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The Journal of
Pathology and Bacteriology

Vol. XXXII., No. 1

FOCAL NECROSIS OF THE LIVER.

J. W. EpmxcTox.
The University, Shegeld.

(Prares I. axp IL)

WHILST investigating an endemic amongst guinea-pigs, which was due
to B. aertrycke (JLutton), one of the chief pathological lesions noted was
focal necrosis of the liver, showing as yellow opague spots, usually
about 0:3 mm. in diameter but varying from microscopic size to
5 to 6 mm. in dimweter. The chief views regarding the causation
of these foci are as follows:—

(1) The action of some toxic substance which kills the liver
cells: the cellular infiltration and proliferation are of later occurrence
(Freenkel and Simmonds, 1886; Raed, 1893).

(2) Vascular thrombosis:—

(a) The thrombosis is formed by an accumulation of large macro-
phages which by their degeneration produce fibrin thrombi
(Mallory, 1898).

() The throwbi are hyaline and are formed from fused red
blood corpuscles, the fusion being due to hamagglutining
of bacterial origin (Pearce, 190+ and 1906; Pearce and
Winne, 1904; Pease and DPearce, 1906).

(3) An accumulation of large macrophages which undergo esrly
necrosis, the necrosis of the liver cells being a secondary phenomenon
(MacCallum, 1921).  Others explain the formation of these foci by a
combination of sume of the above views, ¢, M‘Cras and ‘Klotz (1908)
believe the lesions are due to the action of a ditfusible chemical toxin
combined with a vaseular thrombosis.

In vommencing the investization of this condition, serial seetions
were cut of livers showing well-marked focal necrosis, so that the
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histological architecture of some of these areas could he carefully
studied. The most suitable stain was found to Ls Leishunan's, and
the staining was so effected that the cytoplasm of the healthy liver
1 cells was coloured a faint purple tint. In coutrast to this, the cyto-
plasm of the dead or dying liver cells was stained a delicate pink.
This change was an early indication of necrosis. Another early sign ;
was that the nuclei of the affected cells stained but faintly and ¢
appeared as ghost-like forms. In all the focal mecrotic areas examined

from acute and subacute cases, necrotic liver cells were observed. In

some, from very severe and rapidly fatal cases, this was the only

USSPV

[P AFTYINY TN TR NI AR

i change present. In the majority however of apimals suffering from
] this discase, these focal areas contained numerous other cellular elements,
chiefly lavi;e macrophages, though there were always a varying number ‘ 3
] of polymorphonuclesr and sinall mononuelear cells to be found. These 1
i

cells also showed necrosis, but they appeared much wore resistant than
the more highly specialised parenchymatous liver cells. In the more
chronic cases the necrotic liver celis werve entirely removed or absorbed
and the othar ceilular elements left, a histological picture which is apt
to give rise to the false impression that the infiltrating cells are of
primary imyportance in the production of the focal areas. Later still,
these infiltreticg cells also disappeared, and thers was sometimes a P
small amouxzt of regeneration of the parenchymatous liver cells. [
Usually however the area originally occupied by the destroyed ceils |
i

!

!

{

L O N

bl

M o e ctanbds ceem e

( g was filled by a little fibrous tissue, and by the encroachment of the

: adjacent liver tissue. The blood capillaries in the region of the focal
areas often contained large numbers of white corpuscies whichk were
chiefly of the large macrophage type. In some, definite” thrombosis
could be seen, but after a full histological examination the amount of
vascular thrombosis appeared to be quite insufficient to account for the
necrosis. Some proliferation of the capillary endothelial cells was also
found. Organisms were always found scatrered throughout the lesions, fi
1 but never in any greater nwumber than could be found in the adjacent i
] liver tissue. Large clumps of the bacilli could occasionally be detected,

but showed no special relation to the necrotic aress and produced no

local cellular reaction.

In the portal spaces, the blood vessels and bile ducts usually :
appeared quite healthy. In some however the bile ducts, especiully
when small and near their origin and wore particulariy when draining
an area of necrosis, showed catarrhal changes with proliferation aud
swelling of the lining epithelial cells. In the connective tissue around the
bile ducts, and especially around those showing catarrh, marked cellular

- infiltration and proliferation were occasionaily observed. These cells
were similar to those found infiltrating the focal areas, bue rarely
showed any necrotic changes. They were intimately related to the
lymph channels, the lining endothelium of which usuaily demonstrated . ;
well-marked proliferation. This type of lesion was noticed by dlullury i :

}
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S ses v s Bned baiea S e il 1) et et abad b daba

o -

j PN Fo

pmrm——

Published by AsbestosClaims.Law

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology a...
asbestosclaims.law/library/13405/8

ACL Doc 13405 - Page 8 of 193


https://asbestosclaims.law/library/13405/8

bt o eSS

i JOURNAL OF PATIIOLOGY.=Yor. NXXXII. Prare I

Focar, xrcromis or riven.
1s could be carefully . Fics. 1-§ show the similarity between natural and experimental necrosis.

o be Leislunan’s, and
. of the healthy liver
rast to this, the cyto-
\ined a delicate pink.
Another ecarly sign
ned but faintly and !
crotic areas examined
iz wers observed. In
:. this was the only :
rithals suffering from
ther cellular elements,
" 1¥s a varying nwnber
s to be found. These

Y _ -'a'(.'-

i more resistant than i o il
¢ cells. In the more ’ Fia. 1.—Early stage : natural infection. Fra. 2. —Early stage : experimental ligature
~ 30, of bile duct, B. aertryciea wiek later,

removed or absorbed
. picture which is apt
ilerating cells are of
2l areas. Laler still,
'rg was sometimes a
'yroatous liver cells.
7t lestroyed cells
en shment of the
© regon of the focal
rpuseles which were
:, definite thrombosis
:ation the amount of
:nt to account for the
thelial cells was also
1roughout the lesions, }
ound in the adjacent

asionally be detected.

2ag and produced no

death in 18 hours. x 20,

——— e —

Fic. 4.—~Same as Fig. 2. x 100.

l bile duets usually
bile duets, especialiy
alarly when draining
ith proliferation and
‘1ive tissue around the
arrh, marked cellular
vzerved. These cells
wl areas, bue rarely
wtely related to the
uswaily demonstrted
s motived by Malloey

Fia. b ~Conuncavimeanltetion of neveotiv Fe. 8. —Comn ingg inti i { i
e &~ : anilte 3. G, — wiweing intiltemtion of nevrotic
focus 1 natural intection.  « 100, foeus : experimental lignture of bile duet,

. B. diphtheriee sabeut., death in 24 hours,

' x 100, ’

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology a... Published by AsbestosClaims.Law
ACL Doc 13405 - Page 9 of 193 asbestosclaims.law/library/13405/9


https://asbestosclaims.law/library/13405/9

o Utk b, e b nb e e §

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology...

ACL Doc 13405 - Page 10 of 193

FOCAL NECROSIS OF LIVER 3

(1898) in cases of human typhoid fever, and was coansidered by him to
be due to the action of a toxin: according to MaeCallum (1921) it is
by no means a common feature in that disease.

In the smaller focal areas the various cells were thoroughly inter-
mingled. In the larger areas the central portion consisied almost
entirely of dead liver cells, surrounded by a wall of cellular elements
similar in type to those found throughout the smaller foci In some
of these larger areas, especially when abutting on the peritoneal swface
of the liver, aliscess formation had taken place. This was characterised
by softening of the necrotic centre and the presence in this of numerous
disin egrating cellular elements, chiefly polymorphonuclear cells, and
baeilli.

From these observations it appeared that the various vascular
thrombosis theories concerning the production of focal necrosis in the
liver were not tenable. The experiments of llacCallum (1921} in
which he attempted and failed to produce similar lesions by the
intravenons injection of corn starch into the portal vein are also
against them. The remarkably efficient vascular circulation in the
liver makes the production of such small necrotic areas by vascular
thrombesis extremely unlikely. That thrombosed vessels are to be
found in these foci is not to_be denied nor indeed to be wondered at;
though I do not think they ave of primary importance in the produe-
tion of these areas, there is no doubt that Ly deranging the circulation
they interfere to a certain extent with the normal metabolism of the
adjacent liver cells.

In all necrotic foci examined from acute and subacute cases,
necrotic liver cells have always been found: iu some, these were the
only cells present. These observations are contrary to those of
MacCallumn (1921) on an early case of human tvphoid fever. The
histological findings thus tended to support the theory that the primary
factor in the production of {hese focal areas was the destruction of the
parenchymatous liver cells by some toxic substance, and that the
cellular infiltration and proliferation occurred later. The question how
the toxin picked out certain cells and not others, still remained to be
answered.

The histologicul examination suggested the possibilit:- thas some
change of, or interferemece with, the biliary secrstion might Le =
localising factor. The idea was strengthened by the observation that
the bile in the majority of cases of 5. acrérycke infection in guinea-pigs
was altered in consistence, being of a more viscid character than
that found in the healthy aunimal The following experiments
were carried out on guinea-pigs in an attempt to elueidate this
question. .

Guinea-pigs were used which had never been infected with any
orzunism of the Nedmoncltlie group, and were as nearly as possible of
eual weight.

1 -

e .-
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The animals to be operated on wars anasthetised by the open ether method.
The hair was removed from the abdomen first by roaghly clipping it and then
applying a mixture of eqnal quantities of barium sulphide and starch powder
to which sufficient water had been added to bring the whole to the consistence
of a thick cream. The denuded area, after being washed with wator, was
swabbed first with methylated spirit and then with ether. [Exercising rigid
aseptic precautions, the abdomen was opened in the middle line for a distance
of about two inches starzing from the ensiform cartilage and proceeding in a
caudal direction. The lirer and stomach were guntly separated, and a ligature
was then carefully placed around the common bile duct about midway between
its junction with the cystic duct and its entrance into the duodenum. Care was
taken not to incinds any of che vassels in this ligature. The hepatic artery isin
special danger of being accidentally lizated.

The greatest gentleness was also necessary when separating the liver from the
stomach as the blocd vessels in the gastro-hepatic omentum were found to be
very fragile and easily ruptured.

When it was desired t drain the gall bladder externally, a guinea-pig in
which that orgra was distended with bile was selected. After caretully packing
off the zall bladder from the resc of the abdominal cavity a fine rubber tube was
introduced into it, and 3xed thers with a doubla purse-string suture. After
removing the packing, any adjacent omentum was arranged around the point
of entrance of the tube into the gail bladder. The tube was also fixed by means
of satures to the parieral peritoneum and to ths skin,

The wound was closed with two layers of suturing; the first, including the
peritoneurn and muscle layers, being interrnpted, and the second, taking in the
skin alone, being continuous.

Fine linen thread or it was used to lizate the common bile duet and to fix
the tube in the gall hladder, No. 00 catgut for the interrupted suturing of the
muscle and peritoneal layars, and No. 1 catgut for suturing the skin. The wound
was dressed with a thin laver of cotton wool which was tixed to the skin with
collodion. TWhen the gall oladder was drained, the outer end of the tube was
embedded in absorbent cotton wool which was Gxed to the animal with strapping
and frequently changed.

After the operation the animal was kept warm, and allowed to drink as much
as it desired. Soft farinaceous food mixed with milk was also placed in its cage.

The dose of B. aertrucks bad to be careiully determined by preliminary
experiments, It was such. thac it killed guizea-pigs of about 300 grammes
weight in from five to sevea days. It was a saline smulsion of a 24-hours agar
subculture of a recently isolated strain of 5. aertryeke. The cultures were
grown at 37°C.

The results were as f{ollows:—

Animal 1: common bile duct lignted. Killed 24 hours after; its
liver showed no areas of necrosis. The gall bladder and bile
ducts ~ere distended.

Animal 2: operation as in 1 but bile duet not ligated ; subcutaneous
dose of B. acrtrycke. Killed after 24 hours; showed very little
pathological change in its liver, the only thing abnormal being
slight cloudy swelling of the parenchymatous liver cells.

Animal 3: subeutaneous B. aertrycke as in 2. Killed after 24
hours; its lver was similar to that of animal 2.

Animal 4: common bile duct ligated as in 1, subcutanecus
B. acrtrycke as in 2 and 3. Died 18 hours after its operation.
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FOCAL NECROSIS OF LIVER 5

B. acrtrycke was isolated from its heart blood. A definite acute
enteritis and peritonitis were .present. In numerous such
experiments, ligation of the common Lile duct always accelerated
the course of the infection and hastened the death of the
animal. On section, the liver showed numerous areas of focal
necrosis, the contrast to what was found in the coutrol animals
being very striking. The liver cells elsewherc showed cloudy
gwelling. In the necrotic areas these cells were dead, and there
was practically no cellular infiltration.

Animal 3: as 4 but gall bladder drained exterpally. Killed after
24 hours, and its liver showed the same histological picture
as in animals 2 and 3.

A similar sevies of cxperiments was carried out ising a virulent
strain of B. Aiphtherias instead of B. aertrycke. The dose was such
that it killed zuines-pigs of about 300 grammes sweight in from 4 to
7 days. A similur definite result was obtained. In this series guinea-
pig 4 lived for 48 hours after the operation’and skowed unumerous
necrotic foci in its liver. These foci demonstrated commencing cellular
infiltration. Diphtheria toxin was also used instead of the living
cultwes and similar results obtained with « dose which wowld kill
guinea-pigs of about 300 gramries weight, in from 4 to 7 days.
Satisf: ctory. experiments could also be performed even when the
dose of toxin was sublethal,.proviled that it was sufficient to produce
definite symptoms of toxmemia. This was the most satisfactory method
of demonstrating the more advameed types of fncal necrosis, as by
careful adjustment of the dose the focal areas could be produced and
yet the animal would survive for many days. B. ¢nderitidis (Giirtner)
and streptococei have also been used in similar experiments, with
similar results.

Amongst the controls with ligation of the common bile duct, 2 femals animal
woll advanced in pregnancy was inadvertently used. It died four days after the

operation and its liver showed well-marked foeal necrosis. Careful cultural
investigntions faniled to show any sign of infectivn in this animal.

Many of the above experinients were repeated, using animals which
had had the ligation performed one or two weeks previous to the
injection of the organism or toxin. Similar focal areas were produced
though the longer period of ligation had in itself produced definite
histological chanzes. These comsisted of great dilatation, increased
tortuosity and proliferation of the bile ducts, whilst, some weeks atter
ligation, proliferation of the fibrous tissue around the ducts became
apparent. The liver cells at the periphery of the lobule showed
atrophy, but actual neecrosis was rarely observed. This necrosis, when
present, was probally due to rupture of sume uf the small bile duets
with extravasation of the bile intu the surrounding tissue.

In cases in which tho dose of toxin or organismal cmulsion was too

JOURN. OF PATH.=—VOL. XXXIf. A2

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/12


https://asbestosclaims.law/library/13405/12

it Aloankail

PRSP PO

8 Jo W. EDINGTON

great, huge areas of necrosis were found in the livers of those guinea-
pigs in which the common hile duct had been ligated. The necrotic
areas showed bile staining and the whole picture resembled the
condition which has been described as Aepar necroficum cum iclero
(Curschmann 1898, QOertel 1904 and 1006, Weber 1909). Parkes
VWeber suggested in his paper that this disease is in all probability due
firstly to some toxamic condition producing the necrosis and secondly
to increased bile pressure favouring the extravasation of bile into the
necrosed areas.

From the above results it will be seen that, with appropriate
dosage and timme limit, neither organisms nor toxin mor the operation
por ligature of the common bile duet produced any necrotic foci in the
liver. Animals treated like 4 howaver showed the marked effect of
ligation of the common bile duct combined with a subcutaneous
dose of Decillary emulsion or toxin: here necrotic foei in the liver
were very numerous. ‘hen the gall bladder was drained externally,
no such Ioci developed: the fact that the bile did not enter
the intestine was thus not a factor in the production of the focal
areas. ,

Recognising that the organisms in the B. aertrycke experiments
were elimipated to a certain extent in the bile, it might have been
thought thet the prevention of their excretion was the cause of the
necrosis. The facts that toxin alopne (sg. diphtheria toxin) produced
similar results, and that in the histological examinations no special
aggregation of organisms in the ncerotic areas could be seen are mwuch

. against this interpretation.

The question'of the elimination of the toxins in the bile was next considered.
The bile from about a dozen guinea-pigs dying from an infection produced by the
subcutaneous inoculation of a virulent strain of B. diphtheriae was taken. An
attempt was made to concentrate any toxin present by the pressure dialysis
method of \Walpole (1915) and Glenny and Walpole (1915). The precipitate
obtained after acidulation was dissolved in a minimum amount of weak alkali,
and then tested for toxicity by the guinea-pig intracutaneous tass, suitable
controls with antitoxin being always made. (The intracutameous injection of
normal bile produces definito necrosis ; a similar injection of bile which had beea
treated by the pressure dinlysis method, had no such effect.) No free toxin could
ever be detected. This did not prove that the toxin was not eliminated in the
bile, as it might have been present in some atoxic form due to a preceding
chemical or physical change in, say, the liver cells. Indeed, according to Brunton
and Bokeaham (1903), the liver not only destroys the toxin of 2. dipatheriae hut
excretes some antitoxin in the bile. The experimental work in connection with
the last statement is uniortunately not at all convincing and is open to serious
criticism. A more recont puper by E. B. Perry (1927) points out that it is
exceedingly doubtful if antibodies ars excreted in the bile, and that in any case

* the amounts escreted are minute.

The primary factor in the production of these fucal necrotic areas
appears to be the death of the parenchymatous liver cell In toxie
conditions it is obviously working at high presswre and is in a very

3
.
.
v
LIRS
.

e

,
[PRSTINGRITOFLIN VTV NPy

&o&r

) W
RITIPRVISNIPT D0 WY 345 WLT SR LY

o

Free

i l-:ui'.._a

\ R N e
S-S DU S Ug AP

—

4

]

1
———

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology...

ACL Doc 13405 - Page 13 of 193

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/13



https://asbestosclaims.law/library/13405/13

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology...

ACL Doc 13405 - Page 14 of 193

FOCAL NECROSIS OF LIVER 7

procarions and unstable state, as is shown by the frequent cloudy
swelling and fatty change of its cytoplasm. Any factor therefore
which interferes with its already strained metabolic activities will
hinder its efforts to deal with the toxin, and by allowing this to
accumulate will in the end indirectly cause its death. This interference
with the cell metabolism is to Le found in the slowing down, or
complete cessation, of the bile excretion from certain areas of the
liver. This may be assigned to three factors:—

(a) blocking of the intercellular bile capillaries Ly swelling of the
adjacent liver cells (cloudy swelling, ete.):

() blocking of the small bile ducts due (o catarrhal changes: this
is characterised by swelling and proliferation of their lining
epithelial cells:

(¢) in some conditions, ¢.. infection of guinea-pigs with B. asrtrycke,
the increased viscosity of the bile without doul s hinders its
excretion.

The first is probably the chief cause, and accounts best for the
proc iction of the smaller necrotic foci. The secobu best explains
the larger lesions such as Aepar necroticum cum ictero.

Other factors which, though they appear of minor imnportance, may
hinder cellular metabolism and thus indirectly help to produce cell
death, are: —

(a) Thrombosis of the vascular capillaries; unimportant as a cause
of focal necrosis.

(0) Interference with the lymph drainage. The lymph channels
" in the portal spaces were sometimes blocked with large
macrophages, whilst their lining endothelium was swollen
and undergoing active proliferation. Round these, there
were focal accumulations of cells, and the whole pathological
picturs of the lesion sas said by Mallory (1898) to be due
to a toxin. This appears quite a feasible explanation of
the condition as, when thers is interference with the
excretion of Lile, other paths are sought for its removal
Thus it was shown by Vaughan Harley (1892) that when
the bile ducts are lignted the Lile does not pass directly
into the Dblood stream, but docs so indirectly viz the
lymphaties of the liver and the thoracic duct. These lesions,
in relatton to the lvmmph channels, were noticed in the
histological cxamination to be must prominent in and around
those vessels which drained necrotic areas. It is probable
that the lvmphatic vessels are here utilised to their full
capacity to rid the liver of toxinsg and other products of
eell death and cell metabolisin.
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SUMMARY. ]
1. The primary lesion in focal necrosis of the liver in infection i
with B. aerérycke is death of liver cells: the infiltration with macrophages 4
: is secondary. %
. 2. Bila stasis is an important factor in localising the lesious. i
3
: - I am greatly indebted to Dr J. H. Blakelock for the administration of numerous ' ?
1 o anzsthetics, and to Mr A. W. Collins for taking the photomicrographs. 3
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CHROXIC PEPTIC ULCER OF THE
ESOPHAGTUS.

AL J. STEwART and S. J. HaRTFALL

From the Department of Pathology and Bacteriology,
The Unsversity of Leeds.

(Prate II1)

As in the stomach and ducdenum, peptic ulceration of the cesophagus
may be met with in either the acute or chronic stage, the former not
very infrequently, the latter only as a great rarity. Pringle Stewars
and Teacher (1921) encountered 16 cases of acute peptic ulceration
in the post-mortem room in the course of 7 years, the incidenve being
about 06 per cent. of all autopsies. The total number of -eported
cases uf chronic ulcer, on the other hand, must be very small indeed.
In Tileston’s (1906) collected series of 44 cases of ulceration of the
esophagus only 9 can be regarded as definitely chronic. In an
extensive though by no means complete survey of the literature we
have found reports of 10 additioual cases. The one here described is
the first which we have encountered in over 10,000 aucopsies performed
during the lasc 18 years.

Uorbid anatomy. )

Chronic peptic ulcers of the cesophagus are limited to the lower
balf of the tube and most of them occur immediately above the cardiac
orifice. Tlsually single, they vary in size from a tiny lesion a few
millimetres in diameter te a large annular uleer which may reach as
high as the bifurcation of the trachea. Those of smaller size are round
or oval, the larger tend to Le irregular in form. The wall is penetrated
to a variable depth, with exposure or actual perforation of the muscular
coat, while the margins are clean cut and sometimes undermined. The
chronicity of the lesion is chiefly indicated by the density of the fbrosis
in the floor and margins of the ulcer, the fibrotic process radiating
outwards into tho surrounding mediastinal tissues. As in the more
usual sites, peptic ulcers of the csophagus may heal completely, or
they may cause death by perforating into the pleura or by laying open
a large blood vessel. In healing they are particularly liable to cause
cicatricial stenosis, especially if the uleer has been large and very
chronic. In the case which we describe there was a well-healed scar
in addition to the active uleer, but it had apparently produced little if
any deforminv.
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Of 20 cases coming to autopsy, the ulcer was the actual cause of
death in 14. In 2 there was fatal hremorrhage from erosion of the
aorta and in 1 from erosion of a small artery. In 4 there was perfora-
tion into the pleural sac and in 2 an ulcer situated in the abdominal
part of the msophagus opened into the lesser sac of the peritoneum.
In 1 each perforation into bronchus, lung and pericardium had occurred,
and in two cases death was due to inanition caused by cesophageal
obstruction.

The development of carcinoma of the esophagus in the scar of an
old peptic uicer Las been described by Ortmann (1901), and Tileston
(1906) states that he has seen a similar specimen in Vienna.

Pathogenesis.

The pathogenic factor of prime importance in acute ulcer is the
digestive action of regurgitated stomach contents, aided in many cases
by lowered tissue vitality (Pringle ¢t al.). In practice there is no
dividing line between acute peptic ulceration and so-called antemortem
digestion o1 the csophagus; such differences as exist are probably
dependent meruly on the time factor. The association with diseases
which are accompanied by vomiting, and especially with gastric and
duodenal ulesr, is remarkable. In Tileston’s series of 44 cases, which
ineludes both acute and chronic ulcers, there were 13 with accompany-
ing lesions, ulcers or scars, in one g other of these viscers, and in 10 of
the cases in this group there was pyloric or duodenal stenosis. Cases
seen ir: the post-mortem room have usually died of the primary disense,
but occasionally an acute ulcer of the esophagus is the proximate cause
of death, whether from perforation or from erosion of a large vessel.
It i3 a reasonable conclusion from Pringie Stewart and Teacher’s
findings that a certain number of acute cases recover and heal com-
pletely, and it is obvious that only a very small proportion of the
whole ever enter upon the chronic phase. The factors chiefy responsible
for this latter development are the continued regurgitation of stomach
contents, the local devitalising effect of muscular spasm and the irritation
by food of the surface of the ulcer.

A very interesting feature of the case here reported was the
presence of two large patches of gasiric mucous membrane in the
upper cesophagus just below the level of the cricoid cartilage. These
consisted of fundal type mucous membrane, with abundant oxymtic
cells, and there can be little doubt that they were capable of secreting
acid gustric juice. Gastric heterotopia in the upper csophagus is by
po means rare (Schridde 1904, Taylor 1927), but the misplaced islets
of mucous membrane are usually small. Ordinarily the secretion
from those glands must be rapidly diluted and neutralised by saliva
and carried onwards into the stomach. It is possible however that if
acute peptic ulceration of the msophagus should oceur in a person with
extensive gastric heterotopia the spasm of the cardia which is liable to
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CHRONIC ULCER OF ESOPHAGUS 1

be set up may lead to the accumulation of considerable quantities of
acid secretion above the closed orifice. This in turn inay play a part
in delaying the healing of the ulcer. In two other published cases
(Frinkel 1899 and Tileston 1906) areas of gastric heterotopia were
present.

Clinical aspects.

In order to analyse the symptomatology of this disease we have
selected 8 undoulted esamples of chronic uleer from the cases
collected by Tileston (numbers 3, 6, 10, 24, 27, 28, 33 and 41 of his
series) and have added thereto our present case and 10 others from
the literature (Barclay 1913, Chriscopherson 1917, de Lavergne 1921,
Finlayson 1883, Fleischner 1925, Lindsay 1899, Miller 1912 and 1317,
Robertson 1884 and Trotter 1850-52). Three of the latter belorg to
the category of lateat ulcer, in that while the symptoms were of short
duration (3 to 8 days), the lesion found post-mortem was regarded as
definitely chronic. Of the remaining 16 pain, substernal or epigastrie,
was present in 15 (there is no mention of pain in Finlayson's case),
dysphagia and hematemesis in 11 each. In three of the cases with
hematemesis the bleeding was profuse, a terminal evcnt from
perforaticu of a large vesseL Including these, the thres cardinal
symptoms were present together in 7 of the 16 cases.

(1) The pain, sometimes slight but more often savere, comes on
either in the later stages of the aci of swallowing or immediarely
thereafter, contrasting with its rather later onset in gastric ulcer. Its
severity may be such that the patient may be afraid to take food of
any kind. Often definitely paroxysmal, its usual site is deep beneath
the lower end of the sternum or high in the epigastrium, where thers
may be tenderness on pressure. Occasionally it radiates to the back,
between the shoulder blades. As can be demonstrated radiologically
(Barclay 1915) the paiu is due to muscular spasm resulting from the
passage of irritating food particles over the surfuce of the ulcer.

(2) Dysphagia in the earlier stages of the disease is also due to
spasm, the obstruction to the passage of food passing off after a few
minutes. Later the spasm may be more abiding and severe, leading
to actunl regurgitation, while in the stage of cicatricial stenosis the
obstruction is continuous and the patient rapidly emaciates.

(3) Sudden fatal hwemorrhage, when it oceurs, is due to the
ulceration involvicg a4 large blood vessel, usually the aorta. ore
often there is moderute intermittent hematemesis of the “coffce
grounds” variety. In the case reported by Zahn (18832) repeated
hemorrhages had so Jezraded the quality of the blood that the clinieal
diagnosis was one of pernicivus anemia.

Perforation of an esopbageal ulcer is usually rapidly fatal In
two cases in which the aurta was opened into, vne died immediately,
the vthee of & secotnd h@emerringe 23 bhours atter the fiese.  In a case
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in which a small vessel was implicated death occurred 48 hours from
the commencement of the hemorrhage. Perforation into the pleura is
usually fatal in from 3 to 6 days, and is associated either with pleural
cffusion or a pyopnenmothorax. In a case reported by Lindsay (1899)
perforation led first to the formation of a mediastinal abscess which in
turn ruptured into the lung: Jeath occurred 37 hours after the first
onset of acute symptoms. In Finlavson's (1883) case, on tle other
hand, a perforation into the left bronchus lhad probably ULeen in
existence for some weeks before the patient succumbed to gangrene of

the lung. In Trotter's (1830-32) case rupturse into the pericardium
was fatal in 24 hours,

Apart from “latent” cases, which give a history of a few days
only, the duration of definite symptoms ranses from a few weeks to

many months. Reher's (1883) case is exceptional in that srmptoms
had been present for four years.

In typical cases, the diagnosis may be made with considerable
certainty from the clinical signs and symptsms. The X-rays may
show nothing abnormal, but if the examirpatidn i; made during an
attack of pain the passage of food is seen to be obstructed at the
lower end of the esophagus. The diagnosis may be confirmed with

the csopbagoscope, but the risk of confounding simple and malignant
ulceration must be considerable.

Report of case.

The patient, a man of 33 at the time of his death, had cnjoved good health
until his 44th year, when he began to have flatulence, with occasional fuilness
and discomfort about half an hour after meals. Five months befere his d-ath he
developed a dull nagging pain in the epigastrium, with radiation to the right
scapular region. The pain came on almost immediately after meals and was
sometimes so severo that he made himself vomit in order :0 obrain relief. At
first the attacks were irregular and intermittent, ocenrring about twice a week,
but on 30th August 1928 the pain became continuous and praseutly he vomited
about half a pint of blood. There wers several further slight attacks of
hamatemesis and on 3rd September Le was admirtted to hospital as a case of
chronic gastric ulcer. He was placed on appropriate diet:tic and medicinal
treatment but failed to obtain much relief. Continuous pain was present in the
region of the xiphisternum, always worse a few minutes after food, and ha also
made some complaint of a feeling as if the food stuck in his gullet. There was
persistent, almost daily vowiting of small quantities of altered blood. The
vomiting was noticeably effortless; o small quantity of codiee grounds material
would “rise in the throat” and be expectorated. Melena in smail amount was
present daily.

There were many elements of uncertainty in the case ard the possibilicy of
a chest origin for the lusmorrhuge was considered despite the absence of physienl
signs. X-ray cxaminatiou of the chest showed o evidence of pathological change,
cither in the lungs or miedinstina. On account of a strong alcohelic history the
question of cirrhosis of the liver was considered. ounly to be rejected. At aar
on 13th October the paticnt was observed to have developed acute respiratory
distress: he was orthopneeic and breathing rapidly. and complained of pain over
the lower part of the chest on the right side. Examination reveakad males ail over

R IUUEUIURIY SUSSvesver

A VAP,

[RUNRES IS S

ch-a

PYVRT P P s

Taman o

G A Patandd e X vl b B I e ot ALl ya D

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology...

ACL Doc 13405 - Page 20 of 193

Published by AsbestosClaims.Law

ashestosclaims.law/library/13405/20


https://asbestosclaims.law/library/13405/20

e s it

'S.. [ARTFALL

death occurred 48 hours {rom
_ Perforation into the pleura is
8 as3ocialed either with pleural
ase reported by Lindsay (1899)
a mediastinal abscess which in
surred 37 hours after the first
on’s (1883) case, on the other
netus had probably heen in
ient succumbed to gangrens of
ruptnre into ths pericavdium

dve a history of a few days
" ranges Irom a few weeks to
xceptional in that symptoms

ba made with considerable
ymptoms. The X-rays may
nication is made during an
eez to be obstructed at the
0385 may be confirmed wich
@maing simple and malignent

da( ad enjoyed good health
:alz. |, with occasional fullness
Fira months befora his dvath he
:m, with radiation to the right
wmediately after meals and was
U ia order to cbtain relief. At
", occurring about twice a wesk,
2025 and presently he vomited
:rai furtber slight attacks of
uitted to hospital as a case of
wpriate dietetic and medicinal
inzous pain was present in the
iingees after food, and he also

:nek ia his gullet. There was

tizies of altered blood. The

ity of cotfee grounds material

Meizna in small amount was

be case and the possibility of
eseite the absence of physical
“-idence of pathological change,
& swoog aleoholi¢ history the
dy o be rejected. At 9 At
. daveloped acute respiratory
and complained of pain over
ination revealed rales all over

M. J. Stewart and A. C.
ACL Doc 13405 - Page 21 of 193

.

JOURNAL OF PATHOLOGT.—Vot. XXXIL

CHRONIC TEPTIC TLCEIR OF (ESOPNAGUS.

™~ v - ~“"';-7r

> f
Joay
I\ " .
v'l R
N :
J} vé
Y E}
Wt ';
<3 ? ;1‘
. a1 3
A 1
"u{“ ,f._.
N E
a7}
,“_ ? l:”
)‘; 3
. 3
. .
! 3

-

; 3
| , : P
! ' 3
i L
' t
A ) ;
| M ¢
{0 t
N $ ¥
5y . '
°t
! s § E
A
é ¢
. L ¢
' b
P * é'
5
£ -_;
R i
& ;
3 .r
Y e : .
\ ¢ -_
)~ ,
4 pasd - i
.-‘ - H
PRSI )
Jp— -::—/' }
R
\ z
b et 2 s e i - - _——— e ‘
3
. . . . . L “ith the :
The w@sophagus has been lnid open along the middie of its posterior wall, with i
rcslll‘: t.h‘zi‘t the weee, situnted immedinlely above the candin. bus been divided into »
two almost apmi halves.  [n the leit half, two lymph ghnds, the npper of which
in anthracotic, protrde from the uleve thoore, In the uppee part of the neht haif
there is a perfuertion which crmmumented with the right pleami e, On the .
anteror wall at approsinmtely e same fevel as the nleer there is a well-hented i
oval swear. The lower threetifths of the wsophagus has been denuded of I.t.\‘ i
cpithelium by peptie (pust-mortem) digestion.  Newar the upper end two clongnted X
patches of hiterotopic gastric mucous membrane are scen. (Slightly reduced.) :
¢
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CHRONIC ULCER OF ESOPHACGUS 13

the right lung with a slight degree of dullness at the base. This increased
rapidly, and later in the day it became obvious that there was a large fluid
eifusion in the right pleural sac, but the patient’s condition was such that
interforence was considered inadvisable. He died at 10 p.ar.

At autopsy, there was a large simple chronic ulcer 30 mm. by 4 mm. in
diameter immediately abovae the line of the gastro-asophageal junction. It was
situated mainly on the posterior wall but extended on to both lateral walls of the
®sophagus, which was liere much dilated, though slightly narrowed at the upper
level of tho lesion. On the antarior wall, exactly opposite the centre of the ulcer,
there was & large, oval, well-healed scar. The open uicer wea callous and
indolent, with rather flattened wargins and a smooth densely fbrous roor, and
there was much fibrosis of the surrounding mediastinal tissnes. Two lymph
glands, one of them anthracotic, protruded from the Hoor near the leit margin
of the ulcer. Trom a point a little above the centre of the right lateral portion
of the ulcer floor u perforation about I cm. in length led through densely sclerode
tissue to the right ploural sac, which contained several pints of greenish yellow
sero-purulent fuid. The rest of the msophagus above the level of the ulcer was
slightly bypertrophied and dilated and in its upper part, just below the level of
the cricoid cartilage, thero were two large symmetrically disposed areas of
heterotopic gastric mucosa, each 25 mu. in length and 5 and 7 mm. ia breadth
respectively.

The otler featuras of note in the case were a chronically inflamed gall-bladder
with thickened walls firmly contracted down round a number of facetted
gall-stones, early patchy fat necrosis in relation to the pancreas, and old
degenerative thickening and parial fusion of the aortic cusps.

Histological exumination.

Unfortunateiy the greater part of the specimen lad been much damaged by
post-mortem peptic digestion, which had completely denuded the lower three-
fifths of the organ of both its mucosa and submucosa. The muscular coat was
still intact, except whers it had been destroyed by ulceratiom, and the upper
two-fifths of tho organ was well preserved.

(1) The ulcer had the usual characters of the chronic peptic lesion as seen
elsewhere. Tha floor consisted of three zones : (a) a narrow, strongly eosinophilie,
inner zone of fibrinoid necrosis (5) a granulation tissue zone which gradually
merged into (c) an outer fibrous tissue zone. From the latter, brond Sbrous
bands radiated outwards into the surrounding mediastinal tissues. Japy nerve
trunks were implicated in the deeper zoues of the fibrotic process and a few of
themn estended through the whole thickness of the ulcer door to the zome of
fibrinoid necrosis. The ulcer fHoor was highly vascuiar, and there were many
small punctiform hwemorrhages within it. The ruuscular coat was completely
breached, its severed cnds iuclining gently upwards to terminate in the floor close
to the ulcer margins. The two Iymph glands which projected into the lefc half
of the ulcer Aoor were embedded in fibrous tissue, though not themselves nbrosed.
One of them was heavily anthmeotic, and much pigment was present also in the
surrounding fibrous tissae and in tho superficial fibrinoid zone covering the
gland. In one portion of the floor 2 medium-sized artery had been laid open. but
its lumen was now wholly oceupicd by an oidish tibrinous plug in process of
organisation. Elsewhere other snuller arteries opened in the tloor but were
mostly plugged by recent thrombus or bicod clot.

2} The scar was composed of somawhat similar filrous tissue to that seen in
the deeper layers of tho ulcer, but it was denser and there was definite oblizerative
endarteritis,  The mnseular coat thinnad out at the margins, Lur owing to
post-mortem digestion tho whole of the mucous wembrane and submutcosa had
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disappearcd. Again there was extensive invoivrement of nerve trunks in the
outer part of the lesion.

(2) The two patches of gastric heterotnpia in the upper cesophagus were
composed of glands of fundal type with numerous osyntic cells, and a well-
formed muscuiaris muecose continuous with that beneath the surrounding
squamous epithelimn. The muscular coat was composed mainly of striped
muscle but at one place thers were considerable wasses of unstriped muscie
internal to and to some extent intermingled wizh it

(4) The parietal pleura in continuity with the perioration was the seat of an
acuts inflammatory reaction. It was clothed by a broad band of fibrinous
exudate, in the meshes of which were maay cells in varions stages of necrosis.
Beneath this, and confined t0 a comparativzly sarsow zone, were many recently
desquamated and well-stained plearal endo:helial cells, together with numerous
polymorphonuclear leacocytes, Iymphocytes and plasma cells. The unrierlying
adipose tissus showed a slight degres of sim:lar intliration.

Scyany.

A case of chronic peptic ulcer of the lower end of the msuphagus
is reported. The chief srmptoms were hirh epizastric pain of fve
months’ duration and recurrent hremaremesis for a fortnight: dviphzzia
Wwas not a prominent syitem. Death was due to perforation of che
ulger into the right pleural sac. An interesting feature of tae case
was the presence in the upper part of the esophagus of two large
patches of h-terotopic gastric mucous memUrane of fundal type: the
possible relationship of this developmental alnérmality to chronic
peptic ulcoration of the esephagus is discussed.

We have pleasurs in acknowledging our indebtadness to Dr (. V. Watson,
who has allowed us to maks full use of the notas of this case.
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“SMOOTH-ROUGH ™ VARIATION IN BACTERIA
IN ITS RELATION TO BACTERIOPHAGE.

F. M. BunrysT, Beit Memorial Research Fellow.
From the Dacteriological Department, Lister Instituts.
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L i’ntroducuon.

TiE recent publication by Hadley (1927, 1928) of two mwonographs
which give an exhaustive review of the related flelds of bacterial
variation and bacteriopbage phenomena makes it hardly necessary to
attempt any review of the scattcred literature here. The two papers
mentioned contain extensive bibliographies and deal very fully with
smooth-rough variation in general and in relation to resistance
developed against bacteriophage. It will suffice, therefore, to state
the main conclusions derived ULy Hadley from his review of the
literature and to indicate their relation to the present work. He has
made it clear that “resistant cultures” derived from normal strains
are usually more or less outspokenly rough and are often completely
identieal with similar variants produced in the entire absence of
bacteriophage. Hadley tends to stress the association of roughness
with resistance more than seems justified from my experience. On
the whole, phages lysing rough strains are more readily obtained than
those which attack the normal sinouth forms and it will be shown thac
awmongst the resistant forms produced by lysis of a rough strain normal
simooth types may vccur:

Hadley endeavours to correlate the various phenomena of lysis amd
resistance by a theory which regards bacterioplage as a “cyclostage,”
forming part of a complex bacterial life-history, the normal smooth
and rough forms being two other stages.  The action of the phage, on
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this view, is to provoke bacteria to adopt a different form of existence.
In most cases the alternative chosen is that of ulbmmxcroscopxc unitg—
bacteriophage particles—but a certain proportion give rise to rough
variants. He regards the production of these vough forms as due to
the direct activity of the phage but is careful to stress that phage is
only one of a number of agents that may provoke the change.

The work to be described is in several respects definitely opposed
to theso conceptions, but there can be no question that Hadley's work
has been of the greatest value in directing attention to those aspects
of bacteriophage pbenomena which are practically neglected in
d'Herelle’s last monograplh.

2. Scopa of the present work and methods employed

The present work is concerned with the part played by “smooth-
rough” variation in strains of B. enferitidis Gdrtner [Salmonella
enteritidis} ard some other intestinal bacilli in Jetermining resistance
or sensitivity to phage. The primary intention was to study the
significance o/ h.cteriophage phenomena in experimental infections,
and B. entert'dic was chosen as a suitable infective agent for
laboratory ani:nais.

Preliminary work which has already been published (Burnet, 1927)
showed that phages active against 2. ¢nlciitidis were regularly active
against corresponding phases of the other Salmonclla species which
possesa. the same or very similar heat-stable autigenic structure, viz.
B. pullorum [Salmonella pullorwm], B. sanguinartum [Sulmonella
gadlinarum] and B. typhosus [Zberthella typhi] (Grusehka 1920, Bruce
White 1923, Goyle 1928). The striking difference between the smooth
and rough phases of a given strain in their behaviour toward phage
and its apparent dependence on the nature of tha heat-stable bacterial
antigens suggested a study of “resistant cultures” from the point of
viesw of their heat-stable antigenic structure.

Most of the experimental data given are concerned with (.4) the
qualitative sensitivity of bacterial strains (mormal and variant) to a
series of bacteriophages; and (B) the degree of “roughness” of the
same strains as judged primarily by agglutination of suitably treated
emulsions with pure “smooth” and pure *rough " antisera, but alse by
cultural appearances and salt stability.

A. The phages were obtained from any availuble source. Of those used
11 and 13 wers derived from n phage received from Dr L N. Asheshov, and
28 was obtained {rom DProfessor C. H. Browning. Numbers 8, 33, 31, 32, 34
and 35 were derived from the intestinal contents of infvcted or normal rats,
1, 12, 20 and 25 from lysogenic [, enterttidis cultures and 18 from normul fowl
foeces. All plages wore dev eloped from single plaques, re-isolation Leing carried
out if there wero evident variation in the type of pl.l.quo devecloped a.nd also in
most cases whenever fresh stocks of phage were Leing prepared. s far as
possible experiments with any partieular stmin were curried out with phages
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BACTERIOPHAGE 17

grown on the S or R forms of that straia, but for routine use the strain with
which lysis appeared to be most complete was used as the substrate.

The phages when purified by successive isolation from single plaques were
classified according to Dail's method by examining the qualitative sensitivity to
phage of the resistant cultures produced with each phage. Details nced not Le
given hers as they will be found incidentally in various protocols below. No two
of the phages used wers completsly identical but as regards their power of
provoking resistance four groups could be distinguished comprising:—(A)
phages 1, 12 and 33; (B) phages 8. 13, 28, 31, 34 and 38; (C) phages 20, 25, 23
and 32; (D) phages 11 and 13. Groups C and D were cvidently closely related,
but occasiovaily bacterial variants were encoontered that had developed a
resistance to phages of group D while remaining sensitive to those in group C.
Group D was apparentiy heterogencous but the six plages always rcacted
similarly in their resistance-provoking power. This group is anslysed in detail
in one of the conciuding sections of the paper. As regards type .. nlague,
phages 11 acd 13 gave very large plaques up to S mm. in diameter on 12 per
cent. agar and phage 18 gave moderacely large plaques with a characteristic halo.
The phages of group .\ produced medium sized plagues usually showing a
surrounding trausiucent halo. The others were “small hole” phages nearly
always showing sharply cut edges to the plagues, though this characte: varied
a little when didecrent organisms were used as substrates.

The sensitivity of bacterial strains to phage was tested on agar. For most of
the tests a dilated agar 1'2 per cent. was used coataining a little gentiac vioiet
(approximatei; 1:10,000 of a saturated aqueous solution) to minimise air ccn-
tamination during manipulations of the plate. Many *smooth ” strains of
B. entemitidia gavs a moist growth om 1'2 per cent. agar obscuring the ev.dcnce
of phage action and for thess ordinary 2 per -ent. nutrient agar was used. The
plate was spread with a young broth culture and the surface dried in the
incubatur. A swmall Joopful of zach phage (undiluted) was then spread over small
numbered areas of the plate and the result read aiter incubation overnighe.
The results in che tables are expressed according to the number of plaques
appearing with each loopful, and the relative amount of secondary growth. In
the vast majority of cases lysis, if it occurred at all, was uniform over the area
(+++): i a few instances semicontiuent (++) or discrets (+) plaques were
present. Uniform lysis without secondary colonies or with only a few isolated
oues i3 reported as (+ - -+), with many discrete colonies (+ + ) and with a
continuous layer of secoudary growth covering the lysed area (£ ¥).

It is recognised that lysis on agar may not signify that multiplication of the
phage will occur with the same strain in broth culture. One or two instances of
this will be noted in the present paper. It also happens occasionally that a
phage with a weak action on some heterologous species may give irregular results
when the test is repeated. In the great majority of tests elsan cut results which
could always be repeated were obtained and the method is sutficient to
characterise clearly the groups of variants in their relation to bacteriophage.

B. The antisera used were obtaiced by immunising with a smooth ( Wallasey)
and a rough {137 R) strain of B. enteritilis Girtner. Both sera contained
H agglutinins to a titre of approximately 20,000. They also contained agglutinins
correspouding to the respective heat-stulle constituents of the strains used. When
their titres wers estimated agninst emulsions treated with aleohol according to
Bruce White’s method, the limit of macroscopically visible agglutination was
at a dilution of about 1:2560 in both cases for the homologous emulsion.
Ewmulsious prepared from typical cuitures in the opposite (S or R) phase were not
agglutinated between 1,30 und 1.5120. In some cases, when non-motile varinnts
lacking H agglutinogen were being studied, untreated emulsions in dilute
saline were wsad and che titres wers then bigher, up to 10,240, When rough
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strains were used in this way non-specific agzlutination by normal rabbit sernm
frequently occurred. Alcohol treated emulsions do not show this agglutination
(Brucs Whits) and for this reason they were preierred for general use.

The salt stability of the strains was tested by adding one drop of a thick
suspsnsion in distilled water prepared from a younz agar culturs to tubes
containing increasing percentages of sodium chloride. The lowest conceatration
showing agglatination after incubation overnight at 37° was taken as the
precipitating saline concentration (P.S.C.).

Throughout this paper ths terms rough (R) and smooth (S) will be used with
reference to the antigenic structurs of ths cuiture rather than to the actual
appearance of colonies on agar. Hadley's suzgestions as to nomenclaturs of tha
different bacillary antigens will be followed, H denoting the heat-labile agsilur
aatigen, O the Leatstablo antigen of normal smooth forms and R that of typical
rough variants.

3. The sensitivity to phage of normally cecurring
S and R forms.

The sensitivity to phage of a series of normal strains of 5.
snteritidis and related organisms in both S and R phases has been
reported previously and it is omly necessary to present kore a table
showing the results obtained with a more extensive series of bacterio-
phiges. The rough strains used were derived by the ordinary method
of isolation from old broth cultures without the use of phage (table L).

The chief facts to be nored in this tabis are:—

(a) Phages, 1, 12, 33 lyse sinooth forms only.
(5) Phages 18, 35, 11, 13 are active against rough types only.
(c) Phages 8 and 34 lyse all normally ocenrring variants.

The other phages may show individual variations bat on the whole
lyse rough forms actively and have only a weak action on smooth
bacteria. Tiwo phayes, 32 and 38, act only on phases of B. sanguinarium
and are omitted from most of the later tables.

