
BMJ Publishing Group

On The Protozoan Origin Of Tumours
Author(s): W. Ford Robertson and M. C. W. Young
Reviewed work(s):
Source: The British Medical Journal, Vol. 2, No. 2543 (Sep. 25, 1909), pp. 868-873
Published by: BMJ Publishing Group
Stable URL: http://www.jstor.org/stable/25283643 .
Accessed: 30/08/2012 16:59

Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at .
http://www.jstor.org/page/info/about/policies/terms.jsp

 .
JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of
content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

 .

Digitization of the British Medical Journal and its forerunners (1840-1996) was completed by the U.S. National
Library of Medicine (NLM) in partnership with The Wellcome Trust and the Joint Information Systems
Committee (JISC) in the UK. This content is also freely available on PubMed Central. .

BMJ Publishing Group is collaborating with JSTOR to digitize, preserve and extend access to The British
Medical Journal.

http://www.jstor.org 

http://www.jstor.org/action/showPublisher?publisherCode=bmj
http://www.jstor.org/stable/25283643?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp


868 
m^cB?bjo"Sax.]_SECTION 

OF 
PATHOLOGY._[Sept. 

25, 1909? 

tion of lungs or bronchial glands, except in two experi 
ments (feeding with dry lampblack mixed with the food 
both dry and moist, for eleven and fourteen days respec 

tively), when the conditions were such as did not exclude 
the possibility of the pigment being inhaled directly into 
the lungs. . 

' 
. ? 

(b) Feeding adult guinea-pigs in a similar manner 

resulted in no pigmentation of the mesenteric or cervical 

glands, nor of the lungs or bronchial glands ; such pigmen 
tation as was found in these latter situations in some of 

the guinea-pigs fed with carbon being equalled in normal 
animals of corresponding age which served as controls. 
Some degree of pigmentation of lungs and bronchial 

glands in normal guinea-pigs of 500 grams and over is 
common in Cambridge. 

The results of these experiments are directly opposed to 
the belief that pigmentation of the lungs is of intestinal 
origin, and suggest the possibility that spontaneous pig 

mentation may sometimes have been mistaken for the 
result of an experimental feeding with carbon. 

2. Experiments with B. prodigiosus : (a) Inhalation (26 
Experiments) ; (b) Feeding (14 Experiments). 

(a) Cultures were made from a large number of organs 
and glands of animals exposed to a spray containing the 
bacillus. In all the more recent experiments the spray 
used was of the finest description, and was continued only 
for one or a few minutes. It scarcely sufficed to produce 
any perceptible wetting of the coats of the animals.* 

B. prodigiosus was cultivated from the extreme marginal 
portions of the lung of all these animals, unless the 
interval between spraying and death exceeded fifteen hours. 
In two instances the animals ceased to breathe within 
three and five minutes respectively of the commencement 
of the exposure to the spray. 

The bacillus did not fail to reach the lungs after the 
oesophagus had been ligatured in two places and divided. 
The bacillus reached the bronchial glands in ten hours, if 
not earlier, but was not found in them after the fifteenth 
hour. It was twice found in the mesenteric glands and 
once in the cervical. It was invariably absent from other 

parts of the body, except in the case of one of the earlier 

animals, which was entirely exceptional. 
(b) Feeding with B. prodigiosus (14 experiments). 

Guinea pigs were made to swallow large quantities of 
B. prodigiosus, killed after intervals of three to fourteen 

hours, and cultures made from their organs and glands. 
In the case of about half the guinea-pigs, one or two 
colonies?often a single colony only?appeared in one or 

more of the four tubes sown copiously with lung emulsion. 
It is, however, by no means certain that these reached the 

lungs after being absorbed from some part of the alimen 

tary canal, for it is probable that the bacilli do not survive 

long enough in the stomach and intestines to do so; for 

only rarely could a colony of B. prodigiosus be cultivated 
fr#m their contents ; and in not one of these experiments 
did B. prodigiosus appear in the cultures from the mesen 
teric glands. Once, however, a single colony appeared 
in a tube sown from the gland just below the symphysis 
of the lower jaw (submental). Observing the frequency 

with which guinea-pigs make a choking noise when 

feeding, and especially when fed artificially, I have no 

difficulty in believing that the bacilli in question may have 
reached the lungs directly?that is, by the air passages. 
In ter trach?al injections of small quantities of these bacilli 

were followed by their appearance in the margins of the 

lungs. 

3. Experiments with B. tuberculosis : Inhalation 

Experiments (14), Feeding Experiments (13). 
Both feeding and inhalation experiments were under 

taken. The former are by no means yet complete. The 
results were, on the whole, similar to those obtained after 

feeding with B. prodigiosus. Their interpretation awaits 
further experiments. When guinea-pigs were fed with 
tubercle bacilli and allowed to live some weeks, tuber 
culosis appeared first in the mesenteric or cervical lymph 
glands, and no disease appeared in the lungs until it became 

generalized elsewhere. 
The spraying experiments clearly show that tubercle 

bacilli suspended in the air can readily penetrate deeply 
into the lungs. When the animals exposed to the spray 

* A " 
Myra 

" 
spraying bottle was used for the recent experiments. 

were killed a few minutes or hours after, and their emulsi 

fied organs injected into other guinea-pigs, tuberculosis was^ 

invariably produced by the lung emulsions. A much less 

severe tuberculosis was in some cases produced by the 

bronchial or mesenteric glands. When guinea-pigs 

exposed to the spray of tubercle bacilli were allowed to 
live from one week to a month, and then killed and 

examined, tubercle bacilli were found in large numbers in 

the lungs before any lesions appeared anywhere. Else 

where they were absent, except in small numbers in the< 

bronchial and cervical lymph glands. Tuberculous lesions, 

first appeared in the lungs, then in the bronchial glands, 
after which they were found in the portal lymph gland and 
the spleen. The mesenteric glands invariably escaped 
tuberculosis, but in 1 case (out of 10) three tubercle bacilli' 

were seen fourteen days after exposure to the spray. 

