot the two portions vf the tre:i.ted oil is tb.:1t the silicate !ms 
brough~ about poly1uurisatio11 uf so1ue tms.1rnraced uuciy or l.,ollies in 
the oil which we bclie,·e to ha.vo toxic p1·operti1.>s, polymerisation. l•r 
propylcncs in this way hu.,·ing 1·oco11tly hl't'll Jemonstrated. It is well 
lmvwu Lhat nltm-violct light can l'"l~·u1cr1,-,) 1m5atur.1r.:,l lu,dil'::! and 
w~• ha,·,, ali·c:tdr Cll1llllll'lll:l'll ~"llll~ l'Xpt•rilllt'!H:' ::1:1k:1:·.; 11:'l' t•[ t!ii:; [.\Cl. 
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160 C. C. TWORT AND /. D. FULTON 

Dise1wion. 

Fro.ctiona.l distilla.t;iou of oils ho.a yield~ eqntni.dictory results: iu 
some the higher a.nd in· others the lower· .fradiona ha.ve proved the 
moat to:rlc, ..l. definite concen tro.tion of the carcinogenic a.gen ts ha.s 
however been effected by chemical me.a.us. While extraction with 
absolute o.lcohol has o.dded little to- our, knowledge, the use of methyl 
sulphate is much more ni.tua.hle o.s o.n indication of the no.ture of the 
bodies extrnctcd, for example, benzenoid hydrocilrbons a.re known to 
be remo,•ed qua.ntita.th·ely from light spirit by this rea.geut. Picric 
a.oid o.cts in the sa.me ma.oner to gfre in lll&llY cases de~nite stable 
crystalline compounds ,vitb the hydroca.rbona in question. The ,:om­
bina.tion of the two la.tter bodies ba.s pro,•ed particularly v·11.1uo.b1~ for 
removing carcinogenic agents• from oils. lretb.yl sulphite may bo 
shown in the so.me way to remo,·e aromatic hydrocarbons from nils 
by the formation of solid picra.tes in o.lcoholic solution from .he 
extracts. Treatment with sulphuric acid destroys the po\Ve!'ful 
fluorescence of oils, a. phenomeuon connected with the presence of 
the benzene rin~. The resulting oils a.re found to be quite inactive, 
which fact supports the view that benzenoid hydrocarbons "'re 
responsible for the carcinogenic properties. Other e,-periments with 
ta.r and pure organic substances substantiate this ,•iew. Unsaturated 
bodies are usually more ·active than the co1'1-esponding saturated 
substances and it is probable that removal of such 11. body takes place 
in. the sludge formed with sulphuric acid. The active carcinogenic 
a.gent could equally well combine the character.sties of a ben.zenoicl 
hydrocarbon a.nd o. real unsaturo.tcu body by attachment of a. side chain 
,vith double or triple linkages. Treatment with sulphuric acid, oxicl:i.­
tion and reduction could all eqtully well affect certain sulphur 
compounds in the oils 11.llcl experiments have been designed to test 
this point. 

0121" e.i:periments ou the reduction of oils and tars whereby these 
substances a.re rendered inacth'e gives rise to the belief tho.t un­
saturated bodies a.re the active agents. With oils the re11.l degree of 
unaaturation is not reullily determiued by halogen addition as sub­
stitution occurs at the same time. Probo.bly the uusatura.ted bodies 
presen~ are smn.11 in an1ount but acth-e chemic:l.lly. Treatment with 
boiling amyl alcohol ancl sodium conld reo.dily hydrogenate a.o o.romo.tic 
nucleus a.nd aroma.tic bodies will be 01ostly present in to.rs ,vhich nro 
forme<l 11.t the temper-.itttre empfoyed in their prepnrn.tion. Uu­
sa.turn.ted centres preseut in optm chains would o.t the same time 
be Sll.tur:i.ted. With hy~lro~cn in the presl!nco of pa.lfatlium tho latter 
type of reduction tak~:1 place moru readily than hydrogenation of 
nuclei. The fact th:i.t oxygeno.tion e:ce1·ts so profound n cho.ngo in oils 
points to the reactive nature of the toxic substance nncl encour:ige<l 
tho use of ,dkaliuc pl'l'lll,lllg:llmtt.: fvt• the S,ll110 pmpnst>. Only:\ small 
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CARC.INOGENJC OILS 161 

amount of the latter re:i.gent wa.s reduced, which suggests the presence 
of a. small amount of the active agent. Silica gel has in a. similar way 
proved \·a.lu11ble by indicating the possible nature of the toxic bodies 
and demonstrating a. simple (though in the present form not practica.l) 
met.hod for remo\·al: experiments to define the limiting amollllt of gel 
required are in progress. It is well known th9.t sulphur, besides 
effecting more profound. changes, c:i.n remove hydrogen from re<l.uced 
aromatic nuclei with iormo.tion of hydrogen sulphide. Oil treated in 
this way aftex- reduction at 150-160° C. with sodium and amyl alcohol 
yields copious streams of the go.s a.nd experiments a.re meanwhile 
beiug conducted to find whether bodies rendered inacti ,·e can be a.gain 
actfrated by this means. If a. benzene nucleus is hydroger.11.ted by the 
a.bo'>e agents then remo,·al of the hydrogen by sulphur wol!.1-l yield the 
original toxic material nod furnillh a.t the same _time an indication oi 
the type of reduction previously effected. 

Summary. 

l. In fractional distillation of carcinogenic oils the acti \"e aJent is 
sometur.~s concentr:ited in tho higher, sometimes in the lowe: fra.ction. 

2. The acth-e agent is concentrated in extracts made ,vith methyl 
sulphite c- methyl sulph:i.te and picric acid, a.nd the procesz is useful 
in testing oils intended for ir..dustrial use. 

3. There is no evidence that carcinogenic substances are mo.de b~· 
fractional distillation or by the processes of extraction 1:sed. 

4. The c:lrcinogenic activity of an oil is mll.ch reduced or co:npletelr 
remo\"ed by c.:ttrnction ,vith sulphuric :.i.cid, by o~dation and by 
reduction. 
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FrG. 1.-A low power ,-iew showing the papillary and tubulur arrnngement nn<l 

the ncuoliued cells. 
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Pun: XVIII 

.SHORT ARTICLES. 