The results make it clear that another criterion of “roughness” is
available in the characteristically different range of sensidivity to phage
of the two phases,

4. The antigenic changes in bacteriophage-resistant variants.

Although the subject is extensively discussed in Hadley's (1928)
monograph, practically no experimental observations appear to have
been published in which the antigemic rpature of phage-resistant
variants is studied in the light of recent counceptions of the agglu-
tinogenic structure of bacteria. The work of Bruce TWhite on the
Saimonella group has resulted in a very clear picture of the antigenic

- nature of these organisms and supplies a basis for the serological study

of the variants produced by phage. .

In the course of the present work a larze number of bacterivphage-
resistant forms has been produced from cnteritidis and sanguinarium
strains and an attempt has been made to correlate their serological
behaviour with their reactivns toward phage.  There is an embarmssing

e
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richness of material available but discussion will be limited to the
variants obtained in three representative cases :—

(a) lysis of a smooth strain by a phage limited in its action to the
smooth phase of the organism:

(d) lysis of a rough calture by a phage similarly limited to the
rough phase:

(c) lysis of a smooth strain by a phage approximately equally
active against both phases.

a, Resistant derivatives of a smooth stratin with phage 12.

The smooth culture selected was a strain of B. sanguinarium
(XN.C.T.C. 398) which was found to be the most counvenient organ sm
to work with. This strain and its derivatives gave as a rule sharply
defined positive or negative results when tested with the various
phages on dilute agar. The absence of H agglutinogen made it
unnecessary to-treat emulsions with heat or alcobol before aggluui-
pation with the result that higher titres were obtainable. Suspensions
of rough variants were stable in 0-23 per cent. saline and none of them
showed the phennmenon of non-specific aggiutination by normal rabhit
serum (see Bruce YWhite) which was fairly regularly present witl
sntemitidis strains locking H aggiutinogen.

The strain 398 S was a typical smooth sangusnarium quite
non-motile and showing no trace of floccular agglutination. Emulsions
were quite stable in saline concentrations up to 5 per cent. snd the
colonies on agar were characteristically smooth and slightly fluorescent.
The antigens of B. sanguinarium are practically identical with the
heat-stable components of the corresponding phases of B. enteritidis
Gértner and this strain agglutinated with the stock “smooth” anti-
serum at a titre of 5120, It did not agglutinate at 1:80 with the
“rough” enteritidis serum.

The sirain was allowed to age in broth culture for aver a month
but despite numerous examinations no rough colonies were obtained
from such cultures by simple plating methods. They were easily
obtained howaver by the use of phage 12. The usual method adopted
for obtaining resistant forms was to spread a suitable number of
bacteria over an agar plate and after drying to cover an area with
a drop of undiluted phage. Isolated colonics appeared on incubation
and representative forms were purified from phage by successive
plating and re-isolation and their characteristics examined.

A considerable proportion of the colouies appeared to be normal
smooth types and all those tested by re-isolativn showed bacteria still
sensitive to phage 12. XNo persisting vesistance had developed. The
colonies which showed well-dcfined resistance on testing were of several
types and, though only one was frankly rough, all had an opaque
yellowish appearance which usually signifies essential * roughness.”
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The characteristics of four such types R1, R2, R3, and R7 are
shown in table II. All the strains show the presence of R antigen
and with the exception of the first they are also all agglutinated ag
fairly high titre by a “smooth” serum. The reactions to phage are |
essentially “rough” in type, but there is a general tendency for the |
phage sensitivity to be nearer that of the typical rough, R 1, whea {
the “roughness” as judged by other characteristics increases. The !
multiplicity of types produced Ly a single phage should be noted.

b. Derivatives of a roush strain with phags 13.

The rough strain chosen was BTJI-R, a non-motile der:vative of an !
enteritidis strain BTM-HR, which was received already in the rough
phazs. This was lysed oun agar by the “large plaque” phage 11, the

- activity of which is confined to the rough phase. 1t was found that
the trace of gentian violet used as a routine in the agar helped con-
siderably in the differentiation of the resistant colonies obtained.
Excent for an occasional tiny “nebenform ” colony, the following list
comprises ill the types found :—

(1) t) pical smooth colonies semi-transparent, greenish and slightly

' fluorescent : .

. (2) irregular actively growing “rough” colonies brownish in colour
and opaque:

¢ (3) more regular and smaller “rough” colonies quite similar to

! those of the original strain: _

(4) smooth round opaque colouies with deepiy stained centra:

(5) small rough colonies appearing late:

(6) mucoid colonies of watery appearance taking up none of the

i stain from the agar.
Type 3 was found to be quite nom-resistant: emulsified in broth
< and spread on agar ¢n mass¢ plaques appeared as soon as growth was
visible and lysis was ultimately complete with the usual misturs of
1 resistant colonies. Types 1, 2, 4+ and 5 bred true to type on subculture

but the mucoid form showed itself highly lysogenic and gave rise to
several types. When a colony was spread heavily on agar the primary
sheet of growth was rapidly destroyed within a few hours by the
' appearance of confluent plaques: a heavy secondary growth appeared
on further incubation, apparentiy composed of pure smouth colonies.
If one of the mucoid colonies was plated on MacConkey's medium to
give discrete colonies a mixture of mucoid and smuoth colonies was
produced. Further direct subculture to the same medium of the mucoid
colonies without intermediate growth in broth gave colonies of the
same type; if transferred to ULroth eunlture growth was slight and a
. highly active phage of the 13 type appeared and on plating an almost
| pure smooth culture was obtained. One must assume that the mucoid

o o 4
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colony is essentially rough and immediately gives rise to highly
sensitive rough forms which are lysed by the phage present and give
a proportion of smooth resistants. Such bypothetical sensitive rough
forms were obtained in the primary plating of one mucoid colony.
They appeared like a normal “rough” on incubation overnight, but
when leit a day at room temperature developed a mucoid “wall”
around the colonies.
We have, therefore, in addition :—

(6) a. smooth derived from mnecoid:
b. sensitive mucoid rough strain:
c. lysogenic mucoid.

The characters of these 6 persisting variants are given in table IIL.

These tables bring out clearly & point that is Liable to be overlooked
in considering the nature of resistance to phage, riz the multiplicity
of resistant types induced by the interaction of a pure phage and &
single strain of bacteria. The example described is rather more stzikicy
than ususl irasmuch as it shows practically all the commonly found
types of resistance. These types are:—

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

(6) mucoid variants showing nor-ual sensitivity on subculture (65):

{c) specifically resistant colonies of the same phase (S or R) as the
parent strain of which there may be more than one type
(2, 4 and 5):

(d) colonies resistant in virtue of a change of phase to the normal
S or R form (1 and indireerls 6a).

¢. Derivatives of a smooth strain BTU-O after lysis with phags 8.

Amongst the resistant types so far described there is no example
of a resistant derivative of a smooth strain that has retained its full
smooth characteristics. Lysis by phages of the 1-12-33 group has so
far only given smooth colonies which losc their resistance on subeulture
or rough and semi-rough forms. True smooth resistants however were
obtained by the action of phage 8 which is equally active against the
normal smooth and rough forms and thus has little tendency to induce
a change-over of phase in the development of resistance.

An O strain of B. enteritidis (BTA-0) was used (strain 1 of table ITL.)
and the resistant types were derived from Iysis on agar. A few
colonies only were present and three of these were taken for examina-
tion. After two replatings the colonies all appearad essentially smooth.
Those ot A were in all respects similar to the parent strain. B showed
larger colonies with a tendency ro umbilicaticn vn MacConkey's medium
and frankly mucoid growth on vrdinary agar, while the colonies of C
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Untrcated emulsions in 0-2 per cent. saline were used in this serics of agghutinations.

Normal rabbit serum.

* N.R.S.

BACTERIOPHAGE -

were small and rather dry and adhesive. All gave uniformly turbid
growth in broth. Their sensitivity and other relevant characteristics
are tabulated :—

TABLE IV.
Smooth derivatives of strain BTI-0 following lysis by phage 8.
AGGLUTINATION GF ALCOROL- [
TREATAD EMULIIONT. !
Sraace. P.3.C. i
s. R ¥
t
NormalO . . . . >Sperceat 1280 <30 !
Resistant A . ! >3 " 25680 < 80
. B . . . > 30 < 80
. C . . . >5 »e 240 <380
Srrarx. SEYZITIVITY TO PAGR. :
1 '3 33 s U T 1 % 20 23 ss. 1 i3
Normal O 0 +++ ++% | +++ 0 0 k& +++|++t + 0 0 0
Resistant A .| +4 ++£ ++£] 0 0 0 0 0 | +++ + o; o o
w B L1 0 £& £+ 2 0o o0 o0 6 0 00 9O
m C ] + ek st o 0 0 0 0 0 ol o 9 l

Cultures B and C are rather aberrant, but A is a perfectly typical
smooth form antigenically and is semsitive to the first phage group
which is regularly limited in its action to smooth types. Specific
resistance to the whole of the second group may be developed therefore
without any change in the “smoothness ” of the organism.

6. The derivation of smooth forms from rough cultures.

Opipion is divided as to the possibility of deriving smooth forms
from rough cultures. The most generally accepted view is probably
that of Bruce White that the so-called smooth cultures which can in
some cases be obtained from rough cultures are still antigenically
“rough ” although their physieal propertiecs have been modified. Some
authors have claimed that true smooths may be obtained by animal
passage with rough strains, ¢ Jordan (1926) with Safmoneile forms
and Griffiths (1928) with pneumococei. It has already been mentioned
that from one strain of DB. snieritidis Gdrtner antigenically trpical
smooth organisms were obtained from a rough culture by lysis with a
phage active only against the rough form.

A further series of rough cultures has been examined for the
production of smooth strains by this method. Six typieally roush
strains of L. enferitidis Gartner were used comprising  examplos
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showing most of the variations possible within this phase of the
species. Four of them gave rise to smooth vesistants on lysis with
phages limited in their action to the rough phase. Two developed
resistants that were always frankly rough in antigenic character
although smooth-locking colonies were sometimes obtained.

The characteristics of the various cultures used in so far as they
bear on the question of smoothness and roughness may be given in
summarised form.

(1) B. enteritidis, 127 R. From N.C.T.C. Typically rough conical colonies
on MacConkey’s medium. Agglutinative growth in broth. Motile. Precipitating
saline concentration 0'8 per cent. Agglutination of alcohol-treatsd emulsions
with stock sera:—S 80, R 5120. Non-lysogenic.

(2) 410 R. From N.C.T.C. Typically rough conical colonies. Faintly
granular growth in broth., Precipitating saline concentration 270 per cent.
Non-motile and showing no H-antigen. Agglutination of alcohol- tr:ated
emulsion :—S 640, R 640. Non-lysogenic.

(3) WaR. By agsing of culture “ Wallasey ” received from Mr Brues White.
Typical rough colonies. Granular broth culture. otile. Precipitating saline
concentration 0'6 per cent. Agglutination of alcohol-treated emulsion :—: 160.
R1280. Non-lysogenic.

(4) BTIL (HR). Received as B. typhi muritem from Dr Ashashov. Coleaies
slightly rough. Jranular growth in broth. Drecipitating saline concentration
1 per cent. Motile. Agglutination of aleohol-treated emulsion :—S 180, R 2560.

. Lysogenic toward riny smooth enteritidis strains,

(3) BTM (R). Derivative of prsvious culture—a non-motile variant appearing
spontaneously. Colonies similar to H form. Granuiar growth in broth.
Precipitating saline. concentration 0'6 per cemt. Non-motile. Agglutination of
alcohol-treated emulsion :—S 160, R 2560. Lysogenic (as 4).

(6) 126 R. From ageing of N.C.T.C. culture 1268. Typically rough colonies.
Granular growth in broth. Motile. Precipitating saline concentration 0'6 per
cent. Alcohol-treated emulsions unstable :—S 640, R 320(?), heated emulsion in
0'25 per cent. saline gave S 80, R 1280.

Sera wers prepared against 5 of these strains and their content in
H, O and R agglutinins examined by the use of appropriate emulsions

(table V).

TABLE V.
To show content of H, O and R agglutinins in rough sera.
SxRa.
BTM.ER. | BTM-R | 410 R, | 128 R.
Normal BTM-HO emukion (H) . .1 40,000 F <30 <80 i 20,0007 10,000 P
BTM-0 (0) .. 20 80 <80 < S0 320
398 S (O . . 160 80 <380 | <80 .
BTM-R fa 0-23 per cent. saline® (R) . 5,120 2,560 960 | 2,560 640
398 It in 05 per cent. saline (R) . .| 10,240 2560 | 960 | 10.210 1.250
1

* This emulsion showed non-specific aggiutination by normal rabbit serum to a titre of 1:
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The sensitivity to phage of these cultures was as shown in table VI:—

TABLE VI.
Sensitivity to phage of “rough”™ enteritidis strains.
1 12 88 s 18 28 3 “ , 2 - 1s i
. i

L0 0 0 [+++ +++ 0 PP PP FEE s Sk E - -t

00 0 |+4+4+ +++ O -=x 0 0 0 0
. D0 0 0 j+4++ +4+4+ 0 +4+ ++= =+t i pidbtd —m
BTM-HR 0 0 0 j+++ +4+ 0 +++ mot v+ +++ T2r =c+ =—++
BTM-R . 0 0 0 |+++ +++ 0 thd P mmd hhd Efdh m—- -
0 0 0 |[+44 +++ +++ +4++ +5+ rdr+ o+ vopme= -4t

The cultures were all replated on 3acConkes’s medium and showed
uniform eolonies in every case. A single colony of each was trans-
ferred to broth and a loopful of phage 13 added. Aiter two days’
groswth the broth cultures were plated out on MacConkey’s medium
and on agar. Acny colonies that appeared to Le sirooth were then
replated twice, or more frequently if any evidence of irsis was present,
and the cultures so obtained were examined as to the various properties
relevant to their “s.nouthness” or “roughness.”

The strains WaR, BTM-HR, BTM-R and 128 R all gave typical
smooth colonies with regularity. The other two strains 127R and
410 R gave a proportion of smooth-surfaced colonies which, howaver,
were always antigepically rough. The characteristics of these smooth
cultures are shown in table VII:—

TABLE VIL
Smooth derivatives of “rouyh” enterizidis s¢rains.
AGILTTINATION. .
SrRur. Catoxv. G":"'r'l ™ P.8.C LrsoGxy¥TuILR. l
* ¢ R I
WaR/13 s S |>Spercest| 1280 [ <50 | o |
! 1
BTM-HR/13 S S >3 840 . <80 ! +
BTM-R/13 S ] >5 . 1280 | <30 : =
128 R/13 s 5 >5 .. 1280 | <%0 } 0 '

These four strains show all the properties of true smooth cultures
and there can be'no doubt therefore that at least trom a cousideruble
proportion of cultures “rough” by all the usual criteria true smooth
tvpes can be obtained. The two strains that gave no true smooths
were treated with several other phages and under various conditions
without giving rise to smooth variants in any instance.

The straing from which smouth resistant ceicuies were derived ail
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showed a very slight power to induce O agglutinins in the rabbit.
This trace of O agglatinin was absent in the case of the sera produced
by the “irreversible” strains 127 R and 410 R and although
the serological evidence is incomplets it is in accord both with
the facts and with @ prior considerations to believe that as long

"as any O antigen i8 present reversion to the smooth form may be

accomplished.

It seems probable that by suitable manipulations it is possible to
continue the alternation hetween the S and R form indefinttely. In
the case of strain BTM-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, 6.g. each 126 R phase was sensitive to phage 28
while easch BT)M-R phase was resistant. It must be pointed out that
to obtain such results careful selection of colonies at each stage is
necessary, 64. of the “roughs” obtained by allowing 126 S2 to age in
broth only 3 out of 12 colonies tested gave the typical 126 R 2
reactions.

8. Increase in virulence associated with the change fro
: “R” to “S”, '

It is well known that the change from the smooth to the rough
type is accomnpanied Ly loss of virulence. Within the Salmonella
group this has been definitely established by Topley and Ayrton (1923)
for B. aertrycks, by Bruce White (1926) for B. suipestifer, and by Goyle
for B. enteritidis Gdrtner (1926). Jordan (1926) obtained the same
result with B. paratyphosus B and in addition succeeded in obtaining
a virulent S strain from a non-virulent R culture by frequent transfer
in broth.

The various types derived from strain BTI[ wers examined for
their pathogenicity toward mice and as would be expected the induced
smooth forms were more virulent than the original rough cultures. It
was found in fact that both HO and O smooth forms were highly
virulent by feeding and the HO form was used for a considerable
opumber of infection experiments. Of 25 mice each receiving about
1 c.c. of young broth culturs of this form on bread, 2 died on the
6th day, 2 on the Tth, 7 on the 3th, 6 on the 9th, 4 on the 10th, 2 on
the 11th and 1 on the 12th day after feeding. The following
comparative experiments may be given:—-

4. Mics were injected subcutaneously with broth cultures 20 hoars old in the
amounts shown in table VIIL. The figurcs show the number of days before death
occurred for ench mouss while S signifes survival beyond 28 days. Three mice
were used with cach variant. from strain BTM.HR, one recsiving 0'2 c.c. of

culture nad two 002 c.c. Organisms of the type injected wera recovercd post-
mortem from all the animals dying.
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TABLE VIIL

Comparative virulence of variants from BTI[-HR.

l DaYs SEPOAR DRATH 0F MICE OCCTERED.
STRatx.
02 c.c 002 c.c.
i
'BTM-HR . . 9 s s
» BTM-HO . . 5 4 15
"BTM-R. . . 21 n s
‘BDM-O. . . 4 6 7 |
]

B. About 2 c.c. of a day-old broth ‘culture of the strain to be tested was
poured over a small piecs of bread and fed to each mouse. In this experiment
six mice received the strain BTI-R and nine its smooth derivative BTM-O.
The days on which each mouse died are shown as before. In this experiment
;lsp organisms of the type fed were recovered from the spleen of all the animals

ving.

TABLE IX. .
Virwdence by mouth of rough siraim BTI-R a:d its smooth derivative.
STrRary. Davs 3870ug DRATR .ICTRRID. :
BTMR . .|{ 01416 S S S !
BIM-O . .| 7 7 7 7 8585 9 1 12

The development of smoocth forms from rough by the use of
bacteriophage is associated with greatly increased virulemce. In
agreement with Arkwright's (1927) results this virulence is inde-
pendent of the presence or absence of H agglutinogen.

7. Reactions of pellicle-forming variants.

Amongst the colonies obtained from old broth cultures of
B. enteritidis with or without phage a peculiar cohesive type is
occasionally found. These have a granular wrinkled surface and are
often adherent to the agar. A mass culture on agnr shows a dry
wrinkled sheet of growth very reminiscent of cwltures of B. subéilis.
In broth a surface pellicle is formed which readily falls to the bottom
of the tube allowing fresh surface growsh to oceur. A-24 hours' broth
culture therefore shows a surface pellicle, usually a light general
turbidity and a sediment of small sheets of coherent growth.

This form of variation seems to be unassociated with any
characteristic antigenic change. Three examples have been studied
from the point of view of their reactions to phage. They have been
called Q types since some of the forms described by von Lingelsheim
(913 under that name seem to have been of this variery. I is
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certain however that most of von Lingelsheim's variants were true R
forms with which the pellicle-forming type has nothing fundamentally
in cominon. Strain 126 Q was obtained from an old broth eulturs of
the smooth strain 126 S aloug with rough and smonth colonies. BT
Q1 was obtained by plating a culture of DTM (HO form) with
phage 18: no apparent lysis occurred but a number oi these Q colonies
was ohtained. The second variant BTM Q) 2 was obtained froman oli
Uroth culture of the saine HO form without any addad phage.

ThLeir sensitivity to phage and serological ULehaviour were as

[ N

~v

T

follows:—
TABLE X,
Pellicle-forming varinnts,
i AGGLCTINATION OF ALCOUOL-TRIATED ESIULSION. ) ,‘
SrRacy. ; : ¢
: 8 R ! :
i ) | !
126Q . . . .. L 1800 <5 i i
BTMQT . . . . . nwu 32 i
BTMQ2 . . . . . i 2560 2580 ;
} i
! Srraay, { PriaE SEXMITIVITY. !
! ! !
| i i : i
{ fy 12 33 s 18 a3 3 M ;w0 o1ssion 3
{msQ o o 0 [+++ 0 2+ 0 +=-i0 0 ol 0 h
1 t
:BTM Q1. .;0 ekl bRt s+ O 0 0 +-~-++ 0 o! ] b} ! '
i !
, BTM Q2. ‘0 0 0 |+++ +++ 0 ++% +==- 0 0 0{++:— - =
| ! ; ! |

These forms may therefore be either smooth or rough antigenically
and their behaviour toward phage is determined solely by their ! ;
antigenic nature. 1326 Q shows the usual reactions of smooth strains i
of 126, despite the extreme superficial difference ia their cultural
appearances. The variants f{rom DTM are very :imilar in their
mods of growth but are antigenically distinet and each possesses a
corresponding phage sensitivity.

The results give definite support to the view that chanze in
bacteriophage sensitivity is directly assoeiated only with variation in
the heat-stable amtigenic structure. Adcewtion of the pellicle type of
growth in broth or complete loss of motility and H anrigen is equally
without effect on the renctions towards phage.

8. The origin of bacteriophage-resistant cultures.
Dilerelle takes the view that the sceomdary cultures of resistant
baeteria are the desceudants of organisms which have successively
destroyed an invading phage particle: in so doing thev have acquired

C o e—————— .
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an active immunity that may be transmitted to their descendants:
this immunity is held to be fundamentally similar to that developed
by vertebrates against pathogenic micro-organisms. The analogies are
not very impressive and a mors popular view has been developed by
Bordet (1925) Gratia (1921) and others who hold that any ordinary
bacterial population is not homogeneous in its semsitivity to phage.
The general variability of a species around its mean character will
provide a proportion of orgamisms more sensitive than the average
and others more resistant. A minute proportion, one in a million or
less, is sufficiently resistant to give rise to secondary cultures.

It will probably be admitted by all that the capacity to develop
resistance must depend primarily on some degree of variation pre-
existent in the bdacterial population. The alternative views differ as
to the extent and type of this pre-existent change. D’'Herelle would
consider it as some slight modification that allows the invaded
organism to copoe better with the parasite and so develop an active
immupity. The modifications observed in secondary cultures are
manifestations of this immupity. Bordet and Gratia apparently
consider that the organisms which escape lysis and give rise to
resistant descendants do so only in virtue of modifications present
before the addition of phage, 1., if the original culture were suitably
diluted to give a million discrete colonies one of these would be found
exactly similar to the one resistant colony produced from this
population by bacteriopbage. The action of the phage is purely
selective.

The only real ground for an experimental distinction between the
two theorvies lies in the hehaviour of the resistant cultures. On
d'Herelle's theory we should expect ail the resistant colonies derived
from lysis by a single pure phage to be approximataly identical and
resistant only to phages of the same group as the ome causing lysis.
If the selection hypothesis is correct the only common factor to be
expected awongst the secondary colonies is resistance to the phage
being used.

A given culture will oiten give rise to resistant colonies even
when lysed by a combination of phages from two or more groups. On
the theory of selection thess resistant organisms insensitive to, say,
two distinet phage groups are present in the original culture and
should give rise to sccondary colonies on lysis by phages of either
group as well as by the combination. Dut on d'Herelle's hypothesis,
resistance to two groups of phages should only develop under their
actual intluence.

The experimental results given earlier in this paper are in complete
accord with the demands of the selection theory and the great variety
amongst the resistant colonies resulting from Iysis of a pure culturoe
by & single pure phage immediately invalidates any simple form of

d'Herelle's hypothesis.  When strain 305 § is Iysed by phage 12 (p. 20)

Eeee.
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two of the four rough derivatives show loss of semsitivity to one and
two groups respectively in the absence of any phage of either of these
groups.

Variation in the absence of any phage may also give rise to
“specifically resistant” forms. In comnection with the experiment
described on p. 28 broth cultures of the reverted smooth strain 126 S2
were allowed to age for some weeks. Plating then showed a mixture
of smooth and rough colonies. Twelve apparently rough colonies were
tested for their sensitivity to phage. Three of these were pellicle
forming cohesive variants antigenically smooth. Of the others three
were true normal rough types whose characters are described above as
126 R 2, the remaining six colonies were sensitive only to phages of the
second group (8-34), i.e., they behaved precisely like true resistants
derived from 126 R2 by the action of phage 13.

Further evidence in favour of the view that selectxon of
“spontaneous ” variants is the most important factor in the develop-
ment of resistant cultures can be found from a conmsideration of the
numerical relationships betwecen the numbers of resistant colonies
produced on agar and the amounts of phage and bacteria used. The
following experiment shows the effeet of varyi.g the concentrations of
phage and of bacteria on the numbers of resistant colonies of each
phase obtained in the interaction between strain BTII-R and phages
11 and 13. .

4

A four-dey old agar slops culturs was washed off with 5 c.c. of saline. By
plating suitable dilutions this emulsion was shown to contain approximately
eleven thousand million living organisms per c.c. Another suspension one-tenth
the concentration of the first was prepared in salino. One drop (0'02 c.c.) of each
suspension was then spread over agar plates that had previously Leen uniformly
spread with phage, either undiluted filtrate or a 1:10 dilution of this, five drops
per plate in each case. The numbers of smooth and rough colonies obtained after
incubation are shown in the table. Qnly those colonies were counted as smooth
whose appearancs was absolutely typical. A number wers tested serologically
and none showed deviations from the typical behaviour (tabls XL.}.

TABLE XL

To show relations between the numbers of resistant colonies produced and
changes in the concentiration of phage and bacteria.

Puaas 11, i Puaax 18
!
UvorLurTes. DiLgran 110. | Uxpncreo. Drneres 1/10.

l R{ s | R | s 1 R | s i R
]

Stock emuision of BTM-R 18 78 12 79 14 24 12 42

Stock enulsion of BI‘\I-R.
diluted 1/10 . 1 10 1 7 2 0 0 4

FITYL Yt T e g (YO mana

T 2P e~

(o St :tl_':" TN

T T A

P4

%

wy TR

ATATIN o

[ | g ‘w-—jaf:ﬂ L 2 TR ST T, :\'-».-If".f.x;

v
B o=

Published by AsbestosClaims.Law
asbestosclaims.law/library/13405/41

- —— A

cah sl bve

b Y ek

4o @ od aneaniat i bh s B ssn avalig damen

A I W SO VY | i

evi e ane deint


https://asbestosclaims.law/library/13405/41

I . - 2 S Sl antein

" semsitivity to one and
thage of either of these

ay also give rise to
with the experiment
smooth strain 126 S2
2n showed a mixture
iv rough colonies were
ot these were pellicle

Q% the others three
are described above as
1 only to phages of the
v like true resistants

w that selection of
sagzor in the develop-
v consideration of the
¢ resistant colonies
1 tacteria used. The
¢ the concentrations of
;tank colonies of each
u BTAI-D and phages

ag 3 of saline. By
» centain approximately
aer suspension one-tenth
ue drop (0°02 c.c.) of each
revioasly been uniformly
iucion of this, ive drops
< cvlonies obtained after
were counted as smooth
werz tested serologically
.able XL,

sofonies produced and
L bacterta,

Puage 13,

i
« yprzTTEo. | Diccren 110

. B.IIS.’R.
n || o

1
2 o‘ 0|

b

1;1
;%

BACTERIOPHAGE 33

This experiment exemplifies the following general rules that were
found to apply to all tho experiments carried out along these lines.

1. The number of resistants of opposite phase (here the smooth
colonies) i3 proportional to the aumber of bacteria submitted
to lysis and independent of the concentration of phage.

2. The same numbers of resistants of opposits phase are produced
by phages of different orizin provided these are strictly
confined in their action to the one phase. The numbers of
resistant colonies of the same phase usually vary with the
particular phage used.

In an experiment with exactly analogous technique, in which tlie
smooth strain 398 S was lysed by.phage 12, the figures in table X7
were obtained: the experiment was done in duplicate.

TABLE XIL
Numbers of S and I colonies appearing after [ysis of 2 smooth strain on age=,

' Cotoyrxs wite PRAGE 12 '
{ BACTEL AL CONCEXTRATION. 0
! Sxoorw. l Bocon.
| Stock emuiston .. 285 204 | 2 84

w  Two 110, 3 1| 5
- w  1:100 . o o i o o
: i

This sbhows a characteristic difference between the numbers of
smooth (same phass) and rough (opposite phasa) resistant colonies
in that the number of smooth colonies is not proportional to the size
of the population lysed. In general it was found very difficuls in
experiments with this and other smooth strains to obtain reproducible
results as to the number of smooth colonies appearing aiter lysis while
the numbars of rough colonies were extremely consistent, Jlost of the
“resistant ” smooth colonies gave rise immediately to sensitive cultures
on subculture and it seems that some other mechanism is at work than
is responsible for the appearance of the stable rough variants.

The two experiments described are typical of a censiderable
number of others carried out along the same lines. As long as the
phages used were strictly confined in their action toward the one phase
the number of resistant colonies of the opposite phase depended only
on the size of the population available for lysis. Eren when Ivsis by
& large plaque phage such as 13 was barelr conduent from the
development of only a few hundred plaques the number of colonies
of opposite phase was approximately the same as when a thousand
times this concentration of phage was used. In such a case three or
four hours unhindered growth ol bacteria must have vecurred in the

JOVRN. OF PATU,—¢0L. XXXII, ' C
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regions corresponding to the peripheral zones of the eventually formed
plaques, but this growth apparently has not increased the number of
points frown which a resistant colony can develop. It seems that in
the originslly spread population (from a cuitwre at least onc day
old) there are a certain number of resistant or potecatially resistant
! organisms and that, in the first few hours’ growth oo agar, resistant
bacteria are produced only by direct multiplication of these organisms.
By far the simplest and probably the only valid explanation of this
constancy of numbers of colonies in the opposite-phase is that they
are derived from organisms actually in this phase in the original
population.

Other factors are evidently invelved in the production of
temporarily resistant cultures, but the two lines of evidence discussed
1 indicate that the typical persistently resistant variants whe2ther of the
same or opposite phase result from the selection of variants occurring
“gpontaneously " in the substrate culture.

9. Bail's theory of the nature of bactarial resistance.

Befure procecding to a discussion of the general sigtificance of :
i . these results it is necessary to conmsider in some detail the most “
] importan. current interpretation of the nature of acquired hacterial
resistance—that of Bail (1923-1023). Of the theories opposed to the
independent virus conception of d’Herelle, Bail’s is the only one that '
’ attempts an exhaustive examination of the essential objection to any ‘
“ferment " theory, namely the fact that several different phages may
maintain easily recognised individuality although developed at the
expense of ome strain of bacteria. The different phages may often be
distinguished by the type of plaque produced on agar—its size and the
nature of its edge—but more precisely by a study of their power of .
provoking the appearance of specifically resistant forms. If a colony
derived from the secondary culture appearing alter lysis of (say) a
Shiga strain by a particular phage, is purified from phage by replating )
o and tested against a series of phages all active agaiust the original i
! bacterial strain it will be found that the new strain is resistant ’
'. to the homologous phage and to a certain number of others but still
. sensitive to the rest. By examining in this way resistants to all the
: Shiga phages available, a groupivg of the bacteriophages into types
is possible. ]
Another method of classification depends on the use of anti-
bacteriophage sera and Watanabe has shown that the results obtained \
parallel closely those from Bail's method. Aatilytic activity within
the group of Shiga phages is practically confined to phaues of the same ,
type as that from which the serum was produced. Similar results are q
! obtainable with other members of the intestinal group of bacilli, but {
irregularities are move frequent than when Shige bacilli are used.
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Bail's well known “splitter” theory of bacteriophage is funda-
mentally an attempt to co-ordinate these findings, and his interest in
other manifestations of phage activity is quite secondary. He considers
that each phage tipe represents a particular unit (gene) of the
bereditary make-up of the sensitive bacterium. The gene is considered
to have undergone some “ pathological” alteration by which its normal
balance of comstructive and disintegrating power is upset, with the
result that it now exercises & predominantly destructive action on the
bacterial cell Only bacteria containing the particular gene involved
are sensitive to hacteriophaze of a given type and resistance is inter-
preted as loss of the unit from the hereditary make-up. The essential
point in which this theory becomes completely incompatible with that
of d’Herelie is its explanation of the nature of multiplication of
bacteriophage. For d'Herelle, there is a direct genetic relationship
between the attacking phage particle and the particles resulting from
the subsequent lysis of the bacterium. For Bail the action of the
attacking phaze unit is to cause the bacterium to liberate in abnormally
active form cpe o1 a certain limited number of pre-existent bacterial
constituernts.

The distinetiou is clear enough to allow of a crucial experiment to
distinguish between the two views. Suppose we select from a large
series of “pure ” phages derived from various sources and active against
a single bacterial strain, a certain number all belonging to one of Bail's
types, t.e. all producing resistant strains thac are equally resistant to
all the others. According to Bail these phages should, be identical, at
least in their qualitative behaviour, while on d’Herelle's view each may
be capable of maintaining individual differences through numerous
passages with the one strain. Further, if the series of phages is now
developed at the expemse of another bacterial species in which the
specific resistance relation holds, any change found in the behaviour of
one member, should on Biil's hypothesis similarly affect every other.
On d'Herells's theory any individuality possessed by the phages when
developed at the expense of ome substrate organism will show itself,
perbaps slighsly modified, on their transfer to another sensitive species.

It was found possible to examine these points experimentally with
a series of phages primarily developed aguinst a rough strain of
B. enteritidis Girtner but also active against B. sanguinarium and
B. dysenterie Shiya and the resulls are unequivocally in favour of
d'Herelle’s conception.

Phages 3, 13, 28, 31 and 34 were diluted suitably and isolated plaques obtained
on B. enteritidis (strain 126 R),

From single plaques of each pbage, broth cultures of 126 were inoculated
and after lysis sterilised as cegards bacteria by heating to 56° for 30 minutes.
The sutue provedure was gone through with B. sanguinartum (308 R) and with
B. dysenterice Shina (752 R), a further phage, 33, being used with 5. sanguinarium.

Resistant strains of each orzanism oward all the phages developed at its
eXpoltsr Wero Chtalnedoin most waees by plating beoth cultures showing seeondiry
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' growth after Iysis but when, as in soma cases, no true resistant forms were
: obtained in this way they were secured by replating resistant colonies appearing
in the course of lysis on agar. Phage 28 seemed to lyse B. sanguinarium on
agar, but the secondary colonies wero quite non-resistant and no multiplication
of the phage occurred ia broth cultures of this organism. Similar findings apply
t to the action of phags 38 on the Shiga strain 752 R. The last phage was quite
without action on the rouzh enteritidis strain 128 R. All the resistants obtained
: from strains 39S R and 752 R were typically “rough” bacilli with characteristic ;
3 colonies and precipitating growth in broth. With 126 R (B. enteritidis) severnl
’ of the phazes gave as weil as rough resistant forms a certain number of true
smooth colonies. The appearnnce of S or I types from a lysing culture of the
opposite phase is a phenomenon apparently of a different nature from tbat
responsible for the development of specific resistance within the same fora and !
4 for that reason only the rough resistants bave been considered. '
The resistant colonies were replated and from a single colony stock cuitures ‘
were obtained. These wers then tested in the usual fashion with each ol the l
: phages being studied and with phage 13 as a member of an unrelated group. i
The phage fltrates used for testing the resistant strains of each organism were !
developed a% the expense of the original strain concerned, i.e. resistant cultures
from strain 393 R wers tested with phages grown on that strain and similarly ’
with the two other substrate organisms. Except for the culture obtained ufter
apparent lysis of 398 R by phage 28 all the resistant cultures were completely i
insensitive to ths action of phages 8, 18, 28, 31, 34 and 38 and all wers lysed by
phage 13. The resistant culturss from straia 298 R wers tested with a sample of
phage 28 developed o 5. enteritidis 126 R. As has been mentioned above this !
phage appeared to Iyse 398 R on agar, but no resistant colonies developed nor
. could any multiplication in broth culture be detected, The resistant strains '
/ g produced by phages 8, 18, 31, 34 and 38 showed no lysis of any sort by this phage..
: These results make it clear that the six phages all fall into one of
Bail's groups. 4 series of smooth and rough strains of various
intestinal bacilli chosen with the aim of bringing out differances
4 amongst the pbages was similarly tested against all of the stock phages,
each phage being developed where possible on each of the three
substrate organisms. The usual method of testing on agar was
employed and the results are combined in table XIIL
The table shows clearly that despite the fact that the § phages
« all belong to a single type in Bail's sense each one can be readily
differentiated from auy other by the use of a number of heterologous \
bacterial strains. For instance, the two phages which most closely
resemble one another are 8 and 34 but, while 8 actively lyses every
stzain tested, 34 is only very weakly active agninst the smwooth
enteritidis strain 126 S and ome or two other strains. Further this
individualits of phage behaviour persists with occasional slight
modification no matter which of the three species is used as substrate.
A good example is given by phage 31 which regularly lyses three
out of four rough enferitidis strains and fails to lyse the fourth on
all three substrates.
1 If Bail's theory is taken strictly at its faco wulue the above
experiments constitute a formal disproof of its validity. Al the
phages prodiee resistants of the same type—resistant to cach phage
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of the group but still sensitive to other phages such as 13—jyet
specific differences between all of them can be demonstrated It
follows that if each phage represents a single “zene ” at least 3 cther
“ugenes ” must be lost whenever resistance is induced towvard a particular
phage. Bail describes lesser degrees of “linkage” bdetween * genes”
xtension of such
an ides raust make the theory quite useless as a working hypotlesis.

(Koppelung) but it is obvious that any unlimited e

To show the existence of individuality amongst phages all o7 wiich Lelong

TABLE XIIL

to a single type tn Bail's sense.
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It is much simpler .to assume that each phage gives rise to actual
descendants in the ordinary sense of the word, which maintain the
general characters of the parent phage although they may be
modified somewhat when passed from one species of bacteria to
another. .

Sufficient evidence has been given earlier in the paper to make
it clear that the source of the apparent disconfinuity of the changes
that occur when resistant variants appear must be sought wholly
within the bacteria themselves. Although more thas one factor may
be operative it is simplest to consider that there is some functional
entity in the bacterial make-up which is responsible for determining
the sensitivity to phage of auy given organism and that this entity
can change its character only in a certnin limited oumber of dis-
continuous steps. With each such change one group of phegzes loses
its power to lyse or another group shows an activity previously absent.
The phages within each group may possess widely different activities,
but all seem to be related in some way to a single unit in tke bacterium
in the absence or latency of which they are all equally unable to lyse
the organism.

It remains to determine whether this hypothetical entity, a simple
“mosaic’ composed of a certain sm:ll number of units, can be
co-ordinated with any of the known functions of bacteria.

In a previous communication (1927) it was shown that amongst
the Salmonellas thers was a definite though not quite complete
correspondence between the heat-stable autigemic structure and the
sensitivity to a series of bacteriophages. Further evidence of the
importance of changes in the heat-stable agglutinogens in determining
or accompanying changes in phage-sensitivity has been accumnulated
throughout the whole of the present work. This has led to the
hypotbesis that what primarily determines whether or not lrsis by
a given phage will take place is the capacity of the phage to be
specifically adsorbed by the same entity that functions in serological
reactions a3 the heat-stable (O or R) agglutinogen. The evidence for
this view may be briefly summarised : —

1. the presence or absence of H (heat-labile) antigen is without
influence on the behaviour of the strain towards plhage:

2. changes in cultural bebaviour unassociated with auntigenic
change, such as to the pellicle-forming Q variact, have
no influence on phage sensitivity:

3. chango in the naturs of heat-stable antigen irom OtoR is
associnted with a sharp chanye in phage reactivns:

4. organisms having common heat-stable antigens show a very
close correspondence in the phages to which they are
sensitive:
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5. organisma that have become resistant to a phage no longer
absorb it from solution to the same degree as the sensitive
form, 1e a specific adsorption seems to be abt least one
determinant of lysis (d'Herelle, Lepper, 1923, Prausnitz and
Firle 1924):

6. sensitive orgamismns killed by heat absorb a normally active
phage even after being heated above 100° (Prausnitz and Firle).

It is evident that there is some co-ordination between changes
in the heat-stable antigens and in sensitivity to phage but it may be
held that this co-ordination is more or less accidental. Important
changes in the functional elements of the organism are invorved in
the S-R interchanges and these may be reflected in more oc lesa
parallel fashion in the two properties under consideration although no
actual functional relationship between the two exists. But the
evidence i3 strong enough to suggest that the same surface constsuents
of the bacterium which proveke and raact with the stabilotropic
(O or R) agglutinins also absorb specifically the active 'particies cf
those phages that are capable of lysing the organism. In particular
the power of sensitive bacteria to absorb an active phage frcia a
solution contairing it, the inability of resistant strains to do so and
the retention of this power to a considerable degree by bacteria heated
to 100°, are very difficult to interpret on any other hypothesis.

The experimental work.qf. present available is not suficient to
allow a detailed olaboration of this hypothesis, but' some of its
implications and the difficulties they provoke may be discussed. In
the first place it {mplies that bacteria are subject to certain dis-
continuous variations in their heat-stable antigenic structure, variations
that occur in culturs without known causa and are most readily
detected by the specifically selective action of bacteriophage. The
smooth to rough change is the Lest known and most striking of these
variations, but other discontinuous modifications within the limits of
each of these main phases must also occur.

According to White the reiation between the smooth and the rough
heat-stable antigens in Su/moncila is quite similar to that in the more
extensively studied pneumococci. The smooth O antigen possesses a
double structure: part is identical with the rough R antigen; the
other portion, which is responsible for the whols of its specific behaviour,
is a complex carbobydrate. The rough antigen lacks the carbohydrate
and provokes a totally different agglutinin response much less specific
than the smooth O agglutinins. As far as the serological analysis of
Safmonclla variants has gone at present there seems to be no evidence
that auy changes oceur within the heat-stable antigen beyond quanti-
tative variations in the amonnts of O and R antigen available for
reaetion, e in the proportion of nucleoprotein units that carry the
specific earbobydrate. The servlvgical work reperted in the present
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paper has heen confined to an estimation of such quantitative differ-

ences and offers no dircct evidence of qualitative changes in the

antigen associated with phage resistance apart from change of phase.
If antigenic differences do occur in association with the develop-

ment of resistance within the smooth phase (as in the example described "

on page 23) they must involve 2 change in the nature of the specific
carbohydrate. This seems a prior: very uniikely although Griffiths
experiments (1928) with pneumococci suggest the possibility of such
an occurrence. However, the problem is susceptible of direct experi-
mental attack and it is hoped to follow up this work with & more
detailed serological study of resistant variants which do not undergo
change of phase.

10. Conclusions.

Bacteriophage lysis is a complex process and intarference with its
course at any point will usually result in the appearance nf apparently
resistant cultures. Investigation of each resistant culturz is therefore
necessary to determine at which of several points the course of lysis
hus been checked. hat is probably the commonest form of resistance
seems to be due to a simple accumulation of products of lysis. A
secundary culture appears after lysis but on subculture to fresh nedia
(either broth or agar) it is rapidly lysed by the phage carried over
with it (Gohs 1926). The resistance of the common mucoid variants
found after lysis is probably rightly attributed by Kimura (1923) to
the simple physico-chemical protection of the mucus as an emulsoid
colloid similar to gelatine.

The third group contains variants showing what Bail terms “true
resistance,” i.e. they are stable non-lysogenic variants which maintain
their characteristic properties on subculture through saveral generations
at least. This type of resistance is associated with and is probably
determined by a lack of power to absorb the phage specifically.
Finally, even when the lytic particle has become incorporated in the
bacterial cell it may still encounter conditions which result in resist-
ance usually in a lysogenic form rather than lysis. Two of the cases
analysed Ly Flu (1923) are undoubtedly of this nature.

In the present paper only the third of these groups is discussed. the
stable non-lysogenic resistant cultures. Two chief conclusious have
emerged. (1) They are probubly produced in virtue of the geueral
variability of u bacterial species and not in any sense by the active
participation of the phage. Phage acts merely by selectively sparing
those variants to which it is not specitically adsorbed. (2) The
appearance uf this type of resistance is frequently assueinted with a
change in the phase (smooth or rough) of the orgunism. This denotes
a gross change in the heat-stable antigenic structure and evidence is
adeduced that even when there is o such change-over the development
ol resistanee is associated with change in that bacrerinl eoustituent
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which determines its “heat-stable” serological behaviour. In this
connection the discoutinuous nature of the changes in the bacterium
is emphasised. There are only a certain number of variant types that
can appear of which the classical S and R types are two.

It is probably legitimate to consider the typical S form as the
normal genetically complete form and all other variants as mutations
by loss of certain units comparable to the genes of llendelian theory-
As is found in studies of higher organisms such mutations by loss may
result in the appearance of superficially positive characters that are
normaily held inactive.

Summary.

1. There are characteristic differences in the behaviour of the
smooth and rongh forms of Saimonella strains toward bacteriophage.

2. Certain pbnge types are limited in their action to smooth forms,
others only attack rough strains, while a third group may lyse either
form. : )

3. The type cf resistant colony produced is related to these
characteristics of 'he lysing pbage. “Smooth” phages tend to give
rough or partiaiiy rough resistants, “ rough” phages with certain rough
cultures provoke the appearance of true smooth forms, whils thosa
phages which [yse both forms impartially are more liable to show
specifically resistant forms in che sawe phase as the parent strain.

+ From cultures that are rough by all the usual.criteris, it is
possible by the use of suitable phages to derive true smooth forms
showing all the characters of the type including active virulencs.

5. Some rough cultures could not be so comverted to the smooth
type and the evidence, which is incomplete, suggests that the con-
version can only occur so long as a trace of smooth antigen is retained
in the antigenic make-up of the bacillus.

6. The quantitative relations between the numbers of becilli lysed
and the numbers of the various types of resistant colonies strongly
suggest that the appesrance of a new phase (R. or S) under the
inflnence of phage is purely a selection phenomenon.

7. Experiments are presented to disprove Bail's contention that
phages which produce the same type of resistance with a single
bacterial strain are necessarily qualitatively identical.

8. A general discussion of the nature of bacterial resistance to
phage is astempted from the standpoint that its most important factor
is change in the bacterial constituent which also functions as the
“heat-stable antigen.”

This paper comprises work accepted by the University of London as a thesis
for the degree of Ph.D.(1927). Tam greatly indebted to Prof. J. C. G. Ledingham
and Dr J0 A Arkwright for their adviee and eriticism during the course of
this work.
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~’};1 RETROPERITONEAL GANGLIONIC NEUROMA. i
Ul .
’é"" D. F. CAPPELL. k
From the Pathological Depariment of the University and Western i
. Injirmary, Giasyow. 'j
13.
, (Prates IV.-V1) %
209,
WaIE tumours of the cenmtral nervous system are comparativaly 1
. - 3 o ote ] v
ymportewment, Pass, common, new growths of t‘he peripheral nervous system composed QE 3
true nerve elements are of much less frequent occurremce. Witiin 1
vi 177, recent years the true nature of certain tumours previously confused
i07. with the sarcomata has been recognised, and the constituent elements
- 33 have been identified as undifferentiated nerve cells, the group lwing
:‘LI:S" designated nsurchlastoma. Tumours composed of adult nerve elements 1
- are still regarded a3 uncommon, and are of special interest in that they ]
are made up of cells which have in the adult practically no powers vf
regeneration, anu whose origin therefore must be sought in a 1
L 108. :

displacement oi an embryonic rudiment or at least in some abnormality
origizating at an early stage of development. Such growths are mosec

, commonly met with in coonection with the abdominal sympathetic
chain, and may attain a large size, but they generaily presenc an
admixture of adult and embryonic tissue. The specimen which forms
the subject of this communication appears to be ome of the largest if
not actually the largest on record which consists solely of adult cells
and fibres.

'd-ﬁmts, Nos. 91

Clinical History.