Conclusions. 

The experiments as a whole are not 
yet completed. 

They, however, clearly show already that m the guinea 

pig, bacilli suspended in the air readily pass down the 
bronchi deeply into the lungs. The experiments are not" 

suificiently advanced to justify any conclusions as to the 

course of infection which follows the introduction of 
tubercle bacilli into the alimentary canal. 

ON THE PROTOZOAN ORIGIN OF TUMOURS. 
BY 

W. Ford Robertson, and M. C. W. Young, 
M.D. M.B., Ch.B. 

For several years, and in numerous papers and demonstra 

tions, we have advocated the view that certain forms of 

malignant tumour are associated with the presence o? 

protozoan organisms which determine the morbid prolifera 
tion of the cells. Our contentions have been based chiefly 

upon the alleged demonstration of the parasites in the 

tissues by new methods, upon their cultivation, and upon 

the experimental production of carcinoma in mice by 

feeding with incubated carcinomatous fluid from the 

| human subject. As is well known, the opinion that malig 
nant tumours are of parasitic origin has long been held. 

At one time, indeed, it was the most favoured view of their* 

etiology. In recent years, however, it has come to have 

very few supporters. The reason for this is certainly not 

that the parasitic, hypothesis has been proved to be 

erroneous. It lies, we think, chiefly in two facts?namely, 
that about fifteen years ago opinion almost completely 
revolted against the current parasitic theories, which 

seemed incapable of being definitely proved, whilst at 
the same time they conflicted with each other, and 

that shortly thereafter totally different method a 
of investigation 

came into fashion, which seemed to 

offer sure hopes of the complete elucidation of the 

problem of cancer. How these hopes have been falsified 

is a matter of history for those who can read it. The 

enormous activity that has been shown in orthodox cancer 

research during the past ten years has unquestionably 
resulted in the elucidation of many important facts* 

regarding the pathology of tumours, but it has left the 
essential question of their etiology as obscure and 

mysterious as it was fifty years ago. We think it could; 

hardly have been otherwise, for, with all respect to the 

many able workers who have pursued this special line of 

investigation, and with ungrudging appreciation of their, 

magnificent labours, we venture to maintain that they have 

missed the right path in this selva oscura of cancer 

research, and the sooner the fact is realized the better will 

it be for the interests of medical science and of a vast 

contingent of suffering humanity. 
We wish at this meeting to present the case for the 

protozoan origin of tumours as it stands on the ground of 

the evidence we have obtained, and to demonstrate this 

evidence, as far as possible, by means of microscopical 

preparations and lantern slides presently to be shown on 

the screen. We cannot, in the time at our disposal? 

attempt to compare our observations with those already 
recorded by other workers. Our methods are quite 
different from those that have been used by others, and. 

we believe that many of the forms we describe have not, 

previously been identified at all. For these reasons ourr 

j observations are capable of standing by themselves. 
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We maintain that just as there is a very extensive group 
of pathogenic micro-organisms, classed as schizomycetes, 
which determine various forms of inflammation, so also 
there is another extensive group of pathogenic micro 

organisms, probably to be classed as mycetozoa, which 
determine the development of various forms of tumour. 

We assert that in many tumours we can demonstrate 
bodies that are obviously protozoa, and that there are 
-other microscopic forms which, though not by themselves 
capable of being proved to be of the same nature, can yet 
be traced from or to these definite forms and given a place 
?n a life cycle which has close affinities with that of known 

protozoan cycles. 
We are well aware of the dangers that there are of 

being misled by degenerative products, and even by 
normal appearances, but these do not exclude the occur 
rence of protozoa any more than the caseous material in 
a tuberculous lung excludes the occurrence of bacilli. We 
have now used our special methods for so many years, 
and are so familiar with what they reveal, not only in 
tumours but in other morbid conditions and in normal 

tissues, that we can speak with confidence regarding the 

special bodies to which we attach importance. By means 
of the palladium methyl-violet method we undertake to 

distinguish, as a rule, only the rod form or sporozoite. 

Fig. 1.?Provisional cycle of a mycetozoon. 1, Gametes lying free 
in plasmodium. 2, Nuclei of zygotes in vessels. 3, Zygotes in 
sporangium, where they divide and form resting spores. 4, Sporo 
cyst rupturing and setting free sporozoites. 5, Dark sporozoites 
become amoebulae ; pale sporozoites form vessel walls. 6, 

Amoebula? form a plasmodium, in which there develop gameto 
cytes and asexual sporoblasts. 7, Asexual sporoblasts give rise to 
?warm spores and sporozoites. 