NEUROGLIAL TUMOUR OF SPINAL CORD. 

W. G. B,'1L."f .. um. 
From r.Tm'wrsity College Ilo,pital Jlw.icaJ Scl,ool, Lqndo,n. 

(Pt.4Tll XV!II.) 

This specimen consi.stiug of the spinal cord and a. small tUIUOUl' n.pparently 
growing from it.s mcmhrnnea \,aa brough, to me for diagnosia. It appcu .. d 
reasonably certain th11.t the t1unour w :i.rison from tho cord; the only point 
that \VU uot clear \VM whether there wa., any lllll,Cl'OSCOpic evidence saggesting 
that the gt'O\\"th had a.risen from :;ympathctic o.ervcs or gn.nglia. and had infiltrated 
the spinal canal from without. This possibility bll.d not been thou1ht of at in..i 

post-mortem e.uminatioa o.nd so, althou!{h nothing w:a.s noticed at the timl' 
to suggest it, such an origin cnnnot be excluded. 

The tumour formed a. plaque (3 x l.a x 1.2 cma.) over the polterior surface 
of the dura. in the region of the lower thoni.cic segmonta of the spinal cord o.nd 
inliltl'llted the Jami.nm of the corresponding thoracic vertebra. The inner 
surface of the dura. wa.s free from growth, and though adherent to it t.b.e 
poaterior root ganglion Trn.s not inliltntcd . 

.llicrosc:opic.-Th.ere h11.d been old a.nd recent hemorrhage- into some pa.rt.a. 
and other parts of the tumow- ,vere necrotic. Elaewhere the conspicuous feature 
of the tumour wa.s its papilla.ry and tubu1n.r a1:r.uigement. The cells co•eriDg 
the papillia a.ud lln.ini,r the tubules were for the most part cubical or colmunu.r 
with roW1d or o•al nuclei. :Uoat of these cella bad a. diatinct outline but apart 
from the nucleus a.ppe:ired to be empty. From 1rumy of them slander fibres pass~ 
back to mmify ,nth othllr fibres outsidQ the tubule or in the core of the papill;,1., 
Some of the tubule:, ha.d a. delinito lumen while others on examination ,nth 
high po\vers pro•ed to liave a. scanty network of fibres passing o.cross the lu111en. 
Apnrt from the pn.pilliit tubules and paeuJo-tubules, tho bulk of the tumour Tr,\.S 

made up of intcrhciui fibres puaing in all directions from cells having oTill. 
nuclei similil.r to those c,f the cells lining tubules. Both the round nuclei of 
the vacuolated cell.s and tho ovu.l nucfoi haiJ diatinct cell outlines o.ad. well-marked 
chroma.tin. nets and nodes. 

In the cl:1ssidca.tion o{ the gliom:i.t.l. by P. Bailey 1\tld Ha.nay CushiDg 
(Tumours of tl1t ,;;lioma. group, 10:?0) there i! a. figure uwnbt-r 2G b. p. 34 of ,~hat 
they call a. 111edullobliu.to11111. : this, though not so obviously tubular, bean a. fair!)· 
close likeness to the tumour here deacribed. 
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164 T. SHENNAN 

A SDIPLE )IETHOD OF PREPA.Rf~G ACCURATE PEN­
A!i'D-I~K Dr.A \\"I~GS OF SPECDIE~S. 

T. Sar..~A.'I', Aberdeen. 

(Pun: XIX.) • 

In preparing the illtL,trations for :i. rnrcr on tumoun of> mcdiastinum nnd 
lung published in tlw -lounvil (t'ol. :axi., l!J:?8. p. 305) I employed a. method 
which follows out a. su~.,c~tion mnde b)· chu la.tu J. G .. \.dami. The IIlAin point.~ 
of the method a.re surumariseJ nt p. :l':'3 in my pa.per. I h:it'e not l>een ..1.l,lc 
to identify A.cuuni'.s J•ap,,r, but iL w:i.'I one ,lc:Llin; \Tith p11thological chang"s 
in 1utcries, a.nd in micrt1photogrnphis oi th~~,, hu outlineu tho coat.~ of the vc.~I 
in inclia.n ink especially empha.sL,ing the internal elastic lamina, and then bleached 
the prints in !\ per cent. corrosive sul,limate. ·\.n illu.stratiou 011 similar lines­
and t1,lmoist certainly 1Uudc in the same way-1,i!l be f~und in h.is paper on 
"Arrested tlli.iccting ancu11·slllS" in the .1/rm!rt'.cl .lfoli<:al J1J111•11al, \"OI. xxiv., 
1896·6, p. 04j. Theae 11lustrntions are sufficient for the pllrpOSes intended by the 
author, but 1 th.ougi:u: th.i.t the method mi~ht t e cnrried a li:tle further so a., 
to produco slightly more artllltic illustrations ".-hich might be described a., :i. 

combination ot line a.nd stippls dra.wing and "·bich ,,·ould ha\"e the a.d\·a.ntage 
of b,•ing ~'t\pable of reprc,<luction M text lii.,"tl.re;.. T:.e results are seen in my 
illustntions in the tumour paper, but imp1·onmenu coulJ. certainly be made 
on the method by anyone ba.viDg artistic capa,i:.-y 1\nd "·ho is an ei:pert in 
pen-and-ink ,v-ork. I cannot approach to • th.is idL'ni, but r ,rub to show 
how anyone with a. very small knowledge of dr.win;- c:in produce illustru.­
tioas whicl.i are a.t leaac accurute a.nd in which he can, if necesaary, emphasise 
~~- . 