The patient, a woman aged 27, was admitted to hospital complaining of slight
pain in the right side of one year’s duration. She stated that the pain was never
severe and did not cause her to lic up; it came on two or three times a day but
lastzd for only a f-w minutes. and it ocensionally mdiated to the vulva. The
bowels wepe costive, amd she took wedicine every other day. Menstruation was
normal. She had onse child, aged 3 years, healthy in every respect.

On cxamination the woman Jooked benlthy and her weight was normal.
A tumour, which felt abont the sizo of a small melon, smooth in outline and
freely movable, could be palpated in the right lumbar region ; it could be pushed
up into the right kidney pouch but would not remain thers. Chemical examina.-
tion of the urins resealed no abnormality. Cystoscopic examination by Mr W, W,
Galbraith showed rhat the bladder walls and trigone were hoalthy. Doth ureters
were sexn to be funetivning amd were henlthy in appearance. Five c.c. of
04 per et indigo earmine were injected intravenously and the dye was seen
to be excreted from the left ureter in 3} minutes, but appenred from tha right
ureter only after 20 minutes. A right ureteral catheter was inserced easily
for a disianee of 25 em. amd a pyelogram was taken, 12 ec.of a 12} per cent,
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solution of sodium iodide being injected. The pyelogram (fg. 2) showed that
the right ureter was very abmormal in situation, passing across the middle line
over the mid part of its course, that it was considerably stretched and that
the catheter introduced a distance of 23 cm. reached only about two-thirds of
the way along it. The kidney was seon to be in its normal position but the
pelvis wags distinetly horse-shoe shaped with the concavity downwards. A further
cystoscopic examination was mado a week later, the left ureter being catheterised
and a pyelogram taken. This showed the ureter and pelvis of tke left kidney to
be normal ; two calcareous glands were seen Iying adjacent to it. Bacteriological
examination of the urine from both kidneys showed that there were no orzanisms
in film or culture.

As a result of these investigations a diagnosis of retroperitoneal tumour on
the right side was made, aad the opinion was expressed that whatever abnormality
was present in the kiduey on that side was due to mechanical pressure from the
tamour. Operation was performed by Mr M. Logaan Taylor, assisted by JMr W, WV,
Galbraith, The abdomen was opened by a right ractus incision, ari a large
tetroperitoneal tumour was found. The growth was adherent to tbe inferior
vena cava and common iliac veids, which were both spread over its ianer side
and firmly adhersat to it. The ureter was lying over the front and inper aspect
of the tmnour, and was reflected aloag with tha peritonenm. The inferior vena
cava and commoo iliac veins were dissected free, and the tamour was then shelled
out. The right kidoey was falt lying in ics normal bed bui rotated, the lower
pole being pushed upwards and outwards, the kidney thus lying transversely.
The abdomen was closed in layers, and the patient made an unintecrupted
recovery frow. the operadon. Two mounths later a pyelogram was taken on the
right side, and it was then seen (6g. 3) chac the kidney had come down « little
and had resumnA its normal position, that the urater had not yet contracted and
was lying in folds, and that there was a considerable degree of hydromephrosis.
The indigo carmine test was repeated with a result similar to that on the first
occasion. Bactariological examination of the urine from the right kidney showed
that it was sterile. The patient was examined thres years later, and was then
in perfect health. :

The tuniour was received within a very short time after removal
from the body. Its external characters were noted and the growth
was weighed. It was then sectioned and about half the tumour was
preserved as a museum specimen, while the remainder was cut into
small pieces and porrions from many different parts were fixed in each
of the reagents. The fixatives employed were Zenker’s fluid with
acetic acid, Bouin's aqueous solution, saturated corrosive sublimate
solution, formol alecohol, and 10 per cent. formalin in saline. Paraflin
sections were prepared and were stained for general histological
structure by hematoxslin and eosin, eosin and methylene blue, iron
hematoxylin and van Gieson’s stain. As special stains for connective
tissue Murray’s nile blue—van Gieson method, Mallory’s original
anilin blue and Masson's trichromic stains bave been found to yield
instrnetive pictures. A variety of neuroglial stains including the
original Weigert method and nearly all its modifications, Mallory’s
phosphotungstic acid hematoxylin, 2and Bailes’s ethyl-violet orange G
mixture have all been employed; in sowe cases the special fixative for
these staining methods has been used aiter previous formalin or other
fixation. Numerous silver impregnatios methods have been tried, the

aatoal
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Fie. 1.—Coronal section of retroperitoneal ganglionic neuroma showing typical whorted
fasciculated structure. x 3.
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GANGLIONIC NEUROMA 40

most consistently successful being Ransom'’s pyridin silver technique,
but the Bielschowsky method for blocks also gave good resuits. Tt
was not found possible to cut frozen sections even after gelatin
embedding owing to the soft and varying consistence of the tissue, so that
the Bielschowsky technique for sections was not applicable. Portions
of the tumour were also embedded in celloidin aftcr mordanting by
the Weigert process, bath slow and rapid methods being tried, and
sections were subsequently stained by Weigert's original method and
by the Pal, Rulchitsky and Wolter's modificatious.

Naked-oys appearancs.

The tumour is roughly ovoid and somewhat flattened antero-
posteriorly. It weighs about 1020 grms., and measures 18 x 13 x 8 cm.
The surface is smooth and the growth is obviously well encap-
sulated, but a large bundle of nerve fibres is seen entering the upper
and medial aspect of the growth. A large number of blood vessels
with well-formed walls enter the tumour at various points. The
growth is of fairly soft consistence, and the capsule is temse and
elastic. On section the substance of the mass bulges over the cut
surface, and the tumour has a characteristic appearance of interlacing
irregulariy-arranged bundles of nerve fbres embedded in a soft
translucent myxomatous tissue (fig. 1). These bundles are of varying
size and run in all directions giving the cut surface a curiously whorled
appearance not unlike that of an cedematous fbromyoma. The tumiour
appears to be of uniform character throughout, and no areas of more
cellular primitive tissue are seen. Blood vessels are not very numerous
on the cut surface; they have thick well-formed walls and appear to
be surrounded by a denser stroma. XNo areas of necrosis or degenera-
tion are present but a few small calcified nodules are scattered
throughout the growth.

dlicroscopic cxumination.

Microscopically the tumour is seen to be a typical ganglionic
neuroma in which the constituent eluments are large unipolar and
bipolar ganglion cclls, while the bundles of nerve fibres are of non-
meduwllated type. The interstitial tissue is of an unusuvally myxomatous
nature with characteristic stellate cells and abundant mucoid inter-
cellular matrix The ganglionic cells tend to oceur in foci, the size of
individual groups varying from a few cells up to many hundreds
(fig. 4). They are zenerally large, resembling those of sympathetic
ganglia (figs. 5, 7), and possess a larze nucleus with wall-defined
nuclear membrane and a large single karyosome; binucleate cells are
not uncommon. The eytoplasm of the majority of the ganglion cells
is like ground glass, with the deeply staining Nissl bodies tending
to bo disposed in a cirele towards the periphery of the cell while the
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' centre is relatively free (fig. 7). The nucleus in such cells is generally

sitnated at one side, and it is probable that the coundition is one of

| wild degeneration, sach as occurs in spinal ganglion ceils soon aiter

severance of the axon. A conmsiderable number of apparently healthy

| ganglion cells with central nucleus and evenly distributed Nissl bodies

é are present, but there are also many cells in a state of more advanced
degenerativn with complete loss of Nissl substance and accumulation !

of pigmoentary granules in their cytoplasm. These granules appear

to be of lipochroms nature, as they stain bLlack with the TWeigers

myelin sheath stains and with osmic acid, orangs with sadan III and

scarlet red, and reddish purple with JMallory’s hematoxyiin. They are

not wholly scluble in alcohol or ether, and appear in parafn sections

as yellowish-brown granules. Ia silver impregnation preparations

many of the ganglion cells exhibit an extremely foamy siructure which

. is probably due to degenerative changes. The healthy cells hers

s present a uniform finely granular appearance (fg. 10). In the more

. degenerate cells the nuclei are frequently shrunken and atrophic, and

karyorrhexis and karyolysis are found. Finally the cell vody has

become shrunken and appears to disintegrate. No evidence -f paago-

cytosis o. the part of the capsule cells has been seen
Each ganglionic cell is surrounded by a sheath of fine conpective '
tissue betw.en which and the cytoplasm of the ganglion cell lie one or
two nuelei belonging to the capsule cells or amphicytes (fiz. 3). This
membrane is prolonged over the axon in the form of a sheath which
appears-to be composed of fine collagen fibres, as it stuins pink with
van Gieson, blue with the anilin blue and trichromic stains, and
reddish brown with phosphotungstic acid aematoxylin. The groups of
ganglionic cells somstimes consist of a Jarze number of isolated cells
(fig. 6) each with its capsule and axon covered by a sheath, bus
frequently a considerable number of ganglion cells occur closely packed
together (fig. 4), the cell bodies being polygonal from mutual pressure.
In such groups each individual cell does not appear to possess a
capsule, but the whole group is invested by 2 common comnective g
tissue sheath on the inner aspect of which there is a nucleated layer. 2
From such groups a large number of axons may emerge. but each b
appears to receive o covering ag it pierces the investing mewbrane. '
Many of the ganglionic cells in these closely packed groups are ) :
! degenerate, and in some cascs the investing sheath appears to be 1
i incomplete, as if it had been ruptured by the growth of the enclosed '
cells, In such groups it is not uncommon for twa ganglion cells to |
_be joined by a thick protoplasmic process, such as those described
by Adwmns (1014).

The unmerous nuclei seen in the bundles of nerve fibres correspond
to the nuclei of the cells ol the cytoplasmic sheath which surrounds
each fibre lilre the sheath of Schwann (fg. 8). With careful focussing
in suitably stained preparmations (e by JMallory’s or Masson’s anilin
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GANGLIONIC NEUROMA 47

blue method), it can be seen that the nuclei of the neurilemma cells
are situated internal to the fine collagen fibrils of the sheath and
that their cytoplasm forms a delicate reticulated structure around
the central axon separating it from the outer comnective tissue
sheath. This appearance is strongly suggestive of the structure of a
medullated fibre, as the reticulation above described closely resembles
the neurokeratin network while the outer collagen fibrils correspond to
the sheath of Henle. The application of myelin sheath stains has
however failed to demounstrate any trace of medullation except in a
very occasiopal fbre which is usually solitary in a non-medullated
. ) bundle. These myelinated fibres are uiore numerous in the neighbour-
hood of the groups of gangliomic cells, but the myelin sheath is
always in a fragmentary condition as if degenerate. In some cases a
nerve fibre, myelinated when near a group of ganglion cells, has been
observed to lose its myelination and to join a bundle of non-medullated
fibres after its myelination has disappeared, but it is of course
impossible to kmow the condition of the axom in such fibres.

In sectious of tissue impregnated by Ransom’s and Bielschowsky’s
methods it is seen that each nucleated sheath contains an axis
eylinder process, but there apoear to be at least two types present.
The most numerous axons are rather fine and exhibit the
characteristic varicosities of nom-medullated fibres (figs. 9, 10, 11).

{ ) The other tvpe of axon is much stouter and is of uniform calibre
- thronghout as much of its length as can be traced in a single section
or even a series of sections (fig. 10). In some of the ganglionic cells
silver impregmation reveals intracellular neuro-fibrils which can be
seen rucning together to leave the cell in the emerging axou (fig. 10).
By counterstaining Bielschowsky sections by the fuchsin-poncean-
lightgreen method of Masson the structure of the nerve bundles is
well brought out, and the central axon can be clearly recognised while

! the nucleated and connective tissue sheaths are also clearly demon-
strated. In spite of the enormous number of ganglionic cells present

in the twmour the presence of so many apparently healthy axons

is difficult to account for, especially in view of the widespread
degenerative changes in the gaoglivnic cells. Undoubtedly the greater

part of the large mass of tumour tissue is made up of bundles of
apparently healthy axons with their nucleated and connective tissue

sheaths, and it is diffieult to conceive that each is connected with a
ganglionic cell in the tumour. The highly convoluted course of the
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i In successiul silver impregnation preparations, a few structures b3
' sugyestive of terminal arberisations of axons around certain ganglionic !
cells Lave bLeen observed (fy. 10V Qeceasiomally an axon or axous ¢
Lave been vbeerved to form an tll«ichned network within the capsule f ;
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of certain ganglionic cells, but it is difficult to be sure of the
appearances since in such cases thick sections are of course required
and the eytoplasm of the ganglionic cells is generally obscured by a
very heavy deposit of silver.

The 1interstitial tissue i3 of very loose texture, myxomatous in
appearance. The essential interstitial cells are of fairly large size and
of characteristic stellate shape with long processes which can some-
times be traced along the collagen fibres for o considerable distance.
These fibres are of varying thickness and can readily be distinguished
owing to their wide separation by the intercellular mucoid matrix.
The stellate cells possess a ruther vesicular nucleus poor in chromatin
and the cell body and processes are well brought out in silver pre-
parations Ly a fine granular precipitation of the silver. In thick
celloidin sections stained with iron hematoxylin and van Gieson these
stellata connpective tissue cells are clearly shown in relation to the
fine collagen fibres. The interstitial tissue also contains a considerable
number of lymnphocytes and mast cells scattered irregularly throughout
the mucoid matrix, and in a few places numerous pol:-morphs are also
present. These leucocytic cells are generally more numnerous near
sc-all blood vessels which course through the interstitial tissue
carrying with them a rather firmer and more detinite sheath of
collc yen fibres. Even the smallest vessels have thick well-formed
walls, and in the walls of the small arterioles there is an abundance of
elastic tissue. Elsewhere in the tumour clastic fibres appear to be
completely absent. In the loose intercellular matrix the muein has
Leen precipitated by some of the fixatives in the form 6f fine filaments
which branch and anastomose with one another, and often appear to
form definite networks around the bundles of nerve fibres. Vith the
phosphotungstic acid ha@matoxylin stain these filaments are deep blue,
and their finer forms were at first confused with neuroglial fibrils.
Further investigation showed that they gave characteristic staining
reactions with mucicarmine and mucihm@matin and they were then
recognised as precipitation artefacts.

Commentary.

The specimen here deseribed is a typical ganglionic neuroma, and
has probauly arisen in connection with the abdominal sympathetic
chain. Oswing to its large size (1020 grms.) the exact point of origin
cuald no louger be recognised with certainty, but it is clear that the
growth had not originated in connection with the supraremal gland
or ceeliac plexus, as it lay below and bLehind the lower pole of the right
kidney. The literature vf the subject has not been investigated fully,
but this specimen appears to be the largest on rceord in which the
tissue is of uniformly adult type throughout. In view of the remark-
ably complete structure and relatively healthy condition of many of

e

N .
N
el e

e SN

.

Py :
JEDE Vo S,

»

n

o comrover—y

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/59


https://asbestosclaims.law/library/13405/59

4
1

3 be sure of the
of course required
ully obscured by a

‘¢, myxomatous in
airly large size and
i which can some-
siderable distance.
iy Le distinguislied
ar mucoid matiix.
poor in chromatin
out in silver pre-
P silver. In thick
. van Gieson these
a relation to the
iins a considerable
ralarly throughout
slymorphs are also
‘@ .umerous near
interstitial tissue
lefinit- sheath of
thick well-formed
sanr radance of
wes  ,ear to be
ix the muecin bas
1 of fine filaments
d often appear to
‘dbres. With the
nts are deep blue,
neuroglial fibrils.
weteristic stainicg

they were then

nie neuroma, and
inal sympathetic
2% point of origi

s clear that the
suprarenal gland
* pole of the rizht
nvestigated fully,
ord in which the
wof the remark-
Aent of many of

JOUBNAL OF PATHOLOGY.—Vou, XXXIL

Prate VI

GANGLIONIC NMUROMA.

sl
uZes

Fie. 8§.~Bundle of fine nerve fibres showing
numerous elongated nucles of *he sheath
of Schwann. Nile blue—van Gieson.

~ 304,

Fig. 10.=Ganulionic cells: oue shows intm-
cellular neurofibrils convensing into emerging
ason.  Numerous cuarse aund fine axous:
indicutions of some pericetlular networks.

Ransont™s pyridin ilver methad. 300

. Va4
N AN I B
RN NS i L I
O B A I SRR S
v 4 LA . p '
-2 2 0 .h’: \ ,
-5 ,1/ 7 .f’f -
- ", "- [P - .
Al A T .
ST Ty
"Y- “‘ . * ((’ N ot ™
Y R an

Fi6. 9.—Similar fine fibres showing thin axons
with vdricosities of sympathete type: sur-
rounding sheaths faintly indicated. Biel-
schowsky's silver technique, - 300,

Fie. 11.— Gunglion cell with two emerging
axons. another with une axon: in
both indications of intracellulur neuros
fibrils. Ransom's pyridin siver method.
~ 300.

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology...
ACL Doc 13405 - Page 60 of 193

L.

T TR P TET R NTORE TR

T ETY IR
4 & dbatles b

yrop~sminer

oy

-

1

[N

et U

o eq ong

T

omveidien sttt od bndim cit il

T e g = PR o

¢ alied ik

PR S

hond

i

A

[T VMUY PSS | 5 § B PTE

!

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/60


https://asbestosclaims.law/library/13405/60

'

bt o bl artpasee o o e

P

o 5

e -

GANGLIONIC NEURQMA 49

the ganglion cells, it is strange that the growth did not give rise to
more pronounced visceral disturbances, since large bundles/of nerve
fibres wero clserved to pass between the growth and the main abdominal
sympathetic chain.

Tumours of similar structure were recorded by Ribbert (1904)
in connection with the suprarenal glands, and many other examples
have been found since that time. Dunn (1913) has collected the
literature up to that time, and in reporting two ceses discusses the
relation of ganglionic neuroma to neuroblastoma. In the preseut case
no trace of neuroblastoma cells has been found; the small lyuphocyte-
like cells preseat in the stroma appear to be true lymphocytrz and
are usually associated with other leucocytic cells; their morphology
and arrangement are in no way suggestive of neuroblasts. A very
interesting feature of the case is the extraovdinary number of nerve
fibres, for these elements, consisting of axon and sheath, form the
chief bulk of the tumour, and it is difficult to conceive how they have
been formed. Though the number oi ganglionic cells is great, the
number of very fine fibres seems quite out of proportion. It may
be that the ganglionic cells, probably funcsionless, are engaged in
constantly adding to the length of the fibres which curl and furm
the bundles observed, after the manner of what is seen in amputation
neuroms. Many of the gangliomic cells may have disappeared but,
in this case, one would expect that the fibres would disapp-ar also;
dugenerated ganglionic cells from which the emerging axzon is absent
trom its sheath have indeed been observed. Some such view of
indefinite formation of axons by the ganglionic cells seems necessary,
though of course the now gencrally discarded view of axon formation
by neurilemma cells would afford an explanation of the findings in this
and similar cases (sce Bethe, 1903). Falk (1907) and Friedrich (1912),
for example, consider that some of the axons in their specimens may
have been formed from the neurilemma cells. Pick and Bielschowsky
(1911) have shown however that many of the fibres branch, and they
indicate that this may be an important factor in producing an apparent
excess of fibves. They also observe, as in the present case, that
many of the ganglionic cells may have degenerated and disappeared.
Adams (1914) described a ganglionic neuroma of fairly adult strncture,
and commented on the apparent new formation of axis cylinders by
neurilemma cells, but in his case one area of primitive cells of
neuroblast type was present; it ma) be noted also that the ganglionic
cells exhibited neither capsuls cells nor sheaths. Beneke (1901) and
Wegelin (1009) have observed sheaths around the ganglionic cells in
their specimens and Wegelin noted that the sheath passed out over
the nerve fibres and was continuous with the sheath of Schwann.
This has been confirmed in the present case. The general alsence of
myelin sheaths is apparently the wsual finding in sueh growths, Lus
it is interesting to nute that the structure of the nerve tibres with a

JOURN. OF fATH.—VOL. XXXII, D
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“peurokeratin-like ” reticulum is more suggestive of myelinated than
non-myelinated fibres. The varicositics of the axis cylinder processes
on the other haad are characteristic of nou-medullated sympathetic
fibres. It is probable however that the fibres, Leing of neoplastic
formation, are not perfectly formed, and do not correspond exactly
to any normal adult structures.

STALARY.

A case is recorded of 2n unusually large ganglivnic neuroma which
presents throughout a uniform structure of adult ganglionic cells and
nerve fibres. The majority of the fibres are of non-medullated type
and the remarkable feature is their ecormous numler. They possess
a well-formed sheath of Schwann and outer conmective tissue sheath
of Henle. Two varieties of axis cylinder processes have bezn recognised ;
coarse relatively uniform fibres, and fine fibres with the varicosities
of sympathetic type. The interstitial tissue i3 unusuallt my=xomatous,
but no neuroglial elements other than the neurilemma :2ils have been
recognised. No trace of rosettes or other uneuroblastic eiements hag
been found, and the subsequent history of the case coniirms the view
that the tumour is of simple type.

I an' indebted to Mr Logan Taylor for the clinical history of the case.
Mr W. W, Galbraith kindly supplied the pyelograms from which £zures 2 and 3
ars reproduced. The photo-micrographs are the work of Mr John Rirkpatrick
of the Pathological Department, Glasgow University, and I desire to thank him
for the trouble he has taken to secure satisfactory preparations.
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It is necessary to preface the following three notes with the remark
that the standard of comparison in all the experiments was a laboratory
standard equal ia potency to the Frankiurt standard tuberculin. Itis

i also necessary to refer to the paper by the authors on the standardisa-
tion of tubercwin (1927) which indicates the limits of accuracy of
the methods of measurement employed, and therefore the degree of
significance of the r:sults which rfollow. .

L Tue sTasmity oF QLD TCBERCULLN.
i Old Tuberculia, human (T) or bovine (PT), is a remarkably stable

Rk ntat SLibl e s il S e s oL L B BTl RESTL e 1 )

hissory of the case. § preparation in the unfiiluned state. ‘F or example, on intradermic test
-rhi(.’ ~ures 2 and 3 : in the tuberculous guinea-pig no difference was detectable between a
e 1 Kirkpatrick . sample of standard Old Tuberculin presented to these Laboratories in
. de. . to thank Lim : 1911 by Ehrlich and kept for some yvears in the cold room.and later at
ons. f room temperature, and the present Frankiurt Standard. This is bus

one of a series of observations on samples of Old Tuberculin, all of
which point to indefinite stability. e have never found any evidence
srmpathetic nervous of irstability in any sample of tuberculin, T or PT.

Dearee, Glasgow, 1914.. : Tuberculin bouillon filtrate, htman (TOA) or bovine (PTO), which
nives of the University has a glycerine content of approximataly 5 per cent. instead of approxi-

! mately 50 per cent. as in the concentrated product (Old Tuberculin),

= allg, Path., 1001, | may be regarded as equivalent to a 1 in 10 dilution of Old Tuberculin

. dis Nervensystems, . in glycerine veal broth. Samples of TOA and PTO have frequently

been re-tested aiter being kept for 2 vears at room temperature and

. p 456, have shown no loss vf potency, althuugh a few samples of PTO or TOA
= allg. Path., 1907, have lost 10 per cent of their potency arter 3 years.

Jowett (1914) states that some investigators bave found that

b alumne o AU B bbbt At b oo b bt dhalncndatnabivnts T D o) Wk« $hee cae b #0d tmnbin $ DY hm tat kS kB adiot B a B b0 ik s ety s
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.01;';21’ T.sfl',‘:gl‘. i diluted tuberculin is unstable and “undergoes more or less profound =
. deterioration as a result of storage” In our bands it has been i
204. p. 321 reasonably stable. A 1 in 10 dilution of Old Tuberculin in saline +4
- & wlg. Path, 1909, \ kept at room temperature fur 4 vears lost about 50 per cent. of its I
' officiency. One in 300, 1 in 1000, 1in 2000 and 1 in 4000 dilutions, Vo
kept at 4°C,, at roow tcmperature and at 37°C. were slightly weaker :%
after 3 months than dilutions which had Leen freshly prepared; after £
1 year. a difference was readily deleciulle on a large number of guinea- :

‘ pigs. It is probable therefore that the less in poteney was about
; st i !
| f
. ; ?
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60 per cent. There was no significant variation in potency between
samples kept in the refrigerator, at room temperature and in the
incubator. As a working rule, therefore, it would appear that ordinary
dilute tuberculin may be used for at least 1 month after dilution, but
preferably not for longer than this.

YWhen undiluted tuberculin, hovine (PT), was autoclaved for half an
hour at a pressure of 13 lbs. it was still apparently of full strength.
After autoclaving for 2 hours at 10 lbs. we found a loss of potency
just detectable by the intradermic test on six guinea-pigs, representing
a drop of about 40 per cent. Dilutions of Old Tuberculin, 1 in 500,
1 in 1000,1 in 2000 and 1l in 4000 were less heat-stable than the
undiluted product, after 2 hours at 10 lbs. they had lost at least
60 per cent. of their efficiency.

Similar results were obtained- with a sample of Old Tuberculin of
quadruple strength which had been prepared by the method of Douglas
on potato broth medium.

Conclusions.

(1) TCudiluted Old Tuberculin is stable for an indefinite period.

(2) Tuberculin bouillon filtrates (TOA) and (PTO) are stable for at
least 2 to 3 years.

(3) Dilutions of 1 in 300 to 1 in 4000 of Old Tuberculin may show
a loss in potency of 40 per cent. after 3 months.

(4) Undiluted Old Tuberculin may be autoclaved for half an hour
without detactable loss, and after 2 hours may retain 80 per cent. of ics
original value. Dilutions of Old Tuberculin are less heat-stable but
may retain 40 per cent of their original value after autoclaving for
2 hours.

II. Tae “OrLp TUBERCULIN"” CONTENT OF NEW TUBERCULINS.

Koch's New Tuberculin (BE) is essentially a vaccine consisting of
pulverised tubercle bacilli suspended in glycerine, and 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
intracutaneously, subcutaneously and intravenously into tuberculous
guinea-pigs.

Altogether 7 samples of BE or (PBE) and 5 of TR from british
and foreign sources have been used for the experiments. The strength
of the BE was approximately 5 mgrms. of ground baecilli per ce. By
the intracutaneous method of testing, the potency of oue of the samples
of BE was approximately 1/5th that of a sample of Old Tuberculin of
Frankfurt standard potency. Dilutions of 1 in 100, 1 in 200, 1 in 400
and 1 in 800 gave rise to reactions in tuberculous guinea-pigs at
20 hours which approximated to those given by 1 in 500, 1 in 1000,
1 in 2000 and 1 in 4000 rospectively of standard tuberculin
(=Frankfurt). In normal guinea-pigs which were used as controls
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no reactions were produced. One sample of BE was about 1/10th of
the potency of standard Old Tuberculin, three samples were about
1/15th, and two wers about 1/20th. Of the five samples of TR, one
was approximately 1/15th and two 1/20th; two contained very little
Old Tuberculin and were probably 1/30th to 1/100th of standard
value.

A suspension of dead tubercle bacilli of strength 5 mgrms. per c.c.
induced re2ctions when snitably diluted swhich suggested that it was
approximataly 1 20th of Old Tuberculin standard value.

Heating of dilutions of BE to 100°C. for 20 minutes on 3 con-
secutive days caused no diminution in the size of the skin reactions
obtained br intracutaneous injections. This observation wae made in
connection with some routine sterility tests on BE. Although no
experiments have been made on the stability of BE after autoclaving,
this result suggests that the Old Tuberculin present in BE is probably
as heat-stable as Old Tuberculin in its usual form.

The same relative poteuncy between. the seven samples of BE and
five of TR was obtained by the subcutaneous method of testing as by
the intradermie. Doses of 01 c.c. of Old Tuberculin and 1 to 3 .c. of
the BE or TR were injected into comparable groups of tuberculous
guinea-pigs, .. guinea-pigs which bad been infected at the same time
and with the same inoculum of virulent culture. The samples of TR
which were of low potency by the intracutaneous test were the only
ones to fail to kill any of the guinea-pigs which were injected
subcutaneousty with 3 c.c. doses. The other tuberculins, including the
standard Old Tuberculin, killed approximately 50 per cent. of guinea-
pigs at the doses selected. At autopsy the dead animals exhibited the
well-known signs of death from tuberculin.

In a few experimeats in whieh tuberculin has been injected
intravenously, the intravenous dose for Old Tuberculin has been about
half the subeutaneous dose. that is, 003 c.c. suitably diluted and given
intravenousiy has killed the same percentage of tuberculous animals
as 0-1 cc. injected subcutaneously. The intravenous dose for BE has
been less tham hali the subcutaueous dose. BE or TR which was
approximately 1,20th the poteney of standard Old Tuberculin by the
intradermic test killed tuberculous guinea-pigs in doses of 0'3 to
10 c.c. given iztravenously, producing the typical post-mortem appear-
ances of death from tuberculin.

Conclusion.

Wlen samples of BE and TR are injected intracutaneously,
subcutancousiy or intravencusly into tuberculous guinea-pigs, they
produce efiects which are qualitatively indistinguishable from those
caused by Old Tuberculin. BE varies in potency between 5 per cent.
ad 20 per ventoardi TR between 1 per cent. and 3 per cent. of Old
Tubereuiin, ’

JOURN, OF PATH.—FUL. XXXIL ' D2
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|
IIL. TUE DEVELOPMENT OF SKIN-SENSITIVENESS TO0 OLD TUBERCGLIN }
IN THE TUBERCULOCS GUINE4-PIG. l

i Fifteen guinea-pigs were infected with 0'5 mgrm. of a virulent
human strain (H 12) of B. tuberculosis. The animals were injected
_1 intradermally with 02 cc. of two or more dilutions of standard :
3 tuberculin bi-weekly from 1 to 34 weeks and then weekly to 91 weeks i
after infection. The figures given in the table represent the reciprocals '
of the highest dilutions of standard tuberculin which gave iwell-
developed positive reactions, approximately 8 mm. in dizmeter, 16 to 20
hours after injection.
} Ten of the 15 guinea-pigs gave definite positive reactions one week
after infection at dilutions of 1 in 50 to 1 in 200; T of the 13 gave
similar reactivas 1 week later at 1 in 1000 to 1 in 4000. The
] development of skin semsitivity to high dilutions of tuberculin varied
: considerably from animal to apimal. In many instances it was
exceedingly rapid, the minimum amount of suberculin necessary to
produce a standard reaction falling 20 to 40 fold in 1 sveek. In one -
' guinea-pig, however, 1 in 30 was the highest dilution which at any
time caused a ¢tandard reaction, in another 1 in 300, and in two 1
in 1000. .

It will be sesn from the table that more guinea-pigs were skin-
sensitive to high dilutions of tuberculin at about the third week than
at any other period of the infection. Although some animals are
extremely sensitive for much longer periods to tuberculin given
intradermatly, the third week is probably the most suitable for
tuberculin standardisation if the guinea-pigs are infected in the
manner deseribed. Guinea-pigs which were apparently in good con-
dition, had well-nourished skins and showed enlargement of the right
inguinal glands (the nearest to the site of infecriun) tended to be
the best reactors. The mode of development of skin sensitivity in
this experiment is confirmatory of many casual observations made by
the authors in the course of work on the standardisation of tuberculin
extending over several ycars. It should be noted however that many
of the rcactions recorded after the second or third week are probably
less marked than they would have been on other tuberculous guinea-
pigs which bad not Dbeen subjected to bi-weekly depilation and f
injections. e think that this loss of semsitivity is to be ascribed
partly to desenmsitisation to tuberculin as a result of repeated
intraderinie injections, and partly to impaired generul health of the
animals from frequent handling; the mortality in the early weeks
from tuberculosis and infections due to organisms of the Salmonclla
group was comparatively high, only 6 of the 15 guinea-pigs living for
a longer period than 7 weeks.

There was considerable variation among the individual guinea-pigs
i’ in the course as well as in the mode of onset of tuberculin seasitivity.

. ——
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Thus, of the only two guinea-pigs which were skin-sensitive to 1 in
4000 2 weeks after infection, one became skin-sensitive to 1 in 8000
at the third week and remained so for 2} weeks, but the other was
sensitive at 1 in 4000 for a few days only, and became 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 death.
Reactions whick occur in wasting animals shortly before death tend
to have an atypical pallor due to the failure of the rather atrophic,
poorly nourished skin to give a hyperemic response; tha pallor gives
way to necrosis rather than to hyperccmia when lowev dilutions are
injected.

In conclusion, although the'number of guinea-pigs under experiment
is small, the results obtained confivm views based on casual observation
that sensitiveness develops progressively although often quite quickly
once it has started. Frequently guinea-pigs are relatively insensitive
or only slightly sensitive one week, and the next weel: or the wesk
after are perfectly suitable for ordinary testing. The subsequent
progress of sensitiveness varies considerably and frequ:ntly shows a
fall for some time before death.

Boquet and Neégre (1926) state that sensitiveness to tuberculin
sometimes appears suddenly in all its intensity and that more
frequently it is preceded by a short period of transition (2448 hours).
We have not been able to confirm this opinion by intradermie methods,
aud it has been our general experience that sensitiveness becomes

detectable at the end of a week after infection and advances to a
maximum in 2 to 3 weeks.
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THE RELATIONSHIP BLTWIEEN THE HAEMO-
LYTIC COMPLEMENT AND THE OPSOXNIC
POWER OF NORMAL GUINEA-PIG SERUML

Jorx Gorpox, Heee RosmysoN WIHITEREAD and ARTHUR VWORMALL.

From the Depurtnients of Pathology and Bacteriology and of Physiology, the
School of Jeu’icine, Leeds, and the Department of Bacteridlogy, College of
MUedicine, Newcastie-on-Tyne.

TaE relationship between the opsonic power of normal serum and
the power to hoemolvse sensitised red corpuscles has been studied by
numerous authars aud in many instances evidence has been produced
to show that the opsonic action of a normal serum involves the action
of complement nr perhaps a more complex system consisting of a
thermostable suhstance and a thermolabile component of the com-
plement type. 1f the latter view is correct, the opsonic system may
be regarded as being similar to the h®molytic system in consisting of
a relatively heat-stable and probably specific amboceptor and a heat-
labile non-specific complement.

Muir and Martin {1908) produced evidence to show that there iz a close
similaricy betweea normal thermolabile opsonins and hmmolytic complement, for
they found that substances which remove heemolytic complement from normal
guinea-pig serum also remove tho opsonic power. The absorbing substances
used for this purpose were (a) seositised red cells () serum precipitates formed
by mixing antigen and antibody und (c) sensitised bacteria, and in all cases the
absorption of hremolytic complement and opsonins were closely parallol. Biicher
(1907) and Levadid and Inmann (1907) produced further svidencs pointing to
a similarity between normal opsonin and complement, whilst Neufeld and Hiine
(1907) showed that treatment of normal serum with yeast cells removes both
hremolytic complement and opsonin.

Qther authors however have expressed the opinion that a thermostable opsonic
counstituent (amboceptor) is concerned, togesher with complement, in opsonic
action. Dean {1207) showed that the opsounic power of heated immune serum
was greatly inereased by the addition of a small amount of unheated nermal
serumd. Cowie and Chapin {1907, 1) obtained similar results with normal human
sernm and found that the addition of a small amount of normal human serum
could restore th2 opsonic power ot Luman serum which had boen heated at 53°C.
for ten minates. From these cxperiments the conclusion was reached thas the
opsonin of normal hurmn serum has o double amubaceptor-complement structure
like haemelysins and tacteriolysing.  Further evidenee in favour of this view
was presented in o later paper (Cowie and Chapin 1907, 2), when it was shown
that Staphulococcus treated with heated serum and then wasbed is more readily
opsotiised by o normal serum than is the untreated orgunism.  In addirion,

: Luman serwm with ~taphylococet results, ander eortain
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o substance which can reactivate a heated serum for opsonic activity. The
same authors (1007, 3) submitted further evidence in support of the amboceptor-

complement view of opsonic action. They found that Stophyiococcus, treated .

with normal bhuman serum at 0° C. and then washed with cold salt solution,
is not much more susceptible to phagocytosis in the absence of serum than the
untreated organism, but is more readily opsonised by & dilute normal serum
or by a serum which had been inactivated by contact with staphylococci in the
cold. Thus at 0°C. the bacteria absorb the amboceptor component only of the
opsonic system. DErowning (10253) states that the taking up of opsonins at low
temperasures without the removal of complement may be attributed to the
existencs of a natural immune-body which plays a part in the opsonic effect,
leading to the union of complement, or it may be due to the existence of multiple
complements.

It is possible to study what role, if any, is played by complement in opsosic
action by observing the effect on the opsonic power when complement is “split ”
into fractions, or when one or more components are inactivated. Simon, Lamar
and Bisphamm (1906) found that the opsouin of serum is associnted with the
globulin fraction and Heinemann and Gatewood (1912) similarly found that the
opsonins of antistreptococcic and antigonococcic sera ars pracipitated with the
globulins, Ledingbam and Dean (1912), however, showed that mid-piccs as
prepared by the CO, method was unable by itself to sensitise B. typhosus for
phagocytosis.

In an investigation of the properties of hemolytic complement the
present authors have shown (1926, 1, that small amounts of ammonia
inactivate hamolytic complement by the almost specific destruction of
a component which is relatively heat-atable and which is associated with
the albumin fraction of the serum. Thus ammonia-treated serum has
no hemolytic action on sensitised red cells but is reactivated by the
addition of serum heated at 56°C. or heated “end-piece” (albumin
fraction). It has been shown later (Gordon and Wormall 1928) thas
ammonia has a similar action on the bactericidal power of normal
guinea-pig serum against B. dysenterie (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, YWhitehead and Wormall, 1926, 2) showed
that the fourth component of hremolytic complement is not essential for
opsonic action, and the investigations deseribed below form an extension
of this observation.

Treatrent of normal guinen-pig serum with small amounts of
ammonia results in the complete loss of hamolytic action towards
sensitised red cells, duo to the inactivation of the fourth componens
of complement, hut no correspounding loss of opsomic power occurs.
Thus the conclusion is reached that although the other components
of hemolytic complement may function in the opsonic system, the
fourth compounent is not esseutial.

The treatment of serwm with Lacteria usually results in the removal
of both hmmolytic complement and the opsonic power, and this is
quoted in support of tho view that the opsonic systemt of normal
sermm s a complement or amboeeptor-complement systen. It suitabie
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amounts of the organism (Staphylococcus aursus in these experiments)
are added to oormal guinea-pig serum and the organisms removed by
centrifuging after incubation of the emulsion for about 2 hours, it is
found that the serum has no opsonic action and no hemolytie action
on sensitised red cells. The centrifuged bacteria however, after being
washed with 09 per cent. NaCl solution, are readily phagocyted, and
the loss of opsonic power by the serum is attributed to the absorprion
or adsorption of the opsonins by the bacteria. I[f the view expressed
above is correct—that the fourth component of complement is not
essential for opsonic action—then the fourth cowponent of com-
plement need not necessarily be absorbed by the bacteria, and indeed
the non-removal of this component by the bacteria would furmisL
evidence in support of the hyputhesis.” Experiments carried out to
rest this point have shown that treatment of the serum with bacteria
under conditions which lead to the complete loss of heemolrtic and
opsonie functions does not cause the removal of the fourth component
of complement from the serum. The bacteria, which are removed
from the serum by centrifuging, are however fully sensitised fur
subsequent phagoe~tosis, and the conclusion is drawn that these
bacteria have removed the whole of the opsonic system; this srstem
therefore does not include the fourth component of complement.

Erperimental.

To determine the opsonic power of the normal or treated guinea-pig serum
01 ¢.c. of an emulsion of Staphyiococcus aureus was added to 0% c.c. of the serzm
in a centrifuge tube ; the mixture was then incubated at 37 C. for L kour and
washed guinea-pig leucocytes added. After a further incubation for 1 hour,
films were made, stained and examined for phagocytosis. For our purposs it
sufficed to determine ouly the presence of a good phagocytosis or tha absence of
phagocytosis and it was not found necessary to make opsonic counts.

The hmmolytiz complement activities were determined by diluting the sera
with 0'0 per cent. NaCl solution aml adding various amounts of the diluted sern
to 1 c.c. of 4 per cent. seusitised ox cells. The total volume in each tube was
adjusted to 2'0 c.c. where neceasary by the addition of 0'0 per cent. NaCl solation,
and the tubes wer2 then incubated at 37 C. The amount of hmmolysis aster
iscubation for { hour, 4 hour and 1 hour was recorded thus:

+ + + + complete hemolysis. -~ no hemolysis.
4+ +, ++ or + intermediate grades of hamolysis.

The action of ammonia on the opsonin and complement of normal

guinea-pig serum.

In the earlier experiments normal guinea-pig serum was treated
with one-quarter of its volume of N/G'3 NH, solution, but it was
found later that treatment with a smaller volume of stronger ammeonia
solution was preferable fur the opsonie experiments. To inactivate
the heemolytic complement, 3 c.c. of guinea-pig serum were treated
with 0-03-0-10 c.c. of 0-87 N'. NH, solution and the mixture incubated at

-

37T fur 1) heurs. The seruw was then newtralised by the wliicion
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of the necessary amount of N. HCl (determined by the titration of an
aliquot portion) and then tested for opsonic and hremolytic action.
The following is a typical result from a large number of experiments
in which the amount of NH; used and the time of incubation were
varied.

Opsonic power.—XNo diferences could be detected hetween the opsonic powers
of normal and ammonia-treated sera. Controls with 09 per cent. NaCl solution
showed no phagocrytosis.

Hemolytic astivity—
Hemolysis of sensitised red cells after incubation for 1 hour :—
1°0 c.c. normal guinea-pig serum (1 : 10) . . ++++
03ee . ’ w (1:10) - . . R e
10 c.e. NHy-treated guines-pig serum (1:10) . . . -
05 c.c. ” ) » (1 : 10) . . . -
0°5 c.c. " serum (1 :10) plus 0°5 c.c. heated serum . ++ + +

The heatsd sernm was guinea-pig serum heated at 58° C. for 30 wminutes and
then diluted with 9 volumes of 0'9 NaCl solution.

These experiments show that destruction of the fourth ¢omponent
of compiement by ammonpia results in.a complete loss of Lzmolytic
action for sensitised cells, whereas no detectable loss of opsonic power
occurs.

Remoral of hexmolytic complement and the opsonins of normal
quinea-pig serum by bacteria.

A heavy emulsion of Staphylvcoccus aureus was added to normal
guinea-pig serum and the mixture incubated at 37°C. for 2 hours with
frequent shaking. The bacteria were then removed by centrifuging
for 1 hour at high speed, and the opsonic and hwxmolytic powers of the
supernatant serum determined. The NHj-treated serum was prepared
a8 described for the preceding experiment.

Normal guinen-pig serum . . . Good.
Opsonic activity = N Hi-treated guinea-pig serum . . Good.
Serum treated with bacteria . . . None.

The bacteria removed from the last serum were washed with 00 per cent.
NaCl solurion and were found to be readily phagoeyted in NaCl solution.

Hemolytic activity.—All the sera were diluted with 9 volumes of 09 por cent.
NaCl solution.

Hamolysis of ssnsitised red cells after incubatioa far 1 hour :—

1'0 c.c. normal guinea-pig serum . . . R R
sce “ " . .o, . . k4
10 c.c. NH,-treated guinea-pig serum . . . . -
'3 ¢.c. “ ” » . . . . -
[V - serum + 03 c.¢, bhuated serum . . b4
TR LN - » + 05 cc bacterin-treated serum . + + 4+ +
0'5 c.C. - w + 05 ce. heated bacteria - trented

sammm . . . .t oOor 4+
10 e baveria-treasad serum -
(U VRN " » . . . . . -

e m i e et e = = T 08 bt e WA v ans o 805 &

e v e traat e e e

T p————

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology...
ACL Doc 13405 - Page 72 of 193

Published by AsbestosClaims.Law
asbestosclaims.law/library/13405/72


https://asbestosclaims.law/library/13405/72

' WORMALL

{

the titration of an
hremolytic action.
ner of experiments
f incubation were

n the opsonic powers
* cent. NaCl solution

ioQr i—
. + 4+t
+ P

seram. ++++
. Jor 30 minutes and

couzth component
.uss of haemolytie
of ops aic power

ns of normal

Qe to normal
. for 2 hours with
i by centrifuging
vtic powers of the
:rum was prepared

Good.
Good.

Noze.
. with 0°9 per cent,
=Cl solation.
:umes of 0'9 per cent.

- I -
-
++++

S s
hyots. S R SR
Saated
= O+t

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology...

ACL Doc 13405 - Page 73 of 193

COMPLEMENT AND OPSONIN 61

From thess results it will be seen that neither NH;-treated serum
nor serum treated with bacteria had any hmmolytic complemens
activity. \When combined, however, they show stromgz h=molytic
action towards sensitised red cells. Thus the treatment of normal
guinea-pig seram with Slaphylococcus aureus in amounts sufficient to
remove the opsonic power does not result in the removal of the fourth
component of complement.

Summary.

Destruction of the hmmolytic complement activity of normal
guinea-pig serum by small amounts of ammonia does not reduce to
any siguificant extent the opsonic power of the serum for Stapayiococcus
eurcus. Inculbction of the normal serum at 37°C. for 2 hours with
this organism ir amounts sufficient to remove the opsonic and
hemolytic complement activities does not remove the fourth component
of complement. The conclusion is drawn from this evidence that one
component of complement at least, the fourth component, is not
essential for tha vpsnuic action of the normal serum.

Two of the autkors (J. G. and A. W.) desirs to thank the Medical Research

Council for part-time personal grants and for grants which havea partly dafrayed
the expenses of this rasearch,
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THE NERVOUS SYSTEM IN RATS FED ON
DIETS DETICIENT IN VITAMINS B, AND B.

Runy O. STERY and G. MaARsHALL Fixpray.

From the National Hospital for Paralysed and Epdcptic and the Laboratories
of the Imperial Cancer Research Fund, London.

(PraTE VIL)

Smece Eijkman (1897) first described polyneuritis in hens as the result
of an exclusive diet of polished rice a very large amount of work has
been carried out on the relations between dietary deficiencies and lesions
of the nervous system.

The pathological changes originally described by Eijkman consisted of non-
infammatory atrophic degenesation of the medullary sheaths of the nerves with
chromatolysis and atrophy of the ganglion cells in the anterior hom of the cord.
Vedder and Clark (1912) confirmed thess results in fowls, chromatolysis being
found both in the nerve cells of the cord and dorsal root ganglis together with
degeneration in the meduilary sheaths of the peripheral nerves and in the nerve
roots and tracts of the cord. Kimura (1519), M‘Carrison (1919)and Findlay (1921)
obtained similar results in rico-fed birds. M‘Carrison aud Findlay however both
found that complete starvation in pigeonsiand fowls led to chromatolysis in the
nerve cells and degsneration of the medullary sheaths of the nerves, corfirming
the earlier work of Chamber]uin, Bloombergh and EKilbourne (1911) and Eijkman
aud van Hoogenhuyze (1918). Culloy (1927) believed that the degeneration of the
medullary sheaths of the nerves in fowls fed on polished rice is not identical with
Wallerian degeneration.

Polyneuritis with similar lesions has also been produced in mammals by
deficient diets. Thus Shiga and Kusama (1911) fed monkeys on boiled rice and
cunsed degencration of the peripheral nerves as did M‘Carrison (1919). Andrews
(1912) produced degenerative lesions in the nervous system of puppies by feeding
them on the milk of women whose children had died from beriberi, while
Voegtlin and Lake (1919) produced polyncuritis in cats and dogs in from four to
six weeks Ly feeding them on a diet of lean beef heated for three hours at 120°C.
in the prasence of alkali. The sciatic nerves of these animals stained by the
Marchi method showed all stages of myelin degencration.