By means of the ammonio-silver process and cyanide 
decolorization we reveal the cyanide-fast bodies, which 
extend in the life cycle from the plasmodium to the swarm 
spore. Degenerative granules that resist decolorization are 

often present in various morbid tissues, and the mere fact 
that a body is cyanide-fast we do not regard as proof of 
its protozoan nature. We rely upon the occurrence of 
certain additional and characteristic features, which we 
shall describe. 

In order that we may be able to make quite clear our 
contentions with regard to the occurrence of, protozoa in 

tamours, we must recall the life cycle of the Haemamoeba 

malariae, a sporozoon, and compare it with that of 
'Badhamia utricularis, a 

saprophytic mycetozoon, 
and 

with that of Plasmodiophora brassicae, which is by some 
classed among the mycetozoa, but by others included in *a 
lower group, the protoomyxa. The last named is parasitic 
in the cells of turnips, cabbages, and other plants, and 
?determines the development of tumour-like growths. 

In the case of the Haemamoeba malariae, the crescents 
or gametocytes, upon gaining access to the body of the 

mosquito, ripen to form the fully-developed male and 
female gametes. By a process of exflagellation from the 
'male gametocyte, there is formed a microgamete, which 

unites with a macrogamete. The body resulting from this 
-conjugation is the zygote or travelling vermicule. This, in 
?course of time, becomes the sporoblast, within which there 

develop numerous rounded bodies which subsequently give 
trise to the spindle-shaped sporozoites. The sporocyst 
ruptures and the sporozoites escape. On being transferred 

to the human body, these enter the re ? corpuscles and 
become amoebulae, thus initiating the asexual cycle. 

Within the red corpuscles the amoebulae proliferate and 

form an aggregation termed a sporocyt?, the individuals 

composing which separate and escape from the corpuscle 
as little nucleated bodies termed 

" 
merozoites." These enter 

other red corpuscles and become amoebulae, and thus the 
asexual cycle starts again. Alternatively, the merozoite 

may develop into a crescent, thus initiating the sexual 

cycle already described. According to Schaudinn, a female 

gamete that has not become fertilized may undergo 
successive divisions, and give rise to amoebulae. 

The life cycle of Badhamia utricularis, though differing 
widely from the preceding, has certain close analogies to 
it (Fig. 1). There are gametocytes and fully developed 
gametes. The method of conjugation does not appear to 

have been determined definitely, but it is probably direct, 
as in Plasmodiophora, without the preliminary formation 
of a microgamete. Conjugation is followed by a resting 
phase. When further development takes place, there is 

liberated from within a capsule a large rounded body with 

two long, thin flagella. It becomes a sporoblast. This 

discharges from its interior a large number of small 

rounded forms, which increase in size and give off rodlike 

bodies, or sporozoites, each of which has a flagellum at 

one end. These sporozoites may complete their develop 
ment before rupture of the sporocyst. They next break 

up into rounded nucleated bodies which represent an 

amoebula phase. It is very doubtful if there is 
any true plasmodium, though' the term is commonly 

applied to the creeping film, which, however, is com 

posed of independent sporozoites, amoebulae, and gameto 

cytes in various proportions, according to the age of the 

growth. The walls of the vessels that form an essential 

part of these films are apparently formed by deposition of 
successive layers of a pale type of sporozoite which is 

always present. The development of a sporangium marks 

the ripening of the gametes, the occurrence of conjugation, 
and the formation of resting spores. The important point 
in this life cycle for our present purpose is the occurrence 

of a rod or sporozoite. phase. These rod forms appear 

always to have been mistaken for bacilli. We have made 

observations which we think place it beyond doubt that 

they are a phase in the life cycle of this protozoon. There 

is also evidence of the occurrence of an asexual cycle 

comparable to that described by Schaudinn in one of the 
malarial parasites. 

The life cycle of Plasmodiophora brassicae, to which 
we have devoted much study, differs considerably from 
that of each of the foregoing, but again the analogies are 

close and striking (Fig. 2). Although regarded by some 
as a mycetozoon, this protozoon does not, on account of 

its parasitic habit, form a sporangium. The gametes, as 

seen in the cytoplasm of tbe turnip cell, are rounded or 

oval bodies with a well-defined nucleus but without pro 
cesses. There are male and female types, distinguished 

by their comparatively dark and pale nuclei. Conjugation 
takes place by direct fusion of two individuals. There is 
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no preliminary formation of a microgamete. Immediately 
after conjugation a capsulated spore develops, and this 

constitutes a resting phase as in Badhamia. When 

activity is resumed swarm spores develop within the 

original capsule, and, after having been liberated, develop j 
into a rod form or sporozoite. It is probably by the 

sporozoite that the young turnip is infected. There has I 
also been described as issuing from the spore a large 
flagellated form, as in Badhamia. In the cells of the 
plant the sporozoites break up and form amoebulae. 
These multiply and coalesce into a plasmodium ; from this 
the gametocytes arise and ripen into gametes. The cells 

infected by these last three forms are stimulated to intense 
proliferative activity. 

