On the histopathologic lesions of the bone:marrow in

immunisation for agglutinin production

by

IDr. C MAGARINOS TORRESS

I—Introduction and History.

li—Subijects and methods of research.

I1i—Histopathology of the bone-marrow.

IV—Conclusions.

(With plates 17—22))

e o> ¢ o -

The research work carried out du-
ring the last few years tends to indicate
the blood forming organs, bone-marrow,
spleen, and lymphaiic glands, as the
seat of production of antibodies.

Applications of X rays, benzol, tho-
rium X, efc.,, produce lesions in the
blood-forming organs of animals under-
going immunisation and modify the gra-
phics relating to the production of va-
rious antibodies.

On the other hand the concentra-
tion of antibodies in the serum iS con-
siderably Increased by substances that
stimulate the blood-forming organs, such
as arsacetin and salvarsan, independen-
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-ty of a new injection of antigen. Frag-

ments of spleen and bone-marrow culti-

. vated outside the body, are also able to

~ produce antibodies. Each of these organsg

- produces

- yielded

certain kinds of antibodies;
thus the agglutinins are produced chiefly
by the bone-marrow, which is not howe-
ver the hemolysin-producing organ.

It is as yet impossible to ascertain
the function of the liver and ductless
glands in the production of antibodies,
as research work on the subject has
such contractory results. It

~seems likely that the ductless glands
- (speclally the thyroid and the parathy-
- roid) do not actually produce antibodies



but merely influence and conirol the con-
centration of these anlibodies i the se-
um.

Most of the litterature furnishes scant
information on histopathologic lesions
of the blood-forming organs, dealing me-
rely with the physiologic side of the
guestion, the subject considered being
the antibody producing capacity ofthe
bone-marrow.

The complexity of the origin of
antibodies amply justifies an interest In
histopathologic research which may fur-
nish a solid basis for discussion.

There is an abundant lilerature on
the subjecl of immunity but almost none
of it deals with this side of the question.

GUERRINI (1903) immunised rats with broth cultu-
res of Bacillus murisepticus and found histological le-
sions in lungs, heart, kidneys and nervous system, a few
hours after the injection of the immunising substances.
There was nothing characteristic about these, they were
quite similar to the ones produced in all intoxications ;
the lesions of the adrenals, liver, spleen and bone-mar-
row, however, showed other alterations besides ; in adre-
nals and liver nuclear turgescence and chromatin-disag-
gregation ; in spleen and bone-marrow : numerous ma-
crocytes with polymorphie nuclei.

GAY and RUSK (1913) immunised rabbits by repea-
ted intra-venous injections of washed guinea-pig corpus-
cles and inoculated again fresh washed corpuscles after
an interval of two or more weeks. They made a careful
histopathological examination of subjects killed successi-
vely, 1,4 and 24 hours, 4 and 6 days after inoculation
and attempted to show evidences of functional activity
of certain cells which might be supposed to have formed
the antibodies. The only alteration found was the stri-
king increase of glycogen in the liver of the subject
killed 24 hours after injection. They themselves are
doubful as to the interpretation which should be given
to this. :

METALNIKOW and GASCHEN (1922) studied in
Intertebrates, (Larve of Galeria), the processes of im-
munity principally the changes in the blood. At first
there is a reaction of the various leucocytes and phago-
cytes and after that a phagocytic reaction ; in the third
place a leucolysis and phagolysis with the freeing of in-
¢racellular ferments and antibodies. Shortly afterwards
there is a reaction of the spherular cells, which seem to
play an important part in immunity. Finally there is a
formation of giant-cells and of capsules, The above-men-
tioned authors think that immunity is the result of a
very complex reaction of the cells of the organism and
that these reactions are specific for each microbe inje
cted.
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SESTINI (1922) observed a thyroid hyperfunction i
immunised guinea-pigs (B. fyphi) which takes the form
not only of increase of lipoids and fuchsinophile granu-
les and modification of colloid substances but also of
changes in the cells of the wvesicles and intravesicular
thyroid epithelium, which correspond really to a state
of telangectoid hyperplastic struma.

The publicalions of FOA (1889), DO-
MINICI (1900), LENGEMANN {1901),
MUIR (1901) LONGCOPE (1915), EVANS
(1916), etc. on the alterations 1n the-
se organs in different infections and the
production of leucocytes in leucocytosis
furnish indirect informalion on the his-
topathologic lesions in immunilily.

History.

The hypothesis on the origin of
antibodies, deduced from the leading opi-
nion of different research-workers can
be thus expressed:

10) All the cells inthe body take
part in the formalion of anlibodies; the
cellular protoplasma is theseat of the
production of antibodies; as an immedia-
te consequence we have the opinion that
many tissues can produce antibodies lo-
cally.

The primary hypothesis of EHRLICH, according to
which all the cells in the body would take a part in the
formation of antibodies, is sufficiently known. The local
production of antibodies was put up by the first research-
workers (ROEMER, VON DUNGERN, WASSERMAN-
NANN and CITRON). Subsequent research cast doubts
on this opinion and indicated that the contrary was the
case. HEKTOEN (1911) carried out experiments, the re-
sult of which do not favour the local production of spe-
cific antibodies, in dogs injected with rat and goat cor-
puscules, at any rate in the tissue of the pleura, the cel-
lular subcutaneous tissue and that to be found in the
anterior chamber of the eyeball. Injection of red corpus-
cles of rat or goat in the anterior chamber of the eye-
ball in dogs is followed by the appearance of specific
antibodies ind the blood an frequently in the aqueous
humor. Antibody concentration is greater in the aqueous
humor of the injected eye but is decidedly less in both
eyes than in the blood; antibodies do not appear first
in the aqueous humor but in blood. Injection of rabbit
or goat corpuscles in the pleural cavity of dogs is follow-
ed by the appearance of specific antibodies in the
blood and in the pleural exudates, having been produ-
ced by the injection of aleuronate. The concentration in.
-the pleural exudates is not greater than in the blood



and often is less, the concentration in the blood being
in this case slightly lesser than after intravenous injection
of the same quantity of antigen. There is no difference
in the proportion between the richness in antigen of the
blood and the pleural exsudates in dogs, injected with
antigen in .he pleural cavity, and dogs, injected intrave-
nously. Dogs inoculated subcutaneously with blood cor-
puscles of goat or rat on the fore leg, do not show a
lesser production of antibodies than others on amputa-
tion during first phases of antibody-production.

Besides, if antibodies were produced locally at the
site of injection of antigen in subcutaneous cellular tis-
sue, it would be reasonable to expect subcutaneous in-
jection of antigen in many places to increase the produ-
ction of antibodies, which has not been found to be the
case.

ZINSSER (1918) seems to be inclined to admit that
the formation of antibodies is not the functionof special
organs but that many of the cells of the body are able
to take part in the process; this opinion is founded prin
cipally upon the experiments on local immunisation of
WASSERMANN, CITRON, and ROEMER, which, as
has been seen, were aftewards contested.