In the lint place an ordinary black and w!iita print i.s made, preferably on 
• matt surface pa.per, a.s sho~"ll in fir. l. On thil print th• outlines and 
detaila a.re dra.ffll in with a. fine dra.wiog pen, using a. good ''"aterproof indian 
ink. This process proTes rather t?oublesome because the iaclia.n hue dries very 
r.i.pidly at the point of the pen and the point tendi to scrape otl' a. "!l'Y snmll 
amount of the gcliltine surface. This collects on the point, and, unless frequently 
'ITiped off with a. piece of folded rilter p11per or on a. piece of old linen, produces 
thick lines in place or the line lines which nre J.esirable. Diluting the ink: 
with diatilled water helps to make it Bo\'\" euier, but dilution is uot essen,iu.l. 
The irreir,:xhrities and \"a.rying shades in the print can be reproduced fairly 
well by the stipple method, tbe fiao dots being placed closer together in 
the darker parts and wider apart in th.a lighter parti or the print. A certain 
•mount of shading c:i.n bo produced by drll.n-ing closaly set deliC11te pAralld 
linea in the parts which a.re ia sh.ndow. For blocking out, a. fine camels' hair 
bl'U5h is useu. 

In fi;-. ~ my a.im wa! to block out the mmour so as to ~uo,'" its reh\tion bot.h 
to surrounding structnre:s a.nd t.o the hronclliec!:i.si.s trbich was a. prominent 
feature, but outlining the gro1'l"th, aud stippling in its irreguwitie:s would bav!l 
shown it up almoilt as dll:ldy. 

Alter the· outlining aad $badiag ha.\"e been completed the ne:t procedure 
is to diacrurgo the print. Occ:1.Sion.a.lly, one 11:ay \'l"i.sh to preser.·c some indication 
of it, and if llO, it should be trl!ll.ted in •• hypo ' solution to 1Ybich sufficient 
potusium forricyanide has been adJed to i;i-r-: ,\ p,de y,:llo"· colour, or in :, per 
cent. 1\qncoua solution oi .:orro:;iYe :;ublim:H~. In l,rJcr to di:;chan,,a thu pboto­
gmph cornplett'lr and rapidlr, I a11plr iodine solution trhicb. i.:i followed by 
trea.t.ment with .u:icl "hypo." The print is tre!l.ttld 1nth I per cent. watery 
solution of iodine until the p:q1er i,1 .,c a d~.:p hlu.:-hlack colour. Th11 i:1 then 
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PHOTOGRAPHIC DRAWINGS 

rinsed in wa.ter and trca.ted with acid "hypo," that i.,, hyposulphite solution 
containing citric acid~ 

Formult1.:-
(a) ~ per cont. "hyJIO '' 
( b) citric acid 

hot water 
(c) sodium sulphite 

hot water 
:m.x (b) a.nd (c) o.nd a.dd to (a). 

20oz. 
!-o:r. 
l oz. 
½ oz. 
l oz. 

This quickly di.scho.rgcs the blue-black colour and reproduces tbe ivory '1\-hite 
colour of the pa.per on which the indiim ink lines and dots stand out ,-ery 

Fro. 3. 

distinctly. After ,vn.,hin,; for a.bout n.11 hour in running wntcr it is llllow,d 
to dry. The treatment cn.n be rupe.'\ted if tho µrint is not completely disd1n.r:~d. 
Ono cnu then compnrc the drawing with tho ori!,-innl prc1~1mtion :md w1:h 
another print of it, n.ncl dr:wr in o.ny 1mrt ,vhich has been inali'l"crtentlr omitted 
or com.'Ct or ompbn,.~o details. ~foruovur, .i.ny lines which pro'l"c to be too 
h,-ary cnn he reduced by scn\ping with n. sha.rp pointed knifo. The r,·mlt i:1 
~huwn in the te:ct lii:uro (lig. 3). l:'i~. :! an,l 3 lm,·c h,•1•11 pre1~m.'tl fr\lm th,• 
,,amt' print, tig. :? ,\ftcr inking a.nd fig. :1 after the final hk:whin:;. 

The m1:thou can of couae bo l\pplied uqunlly well to ruil:ropl10toi;raphs. 

I 
i 

I 
M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology…
ACL Doc 13405 · Page 186 of 193

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/186

https://asbestosclaims.law/library/13405/186


I 
i 
I 

1 
I 
I 

! 

( 

---------- -- ·-· i 
' ------.. -, .. ·-------·•·••----------·---11, .. ____ oi, •• 111 _______________ --.Jl ..,i - - .. -- - -- m «sett aa n nm .J 

,l 

BOOKS RECEIVED 

llllemer1t&r7 pa.tholostoal luscolon. 

By W. G. BONilD. Londou: S:. 1:. L!wi.s & Co. Ltd. l92S. Pp. SO, 
178 illustmtioaa on 52 pla.tes. 7s. 6d. 

Euentia.lly tbia is a sma.11 hn.11d-atw ~= ,,ementary pathological histolo~y, 
with brief pithy d.oscriptious of tl:.:: :.or'! important. d~l!ase-proces:.o?s. 
Gener&! principl~a.re illustrated by m-!.>::.: of ;Tell-chosen particular instances, 
a.nd the method of npp1-oo.ch is on fo=.:::Jr and conventional lines, e'l"cn if 
the phraseology of tho preface had rai.:::. ',tb.~r hopes-or fears. The ti1nes 
a.re ciul.uged, and it ia conceivable th..: ,~dtnts 11owadays read prefaces ; 
if to, Dr Barnard's will help to ;.-ab :.i::l readers. Th~ illu.strations a.re 
provided by a.n admira.ble serioa of rr.:.~pbotographs aud some drawini3, 
witlt the legeuda on the p&gea opposit: . .l Ulethod by which it is pouible to 
ha.ve dea..'"l'i.ption1 of adeqU&te length ~::~11t curtailment of the sue of the 
pictmes. The text, which hu been reci~:.J. to a. tninimum, dcnl.s clearly and 
sim:ply vith the subject-matter. &ii t:.: book is de'l"oted to in&.mmation 
a.nd the reactions to selected types ct i:uection, on• quarter to nriow: 
regror.sive a.nd progrcaive tisue chac;~5 a.ud the rema.inder to tumours. 
This is a. book for as~ in the practi~i d:.1!1 room. !t: can be cordiallr ~ 
recommended to students of pathology, .uid :he jt111ior student in particular 
shoul.d find it of the greatoat service in !:-:.tiring hil- ela.u slides. !ts price, 
which ia commendably low, pla.ces it m.::.i:1 :he rea.ch o£ all.. There ere one 
or two curioll8 •erbnl sli1>9 (tQ. "ins{li.red food stu4'" 01t p: 10} which tile 
author will no doubt rectify in future editioaa. 

ftptoloST a.ad biclohemiatrT ot ba.=ft'i&. 