The life cycle of the protozoa that we describe in 
tumours has much in common with each of these three 

types that we have described, but it has also its special 
features (Fig. 3). Its asexual cycles very closely resemble 
those of Haemamoeba malarias, whilst in other respects 
its general characters most closely approximate to those of 

Plasmodiophora brassicae. There seem to be numerous 

pathogenic species, distinguishable by morphological and 
other characters. The gametocytes 

are represented by 
nucleated bodies without processes; they measure from 

0.5 to 2 fx in diameter, and in ammonio-silver preparations ! 
are cyanide-fast. They develop into gametes which are 

slightly larger and generally 
show several delicate pro 
cesses. The gametes have 
two types of nucleus, dark 
and pale, evidently represent 

ing male and female forms. 
In some tumours appearances 

suggestive of a process of 

exflagellation of a micro 

gamete have been seen. It is, 
however, uncertain whether 

conjugation takes place 
directly, as in Plasmo 

diophora, or after the forma 
tion of a special male 

element, as in Haemamoeba. 
There is evidence in support 
of each of these possibilities. 
The zygote does not appear 

immediately to form a resting 
phase, but becomes a motile 

form, like the travelling ver 
micule of the Haemamoeba. 
This is at first an elongated 
body with two flagella at 
each end. After a time it 
seems to lose or to retract its 

flagella, and as it moves about 
in the tissue anaces, the an 

^i^-^?' T^f^'Bi?S^?S^^a 
Fig. 3.?Cycle of protozoa described in tumours. 1, Game 

tocytes. 2, Conjugation (preliminary development of micro 
gamete?). 3, Zygote. Travelling vermicule. 4, Besting 
spore. 5, Development of swarm spores and sporozoites. 
6, Amoebulae. Short asexual cycle. 7, Plasmodium. 
8, Long asexual cycle. 

terior part is drawn out into a thin process with bulbous 
extremity* The zygote subsequently develops into a 
rounded sporoblast, a body measuring from 3 to 6/x in 

diameter, and extremely cyanide-f ast. This sporoblast may 
proliferate before going on to the next phase. As it matures, 
there issue from its interior minute swarm spores, each of 

which is furnished with an extremely delicate short flagellum 
with a knob at the end. These swarm spores increase 

considerably in size and then shed off one or more minute 

rods, the sporozoites. At one end of these there is a 
delicate 

flagellum 
with a terminal enlargement. These 

rods have little affinity for aniline dyes, and cannot be 
distinguished in sections stained by the ordinary methods 
for the demonstration of bacteria in sections. They are 

generally revealed by the palladium methyl violet method. 
These sporozoites display a remarkable chemiotactic 
attraction for the nucleus of a tumour cell. One can often 
be seen abutting upon the nuclear membrane, indent 

ing it, or even penetrating it. Within a nucleus or 

elsewhere the sporozoite breaks up into minute 
amoebulae. These are nucleated bodies of irregular out 
line. The largest forms measure about 2 /i in diameter, 
but most of them are very much smaller. They are only 
slightly cyanide-fast, 

but can sometimes be seen in great 
numbers in ammonio-silver preparations toned with gold 
and only very slightly decolorized. They may also be 
seen in palladium methyl violet preparations. Within the 
nucleus or protoplasm of the tumour cell they tend to 

proliferate in such a way as to form compact groups. They 
then virtually constitute a sporocyte similar to that which 
develops within the red blood corpuscle in the case of 
Plasmodium malariae. Under certain conditions the 

amoebulae develop into much larger and more intimately 
associated aggregations which constitute plasmodia. In. 

ammonio-silver preparations with cyanide decolorization 
these are comparatively large granular masses which* 
occur within a nucleus, in a dividing tumour cell, in the 

cytoplasm of a resting cell, or in the tissue spaces. The 

gametocytes take origin in these plasmodia. This cycle 
does not, however, include all the forms that can be 

identified. A place requires also to be given to certain? 

delicate, faintly staining bodies, from 2 to 5 u in diameter,, 
which occur in and around malignant tumours, and 
which often appear in large numbers in the cultures 

to which we shall afterwards refer. They have a 

characteristic ping-pong ball indentation, and con 

tain a minute basophile particle. As seen in the 

tissues, their limiting membrane and chromatic particle 
are cyanide fast. We have known of these bodies for 
some years, but fpr long had the greatest difficulty in 
understanding their significance. For a time it seemed 
that they might be altered red corpuscles or remnants of 

other cells. We have, however, been able to eliminate 
such possibilities and to trace these structures with con 

siderable certainty. The ex 

planation that appears to us* 

to consist best with the ascer 

tained facts is that they are 
an asexual form of sporoblast 
derived from a gamete that 

has not been fertilized. They 
give rise to swarm spore? 
and rods of 

comparatively 
small size, and these ulti 

mately become amoebulae? 
If this explanation is correct,, 
an important feature of the* 

life cycle of these protozoa, 
is the occurrence of a par 

thenogenetic multiplication 
of the parasites, very similar 

to that described by Schau 
dinn to occur in the Hae 

mamoeba of tertian fever. 

In some tumours the sexual 

phases seem to be, for the* 

time, entirely in abeyance? 
whilst this and the other 
asexual phases are abundant. 

Evidence from the Study of 
Sections of Tumours. 

The ammonio-silver process? 

yields the best results only with sublimate fixed tissues,, 
from which the mercurial deposit has been completely 
removed by the prolonged action of iodine in alcohol. 

We have not always had at our command suitably 
fixed tissues, and, occasionally, the method has failed 
to yield successful preparations. Nevertheless, we 

have now an extensive series of tumours in which 

the necessary conditions for the obtaining of ( suc 

cessful preparations have been fulfilled, and it is> 

chiefly to some of these that we wish now briefly to> 
refer. 