When rats, on the other hund, are fed on diets which are complets except
for the antineuritic vitamin, polyneuritis is only produced in a small number
of animals, the others dying with symptoms of inanition only. Esamination
of the nervous system in rats fed on diets lacking the antineuritic viramic has
been carried out by various observers. Schaumann (1910) produced puralysis
of the hind legs by feeding rats on an aoxclusive diet of horsedlesh which had
been sterilised at 120°C. Examination of the ncrves showed no typical degener-
tion of the myelin sheaths, but a foamy appearance which wus considered to
be evidencs of the breaking up of myelin. Hofmeister (1922) fed rats on a diet
which was deficient only in vitamin B. In a foew animals a spastic condition
of the limbs oceurred, avevwpanied in some cases by tremors and convulsions,
but in most there was ab first a definite ataxgia of the bind lHbs followed within

o8
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1 64 R. O. STERN AND G. M. FINDLAY

a day or two by paralysis. In the nervous system there werc no degenerative
changes in the peripheral nerves with the czception of slight swelling of the
myelin sheaths in three rats and an increass in the nuclci of the sheath of
Schwann in two others. In the brain, Lrain stem and cerebellum small capiilary
3 hmmorrhages were howsver observed, the changes corresponding roughiy to the
j severity of the symptoms observed during life, since heemorrhage was absent

in those rats svhich had not shown any nervous symptoms. Degenerative
1 chromatolytic changes were present in the nervo cells of the brain., Hofmeister
regarded the bemorriagss as evideace of a hiemorrhagic encephalitis in spite ,
i of the absance of infammarory changs. Woollard (1926) condrmed Hofmeister f

. » a . - . r
3 in so far as the absence of Marchi deg2aerarion in the cord and nerves of rats .
ou a diet deficient in vitamin B is conczrned. There was an absence of chromato- E}
Iysis in the nerve cells of the anterior horn of the cord hut changes wers present 4
) . in the Sue intarmuscular meduilated motor and sensory nerves: their terminal
ramifications wers swollen, parceulariy in the most peripherai p wr3 which showed
loss of fine diferentiation, the myelin being irreqular in outline. imilar changes v
though of a less pronounced character were howeaver noted in rats which had
been completely siarved excepe for water for from four to :svsn days sud in rats
3 also which had Deen given marmite as their sole source of nourisheiwent. Woollard
suggests that the more procouncad maaifestations of experimen:ul heriberi may
be explained by the different duration of the conditions an< thac beriberi
occurring in rart3 may be equal to starvation from inabdity to cssirvilate food
in the absence of the appropriate vitamin. In this connection is iy interesting
to note that Sundwall (1917) has coufirmed in the rat the fingings of earlisr
1 ‘ workers on pigeons and hens in regard to the production cf nervous lesions by
simple iuanition. Lxamination of the spinal cord disclosed conyustion of the
vessels, vacuolation of the cellular clements ofpthe cord suggesting extreme
edema and certain abaormalities of the anterior hora cells, some of which wers
shrunken and stained darkly whilst in others the vesicular appearancs of the
cytoplasm was presumprive evidence of chromatolysis. In a recent communica-
tion Tsunoda and Kuro (1925) bave noted swelling in the nerve-andings of
pigeons fed ona diet of polished rice. Afterthe administration of the antineuritic
factor the swelling is said to hare disappeared.

The exact interpratation of the lesions produced by lack of vitamin B has
been rendered still more diffcult by the work of Goldberger. Wheeler, Lillie and
Rogers (1926) who have shown conciusively that vitamin B obtained from yeast
consists of at least two factors,” one thermolabile which prevents and cures
polyneuritis in birds and rats, the other thermostable, lack of which leads to the
appenrance in rats of a condition resembling, according to Goldberger and Lillie
(1926), pellagra in man and black tongue in dogs. Since toth vitamin B, (the
antineuritic factor) and vitamin B, (the antipellagra facror) are present ia
autolysed yeast, iz i3 not possible by feeding rats on o diet contaivieg no
vitamin B but consisting of caseinogen, stacch, cod liver oil and inormmnic slts
to determina the pervons lesions due solely to deficiency of cither vitamin I, or
vitamin B.. The following investigntion was therefors undersaken to determine
the changes produced ia the nervous syatem by diets deficient in cithier vitamin B,
or vitamin Ba.
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Technique.

The pathological material was obtained from a series of experiments whick
havs previously been described (Findlay 1928). Young rats were placed on the
following basal diar ;=

Purited caseinogen . . . 95 parts

Rice starch . . . .0,

Salt mixture (M‘Collum and Davis 1913) 5

Cund liver ol . . . « 02 e per et per day.

i 9%

[y gutven .
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The animals were divided into four groups.

Group 4 : basal diet alone: lucking B, and L. Two out of ten rats showed
symptoms of paralysis which appeared 24 hours before death. Average
duration of life 34 days, the animals being killed when moribund.

Group B: 0r5 grm. per day per rat of ycast autoclaved at 120°C, for 5 hours:
lacking B,. Paralysis appearcd in six out of ten rats, the first symptoms
occurring 2 to 3 days before death. Average duration of life 37 days.

Group C: 02 c.c. per day per rat of Peters’ (1924) yeast oxtract: lacking B,
This zroup was further subdivided ; some rats were killed when they showed
definite skin lesioums, others were given a little dried yeast and then allowed
to relapse on the diet without Bs: by this means it was hoped o produce a
condition resembling more closely the chronic form of pellagra in man. In
group C no nervous symptoms were noted cxcept in one rat which had
peculiar side-to-side movements of its head ; it died three hours later despite
the administration of yeast extract and at the post-mortem a severs
hemorrbage into the stomach was found but no macroscopic changes in
the nervous system.

Group D : yeast extract and dried yeast: receswing B and B.. The animals
developed no symptoms and served as controls.

The weight changes are given by Findlay (1928, p. 357); the controls nearly
doubled their weight but :he ochers grew little or not at all or declined.

Peripheral nerves were fixed in Miller’s fluid and thereafter used for the
study of r granules by the t-luidin blue methoed and for myulin degeneration by
the Marchi method. Portions of the cervical dorsal and lumbar regions of the
spinal cord wers also stained by the Marchi method. Similar portions of ths
spinal cords and brains were sectioned by the froezing method and stained with
toluidin blue for Nissi granules and with scharlach R and alaum haxmatoxylio fcr
fatty changes and lipochrome pigment. Celloidin and parafin sections of the
brains and cords of many of the animals were made and stained with toluidin
blue for cellular detail. Portions of the cord and brain wers also fized by the

Schridde method for studying the mitochondria. In addition to the control

animals in group D, other rats fed on o laboratory diet rich in vitamins wwere

killed by conl gas or by bleeding to exclude the possibility of any nervous changes
being dus to the method of killing.

Pathological changes.

In group A, consisting of rats which had been deprived of both
vitamins B, and B,, the changes found in the nervous system were
slight. There was no pathological evidence of polyneuritis corresponding
to the clinical symptoms. The only abnormality seen in the sciatic
nerve was an inerease in the = granules of Reich. These are small
granules which lie scattered along the sheath of Schwann and which
stain metachromatically with toluidin blue. Attention was called to
their presence in human pellagra by Mario Zalla and Kinnier Wilson
(1914), who pointed out the great incrcase in their namber in that
disease. They were considercd to be an index of myclin metabolism
amd their increase an evidence of an early degenerative change. The
increase of these granules in the nerves of this group was less than in
either of the groups deprived of ouly one fuctor of vitamin B. The
shurter durativu of life may acecvunt for this, There was no degenera-
tion seen in the nerves by the Marchi method. The spinal cords of
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68 R. O. STERN AND G. M. FINDLAY

animals in this group showed early chromatolysis in some of the
anterior horn cells, whilst others were shrunken, had lost their
processes and stained darkly and diffusely. There was no increase
in glial tissue nor any cellular infiltration. Marchi preparations wers
negative and there was no accumulation of lipochrome pigment in the
nerve cells. The spinal cords of this group in common with those of
the other groups, including the normal group, were greatly congested,
but this was due probably to the effect of the coal gas asphyxia. The
brains appeared normal

In group B, which received only the B, factor, the sciatic nerve
contained large numbers of = granules. In one rat which had shown
symptoms of paralysis fov as long as twelve days a foamy appearance
was seen in Marchi preparations of the seciatic nerve. According to
Schaumann (1910) and “oegtlin and Lake (1919), this is the earlest
sign of myelin degeneration given by the d[archi method. It is there-
fors reasonable to suppose that if the other animals of this group had
survived longer similar degemeration might have been seen. In the
spinal cord the changes in tue nerve cells were. similar to those in
group A but more advaunced. Most large cells were shrunken and
stained darkly, the Nissl .granules being generally indistinet and
“powdery” in appearance. In somme there was a clumping of Nissl
substance round the nucleus. Eccentric nuclei were rare, but many
cells had lost their processes and had become rounded. There was a

. moderate increase in the number of satellite cells around the anterior

horn cells but no general cellular infiltration.of the cord. larchi
preparations were negative and again in this group there was no
accummulation of lipochrome pigment in the nerve cells. The brains
appeared quite normal.

In group C, which received B, but not B,, the changes ir the sciatic
nerve consisted solely in a large increase in the number of = granules.
As there had been no nervous symptoms of any kind it was not
surprising to find no demyelination by the larchi method and the
increase in  granules was regarded as evidence, not of a degeneration,
but of a functional exhaustion, such as occurs in senility, in which
there is a great increase in = granules. The spinal cord presented
a strixing appearance. The large unerve ceils were swollen, much
vacuolated and distorted in shape. The Nissl substance did not form
recognisable granules in most cells. In some it occurred in threads,
in others it had completely disappeared, leaving a pale “honeycomb ”
cell In certain of the rats some groups of cclls were definitely more
affected than others. The number of satellite ceils around the nerve
cells was enormously increased and wany nerve cells were completely
surrounded by them. Marchi preparations were normal. In the nerve
cells of the rats which bad survived for some months after the appeur-
ance of the skin lesions, there was a comsiderable accumulation of
lipochirome pigment and a simaller bub definite amount was found
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NERVOUS SYSTEM AND VITAMNIN B 87

in the cells of the cersbral cortex of the same animals. The brains
otherwise appearsd normal, there being no hyaline changes in the
blood vessals.

AMitochondrial changes.

Vedder and Clark (1912) were unable to determine any changes in
the mitochondria of the nerve cells of fowls suffering from polyneuritis,
results which were similar to those of Clark (1914). Ma (1923)
however showed that in certain of the spinal ganglion cells of fowis
with beriberi the mitochondria had changed from short rods to tiny
granules and had also decreased in number.

Esxamination by the Schridde method of rats deprived of vitamins
B, and B, showed no qualitative or quantitative changes in the
mitochondria of the nerve cells of brain or cord. Thers was a similar
abueace of change in the brains and cords from rats deprived of
vitemin B, alone. The brains of rats deprived of vitamin B, also
shaved no abnormality in the mitochondria, but in the cords the
mitochondria of many nerve cells were reduced in number and were
smell and granular in shape, iz contrast to the more rod-shaped
mitochondria found in the ganglion ceils of control rats.

Discussion.

The result of the examination of the nervous system of rats which
have been fed on diets lacking one or both of the factors making up
the vitamin B complex shows that such diets produce results of a
totally non-specific character. The absence of degenerative changes
recoguisable by the JMarchi method in the peripheral nerves agrees
with the observations of Hofmeister and TWoollard. This absence of
myelin degenerativn in the peripheral nerves of the rat is in striking
contrast to the myelin changes found in the peripheral merves of other
mamnials and of birds as the resnlt of deprivation of vitamin B.

Absencs of the B, auntineuritic factor alone produced for the most
part chromatolysis in the nerve cells only, though in the sciatic nerve
of the rat which had been paralysed for twelve days there was evidencs
by the Marchi method of very carly Jdegeneration.

The main poiut of interest in regard to the nervous lesions found
in rats fed ou the diet lacking vitamin B, lies in the resemblance of
these lesions to those found in human pellagra. According to
Winkelman (1026) the cssential nervous lesions of human pellagra
consist in & primary degeneration of nerve cells throughout the brain
and spinal cord with the deposition in them of larre quantities of o
fatiy substance and a hyaline degeneration of the bload vessels with
the deposition around them of the same fatty material This facty
substance is presumably similar to the rellow pigment deseribed by
Kecowsky (1912) as aceurring fn lavge vuantivies i the nerve cells in
huaman pellagrs, the acenmulation of which he considerad to be the
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most constant and general alteration in the nervous system in this
disease. In our material alse, pigment of o lipochrome nature was
present in the nerve cells of certain of the rats lacking vitamin B.
The amount of pigment present was directly proportional to the length
of time that the animal had bsen on the diet and it was absent in
those rats which had been killed during the frst acute attack of
dermatitis. The largest amount was found in the nerve cells of a rat
which had survived for a year on the diet, though lackiug hair and
appearing prematurely old. In this rat there was fatty degeneration
of the heart muscle and early athervma in the norta. Normal rats of
the same age did not show any lipochrome pigwent in the nerve cells.

The presence of a granules in nerves is mot a lesion peculiar to
pellagra, since they are present in many other conditions, ircluding
spinal syphilis (Doinikow). The finding of these granules in the
nerves of this series of rats is of interest only in that it shows that
there is some alteration in myelin metabolism.

The great vacuolation and swelling of the anterior horn cells of the
spinal cord which was so constantly found in our animals whoss diat
was deficient in B, was similar to one of the types of degeneration of
perve cells described by Kozowsky in human pellagra. The satel.rosis
also was comparable with that found in human pellagra. Surawall
(1917) also obtained identical changes in the anterior horn cells of rats
deprived of all food, though he malkes no mention of satellitosis. Ina
recent communication Denton (1928) bas compared th2 nervous
changes in acute human pellagra with those of black tongue in dogs
and has found that chromatolytic changs was the only coustant lesion
in both conditions. This agrees with our findings in rats deprived of
vitamin B,

The three findings, accumulation of lipochrome pigment, the
presence of = granules in the peripheral nerves and changes in
the ganglion cells of the cord, if comsidered together, bear some
resemblance to the lesions of the nervous system in huwman pellagrs,
while the skin lesions described in the same series of rats (Findlay
(1928) ) resemble very closcly those of human peliagra.

SCUMARY.

1 Tats fed on a diet deficient in both vitamin B, and D, exhibis
only slight chromatolytic changes in the ganglion cells of the eord.

2. Rats fed on a diet deficient in vitamin B, exhibir the same
changes but to a greater extent for the same duration of life. In
addition, when symptoms of paralysis are of lens stanling, early
degeneration may be found in the myelin of the peripheral nerves.

3. Tho histological changes found in the uervous system of rats fed
on a diet lacking vitamin B, consist in swelling and vacuelation of the
anterior horn cells of the spinal cord with the depesition i them of
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lipochrome pigment, a noticeable increase in the surrounding satellite
cells und an incrcase in the number of = granules in the peripheral

nerves.

One of us (R. Q. S.) is indebted to the Medical Research Council for a grant
which enabled her to undertake this investigation and wishes also to thank
Dr J. Godwin Greenfield for much valuable help and advice.
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A CASE OF DIABETES JMELLITUS WITH
ACROMEGALY AXD LIPEMIA

JouN Grar.
Department of Pathology, dberdeen Tniversity.

(Prare VIIL)

Q¢ first admission (to Aberdeen Roval Infirmary) the patient, a married woman,
was 39 years of age. Four and a half years befors the cervix uteri had been
amputated for prolapse and two years befors a “tumour,” lListologically a
chronic mastitis, bad Leen removed from the leftv breast. Since the lattar date,
she had complained of general weakness tiredness and breathlessness and, for the
four months prior to acmission, of thirst and pelyuria as well. In the last
six months failing eyesight bad been complained of, and she had bad pain at the
back of the ayes. Menstruation had occurred ouly once in the previous two years,
and had been irrcgular, once in six tw eight waeks, “for years” prior to that.
She was™wften rather constipated.

Examination on admission (26 9.23) :—Height 3 ft. 2 in. Weight 7 st. 13 lbs.
The skin and mucous membranes were very pale. The hands were slightly spade-
like, but patient stated they had always oeen iike that. The lower jaw was
somawhat protruding and the noss coarse. Ths hair of the head was thick.
Thero was some mastitis in both breasts.

TUrino S.G. 1040: 82 oz. in 24 hours: sugar 19°3- gns. per oz.: trace of
acetone : no albumen (faint trace on two days only during rest of stay in
hospital).

Blood sugnr curve: (25,9 25) 0°312 per cent, 0°387 per cent., 0°333 per cent.,
0°309 per cent.

Ophthalmologist'’s report: felds of viszion and fundi normal: spectacles
required.

X-ray examination : large sella tureica. irregular in outline.

Fractional tast-menl : no abnormal dndings.

Wassermana reaction negutive.

Other systems : nil important notad.

Thore was no diabetie family history.

Patient improved on a basal diet (blood suenr, 2010 25, 0°173 per cent.), the
urine becams sugar free and eventually acetone fres, and sho was discharged
(28/10 23) on a basal diet plus 1 oz. of cheese daily.

Sho was re-admitted to hospital almost three years later (26.8/28). She had
been unconscious for 24 hours.  No detiled history of the period since her last
admission was available, but she had not been very well {or several moaths. Her
temperature was normal.

Urine : acid : albumen 0°73 per cent. : practically no chlorides : sugar 48'7 gns.
per oz.: acetono + + <+ : fairly numerous hyvaline aud granular casts.

Paticnt was given 60 units of insulin but dicd the same day.

N
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72 Jo GRAY

POST-MORTEM EXAMINATION.

There was slight booy enlargement of the face, especially of the
nose and lower jaw. The hands and feet were slightly enlarged.
There was no marked stubbiness of the fingers. The hLody was well
developed and well nourished. The bloed was mostly fluid and very pale
pink: on standing, it soon separated into a normally coloured portion
and a white supernatant layer of fat. Portions collected in test-tubes
i from various levels of the (recumbent) body showed varying deptbs of
this fat layer, but on the average the layer of fat was rather deeper
than the nnderlying blood (fig. 1). Very little of the blood had clotted
save in tae heart, where large clots almost filled the dilated right
auricle and the right ventricle. These heart clots were almost dead
white and on lying exuded a milky fluid. The smaller vessels of Lhe
meninges showed as opaque white lines from the contained fat.

] There was ~ small amount of pericardial szudate which had an

appearancs alr-ost exactly like milk (g 1). Hear? muscle anemic.
Adorta showed inarked saperficial fatty change. Zungs congested, with
a little mucus in the larger bronchi

Kidneys enlarged: capsules stripped readily: outer and cut .
surfaces pa.e: the cortex broadened, and the appearance that of a '-
“subacute nephritis.” Zirer enlarged, anxmic and fatty. Wall of
gall-bladder not thickened, but it contained five facetted mixed stones
of the ordinary type. Bile ducts patent.

Stomach greatly dilated; contained a large amount of altered blood.

] [ts mucosa was catarrhal throughout. On each side of the lesser
] curvature, 2 in. below the cesophageal opening, there was a recens
active ulcer. Both ulcers were oval and over } in. in long diameter.
Two other ulcers, almost healed over, were seen lower down, also near
; the lesser curvature. No chemical irritant could be found in the
3 gastro-intestinal contents.
] Splsen was moderately enlarged, pale piok, soft though not
difluent. Iuch of the cut surface was of a pinkish gelatinous
appearancs, and slightly sticky, resembling blood clot of poor clotting
quality.

Thyroid: distinetly enlarged, symmetrical, of umiform normal
] consistence.

Pituitary : greatly and asymmetrically enlarged (fig. 3), of uniform
soft consistence and pale yellow colour. Its left balf showed a smooth
upward projection about the size of a hazel nat. The dura overlying
this projection was complete, but greatly thinned and adberent. The
overlying brain substance showed 2 localised hollow correspouding to
: the projection. The optic nerves were slightly elongated. The right
optic nerve passed back clear of the prujection, but the left was
stretched over its left margin. The optic chiasma was displaced slightly
backwards and lay behind the tumour. Further dissection showed

Sty il Edsed

iv
VU PP RSO PRUISETSAPIY IF P SEUIOWSRSI e SRR O AP Y RS 2 e g2 e ML LLLLLSYL A ST L 0] LT )
- .

e

L
+

-

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology... Published by AsbestosClaims.Law
ACL Doc 13405 - Page 83 of 193 asbestosclaims.law/library/13405/83


https://asbestosclaims.law/library/13405/83

3, especially of the

RS I

JOURNAL OF PATHOLOGY.—~Vor. XXXII. PraTe VIII

YDA ey tace
v

v
.

DIABETIC LIPEMIA WITH ACROMEGALY.

R A Rt
. R I

<1 4 b -
_slightly enlarged. E ] A"." ‘Pa"_?a L
The hody was well 3 4753020
o AL wgels Jg, -
duid and very pale 4 3 < g‘“” 0% 2 “5 \, :
1y coloured portion - ﬁ’... " é"s, A ‘,,.»_'g. -
. - ) - .
ooted in test-tubes { :‘_’i’.“.: ? 0t AL I ",‘ -
varying depths of ! ; i <y d?.r:,'r“..‘ 00 eg) ! :
was rather deeper 3 R 837 gV WL T :
. - . . »
2 blood had clotted LT PR SR Sl v
. ) 1 AT 05 e e 'Y L.
the dilated right _ : > Pt . v f‘i R £ o Yia is
were almost dead 3 i o9 Q.;'-"',—;"‘ e " ;' EadPER :
Jler vessels of the p ] e ier L8 Yy r
-ained fat. = PRGN et e e -~
. 3 . L T
ate which had an i - ] ‘u;"- s ;', N -,r T, : et vl
" 3 Y - -~ - [
~t muscle an®mie. . . k o ®%1 P O, 260y
. - R s il S R, Y. ol \. - i
198 congested, with i T AP SO N
« oyt . ~8 y ret
: kg ¥ R
-+ outer and cut . RS L
earance that of 2 F16. 1.—~Left: blood from femoral vein. Fie. 2.—Pituitary adenoma : tall columnar ¢ ¥
iy Wall of Rigbt: pericardial fluid mixed with cells; thin-walled vasseis. T
at uxed stones a little blood. ' e
H
1t of altered blood. fa
tide of the lesser i3
iere was a recent - “
in long diameter. o -
er down, also near = Y i3
. be found in the AT PR £
. - ,. \‘ix . N i
- (AR Y - i
soft though not - - -0 o
inkish gelatinous : 3 5‘
2t of poor clotting ) PO > 3 i
N .
griform normal ! . ; i
N ; o
T “ MIDOLE s
4z, 3), of uniform WL rossa L3
: showed a smooth T r‘
e dura overlying b £
4 adherent. The . Ll
corresponding to - P
zated.  The right . ° C oM 2 3 Pl
U?‘.‘ the left was Fro. S.—Pituitary after removal of part of the cgg-sheil bone and dura of the dorsum seile. :
-iisplaced slightly . L -
Wssection showed o
—— e .
M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology... Published by AsbestosClaims.Law

ACL Doc 13405 - Page 84 of 193

asbestosclaims.law/library/13405/84


https://asbestosclaims.law/library/13405/84

DIABETES WITH ACROIMEGALY 73

that the gland projected om both sides into the cavernous sinuses,
displacing the carutid arteries downwards and laterally. The posterior
clinoid processes were eroded, that on the right side having almost
completely disappeared. DPosteriorly, the gland had thinned out the
dorsum selle till only a thin transparent egg-sheil of bone survived on
the leit side, whilst on the right side, where the backward projection
was greater, even this had disappeared, and the bony layer became
continuous with a thin but complete dural covering, The sella was
greatly increased in depth also. The surface of the gland was smooth
and lobulated by the upward projection on the left side (B) and the
back~ard projection on the right side (A). There was no perforation

of the dura.

Greatest transverse measurement . . . 29 cms.
Greatest antero-posterior measurement . . 27 cms.
Greatest depth - . . . . . £4cms

Suprarsnals: normal size; cortex appeared to the maked eye to
contain a normal amount of lipoid. Ovaries: atrophic. Pancreas:
appearad ncrmal to the naked eye.

A[ICROSCOPIC EXJAMINATION.

Blood. The fat present was in the form of droplets taking
sudan IIT and scarlet R readily;, and staining a bluish pink with
nile-blue sulphare. A smaller amount of fat was shown- in osmic
acid preparations. Anisotropic material was present, but was very
scanty. All the droplets were very small

Liver. The liver showed a fine fibrosis of slight degree and rather
patchy distribution. There was only a slight degree of increase of
connective tissue in the portal tracts, most of the new connective
tisaue being intralobular, lining the sinusoids, Circumsecribed patches
of liver tissue here and there near the centres of some lobules showed
marked fatty infiltration without nuelear degeneration. These patches
showed fat in sndan, scarlet, nile-blue and osmic acid sections, as also
did the lumen of the vessels, both the sinusoids and the larger vessels:
the amount of fat in the vessels was very striking. Similar appearances
were seen in the vessels of the kidney, heart and otber organs.

Heart. Nothing abnormal save the fat in the vessals.

Spleen. The sinusoids coutained a fair amount of fatty material,
stainable with sudan, scarlet and nile-blue, and with osmic acid to a
less extensive degree. The nuclei of mapy of the reticulo-endothelial
cells stained peorly. The lMalpighian bodies werc rather small and
were interpenetrated by an inereased number of reticular cells. In
frozen sections, there was a large amount of granular pigment in the
splenie pulp, taking the sudan stain faintly (much scantier in paraffin
seetivns).  The striking feature was the presence of numerous large
round and very faintly staining ¢lobules in the sinusvids. These wore
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74 J. GRAY

from two to three times the diameter of red blood corpuscles and were
mostly non-nucleated. In paraffin sections stained with hewemalum and
cosin they showed merely as clear areas bounded by a thin rim taking
on the hemalum stain faintly. With Weigert's iron hematoxylin,
they were rather betfer defined, and though still only the rim was
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 acid. In frozen sectious
stained for [at, they did not stain at all with sudan, searlet or nile-
blue, taking up rather the nuclear (h@mealum) stain throughout, much
more deeply than in paraffin sections stained with hemalum. The .
material was therefore apparently of a somewhat similar nature to
myelin. No globules of anything like similar size or staining reactions
were found in the other organs or in the blood. Tkt small globules of

fat in the blood of the spleen, as in the blood elsewhere, showed
readily with all the fat stains. There weve also present in the splenic
sinusoids, in smaller numbers, definite large mononurlear cells, of the
same size and the same spherical shape as these givbules. The
cytoplasm of these also was clear except at the very periphery (in .
hamalum stained paraffin sections), and with other methods it gave
identical reactions to those detailed above for the globules, save for ;
at wmes a rather deeper staining with iron hmmatoxylin. These
mononuclear cells had veiy small eccentric nuclei, often compressed
agzinst the margin of the cell to produce a signet ring appearance, '
and, as transitional forms with vague nuclei were found, it was
concluded that the globoid bodies represented similar cells swhose
nuclei had disappeared or were in some cases not in the plane of
section. Occasioual transitional forms were observed also between
these monvnuclears and the splepic cells—the reticular rather than
the endothelial. Apparently the coadition was a splenie reaction to
the presence of lipemia such as has been recorded in s number of
diabetic lipemias (see Dyke, 1928). The staining reactions of the
cells in the recorded cases vary considerably, and those in the present
case approximate most closely to those in Oppenheimer and Fishberg's
case, where the lipoidal cells of the spleen did not stain with sudan
or Smith-Dietrich although their cytoplasm dissolved out in the
preparation of paraffin sections. The material was also apparently not
unlike that in Dyke's case of hypercholesterolemic splenomegaly.
The appearances in my case are however modified by the widespread
degeneration of the cells concerned. It seems surprising that the
lipoid should remain “masked” in spite of such degeneration.

Kidneys. A “subacute nephritis” was present, with tubular
catarrh and fibrous thickening of the capillary walls throughous
practically all the glomeruli, and & similar finely distributed increase L
of connective tissue between alinost all the tubules of the cortex. The
uniformity of the picture did not correspond exactly with the ordinavy
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types of subacute nephritis and inclined one rather to describe the
condition found as a fine cirrhosis of the kidney, of a type analogous
to that found in the pancreas and liver. The interstitial tissue did
not show anywhere appreciable accumulations of lymphocytes or
plasma cells.

No anisotropic matcrial was present in sections of any of the above
orgaus, save in the blood, where it was very scanty.

Pitwitary. Sections showed an adenomatous growth reproducing
closely the normal appearance of anterior lobe tissue (fig. 2). The cells
were arranged in typical groups and columns, there was a supporting
petwork of fine connective tissue and there weres numerous thin-walled
blood vessels like those of the normal gland. A large number of cells
were of columnpar shape, often tgll columnar, and in places the
demarcation Letween individual cells was difficult to make out. The
nuclei varied somewhat in size. In all these features, the tumour
corresponded completely with the descriptions of Bailey of typical
chromophobe-celled adenomata. Though here and there, there were
a few multiaucleated cell forms mors suggestive of the chromophil
adenoma (e granule type, “eosinophile ") these were very scanty, and
the predominant appearance in every field was that of the chromophobe
adenoma. Specific granule stains confirmed this impression. The
great majority of the cells were chromophobe, but a minority showed
& fine dusting with small ¢« granules (acid violet-acid fuchsin stain,
Ma!lory's phosphotungstic acid hematoxylin). Eosin-stained sections
showed 2 uniformly pink cytoplasm to all the cells, but this was not
regarded as of assistance in diflerentiating 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 appear
laminated. ‘

Pancreas. The striking feature was a moderately marked but
universal fine cirrhosis, similar to that in the liver but more widely
distributed. Individual acini were all more or less separated up by a
network of delicate but not very cellular connective tissue. Around
the larger ducts also there was an increase of connective tissue, but the
change was not specially marked there. Islets were identified (tail of
paucreas) in very small numbers only. They were small, with some-
what shrunken cell nuclei, and the capillaries within them had
thickened walls.

Suprarenals. The cortical cells contained a fair amount of fatty
material, the cells of the deeper parts containing much more fat than
the superficial layers. Ouly a small proportion of this fatty material
was anisotropic. The medulla showed a slight diffuse increase of
connective tissue, but was otherwise normal.

Thyroid. Practically all the epithelial cells, which were cuboidal
in shape, were arranged in single-layered rings round colloid cun-
taining spaces.  There was no librosis or cellular infiltration.,
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Ovariss. There was marked thickening of the smaller arteries with
considerable hyaline change in both media and intima. Tke
appearance throughout was that of the normal involuting ovary.

The organs were stained for the presence of waxy change, but none
was found anywhere. As the autopsy was performed fourteen hours
after death, the tissues were not examined for glycogen.

Summary.

In a case dying of diabetic coma and presenting alio cevtuin fealur.s
of acromegaly, the following lesions were noted post-mortzm :—lipamia,
consequent mononuclear hyperplasia in spleen, pancreatic, hepatic ard
renal cirrhosis, cholelithiasts, chromoplobe adenoma of pitwitary glaad,
gastric catarrh with multiple gastric uicers and hemorrha s into stomach.

Discussion.

In a case such as the present, with all the classical symptoms of
diabetes mellitus, with lipemia and death in coma, a pancrastic origi
can hardly be doubted, and the changes found in the panereas may be
takes as accounting for the diabetes. It is more dificult to dacide
whether this pancreatic lesion was related, sither as causs or effect, to
the picuitary lesion. In spite of the intimate inter-reiation of the
endodine organs, it seems ualikely that a pituitary lesion of tumour
nature could be brought about by a lesiou of the islets of Langerhags.
Such evidence as exists regardiug pituitary cha.ges in pancrearis
diabetes-is rather conflicting. Some observers have described a diminu-
tion in the “eosinophile” cells, but Sakalkibara, recently, has failed t
find any constant changes in ten cases examined. No deseription of
pituitary adenoms in pancreatic diabetes has been found in an
admittedly incomplete study of the literature. Regarding the possi-
bility of the pituitary lesion causing the pancreatic one, this also seems
unlikely in the present case, inasmuch as the latter lesion seems to be
but part of a fine fibrosis affecting the whole of the pancreas, the liver
and probably the kidneys also. An infective ®tiology which mighe
explain the changes in at least liver and pancreas is suggested by the
cholelithiasis present. At any rate, the diabetes seems to have
originated in o more or less accidental involvement of the islets of
Langerbans in a widespread fibrosis, not confined to the panmcreas. A
“replacement” fibrosis, following on a primary lesion of the islerts,
would not explain even the pancreatic picture.

It scemns, therefore, most reasonable to postulate two independent
discases, a pituitary adenowa and a pancreatic diabetes, probably of
infective or toxie origin. The history provides no clue as, when first
seen almost three ycars before death, both lesions were well developed.®

* The X-ray of the sella tureica taken in 1925 shows an enlargement apparenty
about suteent to accummedate the glund as found post-mortem.
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Granting this independence of origin, it is unlikely that two such
lesions could run their course without mutually affecting one another.
It may well be that the paucity of “eosinophile” cells found in the
adenoma and the stationary nature and slight degree of the acromegaly
present werc related to the absence or diminution of the pancreatic
bhormone, as those observers who have found alterations in the
pituitaries of diabetics have described deviations in the direction of
diminution of the “eosinophile” cells. There are no symptoms of
hypopituitarism in the case record, yet the histological appearances
(chromophobe adenoma) are such as to lead one to expect this rather
than acromegaly. It appears that such evidences of acromegaly as
were present had existed for over three years, and had not inecreased
since. The contradiction between the clinical acromegaly and the
chromophobe tumour found post-mortem may be due to the latter
having had a more “eosinophilic ” character at its commencement, and
the later alteration in cell typo may have been stimulated by the
pancreatic change; at the same time it must be remembered that
spontaneo.s transition from acromegaly to bypopituitarism is nos
infrequent.

I can suggest no explanation of the gastric lesions found, beyond
the surmise that they are merely an example of the proneness of
diabetics Lo all sorts of secondary infections. Severe gastro-intestinal
symptoms, with mel®na, wero prominent terminally in Smith’s case
of diabetic lipemia: the lesion found post-mortem was a diphtheritic
and hemorrhagic ileocolitis.

I wish to thank Professor A. W. Mackintosh for permission to use the clinieal

Liistory of the case, and to Mr W. Nelson likewise [ owe a debt of gratitude for
taking the photographs and microphotographs.
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THE ISOLATION OF BACTERIUM MORGANI
FROM THE MAMMALS, BIRDS AND REP-
TILES AT THE ZOOLOGICAL GARDENS.

REGixalp LoveLL
London School of Hygiene and Tropical Medicine.

THE frequency with which Bact. morgans * has been isolated from some
of the cases of enteritis occurring amongst the animals in :he gardeus
of the Zoological Society of London appears worth reporting.

Bact. morgani was first described by Aorgan (1906), when working
upon the bacteriology of summer diarrheea in infants. He examined
the stools of 38 affected infants and isolated what he termed his No. 1
bacillus from 28 of them: he failed to find it in normal human stools,
sewage or drinking water. Experimentally he showed thwt it may
couse death preceded by diarrhea in young animals, and could be
recovered in pure culture from the spleen and sometimes from the
heart blood. The following year he caused death in young rabbits,
rats and monkeys by feeding experiments. Four monkeys were used
and the onset of diarrhcea varied irowm 2 to 12 days after feeding: the
bacillus was recovered from all four animals after the onset of the
diarrhea arnd from three of them after death: it was not isolated
from the spleen, nor was it found there in infants dead from diarrhces.
An intravenous injection caused the death of a goat in 18 hours: the
organism was recovered from the heart's blood, spleen and liver.
AMorgan and Ledingham (1909) brought forward further evidemce of
the association of Bact. morgani with summer diarrhcea in children.
They also suggested that the bacillus may be found in bovines, for,
in 18 samples of cows' freces examined, Bact. morgani was isolated
once.

There are numerous references in the literature dealing with the
isolation of this organism from cases of human intestinal disturbance
but very few connected in any way, except experimentally, with the
lower animals. Scott (1926) reports the isolation of an organism
giving the morphological, cultural and biological characters of Jorgan’s
No. 1 bacillus from two patas cercopitheques. Both animals had died
from an enteritis and the organism was isolated in pure culture from
the bile, liver tizsue. spleen pulp and bluod of one animal and from the
first three sites of the other.

* Salneneiln prorond according to Bergey,  Thjotta (S, fusieet. Dis. 1928, xliii. 351)
gives peosets e vz i e civie rather than Sedmonells and would prefer to
Cad 1t D 0 e s a1 See also beluw P 9l. )
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Teehnique.—The autopsy was carricd out as soon as possible after the death
of an animal. Cultures were prepared from the liver, bile, spleen, blood and
intestine, and sometimes from the mesenteric glands. Preliminary searing of the
surfaces of all organs with a hot iron was carried out. The intestine was cut
! open with sterile scissors and a tube of broth liberally seeded with loopstul of
' contents. A similar technique was employed with the blood and bile cultures.
. Small portions of liver, spleen and mesenteric gland were excised in a sterila
: manner and dropped into tubes of brotl. Al cultures were incubated at 37°C.
and no tube was disearded as sterile until it had been incubated for at least
5 days. All tubes showing growth were plated on to MacConkey's agar plates
and these were incubated for 24 hours at 37°C.  Non-lactose [:rmentinz colonics
were studied morphologically and biochemically, and if considerad to be typical
Morgan bacceria were tested for pathogenicity in mice. The {ollowing charac:ar-
istics were regarded as identilving an orgunism as Dact. morgani: a gram-
negative, non-sporing bacterium, giving acid and gas in dextrose, but producing
no change in maltoss mannite lactosa sucross or salicin; failiag to Lquety
gelatine ; producing indol in peptone water after 5 days’ incubation, and
rendering litmus milk markedly alkaline within 10 to 15 days. Motility varied,
a few strains being non-motile on isolation, but all strains except cne appeared
metile after sub-culturing,
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Bact. morgans was isolated from the following,
Aves,
(1) A green-billed toucan (Rhamphastos dicolorus) of Guiana had bees dn
captivity for about threa years. It died fromn an acute enteritis and showed post- |
mortem an acutaly inflamed intestine, the mucosa being of a uniform deep red,

swollen and cedematous. Dact. morgans was isolated from the intestinal contznts
and the blood. .

[PV 0+ W VY IRy

Maxarania.

(1) An orang-utan (Simia satyra) from Sumatrn had been in this country for
two and a half years. It was ill for about a month before deach, refusing foad,
vomiting and suffering from diarrhees. Post-mortem revealed a severs colicis
of & dysenteric nature. The intestinal tract appeared to be normal unmtil the
{ large intestine was reached ; from the hepatic flexwre the mucosa was indamed
: with scattered petschie which increased in number and size as one descended
; the bowel: from the descending colon to the rectum the whole mucosa was
inflamed, with numerous raised areas terminating in petechiz or crateriform
ulcers. Thae mesenteric glands were swollen aud congested. No amaebrme or cysts
were seen in smears prepared from beneuth the ulcers. LDact. morpani was
isolated from the intestine, and no other pathogenic organism could be found.

(2) An orang-utan (Simia satyra) had been in contact with the previous case
and died about six weeks later. Provious to her death she had been ill with
diarrbaa for about thece weeks. ‘The autopsy revealed a zimilar coudition, the
small intestine being normal, and the large intestine acutely influmned : from the
cmcam to the anus the mmucous membrane was almost entirely replaced by
shallow greenish-grey ulcers with sloughs. Tho mesenteric glands wera swollen
and congested. No amambm were fcund in smears from the intestinal mucosa.
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Bact. morgans was isolated from the intestine, cultures from the spleen, kidner,
| ’ liver, mesenteric glands, bile and blood proving sterile.
: (3) A squirrel monkoy (Sarmdris seiuren) of South America disd after six weeks
in captivity. The intestine was deeply vongested, the vesscis vogorged and the X
intestinal contents mucoid and blood tinged. The mesenteric lymyph glands were {3
4 swollen and congested. Bact. moryani was isolated from the intestinul contents ; : K
cultures from the liver, bile, spleen and bloud were sterile.
N A
A
P
v
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ile, spleen, blood and in the gardens. The latter few inches of the small intestine and the whole of the
‘iminary searing of the largs intestine weore indamed, the mucosa was thickened and showed numerous
The intestine was cut small shaggy sloughs in minute ulcers. The liver and spleen ware studded with
eded with loopaful of . greyish deposits varying from 2 to 3 mm. in diameter. Several of the mesenteric
sod and bile cuitures. § glands were swollen and one was very large measuring 2'¢ by 1'3 cm. and
e excised in a sterile g contained pus. JBact. morgan: was isolated in pure culturs from the bicod, liver,
re incubated at 37°C. a spleen and pus of the mesenteric lymph gland.
ucubated for at least 1 .
:Conkey’s agar plates : Rzprmura. :
»¢ fermenting coionias H (1) A pine snake (Pituophis melanolencus) bad been in captivity for nearly -
sidered to be typical H two years berore its death. Post-mortem showed various abscesses in the lung, Ca
.e ibllowing character- i and a membranous enteritis. Just above the cloaca there appeared a small patch,
. morgani: a gram- ; three to four inches in length, where the mucosa was replaced by a1 ashy grey >
xirose, but producing i false membrane: the base of this was inflamed and the wall considerabliy thickened.
1; failing to liquefy o Jiuct. morgany was isolated from the blood ; from the blood, bile, Liver and lang :
4y%’ incubation, and abscesses was also isolated an organism biochemically resembling Dact. uertricke b
ays.  Motility varied, A but showing nv scrological relationship to that group. ¥
except one appeared (2) A pine sneke (Pituwophis melanoleucus) of South America diez showing a N
¢ similar but less acute coundition. Thers appeared to be no abmorm.lity in the H
H intestine till just ahove the cloaca, whore thers was o small area of indan'mation :
5 two inches in length showing early signs of ulceration. [Bact. meryaai was :
s isolated frum the hile and was the only pathogenic organism recovered. ..
i had been in 3 ‘@) A _large-smled mamba (Dendraspis nridis) of West A.fr.ice. dif}d shortly : 3
b tmis and showed post- : after admissa to the gardens. The lung was congested and the intesi.ue acutely ¢ »
s ap*rm d P ed 9 inflamed, the terminal portioun and the closca showing marked congestion. The h
by ) eep red, i spleen was enlarged and pale. Jact. morgans was isolated from the bile, spleen by
it aal contents . and cloaca. Lactose fermtenting and unidentified non-lactoss fermenting bacréria <
X wers also cultivated. : .
o (4) A false mocassin (Xatz fasciata) of North America had been in the i
2 in this country for ] gardens about a moath before death. Thers was at post-mortem an enteritis, the :
z=ath, refusing food, intestinal mucosa was much indamed, raised and granular and could be easily :
~ed a severs colitis ; scraped off. The lung was slightly congested but no further abnormaliry was P
ve norreal until the | found. DBact. morgani was isolated {rom the liver. :
1 W, %
;,“mn;’i;f;ﬁﬁﬁ g Bact. morgant has therefore been isolated from the following:— ‘ )
: whole mucosa was : Ammsl 8ita. !
xchim or crateriform i . Intestinal contents. T
No amebze or cysts 3 Greeg-billed toucaa "\ Blood. :
Bact. morgant was . Orang-utan . . . . Intestine,
- coald be found. : Orang-utan . . . . Intestine, i
ich the previous case Squirrel monkey . . . . Intestine. IS
w had Leen ill with Blood. ¥
unilar condition. the - - Liver, )
- intlamed : from the g Abyssinisn monkey Spleen. *
atirely replaced by { Pus of mesenteric gland. N
“zlands wers swollen Pine snake . . . . Blood.
< intestinal mucosa. t Pine snake . Bile. {
+ the spleen, kidney, 4 f Spleen. :
: 3 Large-scaled mamba . . 1 Bile, {
iied alter six weeks Clonen. i
.2 eugorged and the False mocassin . . . . Liver. 5
¢ lymph glands wers H
wtestinal contents ; ; Puthogenicity of Bact. morgani.—There is a diversity of spinion :
‘ regarding the rile which Buct. morgani plays in the causation of :
' JOURN. OF PATIH. —VOL. XXXIL : F
i
: 5 ' i
‘ }
'
A
!
M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology... Published by AsbestosClaims.Law

ACL Doc 13405 - Page 92 of 193

BACTERIUM MORGANTI 81

(4) An Abyssinian monkey (Cercopithecus aethinps) died after only a faw weeks
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bacillary dysentery and summer diarrheea in humans. Thjstta (1920)
describes uine cases of diarrhea from which he isolated Bact. morgant.
He could not find any serological conaection between the strains
studied, neither could he find any evidence of antibodies in the sera
of the patients from which the bacterium was isolated. He considers
that it is not enough that the organmism is merely present in the
intestine, for the intestinal fora may alter conmsiderably under the
pathological conditions that take place in the intestines during a
severe attack of colitis. He has recently (1928) described a case of
1 cholecystitis in which B. morgani was isolated from the pus and {rom
the blood and agglutinated by the patieat’s serum. Triboudeau and
Fizhet (1916), referring to their researches on dysentery in the Dar-
danelles, maintain that the lack of agglutinins and complement-fixing
bodies in the sera of patients is no criterion. They refer to other
dssentery cases where they are lacking and show that blood culture
for Morgan’s bacillus was never successful 1lorgan bad previously
produzed evidemce that the baecillus did not frequently penetrate
berond the intestinal mucosa, even in his feeding experiment in
monkoys. Wilson (1927) has shown that Morgau’s bacillus, undes
certain conditions which he is unable to define but which are
probably associated with the dietary, may assume the power a
of spreading epidemicaily and of giving rise to fatal infeetions
in mice. :

Of the nine cases dealt with in this report, Bact. morgani was
isolated three times from the intestine only and all three of these
cases wers monkeys, and in each case it was the only organism of a
pathogenic nature isolated. From the fourth mammalian case, also a
monkay, it was isolated in pure culture from the blood, spleeu, liver
and pus of a mesenteric gland. When one takes this into consideration
] there can Le little doubt that Bact. morgani can assume a pathogenic .
; rdle in such animals, The part played in the causation of the death
; of the reptiles is not so certain sinco other organisms were present:
; the organism resembling Bact. acriryeke and the unidentified colifurm
"bacteria may have played some part.

All strains were tested on mice and proved to be pathogenic,
0'5 ccm. of a 24-hour broth culture being injected intraperitoneally.
Although the time of the death of the mice varied from 5 hours to
3 days, the organism could always be isolated from the heart blood.
In view of the rapidity with which death occurred in many cases, an
attempt was wade to determine whether a soluble toxin was present
in the broth ecultures. A strain which in a Jdose of 0-53 cem. had .
killed a mouse in 3 hours was selected and zrown in broth av 37°C.
for varying periods and filtered through a Seitz tilter. Inoculated intu
wmice intraperitoncally or intravenously in doses up to 1 c.e, the filtrate
proved harmless sl there is no evidence that 5. wmorveni produces a
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Sumonary.

. (1) Bact. morgans was isolated from one bird, four monkeys and
i four reptiles, in circumstances which suggest that this organism was
L mtiologically related to the infection from which they died.

; (2) No evidence was obtained that Huct. morgaai is capable of
?' producing a soluble exotoxin.
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i NOTES OX INTESTINAL BACILLI WITH
SPECIAL REFERENCE TO SMOOTH AND
ROUGH RACES.

P. Bruce TWHITE.
From the Yational Institute for Jedical Research, London.
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THE objact of the present notes is to outline very briefly certain
diverse observations bearing for the most part on the relative
behaviour of smooth and rough organisms.

it

o
A

s

1. A SDIPLE [IETROD OF STUDYING THE DIFFERENTIAL DISTRIBUTION OF
THE SOLUBLE SPECIFIC CARBOEYDRATE FACTOR IN SMOOTH AND
ROUGH BACILLIL

| In earlier communications (YWhite, 1927 and 1928), extending the
original chservation of Reimann (1926) on the pneumocoecus, I have
pointed out thar the essential serological event of rough change in
i, Salmonella and related groups is the loss, cornplete or partial, of that
ey _ mom-[rotein carbohydrate-containing soluble specific component which
as a result of the investigations of Avery and Heidelberger, of Landsteiner
and Furth, of Zinsser and others has come 30 much to the fors in recant
serological studies. The essence of my own observations was that while
I could without difficulry obtain soluble specific substances of this class
from smooth cultures of all of several Salmonclla types I failed at
' repeated trials to extract any corresponding serologically active
' material from aggiutinatively pure rough strains. The same relation
I have since found to hold good for the correspondmg variants of

Shiga’s dysentery bacillus.