By R. E. BtrCLUrA.'f ruid E. L FtrLl1U. London: Bailliere, Tindall & CoL 
1928. Pp. ~18, 78 text figures. 34s. 

Everyone will agree with the authol'I th.,t thare is need for the collection 
r.nd systematisation of the scattered information about the phy5ioloif of 
bacteria yeaata o.nd. mould, ; they now p11blish the first 'l"Olume of their 
attempt to supply the wo.nt. It denls 1-rith ·• growth pba.ses; composition, 
and biophysical chemistry of bncteN and rhdr en-rironment ; and eneri;-etics." 
It ia partly good a.nd will be useful, but ir fdb -rery far short of ,\'hat we had 
hoped for. Inateo.d of n.n encyclo{ltedic -"d!l•larly m?'l"er, tile ,\Uthou ;he us, 
u they frankly confess in the preface, .i rc-rision of che lllcturts on the 
ph}'liolo117 of bacteria and on biophysicul .:h1m1btry given at the !owl\ State 
Collep to students of bacteriology. Tlle re5ult is patchy antl aae-ren. A 
lflO,t part of the book (roughly 200 pnr;e~) i5 tnken up "·irh an account of 
some upecta of phy11ical chemistry ,vhieh might haYe come out of a. manual 
of tha.t snbJect: it ia quite out of place h!!re. Indeed tbe whole work i.:, 
e.baurdly domin11.ted by thfl pbysico-d1emi~·:u outlouk. In consequ,;nce the 
physiology ia scamped. Instead of descrihini; the fad:s of ,uuwrobiosis, we 
h&ve a. pap of superticia.l rcmarka suit.ibl,· for .~ ~choolbook 011 generl4l 
biology and a. reference to nine pases on ,n;iJa.tion-reluction potcntia.~. If 
Prof. Buch.a.n&n wants to produco a book up to his usun.l st:indard he "ill 
ha•o to t.ake it more sorioualy and not be in ;uch a. liurry to throw his lecture 
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:o. Ltd. 1928. Pp. so, 

~ plthological histology, 
,rtant disease-processes. 
•:>sen particular instD.nces, 
,nve:.tional lines, even if 
-~~r fean. Tha times 
owat.iays read prafo.ces ; 
;;. The illusuations a.re 
:ihs and some dral'tings, 
;-y which it is possible to 
t !l!lt:::.t of the sin of the 
~1m-::n, deals clearly and 
'..i.el"o:ed to intlammation. 
one quarter to various 

1 remainder to tumours. 
·:a. It can be cordia.lly 
,or ~ent in particular 
; cla' • ides. I ts price, 
~ r' . There are one 
·a-~ {}. 10} which the 

cl&illiiire, Tindall & Cox. 

s netd for the collection 
_:1bot:t the physiology of 
·1e d.,t volume of their 
, :.h rhu.ses; composition, 
•nment; and t1nergetics." 
·:ir s~ort of '"'hat ,ye had 
·:cy. ,he authors giYe ua, 
. of :he lectures on the 
::h-e.:. at tho Iowa S t:l.te 
patchy .inil uneven. A 

1 ur, with u.n account of 
: c;::i, out of a. umuunl 
1eed tbe whole work ii 
•i... In conscqu~nce the 
,u.-a .;if anacrouioais, we 
:Kb,,lbook on a'11nel'lll 

:cdu..-rion potenti.\l:i. If 
• 1lSl..U st.\lld,\rd he will 
·:~rrr to throw his lect11rc 
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notes into print: he \l"oald alao do well to :wociate him.self with tho 
proCcssors of animal and plant physiology mther than tho professor of 
biophysic:a.l chemistry. 1'he index (in such a. book so essential) is very bad . 
.Anyone who is carious auout the foodstwfa of b"teria will find 11nder 
" hydrogen" only a. re£erence to hydrogen for the hydrogen electrode and 
will not find "methano" at all. 

ll'Utwable TU'UHL 

Edited by T. )I. R:rvns. London: Bailliere, Tindall .k Coi:. 1928. Pp. 
428. 34.i. 

Kno\Yledg~ oi ,·irusu Li WOt'ing so fll.lit just. aow that it would be 
impracticable to attempt an encyclop~ia. ,;,f J.il that is known llnd suspected. 
Wisely enough this \"Olt1me does not contemplate any such exwi.ustive 
treatment.. It conJista of ten chapters: on polio1nyelitis (by H. L. Amo,s), 
foot-a.ad-mouth disease (P. K. Oli~ky), fo':\"l-pox (E. W. Goodp1111t1m), 
insect dise:i.ses (R. W. Glaser:, plant viruses (L. O. Kunkel), cytolou 
(E. V. Co,"dry;, the 1J1e of ti.s1ue cultures (A. Carrel), filten (S. Mudd) : ~ 
these are gl'Od. The beat article is the last-,T. J. Bronfenbrenner on the 
bacteriophage. The 'lt'orst i.i the ieneral introduction by the editor, who 
frankly confesses that. the problem oi what life is does not. interest him, acd 
accordingly makes no attempt to discuss the real o&ture of viruses. The 
whole forms & "'err interesting and useful book lU1d there ·a.ro abundant 
bibliosru phies. 

ll&Ddbuoll dei- btalor.,-.allen Arbeltametllodas. 

Edited by E. ABDBJUUIJ)E~. Berlin and Vienna: Urban and Schwarzenberg. 
1928. 

Part:?83-(pp. 183: lI. 9} cont:lins • long article (168 pa.g,s) by K. Sn.Iler on 
the biometry of irogs, small !~oratory mammals and bir~ a. fl'Y rema.rks 
{8 pa~) on. racial pe.thology by Ao Plebn and aJ1 indifl'erent a.ccount 
(li pages) hr H.Baum of rhe metllods of iujectin; lymphatics. In part :?68 
(pp. 111 : )L 6) R. Schnitzer .,oi'l"e:5 an account of chemotherapy in protozoa! 
iuCedioas and in part 2S9 (pp. 109: )[. 6) E. Lowenstein discusaes toxins 
and toxoid;; \tjtb. a ~ deal or umresting historical lll&tter. The reaaonl\ble 
prie11 at which thia compendium is still iold ci.eserves notice : many german 
books and periodica.ia have become impossible luxuries. 