With Jensen's adeno-carcinoma of the mouse we at first 

obtained only partially successful results. Last autumn? 
Dr. Madsen, of Copenhagen, after a visit to Edinburgh,, 

during which he was shown some of our preparations, 

kindly obtained for us from Professor Jensen two pieces of 
this kind of tumour. With one, which was sublimate fixed,, 

we have obtained what we regard as successful ammonio 

silver preparations. In these nearly all the phases of the 

protozoa that we have described can be seen. The most 

conspicuous features are the gametes with delicate pro 
cesses extending from their cytoplasm. This phase is* 

present in very large numbers, twelve or more often being 
visible in a single field under an oil immersion tons. 
These bodies occur chiefly within the protoplasm of the 
tumour cells, and are very commonly to be observed in 

cells that are dividing (Fig. 4). Another specially promi 
nent form is the plasmodium, which is also generally 
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intracellular, and indeed frequently intranuclear (Fig, 7). 
The asexual phases are also represented. It is probable 
that shortly before this tumour was obtained its nutritional 
conditions had been such as to initiate the sexual cycle, 
which had evidently not proceeded much beyond the 

maturation of the gametes. 
In all of the seven tumours induced experimentally in 

Fig. 4.?Gametes in dividing epithelial cell : Jensen mouse 
tumour. Ammonio-silver cyanide process. Carbol thionin. ( x 1,500.) 

mice, to which further reference will be made, we have 

been able to demonstrate several of the phases we have 

described. The gametes 
are smaller and less richly 

branched than in the Jensen tumour, but they are 

morphologically identical with the corresponding phases 
in scirrhous cancer of the human breast, from a case of 

which was derived the fluid with which the animals were 
infected. In the neighbourhood of a* carcinoma of tbe 
lung, included in this series of tumours, there is a remark 

able development of sporozoites within cells that have 

fig. 5.?Gametes. Possible exflagellation of miorogaxnetos. 
Squamous epithelioma. Ammonio-silver cyanide pro?eftfr. ( x 800.) 

shown no proliferate response. They fill the protoplasm 
of the cells, and give rise toan appearance almost identical 
with that to be observed in the corresponding phase of 
the Haemamoeba immediately before the rupture of the 
sporocyst. 

In a squamous epithelioma of the lip, the ammonio 
silver process has revealed large numbers of gametes, as in 
the Jensen tumour. They have, however, certain dis 
tinctive morphological features which compel us to believe 

that they are of a different species. They are generally 
smaller, and have longer processes. In this tumour, 

zygotes with and without visible flagella are also abundant 
(Fig. 5). Another very remarkable feature in this tumour 
is the occurrence of active phagocytosis of the parasites 
by polymorphonuclear leucocytes, which can be seen to be 

taking up the cyanide-fast bodies, not only in the tissue 

Fig. 6.?Sporoblast giving off swarm spores. Sarcoma of breast. 
Ammonio-sUver cyanide process, (x 800.) 

spaces, but quite commonly within the protoplasm of the 
epithelial cells. 

A case of scirrhous cancer of the breast has yielded 
preparations which show every phase that we have de 
scribed. The gametes are exactly like those in the 
experimental mouse tumours. Asexual sporoblasts, and 
the forms that are derived from them, are numerous. In 

palladium methyl violet preparations, small rods occur in 

very large numbers, several often being visible within the 
protoplasm of a single epithelial cell. 

Fig; 7.?Plasmodium in dividing epithelial cell: Jensen mouse 
tumour. Ammonio-silver cyanide process; Carbol tbionin. ( x 800.) 

In a cese of encepbaloid cancer of the breast, the alleged 
parasitic bodies are also present in large numbers, but the 

species would appear to be different from that in the 
scirrhous cancer to which reference has just been made. 

The most remarkable feature is the occurrence of great 
numbers of swarm spores (whether of the sexual or of the 
asexual part of the cycle it is impossible to say) and 
sporozoites in the cytoplasm and nucleus of the epithelial 
cells. In palladium methyl violet preparations, some of 
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the cells contain as many as twenty or thirty sporozoites. 
In this tumour these rod forms are not infrequently 
jointed. They can quite commonly be observed in process 
of entering a nucleus, and of breaking up to form 
nucleated amoebulae. 

Another scirrhous cancer of the breast (not sublimate 

fixed) shows in the epithelial cells very numerous delicate 
and often jointed rods. Asexual sporoblasts and swarm 

cells are also numerous. 

A rapidly-growing squamous epithelioma (not sublimate 

fixed) shows, in preparations by the palladium methyl 
violet method, very many intracellular rods, which can 

occasionally be seen to have a flagellum. These sporo 
zoites can be clearly traced from a rounded body, and 
can be observed in many instances to be developing into 
amoebulae. 