Of late OSHIKAWA (1921 ) managed to grait the
skin of actively immunised rabbits on normal rabbits and
to ascertain the formation of antibodies in the latter. His
protocols, however indicate this antibody-formation to be
very small, thus in two cases the titre of the agglutina-
ting serum of the rabbits, on which the grafting was
carried out, did not exceed 1/10, although In one case
the tilre of the rabbit that furnished the skin fragments
was equal to 1:640 (bmmunised with B. paratyphi B); in
other experiments the serum of the rabbit, on which the
skin fragments were grafted, attained the titre of 1:160
at the end of 9 days (mmunisation with B. profeus).
We find the concentration of agglutinin in the serum of
the rabbits on which the graiting was carried out very
slight to permit cathegoric conclusions; it must be remem-
bered that the blood forming organs of the rabbit, spe-
cially the bone-marrow, are very sensitive to pathologic
lesions; it would be guite plausible to suppose that the
orafting of the skin alone had influenced the antibody
contents of the blood; the operation might have had a
similar influence to the injection of peptone or of an
arritating substance into the bone-marrow.

20) The antibodies are produced spe-
cially by some of the cells of the orga-
nism, principally the leucocytes of the
blood.

METCHNIKOFF (1897) had the idea that the bacte-
rioid substances of the serum might be produced by the
leucocytes.

BORDET (1895), following this theory, ascertained
that the serum had a greater preventive value than the
plasm (which contains few leuncocytes) and concluded
that the leucocytes play an important part in the produ-
«tion of protective substances.

CGRUEBER (1897) suggested that the polymorphonu-
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clear leucocytes form the aggtutinin., This was found to
be a mistake by the experiments of ACHARD and BEN-
SAUDE, WIDAL and SICARD, PATSCH and KRAUS
and SCHIFFMANN.

In the case of antitoxins, it was thought that the cells
specially attacked by the toxin were the the ones that
produced the antibody; an instance of this are the ideas
of WASSERMANN and TAKAKI on the formation of
tetanus antitoxin by the nervous cells. This was imme-
diately found to be erroneus by METCHNIKOFF and
MARIE.

V. DUNGERN (1902) finds that the blood-cells take
part in the formation of precipitins.

KRAUS and LEVADITI (1904), dosing precipitins i
the organs of immunised animals, found that, of all the
organs studied, only the epiploon formed highly-precipi-
tating extracts; as the epiploon harbours an accumulation
of leucocytes, they concluded that these were chiefly res-
ponsible for the antibodies,

KRAUS and SCHIFFMANN (1966) found that rab-
bits having undergone splenectemy produce precipita-
ting sera, as well as normal ones; they think that pre-
cipitins are not formed in the organs but in the vascu-
lar system, since, with the exception of the epiploon,
no organ possesses precipitins before the scrun.

Jhe same authors (1906) ascertained that agelutinins
can appear in considerable proportions in the serum
without existing at the same time in the extracts of or-
gans; when found in them, it is perceptibly less con-
centrated than in the blood ; the bone marrow has a
greater quantity of agglutinins than the spleen and lym-
phatic glands.

STENSTROM (1911), inoculating polymorphonuciear
leucocytes together with the antigen (B. #yp/i), obser-
ved a decrease in the formation of agglutinins; in con-
sideration of this he is of the opinion that the leucocy-
tes either produce agglutinins or contribute indirectly to
their production.

FONSECA (1912) thinks that the leucocytes play the
most important part in the formation of antibodies; his
hypothesis is based on the fact that ‘‘organs attacked by
tnfections that confer immunity in a greater or lesser
degree, generally show, on specific counting, an increa-
sed number of lymphocytes?’.

BACHMANN (1918-1919) showed that the lencocytes
of immunised animals acquire an important specific pro-
perty which protects guinea pigs when injected together
with B. typhi in the peritoneum; the author extracted
from the leucocytes the products that ensure this protec-
tion.

The results of LEVADITI and BANU'’s experiments
(1920) do not speak in favour of the local formation of
agglutinins in the subcutaneous cellular tissne; thus the
inflammatory process and oedema, which constitute the
local lesion when one injects an emulsion of B. fypkt
with gelatin and colloidal mercury, do not influence fa-
vourably but on the contrary hinder thé¢ formation of
agglutinating antbodies. |

TISCORNIA (1921) ascertzined that lencocyte ex-
tracts of guinea-pigs, immunised against B. fyphi, when



snoculated in the peritoneum together with a minimuni
fethal dose, showed quite definite protective properties
#e concludes from his experiments that in a phase of
Fmmunisation the lencocytes, and specially the [neutro
philes play a part in the production or modification of-
special cellular substances; the demonstration of these
substances is easy when they are freed suddenly and
violently from the leucocytes, butin the circulating blood
they are probably secreted in a certain quantity. One
amay deduct that the production of these special immu-
mising leucocytic substances and their appearance i the
circulation being more prompt and intense, 1s a resuit
of the leucolysis following every leucocytosis.

METALNIKOW and GASCHEN (1022) attribute an
fmportant part in the formation of antibodies in inver-
tebrates (Galeria larvae) to various cells of the blood
of these inseets.

ROBERTSON and ROUS (1922) assert the existence
of intercellular agglutinins in the red blood-corpuscu-
des of the rabbit, and declare them to be easily demons-
g¢rable in the watery extracts of dried corpuscles.

40) The antibodies are formed by
hematopoilelic organs:

PFEIFFER and MARX (1898) titrating simultancous-
iy bactericid antibodies in serum and leucocyte-extracts,
demonstrated that the leucocyte-extracts showed mno
excess of antibodies as compared to the serum and as-
certained besides a decided accumulation of antibodies
jm certain organs of the rabbit (spleen, bone-marrow,
fymphatics glands, and to a lesser extent, the lungs)
during the first days of immunisation. The spleen sho-
wed, already on the second dsy, a perceptible quantity
of protective substances against cholera, although the
blood showed no sign of a specific alteration. They
thought the hematopoietic organs to be the point of
origin of the antibodies, and that any excess of antibo-
dies in these organs would represent an excess of pro-
duction not accompanied by an equally rapid elimination
into the blood.

~ DEUTSCH (1899) ascertained that splenectomy pre-

ceding an immunising injection does not prevent the for-
snation of agglutinins ; carried out 3-5 days after the in-
jection it prevents quite clearly the formation of anti-
bodies.

V. EMDEN (1899) immunising rabbits with B. aero-
penes and searching for agglutinins in the blood and
various organs verified that sometimes spleen extracts
have a higher agglutinating titre than the blood ; agglu-
#inin-formation is hindered by splenectomy, but even so
continues; he therefore admits that besides the spleen
other organs, specially lymphoid organs are able to ela-
borate agglutinins.

WASSERMANN (1899) studled the action of sera
and extracts of different organs of rabbits immunised
with virulent pneumococci on the course of experimens-
tal pneumococcus infection. The extracts of bone-marrow
showed greater quantities of antibodies than any other
organ, and, in the first stages of immunisation the pro-
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| tective power of bone-marrow and of other blood for=

ming organs exceded that of the serum. He thinks that
the bone-marrow is the seat of the production of anti-
bodies and that the Iymphatic glands, the thymus and
spleen are simply reservoirs.

JATTA (1900) ascertained that the agglutinating titre
(B. typhi) of spleen extracts, between second and fourth
day of immunisation, is considerably superior to that of
the blood, equal to it on the fourth day, and considera-
bly inferior to it on the eight day.