.t.zobettametllodH. dw 1'Cl.lcZ'obiolo.i,e. 

By ~- J A.."nO: and H. Znn:s. Dresden aud Leipzig: Stoinkoplf'. 1928. 
Pp. xi + 1S3.. 12; text figures. ~I. 13.. 

This book is in.te11ded to s.:?.rve a.a a. complementary volunie to Janka's 
Gtn.mrt ttc-lmirul 111ic-rol.,iol~,r1 (ON;.den and Lllipzig 1924). It is essentially 
a. practical wi.ndbook and :lll it i:s d1:i1i1Jned for tho use of students at tecliuical 
high schools it d0e11 uot dcnl with the medical a.specta of bru:teriolo!!'Y, It is 
quite a good compendium of methods in vogue for the study of bacteria. ,md 
their product6, p:1.rticularly thl,se which are of importa11c11 in industrfal 
procesaes. It C0\"!1'1 a wide mnge of subjects, irom the be.it colour to put ou 
the walli oi :i. 1.,boro.tory to thll ,letails of tbe methods employed in analysing 
the chemical chan;c. 1•ccurri11;: in tht.> ~ari,,1111 prOl"t.'SSes of fermentation. 
Tht!l'I! are rbapttrs 1111 tht ruirn•~cl,pic t!Xa121ination ,,t or1mni.:lm11, methods 
of cultfrMion, stcrili.!,ition aud i:namera.tion, the study of chemicnl changes 
in substrates and the mode oi rroduction of those changes and the micro­
hiolo~m.l ~:tamiu:i.tion of :iir. \\":lt~r. $Oil, etc. The:ie sections :mi on the 
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whole well done and cont.,in much deta.ifod inforroation in a small compass. 
The last chapter (:?O pn;e.~) on t.he identification of organilms is of much Jeq 
'f&IUL It is interesting to note tbe complete omission of a.ll rcforonce to 
serological methods. The illu.stra.tioas a.re poor. 

Dl• Badeutuiiir des &tWr:ula.11.dotht!Ja.lqsttm.1 t111' dU Stnptolcokkemepm­
probl•m. 

By N. Louaos and FL E. Scun:"R mth the collaboration of A. SctnCF.CtBL 
and E. GAE.'ISLEI!. Leipzig-: G'!or; Thi':mc. 1928 Pp. viii +- l<H, 13 
figures and 4 coloured pl.ates. >L 14. 

There are faahions in pathr.,h:.,- u rhere RI"! fashions in clothu a.nd tbe 
authors of this vl)lrlme are certa.:nfr not unf,"l!hionable in their treatment oi 
the subject of streptococc;.J infodon in mice. They are however perhaps a. 
little behind the times, tb.ou:!:i. :1ot much. in tlxe mystic:i.l and almost 
reverent ,-ray in which they u;;e- the terms "physical,-' "chemical," "physico­
chemical," "colloid " .. :iJ ·' rn,m.ooli..m. ~ In th~ couM of the di.musion vP.ry 
great stress is la.iil on t:ie unportanc~ of the reticalo-endothelial system in 
metabolic pl'l)Cesses and 011 the rtht.rionsbip between success or failure to 
combat infection with ~tnntoC')cci a.i:d the ht-ha\'tour of this svstcm. The 
greater part of the w-orl: i& de\'o:e<i to the study of the e!Tect· of chemical 
substances, Iipoids, prou•i:1s. iy~5. hea'l1" metal3 etc., and physical agents, 
X-rays and light, on the inf~ct:,,n And to correl,\tin!J the results obt:uned 
with the etrect of these ,11bstanc!:! 011 the reticalo-endotheliAl system. It 
cannot be said that the :..i:ietssfon is conmcinr. It is not e\'en clear that 
the prolifer:ition oi the c !ll.t oC the sptem described as occurring in certa.in 
infected animals is controlled b" obsemirio:1 of more than 11. few norml!.I. 
a.nimall. The :i.lterations in the blood t>icmre a.re discll!sed without reference 
to the tota.1. counu. Tha ea·ect3 of ,he '\'.rious chemic11.l 11nd physical agents 
employed to iniiuenr.e the cour3t of ili.= expuimenti\l disean are not described 
in such a \V&f as to :-,.:mnit on! to i:omp.i.e the experimental results actually 
obtained with the .:oncl1Uions dra1\"'U from. them. A.s the results o.re 
~ppareutl; not clean cut but ru,m,iy .:,nsuc of a. prolong:i.tion of life in most 
imt&nces it is not pouible for :I;..- re.1.,hr to jud;e oi their v:i.Jue rithout 
mnch fuller descriptions of tht! i:s:r-;ricunu. The case is clearly one for 
statistical evaluation and none ha3 bet!n m11.de. In a fairly long list of 
reference, there is only one to a. rub!i.:ntion in english. 

!te"111: ad'IP'&Daea 1D 'b&ctmoloff. 

By J. H. Dw.¥- London: Churchill. 19~9 (19:?si Pp. 363, 2? illustra.tions. 
121. 6d. 