A sarcoma of the chest wall has given a remarkable 

result, to which allusion may be made. Not in prepara 
tions by the palladium methyl violet method, which is 
carried out upon formalin or sublimate fixed tissues, but 
in sections made from a silvered block, subsequently 
decolorized by potassium cyanide, and then stained by 
the palladium methyl violet process, there are revealed 
in the protoplasm of the tumour cells very numerous 

ragged amoebulae, generally forming groups. Some gametes 
with dstinct processes are to be seen in ammonio-silver 

preparations. 
lu lormalin hardened lymphatic glands from three cases 

of lymphadenoma, which on being received were passed 
through a sublimate solution, tbe ammonio-silver method 

with gold toning and partial decolorization with cyanide 
has revealed large numbers of amoebulae. Some of these 
bodies appear to be in process of mitotic division. One 
diaster figure is so distinct that its genuineness is hardly 
open to question. In one of the cases the preparations 
show a sporocyte phase in the nuclei of many of the 
tu m our cells. 

The infective sarcoma of the dog appears to fall within 
the same etiological group, for it shows similar bodies. 

Their morphological characteristics are, however, some 
what special, and the species would therefore appear to 
be quite distinct. Plasmodia, gametes, sporozoites, and 
amoebulae have been observed. The sporozoites are 
unusual in respect of being fairly cyanide-fast. 

Evidence from the Study of Cultures and Incubated 
Tumour Fluids. 

We have endeavoured to ascertain if the bodies that our 
methods reveal in sections of tumours can be seen in 
cultures and in fluid from cases of malignant pleurisy and 

malignant peritonitis, especially after incubation for 
various periods. 

Dr. Henry Wade and one of us have already described 
certain bodies which developed in large numbers in an 

agar medium, subjacent to pieces of a secondary growth 
from a case of carcinoma of the intestine after seventeen 

days' incubation. We have restudied these bodies in the 

light of our more recent observations, and can recognize 
the forms that are so abundant as swarm spores, the 

largest of which can be seen to be giving off rods. Many 
gametes and some travelling vermicules are also present. 

A similar culture from a tumour (mammary carcinoma) 
which developed in the abdominal wall of a mouse, after 

feeding with incubated fluid from a case of malignant 
pleurisy, contains every phase excepting the rods. A 
remarkable circumstance in the case of this culture has 
been the development of an aggregation of sporoblasts at 
a considerable distance below the surface. After fourteen 

days' incubation some of this agar culture was injected in 
emulsion into the abdominal wall of a number of mice. 
One of these mice, which died forty days later, shows in 
sections of the abdominal wall at the site of the injection 
an islet of agar, and in this there are several sporoblasts, 
some of which are giving off swarm spores. There are 
also large numbers of swarm spores collected in groups. 

From a carcinoma of the oesophagus which had ex 
tended to the skin of the neck, cultures were made in 

sheep's serum diluted with normal salt solution. The cul 
tures remained bacteria-free. After various periods of 
incubation the fluid was centrifugalized, and the deposit 

was examined microscopically. It snowed numerous 
bodies having the characters of the asexual sporoblasts, 
swarm spores, and sporozoites. 

Similar cultures made from pieces of tumour from three 
cases of scirrhous cancer of the breast have shown the 
same three forms on examination after from eleven ta 
fifteen days' incubation. 

Cultures of the same kind from a sarcoma of the breast* 
examined after four weeks, have shown capsulated bodies 

closely resembling the resting spores of Badhamia utricu^ 

laris, and also asexual sporoblasts, swarm spores, rodsv 
amoebulae, gametes, and zygotes. 

Peritoneal fluid from a case of malignant peritonitis^ 
incubated for four weeks, and proved to be bacteria-free,, 
showed, on examination of the centrifuge deposit, abun 
dant asexual sporoblasts and their residua, and also 
amoebulae. 

Evidence from the Experimental Production of Tumours 
in Mice. 

As already recorded in a previous communication,* 
30 mice were fed with fluid from the pleural cavity of a 
case of malignant pleurisy, secondary to carcinoma of the 
breast. This fluid had been incubated for about seven 

weeks. In the course of the next fourteen months 7 of 
the mice developed tumours, namely, 3 mammary carcino 

mata, 2 carcinomata of the lung, 1 of the testicle, and 1 of 
the uterus. 

Appendix. 

Improved Ammonio-Silver Method. 
1. Fix slices of tissue, |inch thick, in Heidenhain's sublimate 

solution for twenty-four hours. 
2. Remove the sublimate by putting the pieces in 80 per cent, 

alcohol, coloured sberry colour with iodine. Renew this fluid as 
it becomes decolorized and use weaker iodine solutions towards 
the end. Seven to ten days are generally required. 

3. Wash out iodine in 80 per cent, alcohol and keep pieces in 
80 per cent, alcohol till required. 

4. Before silvering, wash out the alcohol in water and place 
the piece of tissue in 5 per cent, formalin in distilled water for 
twenty-four hours. 

5. Wash out formalin in several changes of water for three 
and a half hours or longer. Rinse piece well a short time before 
putting into the silver solution. 

6. The silver solution is made by adding to a 5 per cent, 
solution of silver nitrate in distilled water 5 per cent, ammonia 
in distilled water, till the precipitate first formed re-dissolves, 

and then adding silver nitrate solution till the cloud formed has 
become quite dense. (The bottle to be used must not have 
contained formalin.) Five c.cm. of this solution are ample for a 
piece of tissue the size of a shilling. Too large a quantity tends 
to make the tissue friable when cut. The bottle containing the 
solution and tissue is corked and incubated at 37? C. for seven 

days. If the fluid has been rightly made up, it should after a 
few hours' incubation be clear, or have a slight violet tinge, 
and show a black silver deposit. If the sides of the bottle 
become silvered, another must be taken and fresh solution 
prepared. 