HEKTOEN (1909-1910) pointing out the irregularity
of the graphics of the production of different antibodies
in the same animal suggested that they are distinc
substances, the production of which depends on a si-
milar but not identical mechanism.

LIPPMANN (1911) after immunising animals with
repeated inoculations of killed cultures of B. fyphi, leit
them for 4 months during which the agglutinating titre
decreased gradually to a constant mean figure; then
injected them with 0,1 gr of arsacetin, a substance who-
se stimulating influence on the blood forming organs is
well known and applied in the treatment of anemia. He
ascertained a rapid rise in the titre of the agglutinins
which attained its maximum at the and of 6-9 days.

HEKTQEN (1016) verified a reduction in the forma-
tion of antibodies in animais intoxicated with benzol to-
gether with severe lesions of the bone-marrow, leuco-
penia and other lesions characteristic of benzol-intoxi-
cation. He found also a reduction of the phagocytic pro-
perties of the leucocytes. In dogs, small doses of benzol
which produce leucocytosis, increase the production of
antigoat hemolysins.

Benzol acts on the elements which elaborate antibo-
dies and the leucocytogenic centres take partin this ela-
boration. This i1s demonstrated in rabbits by the redu-
clion in number of the leucocytes and in quantity of the
antibodies, which does note take place when the benzol
is given at the time when the production of antibodies
is nearly at its height; in dogs by the increased forma-
tion of lysins which is accompanied by leucocytosis.

CARREL and INGEBRIGSTEN (1912) ascertained
that fragments of bone-marrow and of lymphatic glands
cultivated outside the organism are able to produce ai-
tibodies (hemolysins).

LUDKE (1912) ascertained the producjion of agglu-
tinins and hemolysins in bone-marrow and pieces of
spleen taken from guinea-pigs and rabbits 24, 48 and
60 hours after the intravenous injection of killed cultures
of B. typhi and B. dysenferiae and kept aseptically in
saline solution, solution of RINGER, and normal rabbit
and guinea-pig serum at 370—400 C. At the 5th day of
cultivation the spleen emulsion agglutinated up to 1:160
and bone-marrow 1 :320.

Inoculating directly in the bone-marrow and killing
the animal at the end of 36-48 hours, amputating the fe-
mur and cultivating it in the above-mentioned culture
media, he was also able to verify the existence of bacte-
ricid antibodies and agglutinins in the emulsion of bone-

nmarrow.
TSURUMI and KOHDA (1913) came to the conclu-



sion that the spleen is the most 1mportant site of pro-
duction of complement fixing antibodies and that it al-
ready contains them 20 hours after immunisation ; the
production in bone-marrow and lymphatic glands is not
as pronounced as in the spleen, and the quantity found
later is also less.

LIPPMANN (1914) studied the influence of thorium
X, and arsenical compounds on the graphics of antibo-
dy production, In animals previously immunised and
allowed a month’s rest, he found an increase of the
agglutinins ¢(B. #ypki) in the serum surpassing :he pre-
viously attained maximum after an application of thorium
X (about 1 1/2 electrostatic units per kilogramm of weight).
This he attributes to a stimulating influence of thorium
on the bone-marrow. Entirely similar researches carried
out with antibodies of the nature of amboceptors (hemo-
lysins) gave necative results; neither by the application
of thorium X, nor by the application of salvarsan, which
has also a distinctly stimulating action on bone-marrow,
did he obtain any modification in the graphics of hemo-
lysin production. Animals (mice) injected with bone-mar-
row-stimulating substances (salvarsan and thorium X)
resist an infection {(cultures of pneumococcus) lethal to
controls.

SIMONDS and JONES (1916} made researches on
the influence of benzol on the production of antibodies;
this substance exerts a decidedly noxious action on the
blood forming organs, specially on the bone-marrow.
They noticed a lowering in the graphics of the produ-
ction of hemolysins, agglutinins and opsonins as compa-
red with controls; this reduction was most accentuated
in the case of hemolysins and least in that of opsonins.

SIMONDS and JONES (1915) investigated the modi-
fications in the production of antibodies, on the one
hand in rabbits subjected to the action of X rays, which
have a specific destructive action for lymphadenoid
tissue, on the other hand on animals treated with benzol,
which exerts a specific destructive action on the bone-
marrow. The action of X rays is not as specific as was
supposed; since HEINKE demonstrated that it also pro-
duced lesions in the bone-marrow, a fact which ought
to be taken into account when reading SIMONDS and
JONES results. These are as follows: a) the formation
of agglutinins in animals exposed to X-—rays is marke-
dly reduced, though not as much as in rabbits inocula-
ted with benzol; b) bacteriolysin-formation does not ap-
pear to be much influenced by exposure (0 x-rays; c)
there is no perceptible meodification in the contents of
the se rum in opsonins and of the complement-fixing
power in rabbits exposed to X-—rays.

HEKTOEN (1918), who stands for the formation of
the antibodies by the blood forming organs, ascertained
that the esposure of animals to X--rays harmed consi-
derably and sometimes even prevented entirely the for-
mation of antibodies, when carried out at the time of
the injecting of antigen, having, on the contrary, no
effect when the injection was made at the time when
the production of antigens was at its height; a similar
resistance was shown by animals inoculated with benzol
ai the period of active production of antibodies.

e

Experiments of HEKTOEN (1920) seem to indicate
clearly that, after the process of formation of anibodies
is well on its way, splenectomy has little or no influen-
ce of the contents of the serum in antibodies, although
at times, its effect was uncertain and variable ; thus im
a rabbit after the injection of a big dose of sheep blood,
splenectomy has little or no effect on the production of
antibodies; on the other hand if it is carried out on the
same animal, even many weeks beforehand, it has an
influence on the formation of precipitins. |

MORESCHI and VOTKY and HOWELL (1920}
observed the absence of agglutinm and opsonin forina-
tlon (HOWELL) in patients of leukaemia in which lesions
of the bone-marrow are intense.

An argument in favour of the formation of aggluti-
nins by hamatopoietic organs and specially by the bone-
marrow, consists in the regeneration of the blood pro-
voked in immunised animals, by repeated bleedings and
accompanied by an increased production of anvibodies,
This fact was establiahed by HAHN and LANGER ; the
authors who reproduced their technic did not confirmy
their results. It seems, however, that these depend o
the opportuness of the bleeding, for JOTTEN (1920),
who was unable to obtain any results with HAHN and
LANGER’s technic obtained an increase of 40 to 100
times (according to whether the results were read after
2 or after 24 hours) ou the titre of the serum in agglu-
tinins (B. fyplhi), by bleeding rabbits of 5 or of 20 cc,
from the second day of inoculation.

Intravenous injections of chlorides of manganese, ni-
ckel, cobalt aud zinc produce a marked and rapid in-
crease in the concentration of agglutinins and diphteria
antitoxin (WALBUM, 1921).

50) Organs other than the blood-
forming ones also influence the produc-
tion of anlibod!es.

VWGOWAN (1909), studying the lesions of the organs
of rabbits inoculated with chicken red-blood corpuscles,
noticed an acumulation of theses injected corpuscles in
tha sinusoids of the liver, to a greater extent than in
any other organ and lasting much longer ; he thought
this accumulation in the liver, together with the known
phagocitic activity of the hepatic cells and their well-
known action on the products of digestion, reinforced the .
idea that the liver was the seat of the formation of anti-
bodies. These are very unsubstantial facts to supporg
such an assertion.