A bright a.nd cheerful 110.-ount oi m:1n)· ,,i the ~"nn; ed;u of bl\cterk,!t,gy 
-treptoeocci, roughs .1nd sn:.,t,ths. b:1..::cr:s,ph.1.,tt>, extierimental epidemics, 
B. C. G., ,-irtU1:i. pneuc10CU1:ci, ~piro.:il:et.:s and ~o forth. Prof. Dible seetn>1 
to us to have succeed~'({ •1uittl \t'dl in whi\t mu.st hM·e bet!n. a difficult job: it 
would ha\'o been easier to Jo ,\t grMt.er len;Tb. and in a. $m&ll COlll1)11!S he ua.i 

mentioned most of tile chin;s '"h,cb. ~tter in ench topic. A little more 
d<>Sffll\tism might be an impro,;em,mt and the reference~ should be in 
alph1\betical order. It is Jlrob:,bly :L.i ,liifcult t'-' decide whether Twort or 
d'Herelle di$covered b.ictcrioph:i;e M t., be sui-t whether th~ tirst prof~~.iOr 
of 111nthe111ati<:.i in Unfr~rsity ('~!Ir:;~. L•.•!'.,hm ;1:->.11.i-l-:-iT ur Jonnth.tn S1dft 
(166i-17~:o,) i:1 tht only bt;1emr of ·•(~de tl,m.i lm\"e lc$ser liens"; making 
verses, likti scientitic disco,·e~·. is prob..'\blr a proceu, not :\n event. Publishers 
in ~Ie11r11 Churchill's I'°"ition ought to be :\oo,·e m.tkinir the prctl!nco tlll\t 
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:m in:\ sma.11 comr,,,s3. 
:_.c.i.;;m$ is of mud1 l•,~s 
,ic:,n of !ill reference to 

St:eptoco.11:kemepsi•• 

::nn .,f A. ~cg~11:cu.e:L 
:. Pp. viii + !Ill, 13 

:,ns in clothes a.nd thu 
. :n ;;heir tr~atmi,nt of 
u:·e. liowcver periw ps a 

'. i:::;.-.sticn.l and a.Jmost 
, •• c:::.?.mico.l," " phj'~ico­
: oi :he ili~c:,~,ion \·crv 
'-.. i:·:lothdial symm i~ 
1 !:lcet.-::.s or failare to 
• ~-i this system. The 
, ·.!., euect uf ch~mical 
: :·,::.d phr,,i,-al a;;t>nt!, 
• ::.-:: resalts obtained 
·.::::hdial aystem. It 
. ;., :iot e,·en cle:ir that 
.!' .,~cnm11g in r.ertnin 
, :li.lu 11. fow normal 

·,.;,.~r· • · uo11t rtfcrcnco 
1 r. J.ysi.::al u.;en ts 
-~ • not dcscribcrl 
11,:2:_ .esu!ts nctu.i.lly 
, _;,.. the rc!lults are 
i;;:.:ion of life in u;.oat 
·:( :!.eir vnlne without 
·,,s-: i..i cle&rh• one for 

-l fairly lo~g !Lit of 

·t. ~6:1, .:l:! illll!ttnrion;s. 
I 
~ • ~_::•~ t,1( 1 t,lCt•},ri1 .}, )~,~ 

': :~io1e11tnl 1:pid1:01i~.~­
... !'co{. Dible ~.:1:Uh 
·,~,-: ..i. dirlicuit job: it 
1 ,::: .. :.11 .:omp.-w !1c has 
• ·,•·::. .\. little 111c1re 

·:~-.":-.:~" ~lll1uld !,,? in 
. ;~ w!1dh,•r T1\11rt l'l' 

: .. :ii"· rir:-t l'l"Pt· ..... ,,r 
: • I l° ,J._01\.1111.\I\ :-.wiit 
i. ;;~r d..:.1a1 ·,; nm king­

'~ ,mmt. Publish~r~ 
:· ; :ii,· rn·Pt1•1H·,· that 
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their honks are more np-to-da.tc thl\ri thoy are by poet-dating them. The 
title page Sil)'! "10::?!l ": a. copy reached "tl10 editors, by a. nLther deTioas 
route, on December 6, 1928. Two other books published by the sa.me firm 
thi.i autumn art: ,\),;o <lat.?d " 1929." 

C11.D1c&l chemical pa.tholo1r7. 

Dy F. S. Fo\nVl:ATRER. London: Churchill. 1029 (1928]. Pp. 21G, 
11!1 illustra.tions. 8s. Gd. 

This i:I a 111a11ual for the bed:jide, not for tho la.boratory a.nd a.11 <lei1cription:s 
of la.bomtory tecliniquo ,iro purposely omitted. Th.c author's aim is to f,'t'l"e 
the clinici:in .-11 ,,cconnt of the inforlll:\tion that ho niay obtAin from the 
dl1!111ical lauvr-.i.tory, to explain the La.sis on. ,vhich tho va.rious tests rest, 
to gh-e L.elp in the int•Jrrireta.tion oi tho reswt.s, and laat. 1,ut oot !ell.St, co 
make c!oor the p,)in(.:j that the cli11Lcinn must himself attend to in the 
collecti~1n ot' specimen.'!. The result is an o.ttra.ctivo n.nd dbitinct)y- successful 
vohuue th.'lt colh:cts within o. small compo.ss a. m11.U of usefw and otherl'l"ise 
~c:i.tteNd iuiorruntion r1.ccompa.nied by much shrewd comment. The tale iJ 
tvld ,·ery ~imply :\nd cle:i.rly aud the distinction between tests which Wl.'l"e 
prot'ed their worth ::md those oi more doubtful v:i.hus is dr:i.wu with rare 
jud;:ment. A.n admi.1'11.blo present from any clinical pa.thologi:st to his 
{Jt.tcti~ing colleagncs ! The iaiplica.tion (p. 140) that a.ir ever contains a.s 
much a.s :U-07 per cenc:. of OJtygen needs correction. 
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PROCEEDINGS OF THE PATHOLOGICAL SOCIETY 
OF GREAT BRITAIN AND IREL.-L,D 

41A a.nd 5tl, J A.NU JR Y 1929 

The thirty-eighth mectiu; wu held a.t St Bartholomew's Hospital, 
London, on Frida.y 11.nd Sn.turday, 4.th ,uid 5th Jnnuary 1920. 

Communlcatlous and demonstration• 
(Those ma.rited with :.n asterisk are ab..trncted belov.-.) 

J. W. ::i11N'u. 'l'he c.luaidcation of chronic sple1101neply in I3rit:i.in. 
J. S. YouKo. Further obae"ations on the production o{ :1yperplaaia in the 

alveolar epithelium of t.he lung of the .-.. bbit. 
I. Bnx:nu.ui.c. Tumour formation in mice followinr frec%Ulg with carbon 

dioxide snow-. 
L BDDBLlnf. 'fh• modifying influence of mustard pa on the induction ol 

tumours in mice by tar . 
H. J. B. FnT. The syphilitic factor in malignant uiac-.liff. 
J. R. Pul>iu.u. Acute diaeminntod cncephalomyelitis. 
J. G. GUJllfftlI.D.. The enccpbalomyelitia of meula. 
D. F. C.L.PPUL. Th• fate of intn.venoualy injected. izon. 