The soluble specific substances in their stability and in the quality
and range of their precipitation reactions declare themselves unequivo-
cally as the O-reccptors (as opposed to the entire “ O-antigen ™) of Weil
aud Felix In my hands, as in those of others, they have reacted

' negatively in the biuret and Mlillon tests, while giving a strong dMolisch
; reaction for carbohydrate. Precipitatively potent solutions of these
substances obtained {rom B. aertrycke, B. enteritidis, 5. typhosus and
B. suipestifer, thrice injected intravenously into rabbits at weekly
intervals. have not stimulated recognisable antibodies for themselves
or fur the curresponding whole orgaunisms—a finding which tallies
with that of Zinsser and Parker (1923) with B. (yphosus, but which
seerts at variacee with that of Day (1928) writing of the same
JUURN. OF PATH.—VOL. XXXil. L) F2
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organism, aod of Branham and Humphreys (1927) dealing with
B. enterttidis.

The following appears to be a satisfactory gemeral method for
preparing solutions of the soluble specific substances in question for
serological purposes and of demonstrating the presence and absence
of these components in smooth and rough bacilli respectively.

Agar-grown bacilli are suspended in N5 acetic acid made up with physio-

logimal saling, 8 well-grovwn plata culrures to 100 c.c. of the acid saline being
a conovenient proportion. The suspensions are heated by immersion of the
container—preferaoly ficted with a redux condenser—in a bath of boiling water.
The same end may be attained by boiling the bacill in acid of similar or lesser
) concentration but the frotbing which occurs renders the rroceeding diffcult.
] So treated rough suspensions suder prompt coagulation, leaving the menstruum
clear save for circalating flakes. Uader the same circumstonces smooth bacilli
i ) may sbow some initial aggregation, doubtless due to coagulation of the Hagella ;
i such clumping, should it occur, is transient and for a consideruble period (which
way endure ior 2-3 hours) the suspension rerpains uniform. Eventually how-
ever progressive clumping and sedimentation set in until finally an appearance
is reached identical with that rapidly devcloped in the case of roagh cultures.
This may be taken as indication that the reaction is at an eml—tuat the great
bulk of the serologically active carbobydrate factor has heen scparated from the
bacilli. Quly traces of this substance are obtained by further .cid washings of
the Lacilli, bav should it he dasired to obtain a quantitative yield, a second H .
extraction with a smaller volume oi acid saline should be carried out. Smooth '
and rough “suspensions” which have passed through this process side by side
ars centrifuged till clear, whils yet strongly acid. Wich neutralisation of the
supernatant a further precipitato forms and wmust be ceitrifuged or filtered off.
Serclogieal tests may be wade with the solutions so obtained or the active
principle may be concentrated either by boiling off excess of water, by precipitation
with lzad acstate or best by precipicazion with alcobol. The proportion of added
alcobol required to effect precipitacion of the serclogically active substance
appears to vary with the bacterial type. but as a rule the precipitatc thrown down
from a detnirtely acid solution sach is has usually been employed by 2 volumes
of alcobol is serologically inert and may be discarded, 3-4 volumes being
required to sject the specitic substances entirely. The corresponding precipitates
derived frem smooth and rough bacilli are made up each in a small volume of
saline (10-13 c.c.), acidulated with acetic acid and boiled, aftor which the protein-
coutaiping precipitate is centrifuged down; the supernatants may or may nos
give a just disrernible biurct reaction.
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: The swooth-derived soiutions so obtained cause vigorous precipi-
: tation with type homologous smwooth antisera (prepared against whole
bacilli) and the reaction may still be seen 2t a solution dilution of
10,000 or more; with typical rough antisera no precipitate results.
The solutious derivad from rough bacilli are to all intents serologically
inert: occasionally they cause wivisl clouding in type homologous
smouti auntisera; with the truly homologous rough autisera no reaction
! oceurs. :
¢ Experiment shows that the process of heating for 2-3 hours in
X 3 acetie aeid causes no siznificant reduction in the serological value
of the seluble specitic substanee in question; even cousiderably higher
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INTESTINAL BACILLI a7

concentrations of acetic acid and HCl are tolerated. I have been
unable tu detect the presence of reducing sugar in any of the mixtures.

Since the rough-derived solutions contain a consideralle amount
of serologically inactive imatter, it is prohable that such substances
contaminate the solutions of smooth origin; but as the aim of the
work has been essentially serological no zealous attempt has vet been
made at furcher purification; complete extraction of the active principle
without damauge, concentration of the extract and removal of protein
have been the only serious objects. It appesrs that by the method
given the soluble specific substance may be extracted quantitarively
in a given volume of saline; it should, therefore, be possible to
determine serologically the relative richness, as regards this component,
of two strains of like type—a point which must be of value in any
attempt to trwce a relationship direct or indirect between “degree of
smoothness ” aud infective virulence.

Serologicai examination of the curd of bacilli left by the extraction
process is as yet incomplete. It has been found that rough bacilli
may emerge from vhe treatment still possessing considerable, if much
reduced, power of agglutinative reaction to ordinary rough antisera.
(Tests must of corse be carried out at a low saline concentration—
01 to 02 per cent. of NaCl—in view of the denatured state of the
bacterial proteins.) With smooth cultures it was found that from
the time of their coagulation the becilli became insensitive to the

somatic aggiutining of smooth antisera. There was some expectation’

that they would now be found to react to rough antisera; this expecra-
tion has only Leen partially fulfilled for in no case did the observed
titve of agrlutination attain to more than & of that achieved in the case
of similariy treated rough variants; with various rough sera clumping
was obtained up to dilutions 200 or 400. The matter is being further
examined with the use of sera prepared agaimst bacilli, smooth and
rough, which have passed through the extraction process described.
Up to the present the clearest indication obtained of the presence of
the rough agglutinative complex within the smooth organismn has been
the selective action of sera, prepared against solutions of smooth bacilli
in N/10~XN/8 NaQH solution, on rough as opposed to smooth organisms.
On this point the parallel with Reimaun's observations on the
pneumococcus, if it exists, has not been so clearly traced as it has
in the matter of the specific carbohydrate component.

II. THEE REACTION OF SMOOTII AND ROUGH BACILLI TO MILLON'S
AND T0 JOLISCU’S REAGENTS.

A striking  difference in  the behaviour of smooth aud rough
Salmonellu bacilli towards Millon’s reagent has been noted. When
a large loopful of rough growth is emulsified in approximately 2 c.c. of
water and aiwut 1 oce. of Millon's solution is added thereto. the baciili
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are at once clumped and, on boiling of the mixture, collected in dense
masses and quickly assume the deep red-pink coloration of the
positive test. Under the same conditions typically smooth bacilli of
the Salmoncila, colon and dysentery groups are relatively little
affected ; the bacilli remain dispersed and the colour of their
suspension does not deepen during a few minutes of boiling beyond
a Yyellowish or ochre tint. The deposit which settles on standing
commonly varies in colour from yellow to ochre; occasionally it is pale
pink—a variation probably reiated to the degree of smoothness—; in
all cases it is fine and readily dispersible. .

Smooth bacilli from which the soluble specific non-protein factor
bas been extracted (eg. by prolonged boiling with dilute acid) or the
proteins thrown down by acid from a solution of smooth barilli in
NaOH solution react precisely like fresh rough bacilli, and it would
seem to be an inevitable coaclusion that in the smooth organiim the
goluble specific carbohydrate intervemes—probably mechanivally—
between the tyrosin-containing complex and the reagent. The
negative reaction of the smooth form is seemingly not due uo wny
iojury to the reagent by components peculiar to smoothness, for rovgh
bacilli react in a perfectly typical manner when tested in mixture with
smooth bacilli or the freed soluble specific component.

It has further been cbserved that smooth baeilli usually geact far
more vigorously in Molisch’'s test for carbohydrate than do rough
bacilli, always provided the test be applied to both under exactly
parallel conditions.

III. OBSERVATIONS ON THE TOXICITY OF SMOOTH AND ROUGH
SALMONELLA BACLLLL

Goyle (1926) conecluded that autolysates of smooth cultures of
B. enteritidis are more toxic to mice by intraperitoneal injection than

are those of the rough derivative races.
In my own cowparisons of the rolative toxicity of smooth and

" rough races, made intermittently during the past 5 years, rubbits mice

and rats, all injected intravenously, have been ewployed for test
purposes. So used the rat is particularly useful in testing for toxic
activity in Salmonclla stwains in that all the commonly occwrring
species, after an incubation period of 35-+3 minutes, sef up an acute
intoxication with prostration and diarrhees and tending to death in
a few hours. The intoxication set up by B. typhosus is probabiy to be
regarded as most acute, that due to B. enteritidis leass so; intermedinte
in eftect are &, acrtryeke and B. peratyphosus B [Sadmonclla schottmiillert).
In the rabbit, as is well-known, B. typhosus and D. peratyphosus =L
(Sulimoncila paratyphi], dose for dose, greatly surpass B. ¢nteritidis
B. uertrucke and B, puratpplosus D in the acuteness of the intoxication
which they veeasion under ovdinury ciretmstances,—that i3 to say
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INTESTINAL BACILL! 89

when saline suspensions killed at 60°C. are injected intravenously. In
the mouse, according to my own experiments, B. enferilidis has
exhibited the most intense “immediate " toxicity, that of B. aertrycks
and B. paratyphosus B being definitely less; B. typhosus, like
B. dysenteric Shiga, tends to occasion late death after 2-3 days of
apparent well-being. Wheu broth culture filtrates or saline auto-
lysates are injected in place of whole bacilli intertypal differcnces of
toxicity for any particular host are inevident. IFurthermore, I have
found that wheu Lefors injection the bacilli are extracted with aleohol
(¥ hour at 30°C.), a process which never reduces toxicity, a consider-
able raising and levelling of the poisonous properties of the types
results. These facts render it probable thak such apparent differences
in toxic value as are seen among the types of the Salmonella series
depend not on any specific differences in tne activity of the toxins or
in their amount, but on the varied capacity of the differen{ animal
species to Lreak doiwn bacilli of the sevaral types and liberate the
toxic substances which they contain.

That saline suspensions of smmooth heat-killed bacilli excel those of
rough bacilli in toxicity for laboratory rcdents is not difficult of
demonstration. The action of B. typhosus va the rabbit furnishes an
excellent example: in this case & to 1 agar slant culture of the
smooth form constitutes a probably fatal dose for an animal of medium
size, whereas 2 to 3 agar slant cultures of the rough organism are usually

tolerated. Should the living organism be employed, as is in this case’

feasible, 2 agar slant cultures of the rough race commonly cause an
almost sympromless septiccemia or a chronic emaciating disease of
several weeks' duration.

In a series of experiments with Shiga's bacillus and mice the same
relative impotence of the rough form was patent. Furthermore filtrates
from broth cultures of rough Salmonelle bacilli—and apparently also
of Shiga dysentery bacilli—do not, at least as a rule, approximate in
toxicity to those obtainable in the instance of the smooth organism.
From these facts it might e argued that coincidently with loss of
soluble specific carbohydrate and of infective virulence the organism
in roughening suffers loss or severs reduction of the poisonous
principles which it norwally contains. This does nct however appear
to be the case. Rough Sulmoneila bacilli after treatment sith alcohol

. assume toxic properties at least as great as those of similarly treated

smooth bacilli and sometimes seetingly greater; even rough coliform
bacilli, so treated, exhibit for rabbits and rats a toxieity which hardly
falls short of that of smooth B. typhosus. In an experiment in which
equivalent Jry weihts of swmooth and rough aleohol-treated acrtryche
bacilli were injected in graded amounts intraperitoneslly into wiece no
difference in the toxic value of the variants was obvious. It seeis
probable that the potential toxicity of the rough derivative approxi-
mates to that of the smooth parent vvgnnism and thab contrasts in

l
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actual toxicity are due to differences in the rate of liberation of toxic
substances within the animal body or into a fuid culture mediur

So far as I have been able to ascertain the solutions of soluble
gpecific carbohydratc substance are to all intents nonm-toxic. The
entire yield of this substance from 2 agur plate cultures of
B. typhosus produced no symptowms in a rabbit. nor that from 1 agar
plate culture of B. enteritidis in a rar; 1 agar slope culture of ths '
former organism and 1 platinum loopful of the latter, both killed at
60° C., proved fatal by intravenous injection to a rabbit and a rat
respectively. Without destruction or dislodgment of the sclubie
specific substance the toxicity of B. acrirycke for the rat was found
to be practically abolished by autoclaving a suspemsion for 30-0
minutes at 15 pounds pressure.

IV. OBSERVATIONS OX MTCOID GROWTH.

In the pneumococcus smoothness and the presence of the soluble
specific carbohydrate seem to be associated with ability to form a
capsule; the rough cocci are non-capsulate. The same relation between
smoothness and capsulation has been described by Julianelle (1925) for . -
the pneumo-bacillus, while Tomesik (1927) apparentiy looks upon ths b
capsule as the source of the soluble specific caribohydrare-like substance
which he prepared from B. lactis aerojenes.

Though in mucoid growth of Salmonciia the baciili are not strictly 3
capsulate but merely suspended in a comuunal mass of secreted slime,
it has seemed desirable to consider the possibility of a relation berween
such mucoid growth and smoothness, more particuiarly in connection
with those irreguiarities which are encountered in old laboratory straias
in applying the “Schleimwall” test for the differentiadon of 2. paru-
typhosus B aund B. acrérycks. There is a prima farcte argument against
any connection between mucoid growth and hypertrophy of the specitic
carbohydrate component, in that muecoid forms react particularly
poorly to the homologous somatic agglutinins, only recovering normal
behaviour after the suspensions have been boiled (Whire 1926). To
support this argument smooth and rough variants of several straing
of B. paratyphosus B and B. abortus cgui were cultured as weli-
separated “macrocolonies” on agar; after 24 hours' incubation the
cultures were allowed to continue their development at room tem-
perature. All, smooth and rough, developed in typical fashion the
marginal wall of turbid and slimy secondary growth. In a farther
experiment 2 plate cultures of a rough paractyphoid B strain, showing
well-formed mucoid rings about the evenly dispersed colonies, wers
taken up into 10 c.c. of N/3 acetic acid and beated in a water bath
for 2 hours. The clear supernatanc finally obtained by centrifuging N
guve no precipitate with smooth or rourh piratirhoid B oantizera.
These results indicate that no relation exists Letween muceid growth

v WV
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of Salmonella and the smooth state, and that this growth habit is
oot in any sense homologous with encapsulation as seem in the
pueumococcus.

V. THE POSSIBLE TAXONOMIC VALUE OF THE ROUGH VARIANT.

Within each of the great “biochemical” groups of “intestinal®
bacilli serological methods have revealed the existence of more or less
nunlerous types or species—elementary species differing from one
another now as rsgards one group of antigenic properties, now as
regards another; some are defined by the serology of their flagella
alone, sowe only by that of the bacillary bodies, some by ilat of
both. In the Saimoneiia group the measure and nature of these
differences have been more or less effectively eincidated; the exact
relationships of mounophasic types, B. typhosus B. paratyphosus £ and
B. cnteritidis, to the diphasic organisms of the old “paratyphoid B”
group have been determined; the generic unity of the whole has been
established beyond reasomable doubt; nigh on 30 types, common
infrequent or rare, have been rallied by unequivocal serolegical
argument to the clan Salmonella. But there remain in doubt a variety
of organisms, videmonstrative of any salmouellar affinity in their
normal serology, which various systematists, seeking to jugzle the
intestinal bacilli into pigeon hioles on the scors of their biochemical
reactions, have ascribed to Salmonella, apparently regarding that ill-
used group as a very fitting dumping-ground for their difficulties; e.g.
B. columbensis and Morgan’s No. 1 bacillus, which Bergey (1926)
dignifies with the title Suimonella. Moreover the experience of most
of those who have attempted serological analysis of the great coliform
groups is that the diversity of behaviour encountered reuders any
comprehensive classification on these lines unthinkable. But it is
clear that the continued use of “functional” criteria—the use of
biochemical reactions—in bacteriological taxonomy cannot lead to a
real classification; it is a proceeding which the biologist has condemned
but in which the bacteriologist ingenuously persists. Somehow and by
some means the substance of the organisms themselves must be utilised
in tracing their generic aflinities, To this end I have examined the
possible value of the rough variant in effecting serological grouping of
strains, seeking, more particularly, answer to the question: what is a
Salmoneila?

Schiitze (1921) pointed out the remarkable latitude of cross
agglutination amoung rough variants of the Sulmoneila types, and
White (1926) has shown that this Jdepends on similarity of the rough
somatic antigens throughout the Salmonci/a series and carries with it
unity in complement-fixing behaviour: even by means of the absorption
test it is difficult to effect a (ifferentiation of the rough bacillary bodies
of the varivus species. Bxactly analugous is the case of the pueumw-
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coccus types. The question for present consideration is as to how far
such cornmunity in roughness is limited; how far the rough variant of
the Salmonella group differs from the correspouding variants of other
intestinal Lacilli.

Rough variants of 9 different Saimonella types (B. typhosus (3}, 7. para-
typhosua A (1), B. enteritidis (3), B. uertrycke (4), I2. paratyphosus [ (2!, American
B. suipestifer (2), European 5. suipestifer (2), Newport type (1) and Stanley
type (2)] were isolated and antisera, at least one per type, were prepared. Sera
werse also prepared against rough races of Shiga’s hacillus (2), Sonne's hacillus (3),
Tlexner’s hacllus (4}, L. columbensis (11, Morgan's hacillus (2), hemolytic /2. cold t
strains (2), saccharose non-fermenting D. cole (2), and saccharosc formenting
B. ¢odi (3},

For agglutination purposes the rough cultures, grown on agar, were treated
with absolute alcobol or a mixturs of alcobol acd chloroform for an hour at
50-33° C. to destroy Sagallar antigens if present, and <o render the bacillary hodies
insensitive to the precipitating action of elsctrolytes and normal serum (Whits
1927 and 1923). In many cases che bacilli were stored dry after the extraction
process, to ba made up ia saline as required.

Agglutination tests were performed in the usual manner (4 hours in the water
bath at 30° C. and standing for a few hours at room tem:-arature). In all cases
agglutinartion, where it occurred, was of the characterist: rough type, either in
fine dispersible granules or in coarser hut equally disparsible flakas, unlike either
the “sandy ¥ agglutization of smoorh bodies or the locxialy Hoccular agglutination
of flagalla. The titres of the sera for the homologuus organisms, treated as -
described, ranged between 2500 and 3000, except in one anti-dysentery (Shiga) *
serum of which the valzs wasenly 1000 and au auti-aertrycke sernm of ticre 10,000.

With the many Su/moneila rough sers tested the numerous rough
Sulmonella races agglutinated in indistinguishable mananer to the same
titre: with no other rough serum tested did any of these races react to
above 5 per cent. of the homologous tiire; the genus Salmonella stood
defined in a striking manner.

In tests made in the reverse semnse with the rough variants
of coliform strains, Sopne, Shiga and Flexner dysentery bacilli,
B. columbensis and Jorgun's bacillus, results were rather more complex.
VWith rough typhoid antisera none of these organisms showed appreci-
able resction; B. columbdensis, all the hmmolytic coliform races,
Morgan’s bacillus, Shiga's bacillus, Sonne’s bacillus and most of the
other strains tested refused to react to any typical Salmonclla rough
serum; the rough races of certain Flexner strains and of 3 of 12
saccharose nou-fermenting coliforms agglutinated up to 25 per cent.
of the titre of several of the rough aertrycke paratyphosus B and hog
cholera antisera employed.

It is true that Schirze (1921) indicates considerable cross
agglutinasion of a rough variant of Shiga's bacillus with rough
Salmoncile antisera; but since, as I have shown, the rough races of
this organism normally agglutinate to titre between 2000 and 5000
with normal rabbit serum, the significance of the observation is
doubtful.
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INTESTINAL BACILLI 93

The results obtainerd support in no uncertain way the inclusion of
B. typhosus in the genus Sulmoncila, and unpress the injustice of any
attempt to sinder that organism fromn its gas-forming congnners or to
associate it, as does Bergey in his genus £lerticlla, with a congeries of
organisms with which it has no serological link whatever, and with
which its special biochemical similarities are of a purely negative
nature. B. columbensis and BD. morgani ave sharply execluded from
the genus Sulmonella.

Study of the groupings of the non-S#/moenella strains has been
cursory. The rough variants of the several Flexner strains examiner
showed the same comwmunity of acglutinative hehaviour which marks
the Suimonsi/c types, and with them reacted the rough variants of
Sonne’s ory:nisin; all these organisms showed marked aMinity with
the same cle<ter of saccharose non-fermenting, non-hemolytic strains
of B. ot which evinced some relation to the Salmogella series; from
the rough varants of Shiga's hacillus they stood sharply distinet. The
four hemol:tiic coliform races formed o definite cluster in close
arglutinative harmony with the rough variants of two strains of
B. columbensi: au observation which supports Dudgeon’s (1927) view
as to the rc:aticnships of that organism. Four rough saccharose-
fermenting rac:s of B. coli, by the special vigour of their reaction to
any one of the corresponding sera, stood out from the saccharose non-
fermenting forms. '

TLese observations, desultory as they be, suggest that study of the

rough vauant along these lines may Le of some real value in checking
the present farmal groupings of bacteria and may give some indication
of a more raticnal arrangement of species. In the wide range of rough
agglucination we have perhaps an expression of the biological truth
that those elements of the orgnnism which are least exposed to contact
and congics with the environment are least subject to evolutionary
change and longest wmaintain their primitive characters; between the
basal proteins of the bacterium and the mediwn of its life—in the case
of the parasitic species betwcen these proteins and the reaction of the
host—stand the soluble specific substances as a shield. It is hardly
to be expected that any such order of naturally velated organisws as
thut formed by the “intestinal” Lacilli can be, by any meaus, resolved
into skarply defined gemera; Lut much can Jdoubtless be doue to map
out the broad lives of divergent evolution and to discount groupings
bused only on the superficiui similarities of convergence.

Styrary.
L. The soinble specific substance may be extracted quantitatively
from s e woand stmiler baclli by hot ditute acid.

2. Rough variants give an immedicte reacsion with Millon's
reagent; smoeath races react ondy when the seluble specific substance
T T §
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3. Under ordinary ciroumstances of test smooth Salmone/la and
related bacilli and filtrates of hwoth enltures therenf are more toxic to
Inboratory rodents than are the corresponding rough hacilli and
filtrates; the rough hacilli however possess a potential toxieity, dis-
closed Ly treatinent with aleohol, approximating to that of the
smooth forms. -

4. Mucoid growth in Sulmonella has no relatinn to smonthness aud
i3 not analogous to capsule formation.

5. The serological reactions of roush variants appear to form a
useful basis for a natwsl ciassifiention of incestinal bacilit
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DIFFUSE AND NODULAR FIBROSIS OF
ADVENTITIA OF AORTA

(RUEUMATIC PERIAORTITIS)

W. G. Baryarp.
University College Iloapital Iedical School, Londsn.

(Prates IX. axp X))

THIS case is of interest Lecause as far as I have bezn able to discover
only one other like it has been deserihed before.

Summary of history.—The patient was a man of 23. As a schoolboy he had
growing pains and rheumatism in the left shounlder. At 14 he was treated in
hospital for precordial pain and dyspnoa; at 20 he was trentad for cardiac
failure. Qu admission to University Collegs Hosgiral in Juiy 1923 he was pale.
thin and looked ill, and showed the signs of zross cardiac fai.ure. He was
orrhopnwic, the veins of neck were engorgzd, the langs congasted, the liver
enlarged and the ankles cadematous. The heart was greacly ulacged, the apex
beat being in the anterior axillary line; a loud to-and-fro mwmur was heard
over .he apsx and base and the pulse was water-bammer in type. There were
no signs of bacterial endocurditis. The pul:e was regular and rapid remainioy
about 120 per minute, the systolic blood pressurs was 120 mm. Hz. The tem..
perature varied between 95'4 and 101°E, He disd two days afrer admission.

Summary of post-mortem.—Puilid min, 6 {t. 2 inches, 8 stona 11 Ibs. Lungs:
right 27 ozs., left 23 ozs.; brown induration and scaitered small hsemorrhages.
Liver: 63 ozs., advanced “nutmeg” and modemie amyloid change. 3Spleen:
§ ozs., firm, purple and cougested. Kidneys: il ozs, irreguler, sunken patebes
with pitted surfaces over cortex of both amylcid kidneys. Edusions: pleural,
1 pint right;  pint left; peritoneal 3 pints.

Heart (40 ozs.).—Fibrous pericardial adbesions bound part of the parietal 0
the visceral pericardium on the posterior and to a less estent on the anterior
surface. Thers were nuwerous petechial hicworrhages in boeh luyers of
pericardiom. The wmyocardium was hypertrophied and all chambers were
dilated, both the hypertropby and dilatation being wmost marked in the left
ventricle. The cusps of the aortic valve were thickened, rolied and rerractad
towards their bases (fig. 1). The flaps of the mitral valve were slightly thickened
and adherent at their angles. Pockets had formed in the endocardium of the lest
ventricle below the damaged aortic valves.

Jdorta.

The adventitia of the aorta was everywhere greatly thickened
by tibrous tissue measuring 3 mm. near the heart and up to 10 mm. in
the lower parc of the theraeic aorta. In places this had becows
comlensed in sueh « way that the aorta appeared to have been bound
with thick cord.  Fibrous tissue was present between the bands bus
here it was less dense so that on openiny the zorta the cut bands stood
out prominently as milky.white nodoles.  The fibrosis was lwited to
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the adventitia and apart from small patches of atheroma both the
intima and media appeared normal and together measured 1'5 mm.
thick. This change extended from the heart to the bifurcation of the
aorta but was most marked in the thoracic region. It was continued
to a slight extent round the branches and particularly round the
branches of the abdominal zorta, which were surrounded by a somewhat
less dense but wide zone of fibrous tissue.

Microscopically no cellular reaction could be found in sections of
myocardium, pericardium, endocardium and adventitia of aorts or its
branches. The sections showed: in the myocardium patches of
perivascular fibrosis, in the valve hyaline fibrous tshickening and
between the layers of pericardium hyaline fibrous adhesious. Many
sections of all parts of the aorta were examined in the hope that a
cellular reaction, giving some clue to the nature of the process, wight
be disecovered, but while all showed more or less dense fibrosis of the
adventitia only occasional groups of two or three lymphocytes with or
without plasma ceils were found. The fibrosis of the adventitia
consisted of dense collagen fibre correspounding to the bands and similar
slightly less dense tissue between. The media of the aorta showed
slight myxomatous degeneration; there was no trace of perivascular
infiltration, any form of fibrosis or breaking up of elastic tissus. The
intima was normal The vessels in the adventitia were consplcuous,
being sore numerous than normal and many of them having thickened
degenerate walls.

' Discussion. :

The points in the case which have to be considered are the heart,
the aorta and the presence of amyloid in the liver and kidmers. Since
no focus of suppuration could be found at post-mortem the amgyloid
was probably a legacy of the more active stage of the process now !
represented by fibrous tissue. L

As there was no evidence of inflammation in the mediastinum nor
J in the bodies of the vertebrz it seems improbable that the fibrosis of .

the adventitia had been initiated in surrounding structures. e are :
left with the lesions of the aortic and mitral valves, the patchy fibrosis B
: ‘of the myocardium, the pericardial adhesions and the fibrosis of the )

adventitia as the principal parts in the puzzle, while the diseases ’
calling for consideration are syphilis, periarteritis nodosa and
rheumatis,

Syphilis. Theappearance of the aortic valves is strongly suggestive
of syphilitic endocarditis. They have the typical “sausage” shape and
it is wot uncommnon to find syphilitic endocarditis withour scarrioy
; . of the aortic intima. In syphilitic aortitis the granulation tissue
starts in the adventitia and oxtends like a sleeve round the nutrient
artories into the media, where the elustic tibres of the media are Lroken
up. Apart from the fact that there is no spread to the media it would
not be necessary to unduly streteh the imayination in order to convenve
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a syphilitic aortic endocarditis associated with a completely fbrotic
aortitis in which the reaction had been limited to the adventitia.
Coasideration of the patient’s history and age make it very unlikely
that this is the true explanation. Syphilitic aortitis is seldom found
before 35, aud the younger the patient the greatecr will be the certainty
of finding a cellular reaction. This patient was 23 and had had no
antisyphilitic treatment. The fact that he had a definite heart lesion
at the age of fourteen is also against the possibility of a syphilitic
etiology.

Periarteritis nodosa is an active inflammation which, starting in
the adrentitia of arteries, usually spreads to the media or even the
intima. The inflammatory reaction is at first made up of polymorpbs,
eosinophiis, lymphocytes and rarely plasma cells; later fibroblasts
proliferate and eventually lay down new fibrous tissue. The media
even in the absence of direct invasion often undergoes necrosis and
as & result aneurysms are produced. The inflammation is not even, so
that macroseopically the arteries appear as a chain of beads each bead
correspunding te a nodule of adventitial infiltration, with or withous
apeurysm formation. If ome imagined such a reaction limited to the
adventitia acd Javing reached the fibrotic stage it would account for
the conditior: of the aorta and the amyloid in this case but not for the
lesions in the heart. There are two further objections. Periarteritis
nodosa occurs in arteries of the size of the coronary arteries, or smaller,
and though it has been described in the coronary, mesenteric, renal
intra-hepatic, inrra-splenic, pleural, peritoveal, small muscular arteries
and rarely in arteries of brain and lung, it has never been described in
thie larger arteries: in this case the swaller arteries were not affected.
The other objection is that in the scarred stage of periarteritis nodoss,
even if the media escapes, the fibrosis extends beyond the adventitia
into the surrounding tissues; in this case it is confined to it.

Bheumatizm. The first serious contribution to our knowledge of
rheumatic aortitis was made by Klotz in 1912. He divided his cases
into groups. Those who died in the first attack showed (a) in the
media—penetration of nufrient arteries beyond the outer third,
perivascular edema and infiltration by lymphocytes and plasma cells,
with damage to elastic and muscle fibres in the vicinity: (b) in the
adrentitiz—connective tissue loose cdematous and diffusely infltrated
with lymphocytes and plasma cells. Those who died from recurrent
attacks showed similar changes, except that they tended to be less
cellular and there was definite perivascular fibrosis of the media and
increase of fibrous tissue in the adventitia. In chronic rheumatism the
cellular reaction was still less conspicuous and tho fibrosis more dense.

Amenyust the most recent are o series of papers by Pappenheimer
and von Glabn; their findings may- be summarised as follows:

intima: active cellular reaction, cells similar to those forming an
Archiod node (L027Y: el eellular intiltration aboutb the penctrating
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vessels, (1924), localised atrophy and disappearance of muscle, peri-
vascular fibrosis (flame-shaped scars) round vasa vasorum (1926):
adrentitia : cellular infiltration, Aschoff cells, plasma cells and lympho-
cytes (1924) with little tendency to nodular grouping, slight fibrous
thickening of adventitia and obscured demarcation between media and
adventicia.

Chiari (1928), in a series of six rheumatic cases, describes reactions
varying from JAschoff nodules to fibrosis which were practically
confined to the adventitia; the last of the cases he describes is exactly
like mine but for the fact that he found cellular reaction as woll as
fibrosis; he regarded it as a late stage of rheumatic aortitis.

The appearance of the fbrous tissue in the adventitia, in the
myocardium, in the pericardium and in the valves suggests tha: the
reaction which preceded it affected all thess structures at abous the
same time and from the history it appears likely that this was abouzt 14,
with a possible exacerbation at 20. Of the causes discussed I suggest
that what evidence we bave supports the theuwsafic etiology. When
the age and -history of the patient are taken into account it seems
highly probable that the valvular lesions were due to rheumatism and
this is supporte? by the perivascular fibrosis of the myocardium and
the pericardial adhesions. If this is accepted I can think of no valid
reason for doubting that the fibrosis of the adventitia was also due
to rheumatism. As is well known, rheumatism may affect valves
myocardium and pericardium either singly, any two of them or all
together. In the same way the coats of the aorta may be affected
singly or all together, and I suggest that in this case we are dealing
with the scarred results of a rheumatic inflammation of the adventitia
of the aorta The nodular arrangement may be related to the
movements of the aorta or to the Jdistribution of blood vessels; in this
casa there is no clear indication of its cause. A similar nodular
fibrosis sometimes occurs in the pericardium, particularly over the
suricles in rheumatic affections of the heart.

Summary.

A widespread fibrosis of the adventitia of the aorta is described;
the suggestion is made that it is dus to rheumatism.

T am indebted to Dr J. W. McNee for permission to use his clinical notes in
this case. Throughout this paper “rheumatism” has been used for tho specific
diseass which in its acute form is known as acuta rheumatic fever.
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GENERALISED VACCINIA IN RABBITS WITH
ESPECIAL REFERENCE TO LESIONS IN THE
INTERNAL ORGAXNS.

S. R. Dovcras, Wisox Syt and L. R. W. Paice
From the National Institute for Uedical Research, Hampstead, London.

(Prares XIL.-XIII)

DrriNG the course of investigations on vaccinia in rabbits s condition
of generalised vaccinia occurred, closely resembling human smallpox,
in which there was a widespread distribution of macroscopic focal
lesious uot only in the skin but also in many of the internai organs.

The literatura on vaccinia contains aumerous references to ‘“‘gervralisation ®
in rabbits. The majority of authors have used the term to describe simply a
widespread skin eruption, in many cases following inoculation inio the skin

they found that an eruption of typical umpilicated pustules appeared, thres days
aiter intravenous inoculation of vaccine, on arcas of skin which had been shaved ;
no lesions were ouzained by them on other areas of skin not irritated by shaving.
Camus (1917-1918) produced, by intravenous inoculation of derinovaceine, lesions
on the lips tongue and genital organs, and showed also that nevi burns and
the application of chioroform wight determine localisation of lesions.* Levaditi
asd Nivolaz (1¢23) carried out an extensive and suggestive research, using
neurovaccine. Various routes of inoculation were employed, some of which
gave rise to generalised lesions on the injured skin. Great stress was laid on
the importance of injury as a determinant factor im the production of such
lesions, but a few cases were noted in which pocka appeared after intravenous
inoculation on skin areas not previously epilated, whilst irritation was found to
be unnnecessary in the case of the mucosm. The mammm tere sometimes
sprinkled with hemorrhages and showed microscopically foci of necrosis and
polymorphonuclear leucocytic infiltration. Generalisation to-the brain followed
intratesticular injection. Thess authors agree with Lipschutz (1922) in placing
vaccinia among the ectodermoses nenrotropes. They state that the virus possesses
particolar afinity for tissues derived from embryonic ectederm and no atinity for
thosa derived irom the other germinal layers. Occasionally they found smuli
foci of necrosis in liver and lung, bus regard theso as without definite siynidecance.
The very great susceptibility of the gonads to vaccinial infection is explained oa
the ground that germinal cells contain the poteatial characteristics of all other
tissues including ectoderm. Huon and Placidi (1924) described a conditiou of
generalisation in the rabbits used for the production of “lapine”: a mumber
of their apimals dixd from encephalitis about the fourth day after the imsertion
of virus in skin scurifications: in addition to the lesions found in brin and
meninges were pustules on the buceal mucos® and tongue, but no mention is

* .\:n::m-'ai (13:3) obtzined sinulur resuits by the intravenous inoculation of
testicudar visus,
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made of any lesions in the viscern. Nodake (1924) speaks about “ generalised
vaccinia ¥ in rabbits, but means by this simply a spread of virus from a focus
of primary infection in the tastis which gives rise to immunity, ia spite of early
castration : he makes no mention of lesioas, either macroscopic or microscopic.

N o Rk Bk - oAt Lo B Om s

The following protocol gives an outline of the condition of true

generalisation including lesions in the internal organs as first met with
by us.

-t .

Protocol 1.

Rabbit 10 inoculated 10.11.25 by skin scarification with brain *difusate.” * !
No signs of any resction wers noted antil 1.12.25 (21 days) when rabbit became ‘
ill with watery dischargs froms eyes and nose, salivation and rapid Lreathing.

The condition became worse on the following day and the animal was killed.

Post-mortem :xamination—

|
|
Gkin . . . Eruption resembling smallpox over entire surface of '
trunk, the shaved areas wers not morc affected than '

the skin elsewhere, It
]

i

R E VNSRRI o 4o 4

Zips and tongue . Pocks on mucosam.

Maninary gland . Peppered with whitish opalescent spots.

Zunes . .. Numerous whitish, somewhat translucent spots,

Liver . . . Small white spots irregular in shapa. i
Spleen . . . Enlarged, frm. !
Quaries. . . Enlarged, firm, paler than normal. I

Bacteriological examination—

Heart’'s blood added to broch. This was incubited both aerobically and
anaerobically and remained starile.

. Tests for virus— ) ‘

The lesions wers tested for presence of virus by rubbing tho cut surfaces of
foci over scarifications in tha epilared skin of a normal rabbit ;

skinspots . . . . !
ppock . . . . '
tongus . .
mammary gland
lamg . . . .
ovary. . . .

Gver . . . .
spleen . ..

-~
e mhardis v ol S =2 sl Boah o Vot ar e S ¥y ¢
‘

all gave confluent eruptions.

: } produced discrate pocks. |

Mieroscopic examination—

Sections of lung, ovary. mammary zland ard liver showed foci resembling in
essentials vaccinial skin lesions. These secrions wers kindly cxamined by
Prof. B. 3. Turnbull who confirmed our findings (vide Turnbull and MacIntosh
(1928) Br. Journ. Exp. Path., vii. 210).

¢ The term ** difusate " is used throughout to describe the clear fluid obtained by
dropping a piece of vaccinial tissue into broth or Ringer solutivn and incubating at
37° C. for varying pertods.  Such tluids possess the advantages of being peactienily cell
free and of proved bucterivlogical stenlity: their potenes is usually such that the
intradermal inoculation of 0°2 ¢.e. of a 1 in 2000 dilution produces a distinct reaction.
The stmin of vaccinin virus used throughout our expenments was obtained in the '

ﬁrﬁ% place from Dr Levaditi. [t was carried on by brain or testicular passages in
rabbits.

———

- d oyt b
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The post-mortem findings in this case are typical of a true
generalised vaccipia, although the absence of primary reactions at
the sites of inoculation and the long incubation period are unusual
features. Later it was found possible to obtain such generalisation at
will by a number of different methods, each of which produced certain
special features.

Intravenous inoculation.

Intravenous inoculation is the simplest and most certain method
for the production of generalised vacciia. The severity of the
symptoms and the extent of the lesions depend principally upon the
natare of the inoculum, the amount injected and idiosyncrasy in the
experimental animal Mcst of the experiments were carried out on
a strain of lop-eared rabbits which appeared to be more susceptil.i:
than other hreeds especially when young animals were employed
Ewmulsions of vaccinial brain and testis have heen used most frequently
and have given rise to the most widespread distribution of lesions, the
disease culminating occasionally in death, but diffusates of thesec
organs in either broth or Ringer's solution have been successfully used
on several occasivns. As a gemeral rule there is a rough propertionality
between the amouvnt of virus injected and the degree of resultant
generalisation. Emulsions of about 1 part of tissue to 50 parts of
saline (by weight) have usually been emploved ; from 1 c.c. to § c.c. of
such emulsion rarely fails to produce vary widespread generalisation.
Idiosyncrasy also plays an important par: in the determination of both
degree and distribution: if two rabbits of similar weight are inoculated
with exactly equal quantities of the same emulsion the resultant
conditions may differ widely, as is clearly illustrated by R447 and
R 448 in rable L

The incubativn perind before the appearance of a skin eruption is
usually 4 or 3 days, but has varied in our experiments from 3 to
7 days. There have been no cases of long incubation period following
intravenous inoculation like that recorded in protocol 1 (Rabbit 10).
The pocks on the skin are irregularly distributed and are particularly
frequent round the lips and nares. Those in the bairy skin can be felt
better than seen; in the early stages they feel like shot imbedded in
the thickness of the dermis. Coincident with the appearance of the
skin eruption there is obvious malaise, the rabbit becomes very quiet,
gits huddled up in a corner of the cage and refuses food. The extent
of the eruption increases for a few dayvs whilst the geacral condition
becomes worse. Frequently there is a watery discharge from the eyes
and nose which later may become purulent and is often accompanied
by salivation. Loose stools are the rule, sometimes a true diarrhoea
sets in. Verv oceasionally symptoms indicative of an invelvement
of the central nervuts sysiemm are met with such as pavesis or paralysis
of the hind legs, jerky movements of the head, strabisinus, stc.; if this
occurs the animal dies.
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The period of malaise and eruption is usually followed by gradual
recovery, the pocks umbilicate, form black crusts and then fade away
in about 3 wecks after their first appearance lesving no visible
scars. The disease is succeeded by a complete immunity, even intra-
cerebral inoculation of highly virulent meurovaccine proving entirely
innocuous.

If the animal dies or is killed from the 5th to 10th day, a condition
similar to that described in protocol 1 is found post-mortem. Some
organs show lesions much moro frequently than others, the skin and
lungs are scarcely ever spared, mammary gland, tonyue, liver, and
spleen show lesions very frequently, other tissues are aficeted more
rarely, but there is scarcely any tissue which has invarishly eseaped.
Very occasionally the skin eruption is hemorrhagic, in such cases
death is the rule and at post-mortem examination the internal lesions
are also found to be hemorrhagia.

Table I shows the experimental details and the disiribution of
macroscopic lesions in 38 rabbits inoculated intravenously.

Skin inoculation : skin scarification and tinéradermal inj:ction.

Generulisation, other than on the skim itself, has not been
encountered very frequently as a sequel to the imsertion of virus
into skin scarifications, although the condition was first seen in such
a case. A secondary skin eruption on the shaved area quite distinet
from the primary reactions is common. This may be due ro the
relatively small amount of virus which gains entrv in this merhod
of inoculation: Huon and Placidi (1924) found that generalisation
and encephalitis occurred only in those animals which had been
scarified over a very extensive surface. Furthermore, Ledicgham and
M‘Clean (1928) stated that a testicular strain of virus multiplied
to a less extent when introduced by scarification than when inoculated
intradermally. In our cases whore generalisation did oecur the lesions
were usually slight, odd foci being found in lungs and liver, but
a faew exceptions have occurred, notably rabbit 639 which developed
lesions in several other orgams.

Intradermal inoculation leads to generalisation more frequently,
but here also the lesions are seldom abundant or widespread The
local secondary skin eruption however occurs imn almost evers case
and it has been seen oven in rabbits which gave no primary reactions
at the sites of inoculation; we consider in fact that this local spread
in the skin is so common that any attempt to read the results of
intradermal inoculation later than the fith day is futile, especially
as the secondary pocks show a teudency to localise in skin areas
injured by inoculation of control material known to econtain nv virus.
Table IT shows tho dutails. of those cases in which true svueralisiinag
uceurred.
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neurovaccine, brain emuision.
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Fra. 3.—Rabbit 407. Liver. Conspicuous round white spots and numerous
smaller lesions. Intravenous neurovaceine, brain emulsion.
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Inéracerebral inoculation. Iy

At least 90 per cent of rabbits inoculated intracersbrally with &
neurovaccine die on the 4th or 3th dayr, even when very small 5
doses are used. Therefors it is not surprising, coasidering the time ,;
relations of generalisation following imuculations by otker routes, .
that the majority of these animals fail to show lesions elsewhers than o

) in the central nervous system. In the few cases which uave begun : 3
{ to generalise in this short time the lesions have been few and small il 2
One exception, rabbit 67, which did uct diz as usual and was Idlled f;

on the 38th day, showed post-mortem pocks in skin, lips, nose, B
tongue and soft palate, lungs, spleen, liver and connective tissue, and :
also congestion of the testes. In rabbit 45, another chromic case, <

no necrotic lesions were found, but exudates in pleural and pericardial B
cavities were proved bacteriologically to be sterile and were found g

by intracerebral and skin scarification tests to coumtain active virus. &

Afb the time it was doubted whether such a reaction could be due to
Taszz I 3
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106 S. R. DOUGLAS, W. SIITH AND L. R. W. PRICE

vacoinia, but the results of intraperitoneal inoculation dealt with helow
prove that serous membranes may be extensively affected. Tahle III
shows that lungs and liver are the organs which most frequently
develop lesions.

Intranewral inoculation.

Two rabbits were anwesthctised with urethane and ether, the
sciatic nerves of both sides were exposed and that on the leit severed.
After an interval of 14 days the left nerves were again exposed and
inoculated with 0-13 c.c. of neurovaccine; in one case the inoculation
was into the central end of the nerve, in ths other into the peripheral
end. The primary object of this experiment was to determine whether
the path of vaccinial infection foilowed the course of the nerves. Xo
symptoms of encephalitis were observed, but in both animals general-
isation occurred. Rabbit 193 inoculated peripherally developed typical
Insions in skin eyes lungs adrenals and appendix; rabbis 194, inoculated
contrelly, lesions in skin lungs liver and spleen. The skin pocks frst
appesred in both cases on the same day after injection and their
distribution was quite irregular over the surface of trunk and limls.
Tlers waa thus no evidence that the interierence with the innervation
of a :imb modified the distribution of the lesions of gemeralisation. i

TasLe IV.
Intraneural inoculation.
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Intratesticular inoculation.

Intratesticular inoculations have been performed in most cases
with the specific object of obtaining sterile testicular vaccine; in
consequence the animals have usually bLeen sacrificed on the 4th or
5th day and therefore have not had time to develop the lesions of
generalisation. A few rabbits have showm at autopsy a few scattered
white spots in the liver, which on microscopical examination were
considered to be vaccinial lesions, and in one a distincs, though swmall,
pock was seen on the skin of the nose at the time it +was killed on
the 4th day. A few rabbits were spared in the hope that typieal
generalisation would ensue, but unfortunately they died on the 5th or
6th day.

The most constant and striking feature at autopsy, apart from
the condition of the testes themselves, was the presence of a clear,
straw-coloured peritoncal exudate of sciui-gelatinous cvusisteney which
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set into a firm clot a few minutes after withdrawal; occasionally it
was very turbid and tinged with blood. This fluid has been tested
repeatedly for bacterial flora, both by aérobic and anacrobic cultures,
but has always proved bacteriologically sterile, and we regard it as
a definite reaction to the vaccinia virus. It often contains virus in
considerable quantity but occasionally fails entirely to produce a
reaction on testing it either by intradermal or intratesticular inoculation.
Peritoneal exudate was only produced by the inoculation of virus
passaged at least three times from testis to testis, and has never
followed, in our experiments, the intratesticular inoculation of brain
emulsion.

TaBLe V.
Intratesticular inoculation, .
i l Tissues with macroscopic lesions. -
Rabbie. , Qavof

¢ ! ‘San ! Liver. Bladdar. | adressl Perntoueal cavity.
610 5 .- ! + e -
6823 ' [Y 5' . + s v vee
659 ) HE + - . Abundaot exudate
699 | 4 i . + e von Fluid
738 i [ TN + Abundant clear fluid
0, . | e + + Clear yellow fuid |
785 1 8 = :
763 i 4 . Exudate |

Intraperitoncal inoculation.

Intraperitoneal inoculations of neurovaccine were stated Dby
Levaditi (1923) to be entirely innocuous. We were led to doubs
this, in the first place, while carrying out the series of intratesticular
passages. The earlier inoculations produced a testicular reaction
only; they were made with emulsions of brain or emulsions of first
or second passage testes. After three passages however the local
reaction increased, and in addition the peritoneal exudate described
in the previous section was found at post-mortem examination. The
possibility suggested itself that the virus was not only acquiring
inereased virulence for testicular tissue but also an affinity for the
cells of the peritomeum. Direct inoculation of a potent testicular
emulsion into the peritoneal cavity was therefore performed, and
resulted in a vaccinial infection with certain unusual features.

Protocol 2.

Inoe. 9.8.29 intraperitoneal with 1 c.c. emulsion
of testis of R 724. Died 14.3.28, 5 days after
inoculation. '

Rubbdit 735 .

Post-mortem.
Skin and external mucose No lesions.
DParttoneum Hurd nodule size of bean at site of inocula-
tiot. Poritoneum congested and sprinkled all
over wirh punctiform hwemorrbages.
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Peritoneal cavity . . Full of semi-gelatinous turbid yellow fuid.