NOLF and MULLER (1911) are of the opimion that
natural cytolysins (normal alexins and amboceptors) have
their origin somewhere about the liver. Their principal
experiments try to.demonstrate the prompt disappearan-
ce of natural complement and amboceptors after the
suppression of the hepatic circulation, and their persis-
tance after an extreme traumatism, such as the extirpa-
tion of all the abdominal organs with the exception of
the liver, provided the latter remain physiologically (fun-
ctionally) intact, as also the possibility of increasing the



R —— - —— —

alexic and sensitising power of the blood by making it
circulate in live isolated livers. *

HOUSSAY and SORDELLI (1921) found that rabbits
dogs and horses, whose thyroid was extirpated, fur-
nished a greater quantity of hemolysins, agglutinins and
antitoxins than controls.

ECKER and GOLDBLATT :1021) showed the neces-
sity of an exact knowledge of anatomy in the experi-
sments of extirpation of the thyroid and para-thyroids
and ascertained that thyreoidectomy with partial para-
thyreoidectomy did not inhibit the production of anti-
bodies (hemolysins). whereas in the few animals who
survive a complete thyro parathyroidectomy the produ-
<tion of hemolysins is reduced to a fiftieth of the normal.

SESTINI (1921) assertes that during immunisation
against B. ¢yphi the thyroid of guinea-pigs undergoes a
process of hyperplasia and shows intense morpholcgic
indications of cellular hypersecretion.

CUTLER’s experiments (1922) show that the hypo-
physis does not have an important influence, direct or
indirect, on the production and persistence of aggluti-
nins and hemolysins in the blood, unless the part of the
hypothysis which is indispensable to the survival of the
animal, syould not have the same influence as the wyole

giand.

60) The antibodies pre-exist in the
blood and liquid tissues of the body.

New ideas were adocated recently by SAHLI (1920).

SAHLI disagrees with EHRLICH in thinking the pro-
toplasm not to be the seat of production of antibodies.
The origin of these antibodies is the blood itself (which
according to SAHLI is a secretion) and the liquid tis-
sues ; the cells produce the antibodies physiologically
responding to stimuli from the blood and liquid tissues.

The different antibodies preexist in the blood; by
the admission of the antigen (immuaisation) an artificial
increase is obtained and this according to the well-known
law that a secretion increased to cover a defiency ex-

ceeds the necessary quantity.
The production of antibodies would be merely a

particular case of blood-regeneration, au excessive rege-
sneration. This would take place on account of the fol-
Jowing : Antigen and antibody unite in a colloidal com-
bination and the function which the antibody exerced

up to them ceases on that account.
The organism feacts to this loss of antibody, which

had its ow: function, by an increased secretion, so as
t0 produce a new and greater amount of antibodies.

3l —Material and Methods of Research,

We examined the bone-marrow of 54
rabbits, some under normal conditions,
most (40) of them iIn various stages of
immunisation for the obtention of agglu-

¢inins.
The animals, killed when opportuni-
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ty arose, where immediately necropsied;
those which died in the course of the
experimentation, where only made use
of when the post-mortem could be car-
ried out immediately after death.

In all cases the bone-marrow ol the
femur of both sides was examined.

The femur, once freed of the soit
parts thal covered it, was cut through,
as near as possible to the epiphyses,
with a costotome. At one end of the
bone-canal I would make two iIncisions
with sharps scissors and these would
be extended carefully in such a way as
to fracture the whole length of the
bony tube.

Almost always one of the halves
would then contain a perfect cylinder of
bone-marrow. In the cases Im which
the consistency of the bone-marrow was
reduced the results obtained were less

satisfactory.

The piece of bone to which the
marrow remained stuck was then placed
in the fixing-fluid, or else the cylinder
of bone-marrow was gently detached
from the bone with the aid of pincers,
and small pieces cut with the scissors
were dropped successively in sublimate-
alcohol and ZENKER-formol (without
acefic acid), the fixing-fluid employed.

Embedding was carried ouf in paraf-
fin and the seclions were coloured by
GIEMSA’s fluid method (fixing in su-
blimate-alcohol) and with hematoxylin-
eosin (fixing in ZENKER-formol).

In some cases the material was lixed
only in ZENKER-formol in which cases
the sections stained by GIEMSA’s method
were less satisfactory than the ones stain-
ed with heematoxilin-eosin. In other ca-
ses the only fixing-fluid employed was su-
blimate-alcohol; besides first-rate prepa-
rations by GIEMSA’s method I obtained
good heematoxylin-eosin ones: the stai-
ning in undiluted HANSEN’s hzmatoxy-
lin must then not exceed one minute.

I observed that shrinking was more



pronounced in material fixed in subli-
mate-alcohol than in material fixed in
ZENKER-formol.

It is therefore more advantageous to
use both fixing-fluids since the compara-
tive study of the results obtained is then
more insiructive.

For certain purposes (research of
fibrin, identification of reticulum-cells)
I made use of various general methods

(methods of MALLORY with anilin-blue |

and h&ematoxylin-phosphotungstic
V. GIESON, etc.).

Most of the animals were immunised
by intravenous injections; a small num-
ber by intraperitoneal or subcufaneous
ones.

[n one group, the animals were ino-
culated on the same day with the same
emulsion from the same 24 hours’ cul-
fure of B. paralyphi A.

The emulsion was made in the follo-
wing way:

Emulsion A.—1 prepared 10 test-
fubes, each one with 2 cc. of saline solu-
tion: in each tube I made an emulsion
with a loop tested for 0,002 grs. taken
from a 24 hours culture of B. parafyphi
A: the contents of the 10 tubes were
mixed in a flask which was then placed
in a water-bath at 600C. for an hours
time: the contents were then shaken and
9 cc were placed in each test-tube;

acid,

10 rabbits were injected in the marginal
"Table 1
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 vein of the ear, each rabbit with the
| contents of one of the tubes.

In another and larger group, I inocu-
lated each rabbit (of the weight of 950-
1.500 grs) infravenously, subcutaneusly
and intraperitoneally with an emulsion
in saline solution of 24 hours’ culture
in agar of B. paratyphi A (1 loop of
0,002 grs. 2 cc. saline solution, killed
by heating during an hour iIn a water-
bath at 650C. The counting of white
corpuscles was done in an American
standard H@&emacytometer with LEVY
couniing chamber.

As a general rule I made 4 simul-
taneous determinations of the number
of leucocytes, sometinies only 3 or 2,
making use of the average of the figu-
res obtained.

The normal number of white cor-
puscles in the rabbit is estimated at
5-14.000 (GRUBER), about 9.000 (HEI-
| NEKE), 9-12.000 (PROSCHER), 8-13.000
(TALQVIST). Recently PENTIMALLI,
examining 10 normal rabbits, reported
individual variations in the number of
| white corpuscles going from 4.520 to
10.300 per mm3 so that he advises great
caution in the interpretation of slight
oscillations: the figure 6.876 is the ave-
rage he obtained.
| My researches confrolled by the
histological examination of the bone-
| marrow, gave the following results:

Number_ of the animal Weight Nr. of white corp. per mma3,
RabbhiE208 sy | ool 1EB00 QLS 57t < b st 16.000
O O e N e () g e PRI Pt 10.697 (4 days’ average)
{4 1 e i e O s L et LEOODRCTES, ' U T L st 10.600
P40 R e S RS P h 7 ) LT 1 50 & e SO S o 7.400

11.174 (average).
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After working for some time, 1 was
able to give SELLING’s recommendation
its due value, for advising one fo

to observe the number of white corpus-
cles of each rabbit on three consecutive
days and after that only making use




of the ones which did not show conside-
rable daily oscillations (1) or an abnor-
mal number.