R. D. P .LSUT, G. lt BoKSD an~ )f. J. Srxw.r.T. The phalOcrtotit of melanin. 
C. P.1ua-Jons. V&mbility of mean di&meten of red cella. 
•F. :e.uus Wun. Generaliaecl osteoiiclel'Olis. 
W. W. O. ToPr.n, K. G:a'Ulrn'OOD, J. Wn.so!f and E. Nmotl>. The nlue 

of v&rioua e.ntipnl in prophylactic immunisation again.st mo:ue trphoid. 
F. C. H'.uPOLD. Furthar eitperirnents upon "heat stable" Sa.lmontlla. precipit• 

i.uogem: (a) group relationahips: (b) tho effecc of <:llltural n.riation.s u.pon 
the production of the " lieat stll.ble " precipitil\ogena. 

A. Fna: a.nd M. RaoD:a. Antirenic variation in bacteria, il1121tro.ted b; l\ 

problem 3riaing in the serology of typhus fet'Ol'. 

R. llacuur Prrr. The off'ect of growiug smooth a.nd rough cultures of 
B. typho,m i.n. serum. 

P. B. WBID. A factor in normal aglutination. 
A. 'l!'umlfo. The bacteric:ulal power of lluman blood to '1.l'lllent pneuu1ococci. 
G. R. E.Lou:s a.nd D. ll'Cu:.uc. Oro,nh. of vaccinia virus in twue culture. 
C. Ft A,_,mu,n:s. Generalised v:i.ccini& in the rabbit : protectiYe action of 

immune serum. 
J. B. Bunoir. Ca.aeons lympha.denitia in sheop (Preisz-Nocard bacillus). 
A. S. STuC!r.lK. Poa$-mortem oxperionce in Johanneabuq. 
R. E. GLOvn. Contligioua pualular dorma.titia of sheep. 
T. D.u.uNo. Lamb dysentery : prophyl.axia with formlllinised culture. 
S. Er.t.ncowoitrs, J. \V. M'LJ:oD and J. GoaJ>u!i. Further obserrations on 

oxidu.tio11 of dyes of tho parnphenyhmediamino series by b.l.cteri.a. 
110 
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PROCEEDINGS OF THE PATHOLOGICAL SOCJETY 171 

J. II. Dmu: a.nd C. WuTBn.u.r.. The splittinr of aneuliD ,uid the production 
of haimolysis by fac:al slreptococci. 

R. Eu.Is 411d C. H. 'IVuI'?TLZ. An epidemic of lobar pneumonia. 
D. N .uillto. The rresent incidence of bacillary d)"leDterJ in Glll4t Britain. 
V. D. ALLllO!f and T. H. AYLJNO. An improved mediam for the isol:ition of 

Con,J'Mbactm""' diplatlu:ria,. 
II. W. Caowz. The aolocti\"e 11.ffinity of certa.in streptococci for Lone tia.,ue. 
•Y. J. Suw.urr and A. C. HADDOW. "Pecalliu- bodinnof pulmona.ry aabestosis 

obtained by lunr puncture in the liTin; subject. 
E'. J. B. F.cT. Three co.sea of chordoaaa. 
D. N .u.+.no. Congenital ayphilia wit.h enla.rpd thym111 ~nd lymphoid. tissue 

hypertrophy. 
D. F. C,1,rnu.. T,ro cues of myeloma.toaia ~ (er) plum& cell type; (b) W1USUIU 

type with tumour-like nodules Md visceral leaioot. 
P. B. Wnrrz. A di6ereatial tea, for ·smooth and roogh bacilli. 
M. J. STEW•nT o.nd S. J. lu.an.u.t.. A cue of chronic peptic ulctr of the 

C1110pbagua (abo\"a p. 9). • 

G. S. \'\"tWA.liSO!f, I. H. ~.ass and R. M'C4DII01'. Ezperimental md 
spontaneciu, 1:-mphadenoid goitre. 

Jou lL Ross.. A •:ue of sphenomeplyof the Foiz ud Roemmele type (J.rcl,. 
d,. mid. ur,., 191j, uiv. 111). 

A. E. BOYCOTT, Hy,mcl&llf"'Jila talpta. 

.Ab9u-acta. 

GENEru.LfS.£D OSTEOSCLUOSIS. 
F. P.1.JUO:a Wn:m. 

The specimens are from an En;liahm&n, apd 38 year,, who '\\"81 admitt!d to 
h011pital in )lay ?9!!1, with Htmne pallor and ;antral debility, a.fter an illneu 
said to han commenced in February 1917. Repeated blooci-counts showed 
senre anemia of "'•rJllla' degree, with • variable proportion of myelocrtes 4nd 
myelobluts, and for • time !Arp numbers of nucleated red cellll (u in so-callecl 
blood-crises). Roe11tpn ray un.mimltion abowed n. poculiar op11q111 condmon 
of the bona ; the medullary cnaw of the long bone, waa badly detined, a.a in 
the so-called ".¼lberl-Sdlunberir )formor-Kaoche11uba.nkan1." No sirns of 
a. malignant tumoar could bo found 411,-Whero; there waa no l3enc:c-Jonq protein 
in the urine; tho W'auermann 1'04Ction wu nepnve. "C'ndcr repeated blood­
tnuuf111ion and ;1£t11n,-arda lh·cr-dfot ho improved n. little, but in Fe:btaa?l• 19:!S 
he contmcttd a !eptic pharrngitia and sup1111ra.ti\"e otitia mtdfa. Sta.rhrloc:occi 
were cuUi'"ated from the circulatin"' blood, a.rd he died on 2!nd Februarr. 