Intestines . . . . Matted together with sticky exudate, with
fibrinous adhesions ; the large gut sprinkied
with hmmorrhagic spots.

Liver. . . . . Eatire surface spriokled with small, round,
white spots.

Spleen .+« + . Enplarged. Numerous whitas spots.

Adrenals . . . . Soft and very friable, Left adrenal showed
a pock.

Omentum . . . . Rolled up into sausage-shaped mass, folds stuck
together with exudate.

Tterus . .. . Congested, entire surface covered with hremor-
rhagic spots.

Bladder . . . . Intense, hiemorrhagic congestion, small hamor-

. rhagic spots.
Kidneys . . . . NiL
Lungs . .. . Nil

Stained smears of the poritoneal exudate and the liver showed no micro-
organismns. Cultures, both aérobic and anaérobic, remained bactericlogic.lly
sterile.

Sections of the affected organs showed microscopic lesions resembling pecks
in the earliest stages.

The peritoncal exudate was tested for virus by inoculation into the testis of
a normal rabbit, it produced a typical vaccinial orchitis on the ith day, together
with lesions in the bladder and adrenal.

The appearances of the abdominal cavity and viscera in this rabbit,
although different from those hitherto encountered in any vaccinial
injection, were undoubtedly due to vaccinia virus. There was however
no sign of true gemeralisation, for only tissues and organs actually
covered by the peritoneum, and hence in a position to come in close
contact with the original imoculum, showed lesions. Further experi-
ments proved that generalisation could be produced fairly easily by
this method of inoculation, the failure of this first case to generalise
being due probably to the early death of the animal

Table VI summarises the post-mortem findings in eleven experi-

.ments (seven females and four males). The most striking feature,

apart from the peritopeal exudate, was the frequency with which the
reproductive organs were attacked. The uterus showed pocks in six
cases, the ovaries in three and the mammary tissue in four; the
testes were affected in three out of four aniwmals. A further poing of
especial interest is the frequency with which the bladder showed
changes; previously the bladder had been regarded as an organ
entirely non-susceptible to vaccimia (fig. 7). The liver escaped in
only one experintent, whilst the lungs showed recognisible lesions in
only a single case; this is in striking contrast to the distribution
of generalisation produced by intravenous imoculations. Deritoneal
exudate was very abundant in all except one of the seven fewales and
present, but to w less extent, in three of the males.

Two of the animals were inveulated with very thick cmulsions ui

e
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#f1a. 7.—Rabbit 302. Uterus and broad ligament. Animal had aborted
shortly before death, Lett horn: pocks un peritoneal surface. Right horn
opened up: inner aspect shows large poclzs localised chiefly on piacental

) sites. Broad ligament contains many lesious. Intravenous’neurovaccine

! passaged through testis, testicular emulsion.

Fie. ~ —Rabbit 416, Phatomicrngrmph (Xo7) of typical lesion in adeenal
cuetex : centrtl neerosis wd periphernd indiltention with mononuclear cels.
Inteavenous nenrovacvine, brain emulsion.
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GENERALISED VACCINIA 109

highly virulent brain in order to test the validity of the hypothesis
that modification of neurovaccine by intratesticular passage is
necessary to enable the virus to attack the peritoneum. The results
proved conclusively that this is not the case, both animals had
abundant peritoneal exudate with lesions of the abdominal viscera and
also aevidence of true generalisation. Nevertheless, in other experi-
ments emulsions of brain failed to infect, and we express the tentative
opinion that the testicular passage virus showed some svidence of
exalted virulence for peritoneum and the generative organs.

Tasre VL
Intraperitoneal inoculation.
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Description of lesions in gensralisation.

(8) Macroscopic.—The macroscopic appearances of the lesions vary
according to the tissues in which they occur and the stage of their
development. It is unnecessary to describe scparately the appearance
ot every organ in which evidence of generalisation has been found,
for many of them have never presented any special features.

L

s

The external pock is best seen on the mucous membrane of lips 3
and nose or on the hairless skin; it conunences as a small raised &
papule which rapidly becomes hard and npodular, and a2 little later H
shows vesiculation followed by umbilication. The centrs of the pock o
then assumes a darker colour, becomes necrotic and finally forms a IE’;}
“punched out” uleer. It heals without leaving any scar (fig. 1). i

o

Liver and spleen lesions are at first round dull white spots.

Later they show a semi-trauslucent greyish zone when the white 3!
centre becomes supken slightly below the surface of the organ. 5‘
'(.“'"‘-'-sl"n:!ll}' on the liver a narvow ring of purple congested tissue ' F
ietasareund the lesion (ligs, 2 and 3). '
-i
1
.-1
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L
:
f
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The lung pocks begin as punctiform hwmorrhagic spots. When
fully developed they are glistening greyish nodules with 4 hamorrhayic
spot in the centre; they do not stand out clearly [rom the normal
tissue and may closely resemble the tubercles of acute tuberculosis
before caseation has had time to develop. A peripheral zone of
congestion is frequently seen (fig. 4).

The lesions of uterus and bladder are of two types. They may
appear s small round white spots sprinkled over the peritoneal
covering and quite fush with the surface. On the other hand, they
are often distinet protuberant and umbilicated pocks which bear a
close resemblance to those in the skin; im these ulceration may
occur. ,

Lesions in other organs conform to one of the above-rcenticned
types. Those in the suprarenal bodies 'are not unlike accessory
adrenals, except that thoy are never raised above the surface. In the
ovary it may be diificult to distinguish between pocks and Graafian
follicles and sometimes it is only by microscopical examinaiion that
one can he quite sure that vaccinial lesions are present.

(b) Afiiroscopic.—The minuts histology of the lesions of generalised
vaccinia has not yet been investigated. The essential features of a
lesion in any tissue are o central necrosis, consisting of a finely granular ;
: acidophilic material enclosing masses of basophilic fragmented nuclei,
! and a peripheral zone of cellular infiltration. The majority of these
' cells are mononuclear macrophages, but a number of polyziorphonuclear
leucocytes are also seen (fig. 8). Lesions of the skin, mucos® and
peritoneum may show ulceration, the edges of the ulcer are ragged and
often undermined, the base is formed of necrotic debris. In the later
stages fibrosis may be seen starting at the periphery.

TR LY [PV SR

e ke

ine v ¢ e amy ey whee + e

[P USI

Concomitant blood changes. '

Blood counts, total and differential, together with estimation of
hemoglobin were carried out on two rabbits inoculated intravenously
which showed the signs of generalisation (charts 1 to 4).

The number of erythrocytes cowrmences to fall on the 2ad day after
: infection. This fall continues until the Tth day on which the red cell
; count attains its minimum, being approximately half the normal.
i From this time onwards there is a steady increase until the 15th or
: 16th day when the normal level is regained. XNormobiasts appear in
Z the Llood stream particulariy during the first week fullowing injection
: ' (often to a much greater degree than in the cases illustrated here).
Thero is a corresponding variation in the haemogiubin content of the
blood ; this is not strictly proportional to the red cell variation and a
rise of the colour index accompanies the erythropenia.

The total white cell count deereases for 2 or 3 davs, then shows
a great inerease attaining a maximum about the Oth day. The large
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GENERALISED VACCINIA 11

mononuclear cells show the greatest increase; with these ws have
included the so-called intermediate cells which possess the same
characteristics as the large mononuclear cells except as regards size.
The polymorphonuclear leucocytes also increase in number, but to a
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less extent, while the lymphocytes show a decrease. 1lyvelocytes
appear in the blood from the start of the infection.

These findings differ cousiderably from those reported by Hine
(1926) as occurring in rabbits infected by the method of skin searifica- %
ton, espeeially as regands the polymorphonuclear leucoeyte counzs. F
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Tissue susceplibility.
Our experiments support to some extent the opinion of Levaditi
and Nicolau that neurovaccine displays particular affinity for tissues

derived from embryonic ectoderm. But an analysis of tables I to TT
makes it abundantly clear that almost all the tissues of the body are
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capable, under certain conditions, of reacting to vaccinia virus by
the formation of specific lesions macroscopically visible. The lungs,
derived from endoderm, are affected in alinost 100 per cemt. of the
cases of generslisation following intravenous inoculation. Tissues
derived from mesoderm, although not so frequently aflected, are by
no mesns immune. The kiduney is an exception; we have never seen
it affected in any of our experiments. Waldhard (1927) however
succecded in cultivating vaceinia virus in the kidneys of rablits bty
inoculating lympl dircetly into the organ and found that hiatological
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per cent. of the [ Protocal 3. ;
alarion. Tissues ' Rabbit 302 . . A pregnant female, expected to litter on 22.9.23,
- asected, are by ¢ 13.9.28 . . Inoculuted intravenously wich 2 c.c. emulsion of vaccinial
: . tustis. [

bave pever seen ' 17988 . . . Aborted. Pocks appenared on lips, i
(1927) however : 18.9.28 . . . Veryill, large crop of pocks round lips and nose. §
:vs of rabbits by 20.0.3% . . Pocks developed in bhairy skin and several in ears. .
tist histological 2923 . . . Died !
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changes ensued which.probably represented a specific reaction; zeneral-
isation to the injured cornea and skin occurred. He also racovered
active virus from striped muscle in & series of six intramuscular
passages.

In dealing with the question of tissue susceptibility only thuse
rabbits infected by the intravenous route will be cunsidered, Lecause
in no other mode of infection is there the same possibility of all the
tissues being brought iuto contact with virus at the same time. In
skin inoculations direct spread of virus probably plays a part, for
secondary skin lesions are particularly abundant round the primary
foci, Table VII shows the relative frequency with which lesions of
various rissues have been found.

Tasrz VIL
Susceptibility of tissues.
Total number of animals inoculated = 38. (Sex unrecorded.)

Lungsacgectedin . . 35 . Suprarcnals affected in 14
Hairy skin ,. . . 81 , Ovaries ' . T
Mucosa ., . . 2 i Uterus "
Tongue .. . . 24 | ‘Testes .
Spieen . . . 2¢ | Mamme . . & (all females)
Live~ v . . 24 | Otherorgans ., . lessthaa 8

-y~

The lungs are therefore extremely snscepcﬂ;le, as much so as is the .

skin though it must be borne in mind that in intravenous inoculations
the lungs probably receive and fix a large proportion of the virus
before the remainder of the inoculum reaches the left heart to be
distributed to the tissues served Ly the systemic circulation. Tables
II, II{ and IV however offer additional evidence as to the great
susceptibility of lung tissue. Unfortunately a record of sex was not
kept, so that we are unable to record the precise frequency of lesious
in the respective gonads.

Vaccinial infection as a causs of abortion.

In view of the fact that abortion occurs in almost all pregnant
women suffering from smallpox, we induced generalised vaccinia in
pregnant rabbits to see if any particular localisation would occur on
the uterus and give rise to abortion. The results were positive.
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Post-mortem examination—

External . . Pockson skin, lips, nose, cars, tongue.

Mamme . . Congested : distinct pocks.

Connective tissue . Pocks.

Peritonewm . . Fluid in peritoneal cavity ; pocks on the membrane.
Dterus . . . Externalsurface covered all over with large hamorrhagic

pocks with necrotic centres. The interior was full of
2 necrotic debris. Internal surface covered with
large, protuberant pocks as large as small peas with
ulceration of the necrotic central portions.

Orvares. . . Dlassesof pocks,

Liver . . . Paleand soft: surface covered with lesions.

Spleen . . . Enlarged, dark purple, patches of white spots.
ddrennds . . Covered with pocks.

Bladder . . Very congested : massas of pocks on extornal surface.
Kidneys . . XNothing abnormal.

Large intestine . A patch on one loop sprinkled with smail white spots.
Diaphragm . . Whito spots.

Lungs . . . Entiresurface of both lungs covered with well-developed
pocks.
»  Heart muacle . A small patch with white spota.
Pericardium . Cavity contained excess of clear fuid.
Brasn . . . Congestion: no macroscopic lesions.

Sections of organs with lesions showed typical necrosis witk the usual
peripheral cellular infiltration. i

This experiment was repeated on two other pregnant rabbits. In
both of these abortion occurred, and the post-mortem findings were
gimilar to the above description. Death ensued in all three cases. In
another rabbit killed on the 4th day, before abortion had taken place,
emulsions of placents and of feetus were found to be highly infective.

Tissus tnfectivity.

A few workers have been able to recover virus from the tissues of
an injected animal after a period sufficiently long for the development
of immunity. Levaditi and Nicolau claim to have dewmonstrated the
presence of virus in testis and ovary by the skin scarification method
up to 21 days after infection, but they appear to have inoculated a
second dose of virus during this interval as an immunity test. They
state expiicitly that sterility of the organism is total after this lapse
of time. Obtawara (1922) used intratesticular inoculations as the
method of test and succeeded in recovering virus from wmany organs
up to the 8th day.

A series of experiments was carried out in order to determine how
soon after intravenous inoculation the various tissues becams infective,
and how long they remained infective in cases of generalised vaceinia.

Eight rabbits (4 of cach sex) were inoculated intravenously with
3 c.c. of an amulsion of vaceinial brain. They were killed at various
intervals after inoculation. Dieces of the organs and tissues to Le
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; tested were removed with aseptic precautions and rubbed over linear

zue. ‘ scarifications iz the epilated skins of normal rabbits (table VIII).
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TaBre VIIL
Infectivity of tissues.
RabbitN¥o. . . .| 168 164 163 162 166 167 160
Day aftar inoculazion on which
anumal was ulled . . ] s s T 9 1 14
Blood ?
Lung . o + + 0 + +
Liver . . . ., 0 + + 0 0 +
Spleen . . . . + + + - 0 + +
Bone marrcw . R + -? + + +
Adrenal . . . e + 0 + +
Testis . . . e + + +
Ovary . . . . - 0 + vee
Lymphatic ;land . e . . + .-
cain . . . .00 0 0 + 0 +
Kidney . . . . e . - . - ]
Tungue . . . o e . . + -
|

The failure of any of the tissues of R 166 (killed on the 9th day)
to give a 1caction was possibly due to a certain grade of natural
immunity in the test animal. One rabbit of the series (killed on the
38th ddy) has not been included in table VIII because wmany of the
tissues gave very doubtful reactions.

In view of the more definite results obtained by intradermal
inoculation 25 compared with skin scarification it was decided to repeat
this investigation using the former test method. Three rabbits were
inoculated intravenously with approximately 3 e.c. of lightly centrifuged
emulsion of vaccinial testis. All the animals showed the signs and
symptoms of generalisation with widespread skin eruptions. The first
was killed on the l4th day when the skin pocks were in the early
stages of retrogression: at autopsy it presented the typical picture of
generalisation described above. The second animal was killed on the
28th day when practically all the lesions had healed; the third was
killed on the 41st day. Tissues for test were removed aseptically and
emulsified by srinding with sterile saline and sand in sterile mortars:
02 c.c. of each emulsion was inoculated intradermally into the epilated
skin of a normal rabbit. Reactions were -read on the 4th day
(table IX),

Tables VIII and IX show that virus may remain latent in the
aninmal tissues for a considerable time (up to 41 days in these
experiments) after injeetion. The distribution of this “latent” virus
is irregulav.  Of no orgau can we be quite certain that it will contain
virus in all cases after a given length of time. The ovgans particularly
prone to harboeur virus are brain adrenals skin and tougue, perhaps

alao the generative vrguns. The brains of such “carrier ” animals have

av
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always shown a complete absence of lesions, both macroscopic and
microscopic, whereas the other organs mentioned hers have usually
been the site of pathological changes.

Taste IX.

Infectivity of tissues.

Rabbit No. - ™7

d

Dsy after inocuiation when
saimal was killed . .

-
-
b ]
-
=

Blood
%kin

ongue . .
Lymph gland
Lung . .
Liver
Spleen
Boue marrow. .
Adrenals . .
Ovaries or testes
Uterus . . .

Kidney .
ney . . .
Heu::Y . . . )
Skeletal muscle '
- Bladder . .

ol

|
i

1) oco!

folol tooooo b +i

ocotovocotocoott+tto

ocoo|;

1

Immunity following intravenous inoculation is usually so well
established by the 10th day that even intracerebral injection of
large doses of virulent 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 than 10 days were immune. Further
investigations are being carried out to settle this point.

Virus i the blood stream.

In the earlier experiments, in which tests were performed by
weans of skin scarification, virus was pever demonstrated in bloed
samples withdrawn Jater than the second day after injectior. The
distribution of the lesions of generalised vaccinia however strongly
suggests a circulatory spread of the dJiseass. Mloveover Ohtawara
(1922) reported that he obtained specific reactions Ly intratesticular
inoculativns of blood withdrawn up to the 13th day and his work
has recently been largely confirmed by Gildemeister and Heuer
(1928). Hoen Tschertkuw and Zipp (1926) and Goldman (1023)
produced cutancous reactions with +th and 3th day samples ouly
by the use of a speciul techinique in which they attempred blockade of
the reticulo-endothelial system.

A series of experiments was carried out in which daily Hload
samples were withdruwn after iutravenous injection and tested by
intradermal inoculative inte the epilated skins of nermal rabines,

qwes
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GENERALISED VACCINIA 117

in the hope that during the process of gemeralisation the virus
content of the blood would increase to a point at which it would
be readily demonstrable. A reaction was obtained in one case on
the 6th day, but the results set forth in table X show great

irregularity. A similar irregularity wus reported by all the iorkers
cited above,
Tapre X,
Infectivity of blood.
! Doy el '
| samplingatter R 06, BTV RBIT. R 18,
i 15003,23:00.
i
| 1 ++ + +
| 2 + 0 + 0
3 : + + 0 0
" + 0 0 -
5 0 0 + +
] 9 0 0 +
7 0 0 .
8 0 0 . .
A 9 0 0 ;
10 0 0
!

AL the rabbits showizg positics reactions ware proved subsequently to be immune,

Discussion.

The experiments recorded here show that vaccinia virus is capable
of producing in the rabbit a severe generaliscd disease which very
closely resemobles alastrim or uncomplicated smallpox in man
Although large doses of virus have been used in most of our experi-
ments generalisation has often followed the inoenlation of very small
amounts. The lesions produced are very widely distributed both
over the extercal surface and throughout the internal organs. They
present a distinetive appearance macroscopically and mieroscopically,
and are unlike any other lesions with which we are conversant. The
internal lesions are always bacteriologically sterile and contain the
virus in a condition capable of reproducing the disease. Those in the
skin always beal without leaving -visible scars, a faet which brings
this experiniental disease into closer relation with alastrim than with
true virulens smallpox. '

The study of the minute histology, which has not been attempted
by us, should throw further light on the pathology of smallpox in
man. In fatal cases of this disease lesions of the internal organs have
nearly always been found to contain streptococel. Histolugists have
been undecided whether to ascribe the main rdle in their production
to the streptococenl infection or to the virus of varivla. The suggestion
presents itsell that the difference between alastritn and virulent
smalipox may be that the former is a disease due solely to virus
infection whilst the latter is an infection with the same virus com-
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i .

: plicated Ly the presence of pyogenic cocci. The ease with which both
i factors of such a mixed virus-hacterial infection may be transmitted
I
i
t

drrine epidemics is exemplified by such diseases as measles and dog
distemper.
.The ability to produce generulisation is apparently not possessed

by all strains of the virus. Our experiments strongly suggest that
; Levaditi's neurovaccine is capable of uwlergoing counsiderable modifica- ;
i tion. In the first place, we found that intradermal reactions became
' murch more constant and easier to elicic with the neurovaceine strain
f obtained from him after it had been pussaged through rabbits’ testes.
’ Secondly, the testiculur passage induced an iucreasad virulence for
peritoncum and bladder. Thirdly, testicular passage virus induced
generalisation with greater conmstancy, no matter by which route it
was introduced.

We can offer no satisfactory explanation for the few cases of very
prolonged incubation period. Rabbit 10 showed no signs or symptoms
whatsoever until 21 days after skin scarification, then a very wide-
spread generalisation occurred which would probably have proved
fatal had not the animal been kiled. Evidently virus wmay remain
latent under certain circumstances in susceptible as well as in iumune.
animals. Rabbit 67 also showed generalisation 33 days after intra-* .
cersbral inoculation, but in this case a chronic infgtion produced
cerebral symptoms from the 2nd day uatil if was killall

Infection by the intraperitoneal route produces a veritable peritonitis,
‘ The constantly negative bacteriological examinations exclude the
possibility of secondary infection as a cause of the condition. The
exudnte has been found very lighly virulenc in some cases, absolutely
non-infective in others. Whether this disparity is due to the early
outpouring of antibodies in the latter cases we ars at present unable
to say: further experiments are being carried out to settle this
point.

The tables show that the particwlar strain of virus used by us,
when inoculated by any given route, possesses varring degrees of
affinity for different tissues. Generl statements on tissue susceptibility
to vaccinia virus should however be received with caution. It is
certain that commercial calf lywmph possesses particular affinity for
; the skin and the original neurovaccine of Levaditi probably showed

selective affinity for tissucs of cctodermie origin, but the facts recorded
here suggest that such “attinities ” are merely the resulc of acclimatisa-
i . tion of virus in a new euviroument. Given the opportunity, virus
' might be able to attack any tissue as easily as calf lymph attacks the
epidermal cells,. This view is supported by the experiments of

Walthard (1927) mentioned above.
' ‘ Several authors have reported survival of wirus in animals possessed
' of a certain grade of immunity.  Our experiments on tissue infectivity
contirm this. Rabbits 737, 733 amd 7700 cuntaining virus in severul
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organs, were doubtless immune at the time they were killed, for we
have never known any rabbit to recover from genmeralised vaccinia
and yet fail to show a complete immunity even to subsequent intra-
cerebral inoculations of neurovaccine. Hosv long the virus may remain
latent has not Leen settled, though the point is of obvious importance
in connection with the question of convalescent carriers of filterable
viruses, such as that of anterior poliomyelitis.

STIMMARY.

L A condition of experimental generalised vaccinia in rabbits is
described which closely resembles human smallpox of the alastrim type.

2. In this generalised disease almost every tissue of the body may
be affected with the production of macroscopic- lesions; no injusy or
irritation is necessary. The internal viscera most commonly affected
are lungs liver spleen adrenals and the organs of reproduction. The
kidneys are exceptional in that they have never shown geperulised
lesions.

3. The mesodermic origin of an organ does not indicate a unon-
susceptibility :o vaceinia.

4 A strain of testicular passage virus was obrained which was
highly infective when introduced by intraperitoneal imoculation; it
produced a vaccinial peritonitis and gave rise to pathological lesions in
organs hitherto thought to he non-susceptible, for instance uterus,
bladder, peritoneum and muscle.

5. Vaceinia virus may remain latent in the tissues of an immune
animal for a long period (up to at least 41 davs) atfter infection.

6. Virus was recovered from the blood of an animal & days after
infection. Infectivity of the blood is irregular and appears to have
no correlation with the time incidence of generalisation.

7. Vaccinial infection caused abortion in three pregnaut rabbits
in all of which there was particular localisation of lesions in the uterus.
Both placenta and feetus contained virus,
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STANDARDISATION OF ANTI-DYSENTERY
SERUM : EFFECT OF INCREASED TEST DOSE
OF TOXIN ON THE ACCURACY OF TITRA-
TION

ADELAIDE V. BrakE and C. C. OxeLn
Wellcome Physiological Research Laboratories, Beckenham, Kent.

¥ two previous papers published from these laboratories, Sudmersen
Runge and O'Brien (1924) have described the standardisation of anti-
dysentery serum (Shiga) by the use of intravenous injection of mice.
This paper is a further study of the methods described ‘by them.
Similar met'iods were adopted by the Standardisation Sub-Committee
of the League of Nations. For fuller details of the methods of
numerical tre-tment used in this work, reference should be made to
the following paper by J. W. Trevan, elaborating a statistical mechod
for the presentation of results.

The dificulty in devising an accurale test for the standardisation
of anti-dysenteric serum has been commented on by many workers.
The error of the present methods, as compared with those in the
titration of anti-diphtheritic or anti-tetanic serum, is very great. This
appears to depend on two factors, the first of which arises from the
great differences in suseeptibility to a given dose of Shiga toxin in
individual mice, and the second from the difficulty in obtaining a
preparation of toxin containing a sufficient number of lethal doses
in a volume and in a physical state suitable for intravenous injection
of wmice.

VWith regard to the first factor there is little reason to suppose that
the rabbit or other animal can be advantageovusly substituted for the
mouse. The same irregularities are found when the figures of the tests
ou a sufficient number of rabbits are exawined as in those obtained by
the use of mice (O'Briemn amd Runge, 1923). Aiter reviewing the
results of various workers, a League of Nations sub-committes decided
on the use of mice. It might be expected that the individual
irregularities in the susecptibility of mice could be partly eliminated
by using a specially selected strain of mice: this expectation however
has not been realised in our own work where from time to time tests
huve been put up on carefully chosen mouse populations. The varying
susceptibility of mice to Shign toxin may be seen {rom the following
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table: with both toxins it requires 4 times the L.D.50 * to ensure an
L.D. 100.

Shiga torin 3 d (dried bacillary bodies).

Numbher of Pareantagn

mice tnjeciad. mariality.
002 mgs. . . . . . 20 100
0oL, .1 80
0cos , . . . . . 20 13
070023 ,, .. ... 2 20

Shiga toxtn P.T. [1I (precipitated hroth toxin).

Y¥nmlerof Peresntags

m:ce injecied. mortality.
02 mgs. . . . . . 20 90
or ., ) 75
0063 . . . . . 40 57°5
0025 .. .. .2 20
00125 ,, . . . . . 2 15

Ths second difficulty is to vbtain a toxin with a high “toxicity
combining-power ratio.” For ‘example a typical high grade toxin
censisting of dried bacillarr bodies, contains less than 10 minimun.
lethal doses (ie. L.D. 100) in the test dose as compared with
approximately 100 minimum lethal doses in diphtheria, tetanus,
botulinus or adematiens toxim

In 1926 the League «f Nations sub-committee, to facilitate com-
parison of the work dome at various laboratories on dysentery
standardisation, suggested a test dose of toxin that should be used for
the mouse test until further improvements could be devised. ~This
test dose iz the amount of toxin which when mixed with 1 unit of
Copenhagen standard serum (i.c. 0005 c.c.) and injected intravenously
into a group of mice will kill 33 per ceat, and with 2;3 unit of
standard serum (i.¢. 0:0033 c.c.) will kill 66 per cent. of mice. In the
subsequent discussion this will be referred to as the L.T.D. (League
test dose) of a toxin. This was accepted apparently as the largest test
dose which could be conveniently used, taking into consideration the
physical nature of the toxin and the volume which can be injected into
the caudal vein of the mouse.

Most of the toxins chesen for test purposes by workers in con-
nection with the League of Nations sub-committee consist of the dried
intact bodies of the Shiga bacillus, aud the Leagus test Jdose in mgs.
as well as the toxicity per mg. are all of appreximately the same
order. The baciilary body toxin 3.\, prepared by O'Drien and Runge
(1925), is of high petency fur this type of preparation. The LT.D. of
34 is 012 me. whereas the LT.D. of 3 similar preparvations issued

* As suggested by J. W, Trevan (1927) L.D. 50 is a convement abbreviation for the
dose which Kills 30 per cent. of a large group of animals.  Analogous symbois L.D. 73
and L.D. 100 indicate doses which kil 75 per cent. and 100 per vent. of animals,

P
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ANTI-DYSENTERY SERUM 123

by the State Serum Institute, Copenhagen, on behalf of the League of
Nations sub-committee had test doses of 033 mg, 045 mg and
036 mg. respectively. Our experiments have shown that one is
not necessarily restricted to such a smail test dose of toxin as that
suggested by the League of Nations sub-committee. For exawple a
test dose of the dried bacillary toxin 3 A, consisting of 3 times the
LT.D. and the equivalent amount of seruwm, can be used, not only
without affecting the specificity of the test but with a definite
improvement in ils accuracy.

The chart gives the results of the intravenous injection of mice
with dried bacillary toxin and Copenhagen standard serum. The
ordinates give the percentage survivals of mice and the ahscissa
represent the doses of serum in c.cms. plotted on a logarithmic scaie.
Curve A was constructed by Trevan and O'Drien from observation of
several hundred mice injected at various times with one League test
dose of dried bacillary toxin and varying amounts of standard serum.
We have confirmed the slope of this curve after an interval of more
than one year by an experiment whers 100 mice at three points were
used on the same day and under the same conditions.

The neutralisa!’on characteristic of the highest value serum which
we have prepared (K.C.D. 1504) with o value of 6000 units is similar to
that obtained with tl.e standard serum (200 units). The results of the
experiment using 1 LT.D. of a dried bacillary toxin 3 A (012 mg)
and varying amounts of serum are as follows : —

Y

Number of o Theoretical

: e A s
0°000075 ¢.c. K.C.D. 1304 . 58 172 13
00001 " " . 57 263 31
000013 " . 57 702 70

The theoretical percentage survival figures have been obtained by super-
imposing curve A on a similar curve obtained from the above figures.
The differences are not statistically signiicant. A similar neutralisa-
tion curve has also been obtained Ly using a ‘7000 unit serum and
60 mice at three different doses of serum.

Curve B is constructed {rom observation of 20 mice at 3 difierent
points, 3 times the LI.D. of a dried bacillary toxin 3 A was used and
the equivalent amount of serum. Curve B is considerably less sloped
than curve A and this differeuce is shown to be significant in the
accompanying paper (below p. 127) by Trevan by the usual statistical
method.  This effect must be due to the greater ratio of the surplus
lechal duses to the neutralised lethul doses in the graded unneutralised
mixtures.

A disadvantage in the uso of Lucillary body toxins is that in saline
suspension the toxin i3 not in an easily diffusible state. Even after
hours of standing the supernatant tluid atter filtration has little
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124 A V. BLAKE AND C C. OKELL

toxicity. The toxic material does not diffuse out into the fluid mediumn
but remains almost entirely within the intact bodies of the bacilli and
one must imagine that before it can show its toxic effect on animals

3
o

802

0o O] Gm) Gow Ou

~/

0005

i
Q004

ow3

N

N

cc. SEruM.

\_J

|
3 2 £ 3 3 3 % 8 =2
PERCENTAGE OF SURVIVALS.

Crave A: obtained from hundreds of observations. 1 League test dose dried
bacillary toxin r. Copenhagen standard serum.

Porxts X, Y, Z: 20 mice at 3 diffcrent doses of stnndard seruma v. 1 L.T.D. of toxin
P.T. LIl

Curvy B: 20 mice at 3 diiferent duses of standard senun ¢, 5 L. T.D. of toxin 5 .\.

Conve C: 30 mice at 3 ditfcrent duses of standard serum v. 2§ L.T.D. of toxin
P.T. LL

oo
oovz

it must be set free {rom the haeillary boedies by phagoevtosis, vsis or
other intermediate prucess which must necessarily involve ils own
variable and uncontrolled fuctor. With a view to climinating this
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complicating factor, attempts have been made to devise a test toxin
which will be sufficiently toxic for the purpose of the test and will
contain its toxic principle in a colloidal state of dispersion. We have
prepared such a toxin (P.T. III) by adding 40 per ceut. solid ammonium
sulphate to a filtrate of a 14 days’ growth of a strain of Shiga's bacillus,
and collecting and drying the precipitate. The stability of this toxin
has not yet Leen fully tested over a long period but up to the time of
writing the stability seems entirely satisfactory.

The League test dose of P.T. IIT is 173 mgs. and in titration
gave a characteristic curve similar to that with 1 LT.D. of the
bacillary body toxin 3 A. The actual results obtained by injecting
30 mice with 1 LT.D. of toxin P.T. III and 3 different doses of serum
are shown by the points X, Y, Z.

The L.T.D. of D.T. III contains 35 L.D. 30s.
” mw 3 A I 2* ” ”n

It was found that the largest amount of P.T. IIL which could be
injected intravenously into mice without interference with the specifie
action of the toxin was 4'375 mgs. tc. 24 times the LT.D. of this
toxin. This coctains approximately 88 L.D. 50s.

Curve C shows the resuits of titration of 2} times the L.T.D. of
toxin P.T. III and the Copenhagen standard serum. 30 mice were
used at three different points. The increasad slope of the characteristic
C compared with curve A (ic the decrease in error of titration) is
comparable with the effect of increasing the test dose of 3 A as shown
by eurve B.

The greater curvature of curve C near the 100 per cent survival point is due
to the death of one out of the 30 mice injected. This was probubly an accidental
death as the mouse showed no signs of dysenteric paralv:is. Owing to the
relatively great aberrations in the region of the 100 per caat. survival point due

to isolated accidental denths, this part of the curve canpot be taken as a fair
indication of the accuracy of the test.

The results of the experiments way be illustrated as follows. The
test dose (L.T.D.) of dried bacillary toxin as recommended by the
League of Nations sub-committee, when mixed with 0005 c.c. of the
Copenhagen standard scrum, gives 66 per cent. survivals in a group
of mice; and with 00033 c.c. standard serum gives 33 per cent.
survivals Zc a 33 per cent. drop in survival rate corresponds with
34 per cent. drop in serum potency. Interpolating in the curves,
it will be seen that by using 5 times the LT.D. of a dried bacillary
toxin, such as 34, a 33 per cent. drop in survival vate represents a
10 per cent drop in serum potency and with 2% times the LT.D. of
PT. IIL o 33 per cent. drop in survival rate represents a drop of
85 per cent. in serum potency. This begins to approach the accuracy
of auti-diphtheritic and anri-tetanic serum titrations.

The experiments outlined abwove have Leen of a preliminary nature
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128 A. V. BLAKE AND C. C. OKELL

only but we are convinced that the accuracy of anti-dysentery serum
standardisation on a limited number of mice can be greatly increased
by using a test dose of toxin which contains 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 than a dried bacillary toxin
on sccount of its greater “solubility.” (Professor P. Hartley vecently
kindly placed at our disposal a sample of a concentrated toxin prepared

by him by another method. This toxin seetus to possess the same .

advantage as P.T. IIL) TFurther improvements are still possible in
the preparation of a better toxin which will be more soluble and have
a higher ratio of toxicity to combining-power.

In conclusion, it seems necessary to ask as in all biclogical titrations
what degree of approximabion to exactness should be demanded from
estimations of dysentery antitoxin. The degree of accuracy which can
be reached by the use of & test dose of precipitated toxin containicg
2} L.T.D. allows one to distinguish a 20 per cent. difference in potency
in two sera on two groups of 10 mice. It seems reasonable to thinic
that such a degre of accuracy in titration is more than sufficient to
prevent any mistake being made in the estimation of sernm whica
could be detected ir therapeutic use.

Summary.

In the testing of dysentery (Shiga) antitoxin greater accuracy can
be obtained by increasing the test dose of “bacillary bedy" toxin
5 tires or by employing a toxin precipitated with ammoninm sulpbate
and using 2} times the present test dose.
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A STATISTICAL NOTE OXN THE TESTING OF
ANTI-DYSENTERY SERA

J. W. Trevax.
Wellcome Physiological Research Laboratories, Beckenham, Kent.

Ix the dctermination of the L, dose of a serum toxin mixture for any
toxin it {s usual to take a fixed dose of toxin and add increasing doses
of serwun until a lethal mixture is found, the addition to which of a
small further quantity of serum will produse a non-lethai cixture.
With all such mixtures the actual amouns of serum necessary to
protect some animals against the effect of a standard dose of toxin will
fail to protect others. This arises from the fact that the L, mixture
for one animal containsg (or sets free arter injection) one lethal dose or
more of toxin for that animal. Since the lethal dose varies over wide
limits for different individuals of a species the amount of serum which
it is necessasy to add to a given dose of toxin to leave just one «ose of
toxin free varies from animal to animal and the final L. dose assigned
to a serum caw only be an average value representing the L. dose for
ap average animal, and giving more or less accurately the average of
the L, doses for the species used As has been pointed out before,
the accuracy of an estimation of an L, dose depends (1) on the pro-
portion of toxoid in the test dose of toxin used, (2) on the number of
lethal doses in the test dose of toxin and (3) on the steepness of the
curve relating mortality to dose of toxin. The lower the proportion of
toxoid, and the larger the number of lethal doses in the test dose and
the steeper the curve of toxin mortality, the smaller the differences
between the L, dose of serum for different animals of the same species
and therefore the greater the accuracy attainable in the titration of an
antitoxin.

For diphtheria toxin and serum under the condirions standardised,
the differences bLetween the individual L. doszes of serum for different
guinen-pigs are so small as to be of little importance. but the individual
L.. doses of anti-dysentery serum for mice vary over a comparatively
wide range. In the curve A reproduced in fig. 1 (continuous line), the
figures are taken by permission from a larze number of titrations made
by Dr O'Drien and Miss Runge, by the methed deseribed by them and
Sudmiersen (1924), for the permanent standards commwmission oi the
Health Organisation of the League of Nutions. The serum doses ave
plotted on a logarithmic seale as abseissie and the ordinates represens
percentage of mice surviving. The dose of toxin is the same for all
doses of serum and is chasen so as to give as nearly as possible a
66 per cont. survival rate with 0093 c.c. of the Internativnal standard
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serum used. A smooth curve, which is a normal percentile frequency
curve, has been drawn through the points and can be taken to represent
with sufficient accuracy the average relation between dose of serum
and survival rate towards which the results actually obtained would
approximate as the number of animals injected with each dose of
gerum increased.

It will be seen that the variation of the response of the mice is
such that on the average about 4 per cent. of a group of mice will Le
protected from the effect of this dose of toxin by 0-002 c.c. of serum,
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Titration of aniiloxin in anti-dysentery serum. Survival rates plotted against doses of
serum, at different dates.
Serum: international standard.

Toxin: 3 A, 0°12 mgm. = 1 ** League test dosa.™ 320 animals (crosses) were
used for B (by Miss Blake) and 220 for A (Miss Runge). The black circles
represent one series of tests on 70 animals for A.
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49 per cent. by 0-004 c.c. and 96 per cent. by 0:008 c.c. That is to say
96 ‘per cent. of mice require more than 0002 c.c. of serum, 51 per cent.
require more than 0004 c.c. and 40 per cent. require wore than
0008 c.c. It is very clear that if a small number of mice are used for
a test, the dose of serum found necessary in different experiments will
vary over a wide range. In addition to the wide range of dose of
serum necessary to protect the individuals of any given group of
animals JMiss Blake has shown that a seasonal variation takes place
in the average dose necessary to protect: the results will be described
in a subscquent communication. The individual variations from the
mean remain proportionally the samme at different times as is shown
by the two curves in fig. 1. The crosses represent the results with
large groups of animals injected at a different time and the curve B
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ANTITOXIN STANDARDISATION 120

drawn through them, which fits the points very well, is parallel to
curve A. Sinee the dose scale is a logarithmic one, the parallelism of
the two curves indicates that & similar proportionate increase of serum
dose for each curve produces the same increment of percentage of
gurvivals. This variation in the mean protecting dose of serum
necessitates the use of & standard reference serum for each titration,
the potency of a serum being gauged by the comparative survival rate
in two groups of animals, one protected with the serum of unknown
potency, and one with the standard serum. The estimate of potepcy
of the unkmown in- terms of the standard can be arrived at most
accurately Uy reading from curve A the ratio of the doses which giva
the same survival rates as that of the two groups «f animals used
in the test. Thus if 49 per cent. (point M) are protscted by the
“yuynknown” serum and 70 per cent. (point N) by the same dose of
the standard, the ratio of the potency of the unknown to that of the
standard is that of 0004 (the dose protecting 49 per cent.=curve A)
to 0005 (the dose protecting 70 per cent. in curve A).

The degree of accuracy of this estimation can e derived by
methods already described (Trevan 1927): on p. 501 of the paper
cited is a formula for estimating the accuracy of such essimations.
That formula is worked for an arithmetical scale of dosage. The
corresponding formula for a logarithmic scale of dosage, the geometrical
proof of swhich 8 similar, is:—

Log R =200 4 -'%2

-

where I is the ratio of the extreme positive variation of the estimated
value to the true value and also the ratio of the true value to the
extreme negative variation. The extreme variations taken are those
outside which only 5 per cent. of estimations will fall. A is the
increment of the logarithm of the dose for each addition of 1 per cent.
to the survival rate; that is, for example, for an increase in mortality
rate from 33 per cent. to 3G per cent. or T1 per cent. to 72 per cent.
2 is the chanee of survival, and g that of death for the dose given, and
N is the number of animals in each group.

The value of A (v be used is calculated from the average mortality
of the two groups. The formula gives much closer results than the
one originally derived for characteristic curves on an arithmetical
scale of doses, and for the dysentery curve gives almost exact agree-
ment with the more laborious methods as previously deseribed for
groups as low as 10 in number and survival rates as high as 90 per
cent. In fig. 2, the full line curve gives the limits of the error

L ‘.‘3-.1 be described 1 calewlated from this formula for Jiffercnt sized groups of amimals.
irlaions .from the The abscissas are the numbers of animals in cach group, one group
(DS a8 18 Sh‘“_"“ : injected with standard serum and the fixed dose of toxin, and one
the results with injected with serum of which the potency is required and the fixed
and the curve B dose of toxin. The ordinates are the number of units estimated to be
JIURN, OF PATH.—VOl. XXXIf. . 1
-—-——,-‘u" e _:T_ —y - w“‘ P— i :i
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present for cach unit actually present. Thus using 20 animals in each
group for each unit of aatitoxin actually present the test will give an
estimate varying hetween 07 (point A) and 1+ (point B).

The formula brings out the fact, which is indeed obvious without

a formula, that the accuracy of the titration depends on the magnitude
of A

&

FlG.l

I'e

"4}

"2 F N

1o , - . —

04- L
RATIO

Limils of error outside which 5 per cent. of observations wzill fall when an unknown
serumn is compared with a standard. The ordinates marked ¢ ratio " give the
oumber of units estimated for ench actual umit present. The abscissa are the
number of animals used ; two such groups being injected one with the unknown
and one with the standard serum. The continuous lines refer to titrations made
with one test dose of 3 A, the broken lines to titrations mmade with 2} test doses
of P.T. IIL.

The value of A may be expected to be diminished by use of larger
doses of toxin in the titration as is shown by the following argunent.
The survival rate curve for mixtures of serum and toxin gives a
measure of the excess toxin in the mixtures. A survival rate of
80 per cent. using 1 “League test dose” of toxin 3.\ corresponds to
the presence (or the setting free in the animals) of 000182 mgm. of
excess toxin in the particular mixture used; as is shown by tho
toxicity curve (A in fig. 3). This mixture contains 000565 c.c. of

10 20 30 " 40 50 60 ANIMALS ;
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ANTITOXIN STANDARDISATION 13t

gerumn. A survival rate of 20 per cent. corresponds to a dose of toxin
in excess of 00103 (B in fig. 3). The serum dose in the mixture is
00029 cc. If a group of animals cnly suificient in number to
distinguish between these survival rates is used in a titration of a
serum, Joses of serum from 00029 to (00365 c.c. may be confused in
successive titrations, The amount of serum necessary to reduce the
excess toxin from 00103 wgm. to 0-00132 mgm. is 0-00565 — 00029 c.c.
= (000273 c.c. which is 647 per cent. of the mean (0'00428 c.c.) of the

doses which may be confused.

a

Fie.3.

-
=
-
<
Yo
[+ 4
Q
=
X0 % p s 26 23 To T 14 PTOT
30 32 Jb. 36 3§ Z0 = T DA
Logdose
N mgm

Tozicity curves for tica toxini: 3 4 (squares) and P.T. IIT (cireles).
The toxicity of 3 A is ten times that of P.T. 11 so that two scales of abscisse
are given, one for 3 A and one for P.T. I1L

Let us now assuwme for the sake of argument that further addition
of serum to the 80 per cent. mixture produces proportional diminutions
in the amount of toxin neutralised. Then if we take a multiple of the
test dose, say J times, and add serum to it until it gives a wmixture
which protects 30 per cent. of a large group of animals it will coutain
00214 c.c,, approximutely 3 times the dose which protects 30 per cent.
when only oue test dose is used; and the range of doses not dis-
tinguishable using the same swall number of animals as before will
be from that giving 20 per cent. to that giving 80 per cent. of survivals
on a very large gvoup of amimals, or mixtures containing 00103 to
000182 mgm. of unneulralised toxin. If we make the assumpsion that
at this stage of the ncutralisation cach addition of serum absorbs the
same amount of toxin as befure, the mixture which will protect 20 per

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology...
ACL Doc 13405 - Page 147 of 193

T T VLTINS G )
T LT

ey

yee

J]

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/147


https://asbestosclaims.law/library/13405/147

ot L hade.

™

P L

132 J. W. TREVAN

cent. of a very large group will contain 0-00275 c.c. of serum less than
the mixture which will protect 80 per cent.; this being the amount of
serum necessary to reduce the excess toxin from 0-0103 to 0:00182 mgm.
The percentage range of the mean dose of serum which this uncertainty
100 x 000275

00214
of the error for one test dose. Therefore when the serur dose is
plotted on a logarithmic scale as in fig. 1 the survival rate curve will
be steeper—the value of A will be less.

In actual practice it is likely that the decrease in the value of A
will not be in proportion to the multiple of lethal doses used, for when
a toxin such as diphtheria toxin is near complete neutralisation further
sacitions of serum take up less and less toxin. The reduction in A for
5 L.I.D. will therefore be less than that calculated above. That the
reduction is appreciable is shown by the figures in the preceding paper
by Blake and Okell (above p. 125) using multiple test doses of toxin 3 A
and of a toxin P.T. III precipitated from a filtered culture. The curves
for 34 in this paper and those given in their paper show that the
valus of A for differont teat doses are those calculated in table I. The

in the end-point represents is =13 per cent.—one-fifth

'fuu'. L

Relative number of
Tzin, | ¥O,0f LR |Xa of L.D.30. | ValuaofA. | Shimele nesssary
of aceursey.
3A . 1 24 0-00455 8-9
3A . 5 120 0-00277 2+¢
P.T. 11 1 35 000890 49
P.T. III 25 33 000180 10

values of A are given for the range between a survival rate of 23 per
cent. and T3 per cent. whers it is practically constant. The calculation
for 2% League test doses of D.T. III is as follows. An increase of dose
trom 0-01 to 0-0125 c.c. of serumn gave rise to an increase in survival
rate of 766 per cent. —21°G per cent. The difference of the logarithms
of 0-01 and 00125 is 0-097. A is therefore 7—-———6'%%);1'6 = 0-0018.

The number of LD.30 (dose necessary to produce 350 per cent.
mortality) refers to the nmmber of lethal doses of toxin in the test
dose of toxin and is derived from the mortality curves for toxin alone
which is given in fig. 3 from figures obtained by Miss Dlake. The
shape of the curves is indistinguishable and the LD.50 for 3 A is
approximately 0005 wgm. and P.T. III 0-05 mgm.

The relative magnitudo of the errors and the relative numbers of
animals necessary to obtuin the same aceuraey are also tabulated, amd
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ANTITOXIN STANDARDISATION 133

in fig. + the accuracy of estimation using 2} test doses of P.T.III is
plotted (dotted lines). The observed value of A is affected by an crror
which can he estimated in the manner similar to that given for the
estimation of the error of K in the formula for arithmetical dose scales
(Trevan p. 308), as follows. In fig. 4, BC represents the middle part
of the survival curve obtained by Blake and Okell for 2§ LT.D. of
P.T.III and the international standard serum. The dotted line is the
slope of curve .\ fiz. 1. D is the survival rate with 001 c.c. of serum
and 2} LT.D. of P.T.I1I and C that with 00125 c.c. The true value D
of the survival zate for 001 c.c. serum way lie anywhers on the line FG

Fre. .