The following observations of mine

(1) These oscillations rarely exceed 3—4000 white
corpuscles per mm3 of blood. The following rabbit may
be taken as a normal rabbit with typical daily oscilla-

tions:

Feb. 16 th 1921 —White corpuscles=9.733 per mms3
(average of 3 determinations).

Feb. 17 th 1921 —White corpuscles==11.533 per mm?3
(average).

Feb. 18 th 1921—White corpuscles=—12.266 per mm3
(average).

Feb. 19 th 1921—White corpuscles=9:256 per mms3
(average).
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demonstrate how sensitive bone-marrow
is to pathological conditions, showing
considerable morphologic modifications
which would introduce an important cau-
se of error into the interpretation of
experiments carried out under such con-
ditions,

I adopted the following method.

The rabbits were brought directly
from the rabbit-hutches of the Institute
to the laboratory and were killed as soon
as the number of white corpuscles had
been taken note of.

In table II are indicated the results
optained.

Table II.
'Number of whi- | 3 M; . :m;-hi;u
Animal Weight te corpuscles in| Killed on Notes L ICI‘I(:SCOPIE S
1 mm3 of bloed. DIRCIMELE SRS

Rabbit 127 | — 5.400 el :_ ------------------- T Congest-i::m _aﬁ;i—-léii;ht

icﬁdema of reticulum.

Rabbit 128 - | S L U8 T T S B R s St T it < s STt b | Bone-marrow with nor-

| ‘mal aspect.

Rabbit 130 — 12.200 ------------ R 8 R : Slight cedema of reticu-
| | Jum ; reduction in number of
| the parenchyma-cells.

Rabbit 271! 800 grs. | (On June 3rd June 3rd1920; SEleC Ry CoRsMARONEIC S

| violent anaesthe- pronounced cedema of reti-
| 1920 at 2.55 at 3101 m'!sis (Chloroform)iculum, atrophy of fat-cells
- p. m.) 16.000 f and foci of multiplication
| | ‘of myeloblasts.

Rabbit 268 | 1.500 grs. | (On July 17th |[July17th1920 Do. R UnEMANOWELENDE

. . 1920 at 2.45 at 3‘3(] p. ﬂ]-: mal Appearance,
i p. m.) 16.000 |
Rabbit 269 | 1.500 gis. | (On July 17th July17th1920f  Do. Bone-marrow with nor-
i 1090 at 3.20 at 3.35 p. m. Imal appearance.
| p. m.) 7.400 |
Rabbit 275 |- !IAug_ Tth 1920 Do. Remai-| : Pronounced Dédﬁﬂla of
?when agoni-xf‘“‘ a few daysireticulum, congestion, atro-

!
|

Rabbit 300

1.060 grs.

(On Sep. 2rd
1920 at 2 p. m.i

Sep. 3rd 1920

2.00 p. m. 10.600. 1

in the laborato-phy of fat-cells,

ry getling rapi-ichanges

dly thinner.

regressive
in parenchyma,
i.ﬁ;l:mru:lfﬂ..nﬁz:lrs of pigment-cells
(haemosiderin) are to be
seen.

Bone-marrow with nor-
mal aspect.

sing.

Killed by
violent anaesthe.
sis (Chloroform).|

— e e il




Under a strong power one noti-
ces that the most numerous cells are
amphophil myelocytes and polymorpho-
nuclear leucocytes, there being also
found amongst them, looking like a dif-
fused infiltration, small cells with nuclei
very rich in chromatin and resembling
blood lymphocytes in their morphology.

The megalocaryocytes are not found
in reduced number; their nucleus ap-
pears well-stained and with its normal
structure.

Many of the megalocaryocytes found
enclose one or more leucocytes in their
profoplasm.

The fat cells are found reduced in
volume, the fat-containing vacuole 1is
smaller than in similar cells of nor-
mal bone-marrow; in many cells this
reduction amounts to one half or one
third of normal volume, and, not infre-
quently, in others to one tenth of nor-
mal volume.

In cells whose vacuole is reduced
to one half or one third, the nucleus
retains its peripheric position and its
normal appearance. The nucleus of cells
reduced to one tenth of their volume is
more evident, as it becomes tumid and
vesicular: this kind of cell does not
show pyknosis or any other aspect indi-
cating regressive changes.

The appearance described for the
fat-cells of rabbits 212 and 210 (enlarged
nucleus, with a tendency to leave its
exceniric position and surrounded by a
zone of protoplasm with an evidently
reticular structure) was only rarely seen

in this rabbit.
The lesions found in the bone-

marrow of rabbit 214, killed 46 hrs 30
mins. after the commencement of im-
munisation can be seen in the following

résume:
10) Congestion and cedema of reticu-

lum.

20)Slight reduction in number of the
cells of the medullary parenchyma; am-
phophil myelocyles and polymorphonu-
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clear leucocyles predominate; the last
are found in their normal number, bul
appear more numerous on account of
the reduction in number of the cells.

30) Dispersed infiltration of paren-
chyma with cells of the appearance of
blood lymphocytes.

40) Megalocaryocytes normal in num-
ber and in appearance many of thent
containing one or more polymorphoni-
clear leucocyles.

50) Fat-cells fewer and smaller than
in normal bone-marrow, with a nucleus
of normal appearance; some other [al-
cells very much smaller (one tenth and
even less of normal volume).

The appearance of the fat-cells 1
believe to indicate a stage of recons-
truction or recomposition. After the loss
of fal observed in the first 24 hours of
immunisation and which is indicated by
a special appearance of the cell (see des-
cription rabbit 212), these cells begin
to regain fat-contents.

3rd. Day of Immunisation.
Rabbit 450—Weight 1.150 grs.

Killed 60 hours after inoculation.

Feb. 5 th 1920—Leucocytes: 12.15 p.
mms.

Inoculated at 4 p. m. in the marginal vein of ear
with 1 cc. of saline solution with a loopful (2 milligrs.)
of a 24 hours’ agar-agar culture of B. paratyphi A. in
suspension. The suspension was sterilised by heating in
a water-bath at 600C. during 1 hour 30 mins.

Feb. 26 th 1920—Leucocytes (11 a. m.)=33.400 per
mins.

Feb. 27 th 1920—Leucocytes (3.30 p, m.)—-34.800 per
mms3

Feb. 28 th 1920.

Found dead in the morning.

Examined under good conditions of preservation.

m.—=8000 per

Autopsy — Bone-marrow soft, difflu-
ent, of a dark red colour; in the centre
(in the part corresponding to the length
diameter) a dark-red and strong cord
stands out from the medullary paren-
chyma (central vessels of bone-marrow).

Microscopical study.—Section of the
material fixed in ZENKER-formol and



stained in h@ematoxylin-eosin and fluid
GIEMSA.