The 'll.ffl"07#Y showed :i. condition of generaliaod 01teoaclft"Olia (t11do1el~rtni1), 
the medullur cnnals of the Ion; bonu boing in gxut. part fill~ up by h4rd bone 
and fibrous tisauc. Tho condition of the spleen, liver a.nd lymph-glnnd.s in.a not 
typical for any kind of lcukamin. In regard to tho cluailication ct the case tho 
!ollo'\\-in; had to be con1idered : -

(1) Tho gl!ncr.ilistd oetc<111clcro1is "l'fhich bu oc:enaionaJ]y b~n noted in 
as91.ld:ttfon with alcnk:t:mic mycl01ia :tnd other typca of leukatmia. 

(2) Tl11.1 coru1timtionul or con,:.-enitlll condition of so-c:,Jlcd II ma.rbla bones." 
(3) Other conditions, especially ucondanJ ostc011:lcrotic autmia, as A. reaction 

to'\\·tUtl4 diffuso n1ilili11· curcinonU\toai.s uf bones. 
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172 PROCEEDINGS OF reE PA.THOl.OGJCAL SOCIETY 

DID[ONSTnATIO~. OF THE PECt-:tIAR BODIES OF PlJL)IO~AltY 
ASBESTOSIS(" ASBESTOSIS BODIES") r:::-; )U.TERU.L OBTA.L.'fED 
BY L~G Pm;"CTURE A..'\D· I:::-;' THE SPC'TO'Y. 

)I. J. Snw ..i.nl' and A. C. H.tDI>O,v. 

L.tti,. 

The oc=rronca of highly char:tcteristic golden-yellow bodies in the Bbrosed 
lungs of a.abestos workers has no,v- been dcmonstra.ted by a. number of observers 
(Stuart lt'Doaalc.i, JJ-rit. J/td. Joun,., 19:li, ii. 1025; Cooke and Hill, Journ. R. 
,lfiffo. Soe., 10:?i, p. :la:?; Tarior and Grie'"t, uni;ublkhdd obsen-11.t.ion; Simso11, 
Brit . . lled. Jou1·,.., 1929, i. 863). Thcr ha'"e been iound in every fatnl case of tho 
diaeue in which. they ba.ve been lookc:d for, including t!ie original caae published 
1,y ~!lll'l'ay (Chari.'llf] Crou lloapitlJ.i G,rr,ttt, 1000) and recently re-examined by 
Dr E. L. ltiddleton of the Homo_ Office (personal co111D1wlication), and they were 
present in the hwgs of a. i;uinea.-pi; ''"bich hac.l been experimentally exposed to 
an uboatos dust atmosphere or.i.m>gl,rdato, quoted by Simson, op. eil.). They 
occurred in 1a.r;e n11rubera in four !a.zal Leech Clls.tS of pulmona.ry ubeat.oais, in 
the laat of which they were readily dtmonat:able in smelll'S from the cut snrface 
of the lunp (Stewart, Orie. Jld.. Jou.rra., lO!S, ii 509), .Ari.ling out of this 
obaern.tion it wu sugatad to one oi 111 b,- Dr S. A.. Henry of the Home Ollie., 
tha.t uploratory puncture of tht lunr mi;ht" yitld poeitin results. So fa.r, thia 
procedure bu been !\ttempted in ~., caAU only, and in one« them asbeatolia 
bodiea were recovered from the lungr. 

A married Wom&Jl of 38, with tif'e children, h11d worked in 1111 ubestoa factory 
since the· ap of 18 11ntil a. yenr a;o, with intel""'ala totalliDr about six yea.rs. i. 
She had a. dry. irritating cou~h with modera.t~ dy.spnca and marked 1011 of 
weigh~ The physical .sigtll 'IT'ere limited to the bt\.HI of the lungs, w~ro thoro 
was definite dulneu with diminilhed bre:i.th sounds and line crepitll.tiom. On 
15th December 19!8 the left b.ue ff'n.t explored with a. hollow needle nnd a. 
minute amount of blood-1taill~ IDll.terial "·ithdraWL Thia was smea.red on 
four micr01COpe slides two of '"hich wero dried, ril:ed witl:L heat Md mounted in 
ca.nadar. balaam; one 'IT'U mmted with hydrochloric acid and potassium ferro­
cyanide, ud one 'l\"U 1tained for tubercle bacilli. 'The material obtL\i.nt.'CI. c011:1iated 
mainly of blood, partly f!nid, pmlr clotted, with au.meroua carbon-containing 
macrophqea. The peculiar Md quite· unmiaw.:enble anlden-yellow ubestom 
bodies wen present in comidern!,le numbers, esp,:ci&lly 1rithin the small blood• 
clota. 'Iha)- p, .. a. ra.thcr feeble pl'UJIWJ. blue reaction. Occuioually there was 
evidnco of phagocytosil U)" J.arie l'D3crophages, some of which had multiple 
nuclei amd containod ,:arbon c.last. :::-;'o tubercle bacilli ''"are foun1l. 

In a aeeond TI!ry simila.r cn,e, n~th·e r~ults nru obtninccl, the IU.Q,terial 

withdra\'1'11 comidting appnrendy of hk'IOd with ,\n e.:cMs of leucocytes. 
Following the po.irive lindi11gs iu thi: tint case, wo attempted to recover tho 

bodies (rom. the sp11twu. .Ai a. rule there is little or uo sputum in these cases 
except during a.n actunl bronchitic attack, ;md in neither oi tha cnses pnncturec.l 
wu a.ny a.mil.able. .:\ bout b.nll M onnce of -mucopurulent sputum obtainlld from 
each o( two other pAtieuts W:\I disaoh'cd up in an eqwu quantity of undilutcc.l 
o.ntiformin, centriiused, and the deposit. w~he.d &nd ex:i.miucd mic1'06C0pically . 
.After prolong,!d :100fCh throu!;h nw11erous tiluts two trrical :\$1,estosis bodies were 
(ound in one of t.h1t SI1Ccimcn3 e:mmin~-u. The other wns entirely neg:1tivo. 

Thu wo1·k is being contin11~1l. l,ut '""<! thl'.\•.:;;ht it well to make a prdimini\lj" 
couuuuni,'l~tiun nuw in the lwl~ that thd ructhvc.l.i Wtl hav11- iiuopted might prwu 
of use to other workers. 
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