-&7.

r 60

2\ |PAAUNG

. . :
Z°0 T Logof Servm dose

where FG is the range equal to plus or minus twice the standard
deviation ourside which only 3 par cent. of such observations would
lie. Similarly, HJ represents # twice the standard deciation for the
point C. The difference in survival rates with 0-01 and 00125 c.c. of
serum, CK, is inversely proportional to A and the standard deviation
of this difference is the square root of the sum of the squares of the
standard deviations of B(S ) and C(S&).

o CK = 200¥ S +S¢

BR

- 0°22 x 078 023 x 077
=2 +
BK

. 1
.. true value of T

- 33 *1524
ounT

. Ais between

0097 0097
7034 3976

t.e. between 0°00133 and 00024,
JOCAN. OF PALLL, —vOL. XXXII.
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The limits for the-value of A for the other doses of toxin are given in
table IL

TasLz II
No. of Leaz A Posssblo limits of
Toun | Suabeme | & | rembeumeo
i
3A 1 0'09455 000409 to 0-0051 ! 1
3A 5 000277 0-00170 ,, 000314 !
P.T. II1 1 000390 6-00262 ,, 0-00730 %
P.T. I 23 0-00176 0-00138 ,, 0°00244 !

The possible rauge is large in all cases, except 1 test dose of 3 4,
because of the relatively small number of animals, but it is probable
that the number of animals necessary to obtain the same degres of
accuracy with 3'A (1 test dose) is not less than three times that
necessary with 24 test doses of P.T. I[L The difference between
5 dosrs »f 3A and 2'5 doses of P.T. III is not significant, but the
difference between L and 2'5 test doses of P.T. IIT and the difference
betwe=un 1 and 5 test doses of 3 A are significant.

Thz observed values of A for 5 “test doses” of 3 A and 2% “test
doses” of P.T. IIT suggest that the effect of increasing test doses is
greater for F.T. III than for 3.A. This difference, if a real one, is not
due to aay difference in the distribution of the lethal dose of toxin
alone (see fig. 3), but must be due fo a difference in neutralising
propertics, but the number of animals used is not sufficient to
establish decisively the advantage of P.I. IIT over 3A. The case
for using large test doses is, however, quite complete.

o

Sumanary.

1. Metliods of evaluating the error of determimation in toxicity
determination are described and applied to the estimation of the
potency of anti-dysentery seruam.

2. The error of estimation of the potenmcy of Shigs anti-dysentery
serum by the method recommended by the League of Nations health
committee is caleunlated. If 40 animals be injected, half with a standard
serum and half with an unknown serum, the potency of the known
serum in terms of the standard will be not less than 70 per cent. and not
more than 140 per cent. of the true valuoin 93 per cent. of such tests.

3. The uso of multiple test doses of toxin as described by Blake
and Okell is shown to diminish the limits of error to 88 per cent. and
112 per cent. of the true value for the same nnmber of animals.
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SIDEROSIS OF THE GLOBUS PALLIDUS: ITS
RELATION TO BILATERAL NECROSIS.

GEOFFEEY HADFIELD.

From the Departments of Pathology, Genern Hespital, Bristcl, and
the Royal Free Hospital, London.

(PLaTEs XIV.-XVIL)
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Iron in the brain under physxolozxenl and pathological -
conditions . 138
Iron deposits Imnted to tha Ientxculnr nuclex. Va.xcular
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nature . . . . . 139
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Discussion . . . . . . W8

L Introdnction.

SpAaTz has shown that the grey matter of the normal cerebrum and
brain-stemm with few ecxceptions reacts positively with the usual
histological reagents for detccting free iron, but that the globus
pallidus of the lenticular nucleus and the melanin-free portion of the
substantia nigra show rapid and precise stainirg, accurately marking
ther out from neighbouring nuclei and coutrasting strongly with the
weaker and more slowly developing colour of the surrounding grey
matter. Hurst has shown that this richness of the globus pallidus in
iron is very likely related to a gross, and often striking, intiltration of
its vessel walls by iron salts, a condition found by him in fifty out
of & hundred bLrnins from cases of chronic nervous disease.

In this paper evidence will be Lrought forward showing that this
vascular siderusis is frequently fonnd in the rullidum of novmal brains
but that under sume puatholugical conditivus it is, in all probubility,
the determining {actor in the production of acute bilateral destruction
of this nucleus,
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138 G. HADFIELD

Iron in the bLrain under physiological condlitions.

No iron can be detectad histologically in the brain of the {cetus and new-born
child but from about the sixth month onward the globus pallidus gives a
positive reaction. A free iron reaction then appears in the substantin nigra,
the red nacleus, the dentate nnclens of the cersbellum, the corpus Luysii, the
putamen and caudate nuclens, roughly in this order. In the adult, in addition
to the above situations, a weak iron reaction ran be normally obtained in the
corpora mamillaria, ganglicn habenul, optic thalamus, deep layers of the cortex,
the claustrum, nucleus amygdale and corpora quadrigemina, and a weaker
reaction still in the pontine nuclei, the ey mattar of the third ventricle, tho
pineal zland, the pituitary and the nueclei tecti

The richness of che normal globus pallidus in iron is not necessarily related
to it3 reddish colonr for Spatz tinds that the reaction can ho given by colourless
compounds. Furthermore, a similar colour is found in the corpora geniculata,
but thess nuelei are his:ologically iron free. In the pallidum and substantia
nigra the iron is found in their comparatively large nerve cells and in their
neuroglia (Spatz). In the pallidam it may bs found normally as particulate
granules. The pallidum is rich in fac and lipochrome pigment. In other
situations the irom staining is difuss and particulato granules are absent, no
iron beinc found in the nerve cells. .

The trains of some of the mammalia give the reaction, though not so
intensely, in those portiozs which react most strongly in the human brain—
the clobrs pallidus and substantia nigra. Eappers found that the meso- and
palec-striatum of birds gave the strongest reacrion.

Spatz believes the iron to be intrinsic and not hematogenous, not increasad
by excessive hmmolyzis and in the adult vary constant in quantity. Hallevorden
and Spatz examined che brain in a case of copgenital idiocy with generalised
flexor contractures and choreo-athetoid movements. Strictly confined to the
globus pallidus and substantia nigra wers thickly scattered dark brown pigment
granules giving 4n ictenss iron reaction. They chink this condition is a pathe-
logical exaggeration of a coudirion sormal to both the globus pallidus and the
substantia nigra and regard it as indicating a closs physiological relationship
batween thesa strucrures. They regard the pigment as a product of metabolisin
and attribute its formarion to peuroglial naclei. Spatz has carried the investiga-
tion further by artempting to trace a connection between the globus pallidus and
the substantia nigra. He £nds the iatter present in all mammals and, probably,
lower vertebrates but melanotic pigmentation in it is peculiar to man in which
it appears at about the fourth yvear. The compact melanin-containing portion
lies in a dorso-mesial position. The redcular portion lies ventro-laterally, is
free from melanin but its nerve cells comtain iron. It is conpected by iron-
coutaining cell-islands to the grer matter of the globus pallidus. This direct
connection is denied by Warkavy. Hod bas succeeded in loading the central
nervous system with irom, in dogs with an Eck’s fistula. Symptoms resembling
those found in so-called exwa-prramidal disease were produced when the total
iron in the bmain reached twice the pormal: the highest amount was retained in
the globus pnllidus. He expresses the vivw that iron very likely plays a part

in the metabolism of the nerve culis of the globuas pallidus, substantia nigra and
extra-pyrunidal system in general.

Iron in the brain under psthological conditions.

There is considerable literature dealing ~ith deposits of ferruginous material
in the brain in disease. Weber in 190% fomud it encrusting nerve cells near old
foel of softeming. Giocke eondirmmed chis: incidentally le showed that the

so-called ealeiged tube-casts in the kidin.y of mereurie chloride poisoning wre

-
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PALLIDAL SIDEROSIS 137
largely composcd of irom. Porusini, in addition.to describing the encrustation
of necrotic nerve colls with iron salts, also described granular ferruginous deposits
lying fres in damaged nervous tissue and said such deposits were commoner than
was previously supposed. He particularly found them in the region of the
internal capsule in chronic encophalitic and arturio-sclerotic conditions. Da Fano
and Perdrau found nerve cells encrusted with iron salts and a granular deposit of
the same material in the brains of two rabbits which bad recovered from herpetic
encephalitis. Spatz first described a perivascular deposic of irun-containing
material in the inflamed cortox of general paralysis and trypanosomiasis and
occasionally in tho region of a cerebral hamorrhage or thrombotic softening.
In all these instances the material giving the iron reaction i3 limiced to a
definitely discased ares, lying frre in damaged nervous tissues, encrusting secrotic
ceils or contained in the bodies of glnl adventitial and endothelinl phagocytss.
It originates, in all probability, in the Lron of the indammatory exudats and is
hematogenous.

Iron deposits limited to the lenticular nuclei.

Quite apart from the deposits described above thers are mcay records
describing amorphous material in the globus pallidus or lenticular aucleus,
usually bilateral and not accompanied by signs of encephalitis. In the earlier
records the doponits are described as calcareous and frequently s mulberry-
shaped. Elischer in 1875 described thess in the corpus striatum in chorea.
Flechsig and also Jakowenko found them in the globus palhdtu iz the same
diseass. Wollenburg found them in the lenticular nuclei in six cases of chorea,
and in thiruy-two out of forty-six cases of other diseases. Similar depnsits were
found by Perusini in the region of the internal capsule in chronic euspbalitic
and arterio-si-'erotic conditions and in thase he could demonstrate iroa but not
calcium, It sesms very likely from Hurst’s observations thac the deposits

described as calcareous by authors previous to, and by several after, Perusini

were actually ferruginous.

Deposits in the vessel walls of the globus pallidus.

Vascular “ calcification ” in the brain was first described by Aschoff in 1902.
It was observed in encepbalitis lethargica for the first time by Buzzard and
Greenfleld in 1919 in 3 woman of twenty-eight dying four months aftar a severs
and characteristic attack of the disease, The veasei walls of the globus pallidus
were heavily infiltrated ; a few vessels in the cortes wears affected. Diirck found
“ calcification * in the brain in twelve out of fiftsen cases of lethargic encephalitis
dying from eight days to five weeks from the onset and at ages varying from
thirty to seventy. The “culcification” was found as an encrustation of nerve
cells, deposits of globules and Hakss and “calcification” in the walls of blood
vessels. The encrusted nerve cells wers pecrotic. The globular deposits were
found most often in the whits substance of the hemispheres. They had the
appearance of cercbral sand normally found in the pineal body.  Calcification”
of the walls of the blood vesscls wus found in the corpus strintum in sight cases,
in the dentats nucleus of the cersbellum in three, in the hippocampus major in
two, in the contrum semiovale in two, in the optic thalamus in one. The process
was often limited to the walls of one artery, its arterioles and capillary field. In
the capillaries the depom was in tho outer layers of the adventitia or just external
toit. In the arteries it was in the medin and the inner portion of the adventitia
and was frequently preceded by hyaline degeneration: the intima was mrely
affected.  MeAlpine found * calvitication ” in the ves<el walls and in the form of
free gr\nulcs in the antorior parts of the globus pallidus in six cases of encephalicis
lethargica, in ono case as early as the fourth day of the disease. The change was
also found in a case of Huutington's chorea and in three cases of idiopathic

o
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138 G. HADFIELD

paralysis agitans. He emphasises the fact that the deposits in his cases wers
strictly localised to the anterior part of the pallidum. Preceding the deposit in
the vessol wall he desceribes either a pencess of hyaline degeneration of the media,
or a fatty degenaration ot the vessel walls with the escape of fat globules into the
Virchow-Robin space. The earliast deposits appear between the adventitia and
the media as small granules in one part of the vessel walls later spreading to the
media and finally coalescing to form 2olid plaques entirely surrounding the vessel.
In otber vessels the Virchow-Robia space appears fllzd with a depogit. There
is rarely any reduction i the lumen of the vessel and no thrombosis. McAlpine
found many globules staining with scharlach-R bat showing no double-refraction
and could trace all traasitions from these to those having the appearance of
calcium and staining deeply with baomatoxylin. He assumed that the vascular
and extra-vascular deposits were composed of caleium bat quotes Wiemann who
showed that they give a reaction for iron. As the vessels remain patent in spits
of gross infltration of their wailsand he was unable to find any serious natritional
clinage in the calls of the pallidum he concludes that the infiltration docs not
piay an important part in the production of symptoms of nervous diseases.
Trochin and Elekes found ‘' calcification ” in che vessels of the lenticular nnclous
in cerehral syphilis and believed the deposits to consist of fatty acid, iron and
caleium. They emphaaised the fact that no symptoms referable to the lenticular
nucleus were present during life. .

Lhermitte Kraus and Mcalpine found d2posits giving a positive iron reaction
in the v:asels of the anterior half of the zlobus pallidus in encephalitis lethargica :
they <were unable to demonstrate calcium. Spielmeyer describes the depasition
of ctleicm in the adventitia of cerebral vessels as being a common changs met
witk in chropic disezses and in old atrophic areas and also in acuts processes
such 1s carbon monoxide poisoning and in eacephalitis lethargica. Diirck and
Weingarten found the change in the corpus striatum in cases of malignant
malaria and Herzog in three cases of carbon nonoxide poisoning dying between
the fourth and eleventh day.

In the majority of accounts of the post-smcephalitic stats some reference is
made to “ calciication ” of the vessals : in some rypical cases no sign of ths change
has been found. Few observers definitely ascribe symptoms to this process:
many acknorwledge that there seems to be uo defunite counection betwaen the
disease and the change in the vossel walls. Up to 1926 most accounts of the
process wers based on the examination of diseased brains in which some
pathological change in the lenticular nuclei might have been expected. Nons
of thesa obsercations seem to-have been controlled Ly the cxamination of a
suficient number of normal controls.

In 19268 Hurst, working ac the National Hospital, Queen Square, published
the results of the examination of a Busdred brains from patiecats with many
types of nervous disease and came to the conclusion that the so.called * calei-
fication ” of the arteries in the anterior half of the globus pallidus which bad
previously been so frequeatly described in encephalitis lethargien is “an éxtremely
commoan occurrencs and is found in many diszoses affecting various parts of the
central nervous system.” In his series it was present in 20 per cent. of cases
snd at all age-periods from twenty to eighty-one. He foucd that “the process
consists in the infiltration of one or more conrs of the veszel with iron salts, the
application of the usual tests failing to show the presence of caleium.” He found
the degeneration bodies described by Mcalpine in the globus pailidus in 68 per
cont. of these brains and regarded the presance of these and the vascular
deposits as “an expression of the proclivity of the globus pnilidus to undergo
degeneration in the second balf of life, to be correlated with the high iron
content of these parts of the bLrain.” His results are in complete agrecment
with those of McAlpine as regards the strict anatomical localisation of the
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PALLIDAL SIDEROSIS 139

vascular siderosis to the anterior part of.the globus pallidus. He found the
globus pallidus to be rich in lipoid globules some of which were abnormally
insoluble and also pigmented granules of o substance which Lo regards as a
lipochrome. He could not find any clear transition between tho lipoid or
lipochrome and the iron-containing degeneration bodies. His work leaves one
in no doubt that a large part at least of this infltrating material is iron and
not calcium and from his published figures it appears rensonably certain that
the change is one likely to be found in a large percentags of otherwise normal
brains of people dyiug in the second half of life. ‘The tirst part of this paper
deals wich this aspect of the question.

II. Siderosis of the globus pallidus in the absence of chronic
nervous diseage.

65 brains bave been examined. Of these 22 wers from cases of

“accidental death or {rom patients dying as a result of riisease which

had not, in all probability, implicated the central nervous system.

Tanzz L
| Vascular | Estma. Cererral
Age. ! Sex. Cause of death. | stirrosts, | \mlia: . s:lr:r:?:. mc“ymwn:
: !

3/12, I | Asphyxa: overlyin | - - - -
n!F l Street accident . g' .- - - -
16 | F  Acuteotitls: meningitis . . S T - -
19 | I | Acute rheumatic carditis . . - - - -
27 | 3 ' Mediastinal tumour - . .| - | o+ o - :
33 { B Death under ansathetic . B R - -
85 | F  Chronic otitis: cerebral abscess ! - - - -
40 ! M Lobarpneumonia . . ., - | - - -
41 | M Perforated gastric ulcer . -y - - - - :
45 | F Post-traumatic pulmonary: +++ | ++ - -
6| 3 Acute cosiums poisoai !

cute -gas poiso ng . - ' - - -
46 | F Carcinoma stomach . J) I Y - -
48 | M Beiladonna poisoning N e - -
50 | M Carcinoma stomach . - + 4+ - -
52 | M Acute bronchitis: cardiac in- - - + -
i farction
63 | F Carcinoma esophagu. - ++ - +
§¢ | F  Cercbrai hemorrlmge: arterio- - - ++ +
7 sclerosis
854 | M Lobar pneumonia . . Jd o+ ++ - -
85 | M . Street accident . . . - - -
88 [ F ; Post-operative pneumonia. . - - -
88 | M - Hmmorrhnga gastriculcer .| +++ ++ - -
60 | M Carcmomn storuach . . o et ++ - -
62 I p rative dxobmgxtxs . . - - + 4 +
63 | M Leukmmia. . . . - - + +
83 | M Syphiliticaortitis . +++ + +++ -
6 | F Traumatic sub-dural hmuob + | + + - -
’ ag5e
85 | M  Acute coal-gas poisoning . . - . - - +
87 | M Street accident . . - ; + ‘- ++
68 | F Cercbral embolism: artcrio— +ed ! s +++ +
sclerosis ! '
-89 M Curcinoma prostate . . .~ - - -
T B .\l Cerebenl thrombosis @ arterio=: & 4 4 + - -
. sclerosis
43 M Ccrebml haemorrhage . . + + + 4 +

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology...
ACL Doc 13405 - Page 155 of 193

1

i

o

o s v,

o e

PROYUPNEPPL A -

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/155

Bl 7D A M) 8 Y T R T MRUTR b9 R LN

JrveA

T


https://asbestosclaims.law/library/13405/155

st M, Y renn

oy

140 G. HADFIELD

13 were from cascs of cerebral arterio-sclerosis, 30 were from cases of
chronic mental discase, which were examined in the laboratory of the
Bristol Mental Hospital by Dr Barton White, to whom I am indebted
for permission to incorporate the results in this paper. In all cases
of doubt where there was any suggestion that chronic structural
changes might have been present a systematic histological examination
of the brain was undertaken.

Tante I

‘ | Deporttin paitigus. |
No. | Age | Sex. Mental state. 1 Cause of death. ‘ " |
' | Vaseular, “.‘:;?”. |
1 |
1 | 40 | P | Demestia . I I{untingtonsc.hore- - -
2 | 18¢{M |GPL . .|GPL A + |
3 |3 | F |Doprmeox. . i Tuberculom R + |
4 8 | M | Dementia . . Senility . C- -
5 57 M | Melancholia c Broncho-pnenmonh - - '

[] 35 M | Confusion . .  Prostate and cvsdﬂs ++ +
7 7~ F | Dementia . .| Cardio-vascular C +
8§ . 231 | M |D. prmcox i Tuberculosia ' - !
9 v M atia . . | Cardio-vascular e + |
10 69 F | Delusional . . Endocarditis . .. +++ + !

, 11 | 60 | M |Demeata . .' Lobur pneumoma - -
13 64 " M | [mbecility . eg - -

, 13 | 89 | M |Dementa . .| Lobarpoeumonia .! - +

i 4 70 M | Demestia . .: Inﬂueuxn . S -

, 18 76 | F | Dementia . * Eadocarditis s - |
16 58 M arenois : Myocarditis . S -
17 | 53 | M | D. prmcox ! Intluenza . - -
18 .| M psy . | Broncho-paneumonia . ¢ - -
19 85 M | Dementis . . | Pneumonia . <«
20 27 M [Confusion . . 'Intluenza. . .: + +
21 46 | F |Dementis . .!Pncumomia . .} ++ -

22 51 M | D.prcox . . [ofluenz . . +
23 55 F | Melancholia .’ Cardio-rascular . ++ +
24 47 M |GPL . . GRL . . . - -
25 53 M |G.PL . .. GPL . . A - -
26 88 M |Dementia . .| Seniity . . .! ++ -
27 53 M | Delusional . . { intluenza . . . l - -
23 63 M Imbecility . Pneu.mom - +
29 30 M |G PL .1 G. P I . + -
30 63 M | Epilepsy . . Influenza . + +

35 of the 65 brains, or 34 per cent, showed typical vascular
siderosis of varying intensity usually affecting the media and
adventitia of arteries, the adveutitia of arterioles and capillaries and
less frequently the veins. The localisation of the change to the
pallidum was precise and anatomical and in the majority the anterior
half only was affected. The change was bilateral and approsimately
equal on the two sides: the histological and bhisto-chemical characters
of the deposits were as described by Dirck, Medlpine and Hurst.

The main features of the cases are shown in tables I and II, from
which it will be seen that the percentage incidence of the change is
approximately the sawme in normal brains (31 per cent.), in those from

o
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PALLIDAL SIDEROSIS 141

cases of chronic nervous disease (50 per cent.) and -in those from cases
of chronic mental disease (36 per cent.). ’

The curve shows tho age incidence, combining the results found in
normal brains with Hurst’s published figures. From the age of
30 onwards 67 per cent. of the brains examined showed vascular
siderosis. It was found at the age of 18 in a boy who died of juveuile
G.P.L and, by Hurst, at 22 in a paticut dying of an intracranial
neoplasm. The youngest positive case in which no sign of disease was

100

30

80 : 2

T/

a 8
1~
<

8
<

Percentage Incidence
(¥
(=]

[x]
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[
Lo

10 20 30 40 50 60 70 80
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o

Curve showing percentage incidence of siderosis of pallidum from examination
of 195 brains.

found in the central nervous system was 35. In normal brains its
intensity bears no relation to age.

Severe arterio-sclerosis may be present when siderosis is absent.
In several cases of cersbral hmmorrhage siderosis was wild in degree.
It was completely absent in a case of scnile dementia with high grade
cerebral atheroma dying at the age of 89.

Figs. 1 and 4 are taken from sections of the globus pallidus of a
woman of 33, who died from an overdvse of chlorofurm given for
extraction of teeth. She wus a presumably healthy woman. Sub-
sequent inquiries elicited nothing in her history suggesting disease
and post-mortem no sign of disease was found in hLer organs. The

-
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142 G. HADFIELD

brain was examined systematically and no abnormality was discovered.
Figs. 2 and 3 are from sections of the globus pallidus of a man of 43
dying 40 minutes after accidentally swallowing 4 ounces of a lininient
containing belladonna. Deyond atheroma of a mild grade of the first
part of the arch of the aorta there was no evidence of disease in the

organs. A systematic histological examination of the brain showed
no abnormality.

Discussion.

It appears reasonably certain that sideresis, limited with anatomical
precision. to the zlobus pallidus uccurs normally in at least 60 per
cent. of individuals over the age of 30, and that the mere fact of its
presence cannot be taken as indicaling the presence of any disease
process, although evidence will be brought forward to show that it
Jdoes under certain conditions strongly predisposs to acute bilateral

destruction of these nuclei. The siderosis is in all probability
endogenous, the large store of iron hLeld by the nerve cells and

neuaroglia of the nuclei becoming unmasked and accumulating in a .

stainablz and visible form in the perivascular spaces.

In the intact but siderotic globus pallidus the iron is always extra-
cellular. I bave not seen it in the hodies of phagocytes or encrusting
nerve c¢:lis or their axons, except when, as in cases to be descrived,
thers has been acute mecrosis. In the intact nucleus it may be that
the liberation of iron from its intracellular combination is so slow
that phagoeytes are not attracted. The presencs of iron in nerve ceils
can be explained only by assuming that it is essential for normal
function. Nicholson has shown that there is organically bourd iron
in the nucleolus, in the oxychromatin of the nucleus and in the
chromophilic substance of the cytoplasm of the nerve cells of the
hypoglossal nucleus in rats. Degeneration is accompanied by a
decrease, regeneration by a reappearance, and necrosis by total
disappearance of this iron. The unmasking of iron and its extra-
cellular and perivascular deposition as observed in the pallidum of
otherwise normal human brains, quite apart from disease and senility,
therefore suggests a retrogressive change of considerable chrouicity
possibly related to atrophy. Irom several poinls of view, it is difficule
to escape from the impression thut the process is, in some way, related
to the phylogenesis of this part of the brain.

The corpus striatwn first appears in the telencephalon of the lowest
vertebrates as a secoudary mass, the pulmostriatun corresponding only
to the globus pallidus of mammals. The afferents of this mass are
from the olfactory system, the eiferents are miotor. The striate body

.is added to by the development in reptiles of the archi-stmatum,

represented in mammals by the amyudaloid nucleus, and the neo-
striatum represented Ly the candate and putamen. Elliot Smith has
shown, from its development, that in reptiles it functions as a
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PALLIDAL SIDEROSIS 143 ?4
¥ wags discovered. substitute for the cortex. In birds cortical growth is chiefly intra- P
13 of a maon of 48 ventricular, and the striate body appears to carry out those functions b
wces of o liniment which have not yet obtained cortical representation. The cerebral E 4
rra:le of the first hemispheres and a cerebrospinal motor mechanism gradually evolve as b 3
of disease in the the telencephalon hecomes dominant in higher forms, and the primitive 4
he brain showed motor system of the striate body becomes submerged. ?
Phylogenetically therefore the pallidum is the oldest part of the £
, primitive motor mechanism of the vertebrate fore brain. Its age in .
. mammals is shown by the early developnient of its cells and the early f‘
{ with anatomical : myelination of its fibres. Woollard, reviewing the evolution of the f
. a2 least 60 per : striate body, remarks that it is difficult to say what functions may still 3
mere fact of its survive in the human striate body, and remarks that “anatomy offers f
¢ of any disease ; no support for the various motor functions which have been azcribed -
to show that it % to it and were it not for the pathological changes found in it in -
o acute bilateral : Wilson's disease and paralysis agitans one might be tempted to regard 13
all probability f the whole complex as a vestigial system.” f |
cerve cells and ' The site of the essential lesion in extrapyramidal motor diseases,
iewmulating in a such as paralysis agitans, is still sub judics and lesions of the subscantia =
nigra and the subthalamic nuclei appear to be more oiten preseus i_i}
1 iz always extra- than clear-cut lesions of the pallidum. It is probable that siderosis ; )
'tes or encrusting of these nuclei has lLeen interpreted as the pathological basis oi the i
" to be dJescribed, tremor and r.gidity found inm these couditions, for when specide H ';f’
13 it ma) Le that staining is not employed and the siderosis is gross, the appearances are ;f
ag: i so slow strongly suggestive of a srructural change due to disease. £
e erve cells Against accepting the change as being due to disease are its strict E ;
;ntial for normal bilateral anatomical localisation, the lack of cellular reaction in the E
ically bound iron nucleus and its frequent presence in the presumably normal brains of F
lezs and in the individuals who during life showed no neurological symptoms. For !
arve cells of the these reasons, combined with the suggestive facts regarding the } ]
companied by a pbylogeny of this part of the brain, it appears probable that pallid./ b
2eresis by total siderosis i3 the cxpression of a slow cvolutionary atrophy affecting the E
L aand its extra- nuclei in at least 80 per cent. of people over the age of 30. E’::
‘ the pallidum of F 3
ease and seth-r.y, IIT. The association of vascular siderosis with bilateral F
;zatle chronicity necrosis of the paliidum. i
2w, it is difticule !
surse way, related There is no doubt that under a variety of pathological conditions . e ;
one or more of the components of the lenticular nuclei are prone to E‘»;
tloa of the lowest undergn bilateral and symumetrical destruction. Such a change is o
»rrzsponding only found in the familial group of diseases incinded under the term f,
of this mass are hepato-lenticular degeneration (Hall) including progressive lenticular ; i
T2 striate body deeneration of S. A. K. Wilson and pseudo-selerosis (Westphal- ! !
W arehi-striatumn, Strdmpell). A similar lesion has been deseribed by Paterson and Pt
15, and the neo- Carmichael in a familial form of cerebral deveneration in children. ; ;
Elliot Smith Las There are clinical facts which hint at the production of a bilateral ; i,
i fenetions as a leativalar leijva in nanganese potsening (Charles).  Acute bilateral £ '
! ;
i :
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144 G. HADFIELD

necrosis has been described in hydrocyanic acid poisoning, and is
certainly very frequent in carbon monoxide poisoning especially when
the victim survives a fairly heavy dose of gas for a few days. The
lesion in carbon monoxide poisoning has been described by von
Recklinghausen, Simon, Lesser, and Poeichen. XKolisko claims that
sonte degree of symmetrical encephalo-malacia in the lenticular nucleus
is an invariable accompaniment of carbon monoxide poisoning.
Emory Hill and Semerak examined 32 brains from cases of carbon
monoxide poisoning: gross bilatersl lenticular softening was found
in 14, and microscopic evidence of damage in the remaining 18;
the cbangs was invariably most marked in the globus pallidus.
Megyer, describing the lesion in man and animals, observes that “the

striking frequency and selectiveness of the pallidum lesion in carbon

monoxic: poisoping has excited attention for o long time,” that “a

symmelrical affection of the pallidwin is an extremely regular finding

in dogs poisoned with carbon monoxide,” and that “the vulnerability
of the pallidum is greater than any other nucleus.” He also mentions
that it is the anterior part of the nuclens which is most frequently
affected.

I have uvndertaken the systematic examination of five brains
from cases of coal-gas poisoning. In three of these, bilateral and
symmetrical areas of softening were found occupying the anterior
half of the pallidum, <e. precisely that pars of the nucleus which is
the site of vascular siderosid in 60 per cent. of normal braing over the
age of 30. In all three cases yross vascular siderosis was present.
The -ame naked-eye lesions were found in a case of lobar pneumonia,
in which exposure to coal-zas could he excluded, and in which a similar
degree of siderosis was present. All the coal-gas cases gave microscopic
evidence of varying degrees of degencration of the cersbral cortex, but

in those in which naked-eye pallidal lesious were absent thers was no
pallidal siderosis.

Case reports.

Cass 1.—)lale, aged 70. Was found unconscious in a closed room with the
gas “full on.” He lived three and a half days with a brief lucid interval of o
few hours on the second day. Thers were terminal hiypostatic pneumonia and
hyperpyrexia but uo localising neurological sizus.

Post-mortom, the cherry-red colouring of the tissues bad largely disappeared.
There were many petechial hasmorrbages into the white matter of the cerebram
and a small pale focus of acute soitening sharply limited to the aunterior half of
each zlobus pallidus (fig. 7).

Microscopically, the lesion was clearly demarcated f{rom the surrounding
tissue Ly a zone of marginul cellular infiltration. Its blood vessels showed
extensive iron deposits and their walls wero disintegrating. Thrombosis and
capillary hamorrhage were not prominent. The cellular intiltration at the cdye
had only penetrated a short distance into the neerotic area in which there was
universal death of nerve cells with swelling, indistinctness and feeble staining
of the nearoglin. The mujority of the necerotic nerve culls gave a diffuse but
definite iron reaction aud in wany of them there wore indistinet granules giving
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an iron reaction. Much free ferruginoas material was lying froe in the nucleus
lesion, a considerable part of it nbvionsly derived from the disintegrating vessel
walls. In one place ncar the cdge there were a few large cells of the ‘‘gitter-
zellen” type loaded with iron. Apart from this therc was no evidencs of
phagocytosis or repair.

Six blocks were cut from the cortex and patchy degeneration of the cells
of the third and fourth layers found. The degres of chromatolysis was definitely
greater tban could be accounted for by post-mortem amtolysis but was not
striking except in ons section from the left prmcentral region. Here there
bad been moderate capillary Launorrhaye, widespread severs chromatolytic
changes in the cells of the third and fourth layars, a mild in€ltration by granule-
adipose cells and a fairly brisk cndothelial reaction. No [ree iron was found
in the cortex. No other changes were found in the ceatral nervous system:
the cells of the substantia nigra appeared normal.

Cass 2—A man of 37 was found unconscious lying agsinst a gas cooking
stova in a closed kitchen. It was subsequently proved likely that he fell asieep
and accidencally turned on a very loose tap. He died in 4% daysz, after an
interval of semi-consciousness of 2 hours 12 hours after ke was found. The
post-mortem examination was delayed and exact histological ezamination
impossihle.

Bilateral softening of the pallidum was present affecting its anterior two-
thirds and specific staining showed gross siderosis of vessels of all calibres limited
to the softened area. No sign of old disease was found in the brain or its vessels.
The organs we.e healthy, except for recenc severs hypostatic pneumonia of both
Lases, The previous history showed that the paticnt was a stroug active man in
full muscular werk.

Case 3.—A woman of 48, admitted to hospital comatose and cherry coloured;

-having inhaled a moderately large volume of gns. She remained in coma for

3 days, partially recovered consciousness for 2 days, lapsed into terminal coma
and died on the seventh day. There were no localising neurclogical signs.

Post-mortem, both lungs showed severs hypostatic pneamonia. Thers were
two symmetrically placed foci of softening in the globus pallidus clearly marked
off from the surrounding tissue by an incomplete line of separation which became
wnuch more accentnated after fixation (fig. 3). The lesions were softer than in the
previous case but just as aceurately limited to the anterior half of the pallidam.
There were no other naked-eye changes ia the brain.

Microscopically, in contrast to the previous case, these lesions were infiltrated
throughout by graculo-adipose cells and endothelial phagocytas, disposed about
the walls of large numbers of recently-formed budding capillary vessels which
stippled the whele lesion (fig. 3). Every pre-existing artery and arteriole in the
lesion showed gross siderosis: their walls were disintagrating and much free
iron-containing material lay scattered in their immediate vicinity (dgs. 16, 17).
A moderate number of phagoceytic cells of the “gitterzellen ” type had accumu-
lated about these vesscls, their cytoplasm loaded with iron. Granulo-adipose
cells were most numerous ag the edge of the lesion and were mostiy concentrated
about the walls of invading capillaries but several mors peripherally placed
arteries with disintegrating walls showed a heavy perivascular concentration of
these cells. The shadows of many necrotic nerve cells were seen, the majority
closely packed with tine gmnules giviog an intense iron renction (fiys. 10.12):
in seveml the axon was seen similarly encrusted (tig. 12). Throughout the whole
lesion long straighe tracts of closely packed ferruginous granules apparently
marked out the course of disintegrating axons (fig. 11). Degeneration in the
deeper layers of the cortex witz more extonsive than in the previons case and

JuLus. OF Parit.— vul. XNXIL ~
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most marked in the frontal regions. Tt did not seem to originate so definitely
about capillary bamorrhages but appeared to Le a more elearly.cut selective
chromatolysix. Where capillary hmwmorrhage had occurred there were localised
foct of neuroglial and endothclial reaction with capillary budding.

Case 4.—)ale, aged 65, living on a farm not supplicd by gas, developed
“chill” with backache. After temporary improvement for 36 bours, he was
seized with sudden abdominal pains for which lhie was given morplhia. Four
hours after this he was admitted to Lospital, where he was found to hare small
pupils and a respiration rate of 35, temperature 102 and pulse 120. He :lapt
soundly for 8 hours and on walking was found to have some weakness in the
right arm. After a lueid interval of about an hour, he hecame unconscious and
died 14 hours after admission, or 34 days after the onset of his illness.

Post-mortcm : there was typical lobar consolidation of the central part of the
lower lobe of cach lang and of the posterior balf of the right upper lobe. The
spleen pulp was diffilnent. .\ moderate degree of generalised arterio-sclerosis buc
no renal nor myocardial {ibrosis was found.

Two roughly alliptical areas of softening occupied the anterior halves ¢f each
globus pallidus (fg. 8). Thoy were isoluted from the surrounding tissuz by o
deep cleft and sharply confined to the pallidam. Their blood vessels showed
universal and gross siderosis of their walls. Those of the putamina wsie free.
In each nucleus the walls of the larger vessels were disintegrating and niasses
of amorphous iron-containing material were seen lying free in the disintemarinz
nucleus. A feeble endothelial renction was present in the neizhbourhecd of
these vessels and a few iron-containing pbagocytes were presens in close proximity
to the walls of tLe more heavily iufiltrated vessols. Here and there hamoraz:
bad accompanied this disintegration. In some vessels in addition to sideiosis
there was widesproad hyaline change in the media. The uerve cells.of nota
nuclei showed advanced chromatolytic changes. Those of the adjoining putamsen,
thalamas and caudats aucleus were little altered. The cortical nerve cells ware
relatively unaffected. Necrosis was contined to the areas of pallidal siderosis.

Discussion.

Several explanations have Leen given for the striking frequency,
gselectiveness and bilateral symmetry of the pallidal lesion of CO
poisoning. Jost observers agree that the basis of the change is
circulatory. Kolisko ascribes it to the acutely backward course taken
by the long narrow end-arteries of the nuclei. Shellshear lays stress
on this anatomical peculiarity, expresses surprise that it Las been so
rarely described and observes that the course the blood takes is
definitely against the current. The acute angle of origin of the lateral
striate arteries is apparently due to the great development of the
human prosencephalon, but as they supply the other components of
the atriate body and the adjaccnt parts of the intermal capsule, their
angle of origin does not expluin the special vulnerability of the
pallidum, nor as Meyer points out, why a symmetrical pallidal lesion
is so frequent in Jogs poisoned with carbou monoxide. Further in
cerebral arterio-sclerosis the vessels of the putainen and eaudate nuelei

are as frequeutly as and probabiy niove often affected than those of
the pallidum.
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PALLIDAL SIDEROCSIS 147

Siemerling and Oloff, in discussing the pathology of bilateral
pallidal lesions, suzgested that the excess of iron in the globus pallidus
is an indication of some special hiochemical property, and under somne
conditions of disease might lead to its selective destruction. Meyer
considers it “ more than accidental” that the anterior part of the
globus pallidus, so vulnerable to acute soitening in CO poisoning,
“ should also be the site of predilection for pseudo-calcium deposits on
the vessels,” and thinks “F. H. Lewy's hypothesis seems plausible—
that this peculiar change, which occurs even within the limits of the
normal, gives certain indications of a susceptibility on the part of the
vessels affected.” .

In the cases described in this paper necrosis was only found with
pre-existing sidernsis, and in two cases of carbon monoxide poisoning
with no gross pallisiel lesion sidercsis ~as absent. From these results
it seems reasonable to suppose that vascular siderosis bears a definite
causal relationship to bilateral necrosis, and is the oamly condition
which satisfactorily expliins its frequency and selective nature in CO
poisoning.

. Coxcrrsioss.

1. The walls of tha blood vessels of the healthy globus pallidus ave
often infiltrated witlh iron salts which are derived from the nucleus
itself.

2. It is likely that the process is one of evolutionary atrophy.

3. It predisvoses to the acute bilateral destruction of these nuclei
which is frequent in coal-gas poisozing. :
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EXPERIMENTS ON THE NATURE OF THE
CARCINOGENIC AGENTS IN MINERAL OILS

C. C. Twort and J. D. Fcrrox.
Manchester.

IX our extensive studies onm carcinogenic agents one of our main
objectives has been to isolate, or at least to gain an insight into the
nature of, the chemical substance or group of chemical substances
responsible for the malignant action on the skin. The iso'ation of a
single chemicul individual with toxic properties we did not Lope for in
the early stages of our experiments, and therefore endeavoured, as a
first step, to concentrate by various means the active agent iu the oils.
To this end the methods given helow have been employed. By testing
the estract and the residue of a carcinogenic oil we were able to
compare the toxicity of the extract with that of the resilue in a
parallel series of experiments. In this paper we shall deal ouly with
oils which in our standard experiments wers applied twice weekly to
the skin on the backs of 100 mice. Details of distillation and the
methods ot making extracts are given elsewhere (C. C. Twort and
B R Ing, Zeit. j. Krebsforsch, 1928, vol xxvil. p. 308).

Our experiments witl the oils consisted in :—
1. Fractional distillation.
2. Extraction with methyl sulphate.
3. Extraction with picric acid.
4. Extraction with methy! sulphate and pierie acid.
3. Extraction with methyl sulphite.
6. Extraction with ethyl aleohiol
7. Treatment with sulphuric acid.
8. Oxidation.
9. Reduction
10. Silica gel adsorption.
11. Drradiation, etec.
The oils used were:—
1. A blend of a purified american petroleum oil and 10 per cent.
sperm.
. <\ pure american petroleum oil.
. 2\ pure refined heavy pennsylvanian petrolcum oil.
. A pure refined shale oil,
A pure refined califoruian petroleum oil
. A pure retined texas petroleum oil.
A pure refined light pennsylvanian petroleum oil.
.\ nedinm motor oil
A pure vetined anglo-persian petrolenm vil.
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150 C. G TWORT AND L. D, FULTOV

Distrllation.

In a previous paper we have given details of distillation experi-
ments on two oils which were actually used in the cotton-spinning
industry, the distillations being for the most part carried out under
reduced pressure, a nitrogen leak being used to prevent oxidation. It
will suffice here to give a table of our final results (table I).

TagLe L
Distillation of two american petrolewm ols,

Wesk of frst tamour.  Total 3aaibaroftamears. . pooooo o

Ofl namber. expemiment !

Waeh, | Epithelloms.  Warts.  Epitueifomas. 0 VSR i

I
1. Wholeoil . . .! S5lst wed L0 1 | 78
353-235° at 760 mm. . [V 1) § 69
385-420° " . 26th asth . 8 } 4 i 52

3. Woleoil . . .. 35th soth |1 2 o
400-420° at 760 mm. .. 25th ' 3ist ‘ § 2 55
24 -300*at 12mm. ., 32nd . | .. 1 0 52
3G¢ 380" " . ; 23rd i 18th . 10 11 50

These results were encouraging and led us to believe that Ly
distillation alone we had at hand a means whereby we could quickly
estinate the relative carcinogenicity of different petrolenm oils. The
concentration of the toxic compouents in the higher boiling fractions
was wost striking. Our subsequent distillation experiments with
american petroleum oils left us less sanguine abour this method of
treatment. Qil 7, a moderately heavy grade of pennsrlvanian oil, was
distilled under 2-3 mu., five fractions Leing olrtained with a boiling
range of from 180-315°C. Each fraction was carefully refractionared
once. When applied to the backs of mice the whole oil gave us only
two, non-malignant twmours in an experiment lasting over 60 weeks,
the first tumour appearing in the 26th week. Coutrary to our
experience with oils 1 and 3 there was no obvious concentration of the
active agent in any of the five {ractious of oil 7, a single tmwour only
being observed among the 500 animals urilised fur the experiment.
Qil 11, o lighter grude of pennsylvaniun oil, was divided into two
fractions by distilling under 12 mum. The (racticn builing below 3002
and the residue left in the Hask Loth failed to induce tumours in wmice,
while with the whole oil a solitary tuwour was ¢bserved in the
40th week of the experiment. Similar distillates were made from
oil 9, a californian oil, this oil proved to be more carcinogenic than
any of the other refined ameriean oils we had s far tested hat
distillation did nut eicet any cvncentration of the active compunculs
of the oil. No very delinite results were obtained with distillates
of a refined anglo-persian oil
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Thus vur results with distillates of refined american pelrolenm nils

are ou the whole too irrcgular to be of any.-value, and indicate that
distillation cannot be used with certainty for the conceutration of the
carcinogenic substances in these ails.

Distillation of shale oil. In view of the results we had obtained

with the american petroicuma oils 1 and 3 we anticipated that we
should be able to concentrate the carcinogenic substances in shale oil
by simple division of the oil into two fractions. Accordingly oil 8, a
refined shale oil, was distilled at 12 mm. pressure, the fraction boiling
between 300-360° C. und the residue left in the flask ouly bheing used
for animal experiments. Table II shows that we have elfected no
concentration whatever, except possibly in the low Uoiling fraction
which we did not test. The higher hoiling fraction will be seen to
have a less degree of toxicity than the whole oil, while the asphaltic
residue contains still less of the -active substances. A series of
experiments was also performed with the shale oil under exactly
similar conditions to those just mentioned for oil 7. The results given
in table IT indicate that the majority of the carcinogenic substances
preseut in this oil boil at a fairly low temperature, contrary to whag
was found with oil 3, and confirin the results obtained with the first
experiments where the oil was distilled under 12 mm.

Tasre II.
Fractional distillation of shale oil 8.
| Week of firss twmour. g Total number of tumonrs. : Pm,'f_‘_‘::’
Qil fractron. | t ammals with |
. ' . lumoursat
War: Epitl.-lloma, Warts. - Epitheliomas. ' 25th week.
. . }
Whole oil . . .t 1Tth 28th l 13 18 ', 42 )
300-360° at 12 mm. . 22nd 26th 8 10 11 !
300-360° residue . . | 34th 7 0 ' 0
140-220°at 3mm. . .| 14th . 2Bth ! 10 2 T L
220-240° v . 18th I 32nd 20 7 23 .
240-260° . .1 2th 31st | 7 9 38 ,
260-2° . . .| 16th ‘ 4 o | 1z
280-315° ™ . [ {16th 43th i 1 ! 0 :
i 1

The durtion of each experiment was 50 weeks.

In order to test whether during the process of distillation any
decomposition of the carcinogenic components takes place or whether
we were manufaeturing the substances from previously non-carcinogenic
compounds, we have subjected two oils to distillation and utilised the
whole combined distillate for control experiments on animals. Qur
results do not seem to indicate that the distillation processes effect the
oils to an appreciable degree. On the whole it seems that possibly
distillation repders am oil a little more carcimogenic than it was

previonslv.
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Eztraction with methyl sulphats and sulphitc and picric acid. :

Extraction of oils with methyl sulphate proved of limited use as

a method of concentration of the carcinogenic principle. Both the :

extract and the residual oil, in the single experiment which we have
performed, turned out to be less carcinogenic than the origizal oil from
which they were prepared which rather indicates that some at least of

¢
3 the active substances have been rendered inert.
% Tasre IIL
The concentration of otls Ly menns of methyl sulphite, ete.
i 13 . '3 * » by
E Week of first tumonyr. l,'ro.a\ anm.crnttnmoun.‘ D\;x‘-na.i?n oltixuum
Qfl numbaer, ste. y s,
! ! 01 46
| Wart  Epithelioma.: Warts. ! Epitheliomas. | 1 V#0k%. | gi ey
! ,
3. Wholeoil . 35th | 39th | 1 ' 2 70 0
Extract CHR 1 lith 17th no 1 27 50
! (27th week)
7. Wholeoil . 28th 2 0 80 2
ExtractC . 1éth {0th 9 0 4 33
Residue C . v 0 60 -’ 0
, .
.. Wholeoil . 17th ' 26th 13 | 18 50 50
Extract A . 3d . 35th | 13 3 5 | 0
Residue A .  20th 3sth : 20 | 8 b .
Ixtract B . 2ith wth | 14 8 45 48
Residue B . ... | 0o | 0 80 0 -
ExtractC  .; Nth | 30th | T 1 40 50
/ ResidueC . 30rd | dth 5 | 3 50 0
1. Wholeoit . ith . 1,0 80 0
Extract B . .. i 30th . 1 33 5
Residue B . . 0 0 60 0
Extract C . 3th .3 0 i35 0
; Residue C . . A 0 G0 0
i Extract CR . 10th ; st l $ | 2 43 40
17. Wholeoil . 40th :  i9th - 1 60 0
. ExtreetC . 1Zth | 3sth 5 4 43 18
Residue C B e I 0 60 0
i )
23. Wholeoil . . | [ o | o 25 0
f | ; ! (23th week),
: Extenct CHR . 13th | I T ) 24 20
: ' (24th wecek)
: Extract A Methyt suiphate extract.
. w B Methy! sulphate-picric acid extract.
i w C Jethyl suiphite extract.
3 w CR  Methyl sulphite removed under reduced pressure.
) 3 +» CHR Jlethyl sulphite extractiou with heat.
3
! i
: ) The addition of picrie acid to the methyl sulphate enabled us to
' | prepare extracts which sere considerably more potent than the original
‘ : oil, the residual oil being at the same time deprived of most of its
: carcinogenic activity. However, the majority of our experiments were
: performed with methyl sulphite, the extract obtained being greater in
f volumo than that obtained by the solvents previously mentioned.
1
! ‘
| i
! !
s {
i
!
} e N . et A
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Here again the extracts were much more, and the residues much less,
carcinogenic than the original oils, but we have not yet decided whether
this method or the methyl sulphate-picric acid methud is the more
satisfactory for the routine diagnosis of oil samples which are to 1w
used in industry. One or two of our experiments rather indicate that
the latter method is the better. This is seen by the high degree of
activity of some of the extracts and the inertmess of some of the
residual oils. Picric acid in absolute alconolic solution is mow being
tested as selective axtracting agent, and has given positive resuits.