Cellular contents of marrow appro-
ximately normal.

Capillary congestions remains very
marked (Fig. 9, PL. 21).

The cedema has suffered resorption
and 1s only to be seen here and there
in an inconspicuous manner.

The most abundant cells are ampho-
phil myelocytes and polymorphonuclear
leucocytes (Fig. 10, Plate 21); some mye-
locytes show mitotic figures and dispose
themselves i1n foci.

Conspicuous foci of division of ery-
throblasts (normoblasts) are to be seen,
some of them not only in the middle of
the parenchyma, but also round the
medium-sized vessels and prae-capillaries
(Fig. 11, Plate 21).

The diffuse infiltration of the pa-
renchyma by cells with the appearance
of lymphocytes is evident. (Fig. 9, Plate
21).

The rat-cells show the same appea-
rance as in rabbit 214

Almost all megalocaryocytes contain
in their protoplasm some polymorpho-
nuclear leucocytes; some megalocaryocy-
tes show regressive changes.

The similarities and differences bet-
ween the ones here described (3rd day
of immunisation) and the previously in-
dicated ones are the following:

Tere 1s a beginning resorption of
cedema of the reticulum.

The bone-marrow is almost as rich
in cells as under normal conditions, the-
se cells are principally myelocytes and
polymorphonuciear leucocytes.

Foci of regeneration of hamoglo-
bin-containing elements (perivascular fo-
cl of erythroblasts (normoblasts) ) begin
fo appear.

Regeneration and replacement of fat-
contents of fat-cells continues.

Lymphocytes become scarcer and loo-
se the appearance of a diffuse infiltra-
fion.

the

8 -

Megacaryocytes show a pronounced
phagocytic activity and undergo proces-
ses of desintegration.

Jrd. Day of Immunisation.
Rabbit 216. -Weight 1,300 grs,

Inoculated i marginal vein of ear with a sterilised
B. paratyphi A. emulsion (emulsion A) at 3.30 p. m. on
April 7 th 1020,

Killed at 12,50 p. m. on April 10 th 1920 (72 grs.
and 20 mins. after inoculation).

Autopsy carried out at once.

Autopsy—Bone-marrow (femur) with
normal soft consistency and dark red
colour. Disseminated spots of a whitish
colour are to be seen.

Microscopic study.—Sections f{ixed in

| Z.ENI{EP-EOI'{DGI stained in hamatoxylin-

cosin and fluid GIEMSA.

Under a weak power congestion of
capillaries, cedema of reticulum, reduc-
tion in parenchyma cells, disappearan-
ce ol fat-cells and increase of fixed
connective-tissue cells (Fig. 3, Plate 20),
the latter dicreased are to be observed.

A strong power shows that the do-
minant cells are myelocytes and leuco-
cytes; there is also a diffused but not
intense infiltration of cells with the ap-
pearance of lymphocytes.

Myelocytes are frequently found in
little groups of 2, 3, 4 or 6, rarely of
more cells; the most numerous groups
are the ones of 4 (Fig. 6, Plate 20).

T'he bone-marrow shows an evident
decrease in number of cells.

These cells are found close to the
capillaries.

This perivascular distribution of mar-

- row cells (in this case polymorphonuclear

leucocytes and myelocytes) in this rabbit
can be looked upon as a striking exam-
ple.

The fat-cells are not in evidence:
in their protoplasm no fat-containing va--
cuole is visible; limits of protoplasm are
indistinct and merge into the cedema-
fluild of reticulum. These cells are only
recognisabe by the structure of their
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nuclei and by comparison with their
appearance in other rabbits, in which
transition types belween these and typi-
cal fat-cells are to be found. I must call
attention lo the resemblance of the nu-
cleus of these atrophied cells to those
of fixed connective tissue cells.

The nucleus of fat-cells retains a
typical structure in spite of the most
marked alleralions of the protoplasm:
thus, after the total loss of the fat-con-
tents of the protoplasm, the nucleus is
only slightly more tumid and rounded
and has left its peripheric position to
occupy the centre of the cell. The arran-
gement and disposition of the nuclear
chromatin is very similar to that ol
fat-cells from normal bone-marrow. One
would be inclined to say that the impor-
tant modifications of the fat-contents
were physiological and not pathological.

In this bone-marrow increase in
number of the fixed connective {tissue
cells is evident: in some places (Fig. 8,
Plate 20), the parenchym is made up
of 10 to 15 cells placed side by side
and one behing the other. The nuclear
structure of these is that of the fibro-
blasts: the connective tissue fibrils can
be clearly distinguished.

These points where many fibroblas-
ts place themselves side by side are not
very common, however: almost always
fibroblasts of characteristic appearance
are seen mixed with other bone-marrow
cells. All those who have studied normal
bone-marrow will be we!ll aware ol the
difficulty of recognising the fixed con-
nective tissue-cells under normal con-
ditions.

Besides small cell foci which are the
foci of division of myelocytes and of
haemoglobin-containing cells (megaloblas-
ts and normoblasts) other more exten-
sive foci, made up of numerous den-
sely grouped cells and contrasting mar-
kedly with the neighbouring parenchyma,
are to be seen (Fig. 7, Plate 20).

p——

Under a strong power the cells which
make up the dense groups are seen to
be numerous polymorphonuclear leuco-
cytes: Many of these in one point, cove-
ring one another show a pyknolic nucleus
and others are evidently undergoing com-
plete desintegration. This point gives the
impression of a small infarct (Fig. 7,
Plate 20).

Among the densely grouped cells
indica/ed may be seen the characteristic
cells of bone-marrow parenchyma.

Condensing the facts, the bone-mar-
row of thisrabbit, killed 72 hrs. 20 mins.
after the commencement of 1mmunisa-
tion, shows the following points of in-

| terest: . «

10) Regeneration of polymorphonu-
clear leucocytes (by intense division of

- myelocytes) is the dominant [eature.

20) Fat-contents of the fat cells are
noficed to have disappeared completely.

30) Infiltration of lymphocytes, so
marked in rabbits 212 and 214, is in this
case very slight.

40) In this case hyperplasia of the
fixed connective tissue cells is seen for
the first time in this series.

50) Other foci besides foci of rege-
neration of haemoglobin-containing cells
(perivascular foci of megaloblasts and
normoblasts ; are seen.

6o) The whole process is evidently
belaled, as compared to the process 0b-
served in rabbit 150, killed 60 hours
afte the commencement of immunisation.

6th. Day of Immunisation.
Rabbit 407 —Weight 1,030 grs,

April 28 th 1921—1.35 p. m.—Leucocytes=16 750

{average).

April 29 th 1921—1.30 p. m.—Leucocytes=10 250 per
mm3 (average of 4 measurements).

May 1 th 1921—2.00 p. m.—Leucocytes=15 800 per
mm3 (average of 4 measurements).

May 5 th 1921—1.40 p. m.—Leucocytes=14 230 per
mm3 (average of 4 measurements).

May 6 th 1921—12.55 p. m.—Leucocytes=I14 350 per
mm3 (average of 4 measurements).

May 6 th 1921—Subcutaneous injection of 1 loopful
of 2 milligramms of a 24 hours gelose culture of B, pa--



ratypht A, 1 suspension in saline solution and kjlled in
a water-bath at 620C. during an hour.