7. The tissue is next washed in water, to which enough 
ammonia has been added to be distinctly perceptible to the 
smell. The surface deposit of silver must be rubbed off gently 

with the fingers. The water should be changed several times, 
and the wasbing should be continued for eight hours or longer. 
Thereafter, the tissue is left overnight in dextrin solution, to 
which enough ammonia has been added to turn the reaction 
markedly alkaline. Prolonged action of the dextrin solution 
must be avoided, as it interferes with the subsequent toning. 

8. Thin sections are cut with a freezing microtome, and trans 
ferred to a bowl of ammonia water. They receive a second wash 
in ammonia and water, and are then transferred to water 

acidulated with citric acid. After a few minutes they are placed 
in tap water. 

9. For the demonstration of the less deeply staining forms of 
the parasite the tissue is toned with gold. The sharpest 
results are given by a mixture of 1 per cent, gold chloride with 
1 per cent, sodium tungstate (dissolved in boiling distilled water). 
If the gold chloride is obtained in the powdered form, care 
should be taken that it is not deliquescent. Equal quantities 
of these two solutions are filtered into a watch-glass. A dozen 
or more of the sections are placed in this and left till they show 
a distinct reddish tinge. Toning can be accelerated by slightly 
warming. If the sections are to be mounted without decoloriza 
tion, they must be thoroughly washed 

by being left several 
hours in water, or the section will afterwards darken very much. 

10. If the sections are to be decolorized they are transferred 
after toning, one at a time on a glass rod, to a 2 per cent, solu 
tion of potassium cyanide in a watch-glass. Here they remain 

until they have become of a bright pink tint ; or, if required, 
till they have almost completely lost their colour. They must 
then be rinsed in two changes of water. If it is desired to 
counterstain them they should be dipped for one or two seconds 
in Neisser's m?thyl?ne blue, and then washed in water. The 
sections, whether simply toned or decolorized, are next de 
hydrated with alcohol, cleared with turpentine-benzol on a 
heater, and mounted in benzol-balsam. If the section and 
balsam are absolutely anhydrous, the counterstain should last 
several years. 

11. An easy and safe way of decolorizing certain phases of 
parasite which have silvered too deeply with the seven days' 
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Incubation is as follows: Place the sections in a 1 per cent, 
-solution of platinum bichloride till they assume a pale chocolate 

tint, then rinse them in water and decolorize in cyanide as 
before. The sections should almost immediately turn a cream 
colour. Next wash them well in water and counter-stain for 
one or two seconds in carbol thionin. If the silver does not 
come out at once, it is better to return the sections to the 

platinum solution than to push the cyanide. 
12. Several sections should always be examined to determine 

the degree of decolorization required in each instance, and the 
methods modified according to the particular feature it is 
desired to bring out. 

13. By leaving silvered or gold-toned sections in 1 per cent, 
formalin in distilled water a slightly greater sharpness of 

definition in the parasites is obtained, and a greater resistance 
to decolorization. Silvered sections for the platinum method 

may be left in the formalin solution indefinitely; but gold 
toned sections should not be left, as a rule, for more than two 

or three days. 
By carefully following the above method it should be possible 

with a little practice to obtain absolutely clean preparations in 
which the parasites stand out in red, black, or brown of various 
shades against the blue of the tumour cells. The ammonio 
silver solution is essentially ? true stain. After cyanide de 
colorization the colourless tissues contain silver in some 

organic combination which mordants them for aniline dyes. 
The same mordanting effect can sometimes be obtained on the 

parasites if the cyanide decolorization is pushed far enough, 
their demonstration not being essentially dependent, as in 
other silver methods, on reduction of the silver salts to a 

metallic state. 
Film Method. 

Centrifugalize the culture fluid, and drain the deposit as 

thoroughly as possible. Make a thin film of the deposit with a 

platinum loop on a clean cover-glass. As soon as the film is dry 
{it must not be heated), hold the cover-glass with forceps in 
normal salt solution for ten to fifteen seconds. Then rinse it 

gently in a bowl of water. The film must then be fixed. For 
this purpose 10 per cent, formalin in absolute alcohol, 5 per 
cent, formalin in normal salt solution, or 80 per cent, alcohol 

may be used (one to five minutes). If it is not convenient to 

proceed at once with the staining, the cover-glasses, after having 
been washed in water, should be dried and kept from dust. 

Methyl violet, 5 B or 6 B, in 1 per cent, solution in water, is the 
most serviceable stain. If allowed to act for five to ten minutes 

it will show sporoblasts, swarm spores, and sporozoites; but 
films must be stained many hours to reveal gametes and other 
phases of the cycle. After staining the film must be thoroughly 
washed in water, dried, and mounted in balsam, which must be 

anhydrous. 
A finer result is sometimes obtained by placing films which 

have been previously stained overnight with methyl violet in 
?Gram's iodine for ten minutes or longer, washing in water, 
drying thoroughly, and then decolorizing with equal parts of 
aniline oil and benzol. Every precaution must be taken to 

prevent precipitation of moisture on the film. 
If films are kept longer than a few hours before washing in 

salt solution it is not possible to get a clear background for the 
parasites. 

For a description of the palladium methyl violet method for 
showing the 

" rod 
" 

phase, see the Lancet, January 25th, 1908. 