The results of these investigations will be best appreciated by
referring to table III. Note the diderence in the figures relating to
residue 8 B and residues 8 A and C. The udilisation of heas and the
removal of the methyl sulphite under reduced pressure appear Lo
increase the yield of active substances. TLis is shown by the number
of tumours and their early appearance with extract 11 CR as against
the comparative inactivity of extract 11C, and as we shall see later by
the fact that extract 8 C was apparently less potent than extract 8 CHR 2
(table V). In our vxperiments we have utilised strongly carcinogenic
shale oils and the reiatively weak americar petroleum oils. The
ability of a chemical reagent to effect separation of the active
substances in oils can be demonstrated whether the oil be weak or
strong. In the former case our indicativa is best obtained from the
activity of the extract, and in the latier case from the inactivisy of
the residue.

Fractional distillztion of a methyl sulphite extract of shale oil
showed the wide boiling range of the active compounds in the extract
(table IV). Thus the dissillates of the extraet did not act in a manaer
parallel to thas of the distillates of the pure uil

Tasre IV.

Fractional distillation of a methyl sulphite cxtract of shale oil at 3 mm,

.

1 i i
Wuek of Grst tumonr. § Total ramter of moars. l Duration vf |
Oil frection. T expennie.t |
Wit | Eptthelioma.’ Wasie | Epichellomag ¢ 03 orkk
Fxtruet C . . . ilth 30th T 1 49
lesidueC . . . Jed i6th 3 3 M)
Extract 140-220° . ., 13th 3iad 13 2 i)
- 220-210° . Co12th ' 30th i o 10
o 240-240° v 1sth | 33rd 14 5 4u
w  260-280° . .! 12th 20t © 19 12 ]
w  250-315° .’ 13th 25th 10 4 10

Before wo evuld utilise extracts of oils for the rapid diagnosis of
any pirticular sample, we had to be centain that we were nwt mwns:
facturing or destroying carciuogenic substances during our chettaca
processes. The most obvious coutrol wzs to take an oil which was
known to he absolutely devoid of eancer-p » Iueing activity, and to et
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154 C. C. TWORT AND J. D. FULTOV

the extract obtained. The diffienlty was to find a certainly negative
oil which would give any yield of cxtract at all. Ordinary medicinal
liquid paraffin has proved to be consistently a negative oil but this il
does not yield a trace of extract when treated with methyl sulphite,
In the absence of any lubricating mineral oil iree {rom suspicion as
regards carcinogenicity and capable of yielding an extract, there were
two possible methods which suggested themselves to us. Firstly, as a
control oil we decided fo utilise a mineral oil which had been previousiy
treated with sulphurie acid, which treatment, as we have showan (op. rit),
purifies a carcinogenic oil of its toxic components in a very thorough
manncr. The refined american petroleum oil 3 was treated with
sulphuric acid in the usual way, and from this purified oil we prepared
a methyl sulphite extract. If no residue of carcinogenic substince
remains after the acid treatment, and at the same time the methyl
sulphite extraction dees not intrnduce iresh carcinogenic compounds,
then the resulting extract applied tu wice should lead to the develop-
ment of no twmours. Our second method of control conmsisted in
making an extract of an oil and then re-mixing with the residual oil
left over after the extraction had been performed. Such a mixture
should act similarly to the original untreated oil if during the methsl
sulphite extracti- n no fresh carcinogenic compounds have been inanu-
factured or if none of the active substances present in the original
oil have been des:royed. e selected for this experiment the light
pennsylvanian oil 11, '

We utilised in this gi%up of control oxperiments 900 animals. We
performed three different series of experiments, 300 animals being
used for each series. In each case the extract, the residual oil and
a mixture of the two substances in the exact proportion in which ther
were present in the original oil were used for the applications. Our
results indicate that there is no manufacture of iresh carcinogenic
substances during the treatment with methyl sulphite. On the other
hand, there is quite a possibility that by our extractions wa are losing
a certain amount of the original active substances present. Additional
control experiments with shule oil are heing perforined in order to test
this point.

The methyl sulphite extract of the american petrcleum oil 3 which
had Leen previously purified by means of sulphuric acid failed to excite
the development of a single tumour, the duration of the experimeunt
being 40 weeks. This is the only first extract of an oil which in our
experience has proved to be totally devoid of carcinozenie action. The
experiment shows how completely the sulphuric acid treutment had
removed the toxic principle of the originsl oil besides proving that the
chemical processes of the making of the extract do not lead to the
manufacture of carcinogenic substanves. In our two series of experi-
ments with oil 11 buth the pure extructs were carcinogenie while both
the residnal oils and both the mixtures of extract and residual wil were
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completely negative. The controls again indicate an absence of manu-
facture of carcinozenic snhstances during our chemical processes. It
will ba noted that we bave spoken above of the first extract of an oil
as heirg the only negative extract we have met with, the reason being
thas we have found by taking o series of extracts from the residual oil
of the first extraction wa may fnally obtain an extract which has no
carcinogenic properties (see table V). Thus we found that our fifth
extract of shale oil was completely negative which is an additional
proof of the lack of change in the cumposition of the oil due to the
methy! suiphite extraction.

Taete V.
Fractional methyl sulphits extraction of shale ol.
. Wexk of Arys timour. ‘Toial numberof tamours. | Doraston | ?:E‘K“‘L;:”
Extmet 3uzzer, eie o ofexe o nmats cear
' . g tumoury
Wars. . EpitSelinaa.  Warss. | Epitholiomas. | ‘& ™ ) 3 35t weei
|
Whole il § . 17th 25th 13 18 50 : 23
EstrmctC1 . . 1lth  3Gth : 1 0 [ 2;
» CHR2 . 13th 13th 1 5 1 45
" w 3 . lith  26th 5 3 0 |
w w4 . 2nd . 6 | 0 © | 3
! “ w 5 [P 0 44 i p]
‘ResidueCl. . 33rd | d8th 5 | 5 50 | 0
.. CHRs . L. o-f o 00 o
' {

It may be thought that we have utilised an unnecessarily large
number of animals as controls. Yor our purt however we were
convinced that if we were going to use any method whatever for the
quick dixgnosis of an oil we were bound to be as certain as possible
thut we were neither Jestroying nor manufacturing the active cancer-
producing compounds. If we were not reasomably certain that this
was the case then no reliance could be placed on the results obtained
frow each individual test.

Extraction with cthyl alcokol,

Aleohol extracts have heen made fvom six american petroleum oils
and one shale oil; detarls of the extraction having been given elsewhere
(ov. cit.).  On the whole, with the perroleum oils we have effected 2
cuncentrativn of the carcinogenic substauces in the extraet, although
our results (table VI are semewhat irregular. The animals painted
with the shale vil responded in a peculinr manney, for while the extract
imiuend but few tumours a3 compared with the oviginal oil, the residue
failed to exeite the developmens of more than o single tumour.  We
have specudated @ gowd deal upoen the results of the shale oil experi-
ments, aud the ouly reasonable couclusion justified at preseut appears
te be that the bulk of the carcinegeniv substances have been rejectad
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158 C. C TWORT AND J. D. FULTON

in the second alcohol residue. e are proceeding to test this residue
onr animals, but shall not he surprised to find that it Las no very great
carcinogenic activity. W= imagine that something more subtle has
happened, and are testing the admixture of extract and residue and at
the same time we are studying the question aloug other lines.

TarLe V1.
The extruction of oils with aleahol.
] ;
: ek of irs? SuoRr. Tolal aumker o { tumours. ‘ Duration of
Ol number, ste. . , eIperimaut
; Wast.  Epateltoms. Warts.  Epitheliomas. | B Weeks. |
i
| ! |
3. Whole oil . {35th 33th 1 2 o0
Exract . . | 1léth 3 0 | 38
7. Whoieoil . . . ] 28th - 2 0 .6
Extract . - t1th . 7 ) ! 43 i
11. Whola oil . i 49th .. 1 0 ! 60
Extruct . I 0 0 { 30
9. Whole oil . . 19th Sith v 1 : 80
Extrsct . . .. 30th .- 2 0 43
Residue . . . 9 0 40
8. Whole oil . . .. 17th 22th 13 1§ ! 50
Extract . . . 1ith 27th 2 1 a3
Residas . . ! i3rd - 1 0 l 50 :
10. Wholeowil . . . ... .. 0 0 0
Extract . . i 12th ' . \ 3 Q 27 ‘i
23. Wholeoil . . . f: ': . ' 0 0 923 ]
Extrsct . . < 17th on 2 0 20 }

We have obtained our hithest ciocentration of the carcinogenic
components of shale ¢il by makizg an alcobolic extract of a methyl
sulphite extract of 0il 8. In mice painted with this double extract the
first tumour appeared on the sixth week, and 17 weeks after the com-
mencement of the experiment 66 per cent. of the animals alive were
bearing tumours.

Purification by means of sulphuric acid.

The oil was shaker up with soall suecessive quantities of con-
centrated sulphuric acid rill the extracted layer was of the same colour
as the original. Petroleum ether assists the separation of the oil.
Excess acid was removed by successive rreatment with alcohol water

.and ether and the solution dried over potassium carbonate. Our final

results with four oils before and after treatment with the acid arc
given in table VII wherein one can see how thoroughly the oils had
been detoxicated (see C. C. Twort and H. R. Ing, Lancet, 1928, 1. 752).
It remuined to be seen however wiitiher the vils were entirely freed
of their carcinogenie principle. In order to investigute this point we
have performed two comcentration experiments, one by means of

.

1

+
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~

distillation and the other by means of méthyl sulphite extraction. The
latter experiments have already been mentioned when wa were dealing
with the controls as to the manufacture of carcinogenic substances during

test this residue
"8 no very great
more subtlc has

T rey g o

TICwTe .y

-l ot

™

if residuc and at the extraction. ¥or the distillation experiments we utilised the same ] i
or lines. oil, t.c. sulphuric acid treated oil 3. The oil was distilled at 12 um. so E
3
i
TaBre VIL |
The purification of otls by means of sulphuric actd. 1 ‘
=ear ) Duzat ¢ Week of first tumour. Total number of tumonrs. : Durazion of : [ _i
cfp?rvm:?z Oil namber, etc. - | experuzen: . S
clismag, | |0 WOaRE Wart. lzp;muom. Warts. | Epitheilomas ! 3 e ; {
2 70 3. Heavy fraction . 28rd 18th 10 11 50 £ g
0 38 Sulphurie trcated 0 0 8 F 1;
9 50 §. Shalea . . 17th 28th 13 18 0 | (1
b} 15 Sulphurie treated 0 0 7 , E '
haleb . . 16th 3sth 12 10 L : P
0 40 Sulphuric treated . - 0 0 | 70 f
1 30 Heavy fraction . .| 220d 28th 8 10 i %0 i }
‘. } g0 [ Sulphuric treated . 0 0 C0 k q
@ | 45 : N
¢ | 10 ‘ Sulphuric act:{ treated oils gave 0 tumours in 400 animals. -
3 ' 50 Untreated oils gave 92 tumours in 400 animals. { i
! 43 . ]
0 ’ 39 as to give us two fractions, one consisting of the oils boiling up to v fo
9 0o 300°C. and the other of the residue. These two concentration experi- B
? o | ments have not yielded any tumours, which leaves us assured that ar N
: I 2o least no more than a trace of carcinogenic substance is left in the vil P
. - : when it is treated, according to our procedure, with sulphuric acid. E ¥
: o o
(e carcinogenic The oxidation of oils. i H
2et of a methy! L } . o E i
uble extract the ‘ Ozidation by means of purs ozygen at 130-160. €. Ocxidation was P
; after tho comi- first attempted by bubbling oxygen through the oils at a temperature t i
wals alive were of 150-160° C. for 24 hours. We selected for these experiments three ol
oils which we had already shown to be highly carcinogenic, viz. shale E 1
oil 8, a methyl sulphite extract of this oil and the high boiling fraction i
of the american petroleum oil 3. Table VIII shows that the oxidation i :

autities of con-
the same colour
tion of the oil.
h aleohol water
cate. Our Hual
th the acid are
hly the oils had
Lo, 1028, 1 732).
W entireiy {reed
‘2 this point we
¢ by means of

'

has rendered highly potent oils alwost inert. Shale oil, for example,
after treatment resembles in its activity a lowly carcinogenic petroleum
oil. The figures relating to the total number of tumours in extract 8 C
are lower than they should be owing to the heavy mortality among
this particular batch of animals: many other experiments with this
extract have showa how very high is its carcinogenic activity. The
physical properties of the oil wero entirely altered however by the
above treatment, and although the method is eflicucious in destroying
tuxic agents experimeutal conditions for obvious reasvus had to be
altered. TFor this reason we have carried out similar experiments at
the temperature of the steam bath with shale oil, when little change

Cey g A e A
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158 C. C. TWORT AND J. D. FULTON

in the character of the oil results. As far as we can judge from the
present state of this cxperiment, oxidation at 100° has effected a

change in the carcinogenic potency of the oil, but much less than was
the case with oxidation at 150°

Tapre VIIT.
Oxidation and reduction or otls,
Week of Arst tamous. | Total nember of tumowrs. | Danation - P:g"f.':,‘;‘"
cimg. 4 iwiag
Qil sumber, cta cemizaLt :a.u;.:.:;‘k:a:-
1 " B tu ure
Wart. | Epithetioms.| ®ar3. | Epiiheliomas. i alalade s ;.-.: 28th wees. .
I

8. Whole oil . .| 17th 28th 13 18 0 a3

OUxygensted 150°} 33rd T 0 50 0
1]

8(2). Whole il .| 9th 29nd 5« i | s
Oxygenated 100°| 15th st 121 3 I a2 YO
Permanganate .| 22ad 1 0 | 25 ( 3
Reduced - R T O
Gel . . . 21st * eou I 2 ! V] 23 ' 3 :

w residue .| 16th tS 0 3 12 )

3.300380° . .| 2%d | 18h : 10 , 11 < I B
Oxygenated 150*} ... } ° 0 P 0

8. LxtractC . .| 1ith soth | 7 T ST
Oxygenated 150°] 24th vou ! 5 9 i <l ' 3

gt | i ;

Oil 8 (2) was a second sample of purified shale oil.

As oxidation at 100°C. is no; nearly so effective a3 oxidation at
150°C. in rendering the oils less toxic, we have commenced a series
of experiments at the ordinary temperature with certain organic
salts as catalysts, of the same nature as driers used in paints, both
in the presence and absence of ultra-violer light which is known to
be sfficient in the promotion of oxygen absorption. Caralysts have
also been employed at 100° in further experiments.

Permanganate ozidation of shals oil—The oil in this case wns
shaken with slightly alkaline aqueous permanganate for a aumber
of hours when a comparatively small amount of the oxidising agent
was reduced. On removal of the precipitated dioxide by sulpbur
dioxide the oil was taken up in ether. dried and the s.lvent removed
finally “n vacwo. This method of treatment of the oil has eflected
a marked change in its carcinogenic activicy. There are ac present,
25 weeks from the commencement of the applications, 3 per cent. of
tumours among the animals treated with the oxidised oil while at
the 25th week 50 per cent. of the control animais bore tumours,
three ont of 15 tumours being at that time malizmanc.

Reduction of otls.
Up to the present, reduction experiments have only Leea performed
on shale oil. Catalytic reduction of the untveated oil could not be
carried out on account of the sulphur cumpoeunds prescut poisoning

v
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CARCINOGENIC OILS 159

the catalyst but the reduction was cffected by the action of sodium
on hoiling amyl aleohol The reduced oil wuas found apparently to
be free from carcinogenic properties, there being no tumour formation
among the animals painted for 40 weeks. Tle reduction by catalytic
means we feel would have given us a more exact knowledge of the
chemical nature of the toxic compounds responsible for the earcine-
genic properties of the oils for the changes Lrought about by this
means are limited. e hoped to gst rid of the sulphur compounds
by means of adsorption by silica gel, but in this we were disappointed
and a suitable method for the complete removal of these sbjectionable
bodies 12s still to be found.

Silica gel adsorption.

It is well known that silica gel on acoount of its structure possesses
certain physical properties whereby, as the result of surface temsion
effects, unsaturated bodies and certain sulphur compounds can he
removeld priferentially from a mixture. Percolation of oils through
a long column of silica gel was carried out in an endeavour to remove
the sulphur present and allow of catalytic reduction subsequentiy
being carvied out. In this we were unsuccessful in so far as sulphur
still remained in the treated oils. Even after such trearment the oil
still contained sulphur bodies possibly of the nature of thiophenms
which cannot be removed by treatmeut with bauxite, silica gel or any
other adsorbing agent. As the gel in our experiments might possibly
have removed unsaturated substances, and indeed our experience had
suggested that these were toxic agents, we decided to carry out some
experiments with oil so treated. 30 c.c. of shale oil were allowed to
percolate through a columu of gel 44 feet high, abous GO per cent. of
the oil being retained by the gel at the ordinary temperature. The
amount of oil passing through was readily increased by steam jacketing
the adsorption tube. 30 c.c. of the oil which had passed through the
gel were agnin run through a similar column before use. The oil which
passed was designated “oil 8 gel,” while that retained which was
collected by repeated extraction of the gel with hot benzeme, was
designated “residue oil 8 gel.” The results of these experiments
(table VIII) were at first a little puzzling as both portions of the treated
oil proved to be less carcinogenic than the original oil. At the 25th
week 30 per cent. of the control animals alive bore tumcurs while at
this time only 12 per ceunt. of the residue oil 8 gel and 3 per cent. of the
oil 8 gel animals bure tumours. A possible explanaticn of the lack of
activity of the two portions uf the treated oil is that the silicate has
brought about polywerisation of sowe unsaturatad body or bodies in
the oil which we belisve to have toxic properties, polymerisation uf
propylenes in this way having rocently been demonstrated. It is well
known that ultta-violes light can polyimertse unsaturated bodies and
we have aleeady eommeneed some experiments making use of this fact,

KibLeta Bk TS VITWXNTGRLNTTI TR T L IIRU T RRLTTICL - am et e

M. J. Stewart and A. C. Haddow, Asbestosis Bodies in Lung Puncture Material and Sputum, Journal of Pathology...
ACL Doc 13405 - Page 179 of 193

Published by AsbestosClaims.Law

asbestosclaims.law/library/13405/179


https://asbestosclaims.law/library/13405/179

PR

160 C. C. TWORT AND [. D. FULTON

Discussion.

Fractional distillation of oils has yielded eontradictory results: in
some the higher and in others the lower fraclions have proved the
most toxic. A definite concentration of the carcinogenic agents has
however been effected by chemical means. TWhile extraction with
absolute aleobol has added little to our knowledge, the use of methyl
sulphata is much more valuable as an indication of the nature of the
bodies extracted, for example, benzenoid hydrocarbons are lmown to
be removed quantitatively from light spirit by this reagent. Picric
acid acts in the same manner to give in many cases definite atable
crystalline compounds with the hydrocarbons in question. The :omn-
bination of the two latter bodies has proved particularly valuable for
removing carcinogenic agents- from oils. 1llethyl sulphite may be
sbown in the same way to remove aromatic hydrocarbons from nils
by the formatiom of solid picrates in alcoholic selution from che
extracts. Treatment with sulphuric acid destroys the powerful
fluorescence of oils, a phenomeuon connected with the presence of
the benzene ring. The resulting oils are found to be quite inactive,
swwhich fact supports the view that benzenoid hydrocarbons wie
responsible for the carcinogenic properties. Other experiments with
tar and pure organie substances substantiate this view. Unsaturated
bodies are ususily more ‘active than the corresponding saturated
substances and it is probahle that removal of such a body takes place
in the sludge formed with sulphburic acid. The active carcinogenic
agent could equally well combine the characteristics of a benzenoid
hydrocarbon and a real unsaturated body by attachment of a side chain
with double or triple linkages. Treatment with sulphuric acid, oxida-
tion and reduction could all equally well affect certain sulphwr
compounds in the oils and experiments have been designed to test
this point.

Our experiments on the reduction of oils and tars whereby these
substances are rendered inactive gives rise to the belief that un-
saturated bodies are the active agents. Vith oils the real degree of
unsaturation is not readily determined by halogen addition as sub-
stitution occurs at the same time. Probably the uusaturated bodies
presenc are small in amount but active chemically. Treatment with
boiling amnyl alcohol and sodium could readily hydrogenate an aromatic
nucleus and aromatie bodies will be mostly present in tars which are
formed at the ftemperuture employed in their preparation. Un-
saturated centres present in open chains would at the same time
be saturated. With hydrozen in the presence of palladium the latter
type of reduction takes place more readily than hydrogenation of
nnelei. The fact that oxygenation exerts so profound a change in oils
points to the rsactive nature of the toxic substance and encouraged
the use of atkaline permanvanate for the same purpnse.  Oniy a small
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CARCINOGENIC OILS 18

amount of the latter reagent was reduced, which suggests the presence
of a small amount of the active agent. Silica gel has in a similar way
proved valuable by indicating the possible nature of the toxic bodies
and demonstrating a simple (though in the present form not practical)
method jor removal: experimnents to define the limiting amount of gel
required are in progress. It is well knmown that sulphur, besides
effecting more profound changes, can remove hydrogen from reduced
aromatic nuclei with formation of hydrogen sulphide. Oil treated in
this wav after reduction at 130-160° C. with sodium and amyl alechol
yields copious streams of the gas and experiments are meantwhile
being conducted to find whether bodies rendered inactive can be again
activated by this means. If a henzene nucleus is hydrogerated by the
above agents then removal of the hydrogen by sulphur wou!l yield the
original toxic material and furnish at the same time an indication of
the type of reduction previously effected.

Summary.

1. In fracrional distillation of carcinogenic oils the active agent is
sometimes concentrated in the higher, sometimes in the lower fraction.

3. The active agent is concentrated in extracts made with methyl
sulphite ¢~ methyl sulphate and picric acid, and the process is useful
in testing oils intended for irdustrial use.

3. Tkere is no evidence that carcinogenic substances are made by
fractional distillation or by the processes of extraction used

4. The carcinogenic activity of an oil is much reduced or completely
removed by extraction with sulphuric acid, by oxidation and by
reduction.
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SHORT ARTICLES.

NEUROGLIAL TUMOUR OF SPINAL CORD.

W. G. Barxaxp.
From Unsversity College ospital Medical School, London.

(PraTt® XVIIL)

This specimen consisting of the spinal cord and a small tumour apparently
growing from its membranes was brought to me [or diagnosis. It appearcd
reasonably certain that the tumour had arison from the cord ; the only point
that was not clear was whether there was any macroscopic evidence suggesting
that the growth had arisen from sympathetic nerves or ganglia and had infiltrated
the spinal canal from without. This possibility had not been thought of at tne
post-mortem eramination and so, although nothing was noticed at the time
to suggest it, such an origin cannot be excluded.

' 4

POST. nc;r GANELION

The tumour formed a plaque (3x1.5x1.2 cms.) over the posterior surface
of the dura in the region of the lower thoracic segments of tha spinal cord and
inbiltrated the laminm of the correspouding thoracic vertebrs. The inner
surface of the dura was fres from growth, and though adherent to it the
postarior root ganglion was not infiltrated.

Jieroscopic.—Thers had been old and recent hmmorrhage into some parts,
and other parts of the tumour were necrotic. Elaawhere the conspicuous feature
of the tumour was its papillary and tubular arrangement. The cslls covering
the pepille and lining the tubules were for the most part cubical or columnar
with round or oval nuclei. Most of thess cells had a distinet outline but apart
from the nucleus appeared to be empty. From many of them slender fibres passad
back to mmify with other fibres outside the tubule or in the core of the papilla,
Some of the tubules had a delinite lumen whilo others on ezamination with
high powers proved to have a scanty network of fibres passing across the lumen.
Apart from the papillss tubules and pssudo-tubules, the bulk of the tumour was
made up of insterlaciug fibres passing in all directions from cells having oval
nuclei similar to those of the cells lining tubules. Both the round nuclei of
the vacuolated cells and the oval nuciei hud distinct cell outlines aad well-marked
chromatin nets and nodes. .

In the classification of the gliomata by P. Bailey and Harvey Cushing
(Tumours of the glioma group, 1928) there is a figure number 26 b, p. 34 of what
they call a medulloblustoru : this, though not so obviously tubular, bears a fairly
close likeness to the tumour here described.

JOURN. OF PATH.—=VOL. XXXIL w3 L2
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164 T. SHEVNANY

A SIMPLE METHOD OF PREPARING ACCURATE PEN-
AND-INK DRAWINGS OF SPECIMENS.

T. SEEXYAN, Aberdeen.
(Prate XIX)

In preparing the illustrations for a paper on tumours of mediastinum and
lung published in this Jowrnal (vol. xxxi.,, 1928, p. 365) [ employed a method
which follows out a suggestion made by thu late J. G. Adami. The main points
of the method are summarised at p. 373 in my paper. [ have not heen allc
to identify Adami’s paper, ug it was one dealing with puthological changes
in artcries, and in microphotographs of these he outlined the coats of the vessel
in indian ink especially emphasising tha internal elastic lamina, and then bleached
the prints in 5 per cent. corrosive sublimate. An illustration on similar lines—
and almost certainly made in the same wagy-—will be found in his paper on
“Arrested dissecting ancurysms” in the Vontreul Jedical Journal, vol. xxiv.,
1895-6, p. 945. These 1lluscrations are suficient for the purposes intended by the
author, but [ thoughc thut the method miyht te carried a lirtle further so as
to produce slightly more arristic illustrations which might be deseribed as a
combination of line and stipple drawing and which would have the advantage
of being capable of reproduction as text fiyures.. Tl.e results are seen in my
illustrations in the tumour paper, but improvements could certainly be made
on the method by anyone having artistic capacity wnd who i3 an expert in
pen-and-ink work. I cannot approach to -this ideal, but I wish to show
bow anyons with a very small knowledge of drawing can produce illustra-
tions which ars at least accurate and in which he can, if necessary, emphasise

detail. .

In the first place an ordinary black and white print is made, preferably on

a matt surface paper, as showu in fig. 1. On this print the outlines and
details ars dravwn in with a fine drawing pen, using a good waterproof indian
ink. This process proves rather troublesome Lecauss the indian ink dries very
rapidly at the point of the pen and the point tends to scrape off a very small
amount of the gelatine surface. This collects on the point, and, unless frequently
wiped off with a piecs of folded rlter paper or on a piece of old linen, produces
thick lines in place of the tine lines which are Jesirable. Diluting the ink
with distilled water helps to make it flow sasier, but dilution is uot essential.
The irregularities and varving shades in the print can be reproduced fairly
well by the stipple method, the fine dots being placed closer together in
the darker parts and wider apart in the lighrer parts of the print. A certain
amount of shading can be produced by drawing closaly set delicate parallel
lines in the parts which are in shadow. For blocking out, a ine camels’ bair
brush is used.

In fig. @ my aim was to block out the tumour so as to show its relation both
to surrounding structures and to the bronchievtasis which was a prominent
feature, bus outlining the groweh, and stippling in its irregularities would bave
shown it up almost as clearly.

After the ontlining and sbading have been completed the next procedurs
is to dischurge the print. Occasionally, one miay wish to preserve some indication
of it, and if so, it should Le treated in “hypo ’ solution to which sutfcicnt
potassium ferricyanide has been added to give a pale yellow colour, or in 5 per
cent. aqueous solution of corrosive sublimate. In order to discharye the pboto-
graph completely and rapidly, I apply iodine solution which is followed by
treatment with acid “bypo.” The print is treated with 1 per cent. watery
solution of iodine until the paper is of a deep blue-black e¢olour. This i3 then
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rinsed in water and treated with acid “hypo,” that is, hyposulphite sclution

containing citric acid.

Formula :—
(a) 5 per cent. “hypo” 20 oz.
(b) citric acid . . . $oz
hot water . . . . 10z
(¢) sodium sulphite . . . 4oz
hot water . . 1 oz.

Mix (b) and (c) and add .to (a).

This quickly discharges the blue-black colour and reproduces the ivory white
colour of the paper on which the indian ink lines and dots stand ont very

2o 1L

Latd it

]
‘/'
. - N i
' Ly
“iH
- e , X
P s '
- . AO“""J \
g - -
2 5
- 3 Fre. 3.
- .\'_' distinctly. After washing for about an hour in running water it is allowed
3 to dry. The treatment can be rupeated if the print is not completely discharzed.
e One cnu then compare the drawing with the original prepamtion and with
_ another print of it, and draw in any part which has been inadvertently omitted
; or correct or omnphasise details. Moreover, any lines which prove to be teo
: ‘ heavy can be reduced by semping with a sharp pointed knife. The result is
shown in the text figure (tig. 3). TFigs. 2 and 3 have heen prepared {rom the
sme print, tig. 2 after inking and fig. 3 after the final bleaching.
The method can of coursa bo applied ¢qually well to microphotographs.
i
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BOOKS RECEIVED

Elementary pathologioal histology.

By W. G. Bazvarp. London: H. X Lawis & Co. Ltd. 1928. Pp. 20,
178 illustrations on 52 plates. 7s. 6d.

Essentially tbis is 2 small hand-atliz 23 slementary pathological histology,
with brief pithy descriptions of iL: =om important disease-processes.
General principlesare illustrated by msizs of well-chosen particular instances,
and the method of approach is oo fa=ilar and conventional lines, even if
the phraseology of the preface had raizzi nther hopes—or fears. The times
arc changed, and it is conceivable thi: students nowadays read prefaces;
if co, Dr Barnard’s will help to zaiz im readers. The illustrations are
provided by an admirable series of mi.ropbotographs and some drawings,
witlt the legends on the pages opposit:. 3 method by which it is poasible to
have descriptions of adequate length wi:zour curtailment of the size of the
pictires. The text, which has been redz:«d to 2 minimum, deals clearly and
simply with the subject-matter. Half :3: book is devoted to inSammation
and the reactions to selected types cf izfecdlon, ome quarter to various
regrossive and progreasive tissue chacs:s and the remainder to tumours.
This is a book for use in the practicsi class room. It can be cordially
recommended to students of pathology, 2ad the jumior student in particular
should fad it of the greitost servics in si=dving his class slides. [ts price,
which is commendably low, places it wi:kin the reach of all. There ars one
or two curious verbal slips (e.q. “inspirad food stuff” o p. 10} which the
author will no doubt rectify in future edirions.

Physiology and biochemistry of bacteria.

By R. E. Bucaxay and E. I. FoLuer. London: Bailliere, Tindall & Cox.
1928. Pp. 518, 78 text figures, 34s.

Everyone will agree with the authors that thare is need for the collection
and systematisation of the scattered information about the physiology of
bactaria yeasts and moulds; they now publish the first volume of their
attempt to supply the want. It deals with “zrowth phases; composition,
and biophysical chemistry of Lacteria and their environment ; and epergetics.”
It is partly good and will be uscful, but ir {xlls very far short of what we had
hoped for. Instead of an encyclopedie scholarly survey, the autbors give us,
as thoy frankly confess in the preface, . revision of the lectures on the
pbysiology of bacteria and on biophysicul chemistry given at the Iowa State
Collegs to students of bacteriology. The result is patchy and unaven. A
great part of the book (roughly 200 pages) is taken up with an account of
some aspects of physical chemistry which might bave come out of a manual
of that subjeet: it is quite out of plave here. Indeed the whole work is
absurdly dominated by the physico-chemival outlook. In consequence the
physiology is scamped. Instead of describing the facts of anaerobicasis, we
have a page of superficial remarks suitable for a schoolbook on generul
biclogy and a reference to nine pages oun uxidation-reduction potentials. If
Prof. Buchanan wants to produce a book up to his usual standard he will
have to take it more soriously and not be tn such a hurry to throw his lecture
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notes into print: he would also do well to associats hinself with the
professors of animal and plant physiology rather than the professor of
biophysical chemistry, The index (in such a hook so essential) is very bad.
Anyone who is curious about the foodstuds of bacteria will find under
“hydrogen™ only a reference to hydrogen for the hydrogen electrode and
will not find “ methano ” at all.

Filterable viruses.

Edited by T. M. Rrvers. London: Bailliére, Tindall & Cox. 1928. Pp.
428, 24s.

Knowledge of viruses is mwoving so fast just now that it would be
impracticabls to attempt an encyclopmdia of all that is known and suspected.
Wisely enough this volume does not contemplate any such exhaustive
treatment. It consists of ten chapters: on poliomyelitis (by H. L. Amoss),
foot-and-mouth disease (P. K. Olitsky), fowl-pox (E. W. Goodpastora),
insect diseases (R. W. Glaser:, plant viruses (L. O. Kunkel), cytology
(E. V. Cowdry}, the use of tissue cultures (A. Carrel), flters (S. Mudd): all
these are good. The best article is the last—J. J. Bronfenbrenner on the
bacteriophage. The worst is the general introduction by the editor, whko
frankly confesses that the problem of what life is does not interest him, acd
accordingly makes no attempt to discuss the real saturs of viruses. The
whole forms a very interesting and useful book and there ‘are abuadant
bibliographies.

Handbuch der boiogischen Arbeitsmethoden.

Edited by E. ABpERRALDEY. Berlin and Vienna : Urban and Schwarzenberg.
1928,

Part 283 (pp. 183 : ). 9) contains u long article (153 pages) by K. Saller on
the biometry of frogs, small laboratory mammals and birds, a few remarks
(8 pages) on mcial pathology by A. Plehn and an indifferent account
(17 pages) by H.Baum of the methods of injecting lymphatics. In part 268
(pp. 111: M. 8} R. Schuitzer gives an accouut of chemotherapy in protozoal
infections aud in part 299 (pp. 109: M. 8) E. Liwenstein discusses toxins
and toxoids with a good deul of interesting historical matter. The reasonnble
price at which this compendium is still sold deserves notice : many german
books and periodicais have become impossible luzuries.

Arbeitsmethoden der Mikrobdiologte.

By A, Jaxxe and H. Zixes. Dresden and Leipzig: Steinkopf. 1928.
Pp. xi + 183, 127 text tigures. M. 13.

This book is intended to serve as a complementary volume to Janke’s
General technical microbioloyy (Dresden and Leipzig 1924). It is essentially
a practical handbook and s it is designed for the use of students at technical
high schools it does not deal with the medical aspects of bacteriology. It is
quite a good compendium of methods in vogue for the study of bacteria and
their products, particulariy these which are of importance in industrial
processes. It covers a wide range of subjects, from the best colour to put on
the walls of a laboratory to the details of the methods employed in analysing
the chemical changes oceurring in the varivus processes of {ormentation.
There are chapters on the micrvscopic examination of organismy, methods
of cultivation, sterilisation and enumeration, the study of chemical changes
in substrates and the mode of production of these changes and the micro-
biological »xamination of air, water, soil, etc. These sections are on the
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whole well done and contain much dstailed information in a small compass.

The last chapter (20 pages) on the identification of organisms is of much less
value. It is interesting to note the complete omission of all refercnce to
serological methords. The illustrations are poor.

Dle Bedeutung des Ratikulcendothsiislsystems fiir das Streptokokkensepsis-
prodblem.

By N. Louros and H. E. Scexvee with the collaboration of A. Scmyrenern
and E, Gaesstee. Leipzig: Georg Thieme. 1928 Pp. viii + o1, 13
fignres and 4 coloured plates. M. 14.

There are fashions in patheiocy as thers are fashions in clothes and the
authors of this volume are certzinly not unfashionable in their treatment of
the subject of streptococeal infection in mice. They are however perbaps a
littla behind the times, thouzh aoc much, in the mystical and almost
reverent way in which they use the terms * physical,” * chemical,” “ physico-
chemical,” “ colloid ¥ and “metatolism.® In th: course of the discussion very
great stress is laid on tae importancs of the reticalo-endothelial system in
metabolic prcesses and on the relarionship between success or failure to
combat infection with etreptococei and the hehaviour of this system. The
greater part of the work: is devoled to the study of the effect of chemical
substances, lipoids, proteias. Iy:s. heavy metals ete., and physical agents,
X-rays and light, cn the infictinn and to correlating the results obtained
with the effact of thess sabstances on the reticulo-endothelial system. It
cannot be said that the wiscrssion is convineing. It is not even clear that
the proliferation of the c¢:us of tha syarem described as occurring in certain
infected animals is controiled by obsarvarion of more than a few normal
animals. The alterations in the blood picture are discussad without reference
to the total counts. Tha edects of the various chemical and physical agents
employed toiniinence the course of taz axparimental disease are not described
in such a way as to ~ermit ons to compare the experimental results actnally
obtained with the conclusions drawn from them. As the results are
apparently not clean cut but merciy ¢onziss of a prolongation of life in most
instances it is not possible for tL= rzadzr to judge of their value without
much fuller descriptions of the sxperiments. The case is clearly one for
statistical evaluation and none has been made. In a fairly long list of
rafersnces thers is ouly one to a publication in english.

Reosnt advances (n bactariclogy.

ByJ. B Diste. London: Churchill. 1929[1928] Pp. 383, 22 illustrations.
12s. 6d.

A bright and cheerful account of many of the growing edges of bactericlogy
—straptococei, roughs and smocths. daceriophaye, experimental epidemices,
B. C. G, virases. pneumocoeei, spirochetzs and so furth.  Prof. Dible seem»
to us to have succeeded quita well in what must have been a dificult job : it
would have been easier to do at greater leagth. and in a small compass he has
mentioned most of the things which matter in ench topie. A listle more
dogmatism might be an improvement and the referemces should be in
alphuabetical order. [t is probably us Jifcult to decide whether Twort oc
d’Heorelle discovered bacteriophage as to be suve whether the first professor
of mathematics in University College. London (1808-1571) or Jonathan Swift
(1667-1745) is the only begereer of ~litzle dens have lesser fiens”; nuking
verses, like scientilic discovery, is probably a process, not an event. Publishers
in Mesars Churchill’s position ought to be above making the protence that
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their bonks are nore np-to-date than they are by post-dating them. The
title page says “1020”: a copy reached the editors, by a rather devious
route, on December 8, 1928. Two other books published by the sams frm
this astumn are also dated * 1929."

Clinical chemical pathology.

Dy F. 8. FowwearAer. London: Churchill. 1929 [1928] Pp. 216,
18 illustrations. 8s. éd.

This is a aranual for the bedside, not for the laboratory and all deseriptions
of luboratory techunique are purposely omitted. The author’s aim is to give
the clinician an accovnt of the information that he may obtain from the
chowitesl laburatory, to explain the basis on which the various tests rest,
to give Lelp in the interpretation of tho results, and last hut not least, to
make clear the points that the clinicinn must himself attend to in the
collection of specimens. The result is an attractive and distinct!y successtul
volurme that collects within a small compass & masa of useful and otherwise
scattered inforuiation accompanied by nuch shrewd comment. The tale is
told very simply and clearly and the distinction between tests which hava
proved their worth 2nd those of mnore doubtful value is drawn with rare
judgment. An admirable present from any clinical pathologist to his
practising colleagnes! The implication (p. 149) that air ever coutains as
much as 21-07 per cent. of oxygen needs correction.
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PROCEEDINGS OF THE PATHOLOGICAL SOCIETY
OF GREAT BRITAIN AND IRELAXND
4th and 5th JANUARY 1929

The thirty-eighth mecting was held at St Bartholomew's Hospital,
London, on Friday and Saturday, 4th and 5th January 1929,

Communications and demonstrations

(Those marked with an asterisk are abntmacted below.)
J. W. MNex. The classification of chronic splenomegaly in Dritain.

J. 8. Young, Further observations on the production of nuyperplasia in the
alveolar epithelium of the lung of the rabbit.

I. Brzexsuon, Tumour formation in mics following f(reczing with carbon
dioxide snow.

L. Bzrexeriut. The modifying infiuence of mustard gas on the induction of
tumours in wnice by tar.

H. J. B. Fay. The syphilitic factor in malignant discases.

J. R. Pxrprav. Acute disseminated cocephalomyelitis.

J. G. GreexriELD.. The encepbalomyelitis of measles.

D. F. Carrrrr. The fate of intravenously injected iron.

B. D. Passzy, G. M. Bonsgr and M. J. STEWarT. The phagocytosis of melanin.

C. Pricx-Jonxs. Variability of mean diameters of red cells.

*F. Pizxxs WEBER. Generalised osteoscleroais.

W. W. C. Torrzy, M. GreExwooDp, J. Wrisox and E. Nzweord. The value
of various antigens in prophylactic immunisation against mouse typhoid.

F. C. Harrorp. Further experiments upon “heat stable ” Salmenella precipit-
inogens : (a) group relationships : (5) the effect of cuitural variations npon
the production of the * heat stable * precipitinogens.

A. Fruxx and M. Raopxza. Antigenic variation in bLacteria, illustrated by a
problem arising in the serology of typhus fever.

BR. Mircarrr Prrr. The offect of growing smooth and rough cultures of
B. typhosus in serum.

P. B. Warre. A factor in normal agglutination.
A, Froameg. The bactericidal power of humaa bicod to virulent pneumocoeci.
G. H. Eicres and D. M'CiEaxn. Growth of vaccinia virus in tissue culture.

C. H. Awparwres, Goeneralised vaccinia in the rabbit: protective action of
immune serum.

J. B. Buxrow. Caseous lymphadenitis in sheop (Preisz-Nocard bacillus).
A. S StmicHAN. Post-mortem cxperioncs in Johannesburg.

R. E. Grover. Contagious pustular dormatitis of sheep.

T. Dazumg. Lamb dysentery : prophylaxis with formulinised culture.

S. Eructowozrts, J. W. M‘Lzop and J. Gorpox. Further observations on

oxidution of dyes of the paraphenylenediamine scries by bacteria.
170
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PROCEEDINGS OF THE PATHOLOGICAL SOCIETY 1M

J. H. DmiE and C. WEeaTRERALL. The splitting of asculin and the production
of hamolysis by facal streptococei. )

R. Ecus and C. H. Whirrte. An epidemic of lobar pneumonia.

D. NaBanpo. The present incidence of bacillary dysentery in Great Britain.

V. D. Atrisoy and T, H. AvLixG. An improved medium for the isolation of
Corynebacterivm diphtherice.

H. W. Crowe. Ths seloctive afinity of certain streptococei for Lone tissae.

*M. J. Stewarnt and A. C. Happow. *Pscaliar bodies ” of pulmonary asbestosis
obtained by lung puncturs in the living subject.

H. J. B. Tcy. Three cases of chordoina.

D. NaBarro. Congenital syphilis with enlorged thymus and lymphoid tissue
hypertrophy.

D. F. Caerrrir. Two cases of myelomatosis: (a) plasma cell type; (3) unusual
type with tumour-like nodules and visceral lesions.

P. B. Wnarre. A differential test for smooth and rongh bacilli.

A. J. Stewart and S. J. HarTralLl. A case of chronié peptic ulcer of the
asophagus (above p. 9). ’

G. S. Wrtuayson, I. H. Prarsz and RBR. M'Cizzmon. Ezperimental and
spontanesus [:mphsdenoid goitre.

Joax M. Ross. A -ase of sphenomegaly of the Foix and Roemmels type (drc.
de. med, exp., 1913, xxiv. 111).

A. E. Bovcorr. Hystrichopsylla talpa.

Abstracts.

GmALrssn OSTEOSCLEROSIS,
F. Papxys Wraxn.

The specimens ars from an Englishman, aged 38 years, who was admitted to
hoapital in Jay 1927, with extreme pailor and general debility, after an illness
said to have commenced in February 1927. Repeated blood-counts showed
savers anmmia of varying degree, with a varisble proportion of myelocytes and
myeloblasts, and for a time large numbers of nucleated red cells (as in so-called
blood-crises). Roentgen ray examination showed a peeulinr opague condition
of the bones; the medullsry canal of the long Lones was badly detined, as in
the so-called “ Albers-Schinberg Marmor-Knochenerkrankung.” No signs of
a malignant tumour could bo found anywhero; there was no Bence-Jones protein
in the urine; tho Wassermann reaction was negative. Under repeated blood-
transfusion and afterwards liver-dict ho improved a little, but in Febroary 1938
he contrncted a septic pharyngitis and suppurative otitis medin. Staphylococei
were cultivated from the circulating blood, ard he died on 22nd February-.

The necropsy showed a condition of generalised osteosclerosis (endoscleroasis),
the medullary canals of the long bones being in great part filled up by hard bone
and fibrous tissue. Tho condition of the sploen, liver and Iymph-glands was not
typical for any kind of leukamin. In rsgard to the classification of the case the
following had to be considered ; —

(1) The generalised osteosclcrosis which has ocensionally been noted in .

association with alenkamic myelosis and other types of leukaemia,
(2) The constitutional or congenital condition of so-called “ marble bones.”
(3) Other conditions, especially secondary osteosclerotic antemia, as a reaction
towards diffuse milinry carcinomntosis of bones.
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DEMONSTRATION OF THE ffCT.‘-LIAR BODIES OF PULMONARY
ASBESTOSIS (* ASBESTOSIS BODIES ) IN MATERIAL OBTALINED
BY LUNG PUNCIURE AXND-IN THE SPTUTUL

M. J. StewarT and A. C. Happow.
Leeds.

The occurrence of highly characteristic golden-yellow bodies in the Gbrosed
lungs of asbestos workers has now been demonstrated by a number of observers
(Stuart M‘Donald, Jirit, Med. Journ., 1927, ii. 1025 ; Cooke and Hill, Journ. 2.
Alfier. Soe, 1927, p. 232; Taylor and Grieve, unpubliahed observation; Simson,
Brit. Med. Journ., 1929, i. 883). They have been found in every fatal case of the
diseass in which they bave been looked for, including the original case published
by Muarray (Charing Cross Hospital Guarette, 1500) and recently re-examined by
Dr E. L. Middlston of the Home OFcs (personal communication), and they were
present in the lungs of a guinea-piz which had been experimentally exposed to
an asbostos dust atmosphere (Marrogordato, quoted by Simson, op. «tt.). They
occurred in lorge numbers in four fazal Leeds cases of pulmonary asbestosis, in
the last of which they wers readily demonstrable in smenrs from the cut snrface
of the langs (Stewart, Brit. Jled. Journ., 1533, ii. 509). Arising out of this
observation it was suggested to one of us by Dr S. A. Henry of the Home OBces
that exploratory puncture of the lung might yield positive results. So far, this
procedure bas been attempted in two cases only, and in one of them asbestosis
bodies wers recovaered from the lung.

A masried womasn of 38, with fre children, bad worked in an asbestos factory
since the'age of 18 until a year ago, with intervals totalling about six years.
She bad a dry. irritating cough with noderate dyvspams and rarked loss of
weight, The physical signs were limited to the Lases of the lungs, whero there
was definito dulness with diminished breath sounds and fine crepitations. On
15th December 1928 the left base was explored with a bollow needle and o
mioute amount of blood-stained maoterial withdeawn. This was smeared on
{four microscope slides two of which were dried, rixed with Leat and mounted in
canads balsam ; one was treated with hydrochloric scid and potassium ferro-
cyanids, and one was stained for tubercle bacilli. The material obtained consisted
mainly of blood, partly 8uid, partly clocted, with oumerous earbon-containing
macrophages. The peculiar and quite’ unmistakeable golden-yellow asbestosis
bodies were present in considerable numbers, capecially within the small blood-
clots. They gave a rather feeble prussian blue reaction. Occasionally thers was
evidencs of phagocytosis Ly large macrophages, some of which had multiple
nuclei and contained carbon dust. No tubercle bacilli ware fountl.

In a second very similar case, nemtive results were obteinad, the material
withdrawn consisting apparentiy of blood with an sxcess of leucocytes.

Following the positive tindings in the Brst case, wo attempted to rccover tho
bodies from the sputum. As a rule thers is litilo or no sputum in those cases
except during an actual bronchitic attack, and in neither of the cases punctured
was any availuble, About balf an ounce of -mucopurulent sputum obtained from
each of two other patients was dissolved up in an equal quantity of undiluted
antiformin, centrifuged, and the deposit washed and examiued wmicroscopically.
After prolonged search through numerous §lms two typical asbestosis bodies were
found in one of the specimens examined. The other was entirely negativo.

This work is being continuud, hut we theught it well to make a preliminary
couununication nuw in the hupe that the methuds wo have adopted might prove
of use to other workers.
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