May 12 th 1921 —Rabbit was killed by violent narco-
sis with chloroform (death took place in 1.20 mins).

Hislologic study—Under a weak po-
wer the bone-marrow is scen to be rich:
in cells, less so however than under
normal conditions; the regularly distri-
buted vacuoles which In normal bone-
marrow correspond to fat-cells appear
to be wanting.

Under a sitrong power, the fat cells
are seen (o be reduced in volume and
have (o a certain extent disappeared;
nere and there a fat-cell strongly redu-
ced mn volume and wilh ifs nucleus
migraled towards the centre is to be
seen; almost always the part of the
reficulum round il is strongly stained
by eosin.

There 1s no congestion.

The cedema of the reticulum is less
marked than in the preceding rabbits;
it is confined to certain parts of the
reticulum which are intensely stained
Dy eosin.

Of parenchyma cells, the most nu-
merous are polymorphonuclear leucocy-
tes which quite mask the remaining
parenchyma cells.

Ervthrogenetic groups are
dence,

Megalocaryocytes with normal appe-
arance and distribution.

Examining secltions f[rom different
hlocks, I noticed slight modifications of
the aspect indicated; In some poinis
there was more accentuated cedema and
narenchyma cells were less numerous.

in  evi-

7th. Day of Immunisation.
Rabbit 218—Weight 1300 grs.

Inoculated in marginal vein of ear with 1 c¢ of a
suspension of B. paratyphi A. (liquid A) at 3.30 p. m.
on April 7 th 1920,

Found dead on April 4 th 1920. Necropsied
still well preserved.

Autopsy.—The bone-marrow (femur, both sides) shows
firm consistence and a shining surface; colour 1s brick
‘red and fine granulations, white and refringent, are to
“wvisible.

when
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fiistologic study.—Under a weak po-
wer the appearance of the bone-marrow
1S enlirely different from the normal.

Capillaries are dilated and filled with
red blood corpuscles (Fig. 13, Plate 22).

1he parenchyma cells. which are
numerous, show a tendency to group
themselves along the capillaries (Fig. 13,
Plate 22.)

Under a strong power the myelo-
cyles are seen to be the dominant ele-
ment. Nol only do amphophil myelo-
cyltes constitute the majorily of the cells
found round the vessels but they also
form groups of 4 or 6 cells in the pa-
renchyma, betwecen the capillaries, where
they place themselves over the fal-cells
(Fig. 16b, Plale 17); in the latler case
they have lhe appcarance of a group
of celis /miyeloeyles) surrounded by a
clear ha's (pody of the fat-cell).

Other fat-cells have approximately
normal dimensions (Fig. 16a, Plate 17).

Polymorphonuclear leucocytes are
scarce. lL.ymphocytes are not plentiful;
they are found mostly round the small
arteries.

The heemoglobin-containing elements
affect a grouped disposition; these groups
are formed by few cells and are much
less conspicuous than the ones of mye-
locytes; it is easy to find erythroblasts
with karyorrheuxis.

Myelocytes are as numerous as in
the normal organ; many .of them con-
tain phagocyted granulocytes.

Foct made up of big'cells with an
elongated nucieus and sometimes narro
wing towards the middle (shape of a
figure 8), with little chromatin, which
I take to be connective tissues cells, are
often seen in the sections. Only once
and again do these foci contain any
other cells besides connective  tissue
cells; sometimes a granulocyte someti-
mes non-granular mononuclear leucocy-
tes.



Rabbit 373—Weight 1400 grs.

Feb. 4 th 1921 —Leucoeytes (1.25 p. m.}) =16 550 per
mm3 (aveérage).

Inoculated at 1,10 p. m. on same day with 1 cc of
saline solution with a loopful (itrated for 2 milligramms)
of a lilled 24 hours gelose culture of B. paraiyphi A.
- The injection was carried out uneventfully.

Feb. 11 th 1921—At 2.00 p. m. the rabbit died. It
was at once autopsied.

Auatopsy.—Subject in strongly ema-
ciated. Viscera-lungs, liver, spleen, heart
and kidneys show a normal aspect. The-
re 1S no pneumonia, coccidiosis lesions
Or myxoma.

Bone-marrow of a more or less firm
consistence; it is pale in ill-defined trac-
ts, brownish-red in others and 1is ra-
ther opaque than otherwise.

rlistologic study.—The lesions of the
bone-marrow are of the same kind as
those of rabbit 218, with slight indivi-
dual! differences. The parenchyma cells
are less abundant than in rabbit 218;
there is active hyperplasia of the mye-
loid cells, which group themselves round
the vessels and make up foci in the
substance of the parenchyma.

The polymorphonuclear !eucocytes,
in opposition to thie previous case, are
very numerous, as numerous as the mye-

locytes.
The fat cells are noliceably smaller
than normal fat-cells. Erythrogenetic

groups are nol conspicuous.

The lesions of the bone-marrow on
the 7th day of immunisation are chiefly
hyperplasia or intense prolijeration of
myelocytes, which group themselves ro-
und the vessels In a quite evident way;
the evolution of myelocyles towards po-
lymorphonuclear leucocytes goes on In
an aclive way; there is individual varia-
tion with reqgard to the numerical preva-
lence of these two kinds of cells.

There is persistance of the capillary
congestion; the cedema of the reticulum
is inconspicuous.

T he fat-cells are reduced in volume,
some of them, however, have already re-

81 —

gained their size; others are hidden by
the hyperplastic myelocytes.

Cells belonging to the class of the
haemoglobin-containing cells are found,
but are very much less conspicuous than
those belonging to the myeloid class of
the myelocyles.

Small foci of fibrosis (proliferation
of connective tissue cells) are plentiful,
and indicate, probably, the organisation
of small hcemorrhagic foci.

10th Day of Immunisation.
Rabbit 405—(1)—Weight 930 grs.

April 11 th 1921 —Leucocytes— 14 400 per mm3 (ave-
rage).

April 11 th 102]
per mms3 (average).

April 14 th 1921 —-(41.10 p. m.) Leucocytes==18 450
per mm3 (average).

April 15 th 1921—(12.40 p. m.) Leucocytes=19 550
per mms3 (average).

April 16 th 1021—(12.35
per mm3 (average).

Cn April 16 th 1921 he was inoculated intraperito-
neally with 1 loopful (2 milligramms) of a 24 nours cui-
ture on slanting gelose of B, paraityphi A. killed by
heahring in a water-bath during an hour at 650C.

April 26 th 1921 —Killed by violent narcosis
chloroform at 2.15 p. m.

Death occured after 1.15 mins.

Autopsy—The Dbone-marrow did not show any ma-
croscopic lesions.

Rabbit 408 —Weight 1.140 grs.

April 28 th 1921—(1.40 p. m.)—Leucocytes—10 950
per mm3 (12 800-=11 600—=10 600=8 600).

May 4 th 1921—(1.30 p. m.)—Leucocytes—15 950 per
mm3 (16 800—14 800—=14 600—=13 600).

May 5 th 1021 —(2.05 p. m.)—Leucocytes—19 400 per
min3.

May 6 th 1921—(1.00 p. m )—Leucocytes—12 850 per
mm3 (13 000=12 400—=11 600-—=10 400).