Reference. 
1 Lancet, June 5th, 1909. 

EFFECT ON THE GROWTH OF MICRO 
ORGANISMS OF DIFFERENT PER 

CENTAGES OF OXYGEN. 
BY 

Benjamin Moore, and R. Stenhouse Williams, 
M.A., D.Sc, M.B., D.P.H., 

Johnston Professor of Bio- Lecturer on Public Health 
Chemistry, University Bacteriology, University 

of Liverpool. of Liverpool. 
This paper was a summary of one already published in full 
in the Bio-Chemical Journal, vol. v, Nos. 3 and 4. The 
authors investigated 37 organisms in all as to their rate of 
growth in atmospheres containing varying percentages of 

toxygen. Of these, only 3 species were completely inhibited 
in their growth?namely, B. tuberculosis, B. pestis, and 

Staphylococcus pyogenes aureus?whilst the remaining 
34 species were not affected in their growth as compared 
with control experiments under ordinary atmospheric con 
ditions. The lantern slides of cultures demonstrated are 

reproduced in the paper mentioned above. 

The paper was discussed by Dr. Lazarus-Barlow, who 

regarded as a strange coincidence the fact that the 

organisms found by Professor Moore and Dr. Williams 
to be inhibited by oxygen were the same as the 
organisms that alone of many affected a skotographic 
plate?that is, which exhibited radio-activity. He had 
not experimented with B. pestis, but otherwise used 28 

different varieties. 

SECTION OF OPHTHALMOLOGY. 
J. Walton Browne, B.A., M.D., President. 

PRESIDENT'S INTRODUCTORY REMARKS. 
Dr. Walton Browne, after a few words of welcome to the 
members of the Section, said : 

It is but right that in a meeting of the Ophthalmic 
Section of the British Medical Association I should refer 
to the loss the speciality of ophthalmology has sustained 
in the death of Simeon Snell, the late President of the 

Association, a position never before achieved by any 
ophthalmic surgeon. I knew Mr. Snell well, and often 
admired his great energy and power of concentrating work. 

You are all familiar with his contributions to the literature 
of ophthalmology, how well he wrote upon the special type 
of nystagmus attacking miners, and the great experience 
he possessed of foreign bodies in the eye. Sir Anderson 
Critchett wrote of him : "We can ill spare from our ranks 
one who possessed such high qualities of loyalty, integrity, 
and intellectual capacity, and Simeon Snell will ever be 
held in most kindly remembrance by all who had the 
good fortune to enjoy his friendship." With this opinion 
1 thoroughly concur. 

It is now a quarter of a century since the Association 
met in Belfast. At the Ophthalmic Section on that 
occasion my friend, the late Dr. W. A. McKeown of 

Belfast, in his presidential address, gave to the ophthalmic 
world the intracapsular or intralenticular method of 

dealing with immature cataracts. He considered his 

method shortened operations for cataract. It put aside 

scoops, spoons, curettes, and did away with manipulations 

through the eyelid to remove cortex. I well remember 

how he was criticized, but I think any one who has used 

the method must admit that it has been a valuable 

addition to the technique of cataract operations. 
McKeown was the first man in Britain, if not in the 

world, to introduce a magnet into the interior of the 

eyeball for the extraction of particles of steel. He was 

a man of wonderful energy. Through his exertions the 

Royal University, of which he was a Senator, was the 

first examining body in Great Britain to insist upon a 

special examination in ophthalmology for the degree 
of M.B. I, as a brother Senator, was able to assist him 

by my vote and counsel. You are now in the city of the 

birth of the intracapsular method, and demonstrations can 

be arranged if so desired. 
I regret that on the present occasion your President has 

no new methods, either operative or otherwise, to bring 
before you. Many inventors and authors are in the field. 

In my time I have read of many innovations in ophthalmic 

surgery and medicine, but regret to say I have not found 

some of them possessing the advantages claimed by the 

writers. 
I daresay it has occurred to some of you to ask why a 

man occupying the position of a surgeon to a general hos 

pital should be in the presidential chair of this Section, 
When I commenced work, now some years ago, and when 

practising general surgery and ophthalmology, I found 

myself in good company. In former days it was the 

custom for the ophthalmic surgeon to be largely interested 
in general surgery. I remember when I was a student at 

Moorfields in 1869, being taught by Sir Jonathan 
Hutchinson, Mr. Critchett, Mr. Hulke, and Mr. Dixon, all 

of whom were general surgeons. Then, later, Mr. Couper, 
Mr. Lawson, and Mr. Waren Tay also practised general 

surgery. It is well known to you that Bowman was at one 

time a general surgeon. Now matters are changed, and? 

at least in London?all the leading ophthalmologists are 

pure specialists. At the same time, I think the so-called 

specialist would be greatly benefited by a prolonged 
drilling in medicine and surgery before blossoming out as 
an ophthalmic surgeon? 

In many large centres, but principally in the provinces, 
the ophthalmic surgeon takes up otology in addition. 

I daresay you 
are aware that the founder of Moorfields 

practised in both eye and ear diseases, and possibly his 

example prompted other men to follow suit. Later on the 

ophthalmic surgeon tacked on to bis practice diseases of 

the nose and throat, and now it is quite common to find a 

number of men engaged in the quartette of eye, ear, nose, 

and throat. 
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