On May 6 th 1021, at 1.45 p. m,, this rabbit was
inoculated subcutaneously with a loopful (2 milligramms)
of a 24 hours culture on gelose of a B. paratyphi A. in
suspension in saline solution and sterilised by heating in
a water-bath at 650C. (1 hour).

May 16 th 1921 —The rabbit was killed by violent
narcrosis with chloroform (15 mins.).

‘T. 20 p. m.) Leucocytes=16 500

p. m.) Leucocytes=—=15 333

with

(1) This rabbit (405), which showed an abnormal
number of leucocytes in the days preceding immunisations
was used nevertheless for our studies, as the lesions of
the bone-marrow were perfectly similar to those found
in the following rabbits which had a normal number of

leucocytes.
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Rabbit ! Weight

Table IIl.
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I_Number of leucocytes per
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th 1921.

| Microscopic study of bone-marrow.
| Date Time s f“lood Death p y
SR — — - ;
375 I 1 180 grs. Feb. 16th921 .00 p. m, ’ 16. 400 (average of 2 determ } : I
Feb. 17th92] 410 p. m. | 14.933 ( « « 3 « ) 'r |
Feb. 18th921 | 415 p.m. | TA33( « <3 < ) | :
Feb. 16th921 | 11 30 a. m. | 20600 [ « « 2 « ) | Violent narco- Discrete oedema of reticulum and
-;Sl(;’f“:m;“r;“;‘slight congestion. Otherwise the bone-
' ' 4D . .
Feb. 10 th 1021./marrow shows normal appearance.
376 970 grs . Feb. 16th92] 1.15 p. 1. ' 0.733 (average of 3 determ) Violent narco-| Absolutely normal structure,
Feb. 17th9o2] 3.35 p. m. [RILSSIF R s £, 53 « ) |sis (chloroform,;
Feb. 18th9o21 4.00 p: m, 12,266 ( < £ 9 ¢ ) lat 1.55 p. m. on
“ Feb. 19th921 | 11.25 2. m. | 9.256 ( <= ¥ xud « ) |Feb. 19 th 1921.
377 950 grs Feb. 16th921 1.25 p. m. | 21.700 (avf-‘raﬂf of 2 determ,) V'“;f“t ?3"‘0 | Pronounced oedema of retlculum
Feb. 17th921 400 p. m, |17250( « <« 4  « ) [si8(chloroform); h .
death within 2atrophy of fat-cells, reduction in num-
FEb'I- lBthQ?l 3-55 p. m. 11.750 ( & « 4 < ) mins at 2.10 p. b f th h ll .
Feb. 19th921] 11.10 a. m. 20.660 ( « « 4 < ) ‘m. ﬂl;l Feb. 19 th €r o € parencnyma-cells (aplaSIa)!
| 1921. dlscrete congestwn
381 [ 260 grs. | March 8th921 1.10 p. m. : 10.150 (average of 4 determ.) | Violent narco-l Hyperplama Of parenchyma-cells
' March 9th921 1250 p. m. | 9.800 ( « « 4 « ) |(sis (chloroform);!
| | . amphophil and eosin 1
March 14th921 3.10 p. m. | 14.500 { <« « 4 « ) |death in 1.45‘.( : hpf' P ; S Opl‘[l m_yelocytes
March 15th921 | 1.55p.m. |13.000( <« <« 4 < ) |mins. at 4.10 p,|WIth Tigures of karyokinesis; poly-
March 16th921] | 1.55 p. m. | 17.800 ( <« < 4 « ) |m. on March. 16)morphonuciear leucocytes).
| th 1921.
332 1.110 grs. March 8th921 1.20 p. m. | 10.900 (average of 4 determ.) Violent narco- Hyperplasia of parenchyma-cells
| March 9th921 1.00 p. m. | 26.100 ( <« « 4 « ) |sis (chloroform); : ; ;
| | : amphophil and |
| | March 14tho21 | 395 p.m. | 13.600¢ ¢ <4 < ) |death in 1.30/?mPhophil and eosinophil myelccytes
March 15th921 | 2.05 p. m. |19.050( « <« & <« ) |mins. at 4.25 p,/and amphophil and eosinophil poly-
March 16tho21 2,05 p. m. 15700 (< « 4 <« ) |m.on March. 16)morphonuclear leucocytes).
i th 1921.
. ! = ol A = | — — - Fat =
383 1.200 grs. | March 8th921 1.30 p. m. l 13.200 (average of 4 determ.) | le}flﬂt nfarco- Normal appearance
March Oth921 | 1.10 p.m. | 8800( « < 4 < ) fl‘:at{f % frglzjl
| March 14th921 3.40 p. m. 10.500 ( « « 4 < ) mins. at 4.33 p.|
March 15th951 2,20 p. m. 12350 ( « <« 4 < ) |0 ouMarch. 16
March 16th921 2.25 p. m 12900 ( <« « 4 £ )
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As the animals were submiltted to
close observation only some time after
the work was begun, I was obliged to
separale the animals into groups of very
different demonstrative value.

Thus we have a Group I, in which
the rabbits had a normal number of
leucocytes during the termm of obser-
vation and were Kkilled without having
suffered inoculation; Group II, the most
important, comprehending animals under
the same conditions as in Group I,
but having been killed or having died
in different stages of immunisation.

A Group III consists of animals that
showed an abnormal number of white
blood corpuscles during the term of
Dbservation.
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in a Group IV, finally, I included all
the rabbits that where not observed 3
days before being used for experimenta-
tion.

In this way each group serves as &
control for the others, and constitutes
a valuable material for comparative
study.

This is a highly important point
in the case of animals very sensitive
to bad conditions of housing and fee-
ding and liable to suffer from various
diseases, the more so in the case of a
study on a tissue like bone-marrow that
shows important alterations in animals
which at first sight appear perfectly
normal.
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Rabbits immunised Against Bac. Paratyphi A.

&
r—

3 N. of l _ Term of s
Rabbit S almal | Injection. Death imrgg:isa- Observa‘hons

1 131 A | intracardiac | Killed (by violent chloroform- | 1 hour Rejected: abnormal number of leucocytes on the days preceding inocu-

11arcosis.) lation.

2 364 intravenous < « ¢ 1 hour In the bone-marrow, the most evident phenomenon is oedema of reticu-
lum and atrophy of the fat cells, with a slight reduction in number of these
cells, Congestion slight; there are well preserved polymorphonuclear leuco-
cytes and megalocaryocytes. This rabbit is believed to have been abnormal;
the only determination of the number of leucocytes was made a few minutes
before injection.

3 365 ¢ « ¢ « 1 hour General appearance same as in 364. What is known about this rabbit
before it was inoculated (leucocytes==64 600) leads me to think it was abnor-
mal. Aplasia more marked than in no. 364.

4 293 . » p < 2.20 hrs Abnormal number of leucocytes.

5 301 ~ y) & & 2.38 hrs Abnormal number of leucocytes on the days preceding inoculation; the
histological study of the bone-marrow confirms the opinion that this is not a
normal animal.

6 302 « ¢ ¢ « 2.59 hrs Abnormal number of leucocytes on the days preceding inoculation: the
histological study of the bonc-marrow conforms the opinion that this is not
a normal rabbit,

7 368 « € € « 3.34 hrs Made use of for histclogical description.

S 369 « < & « 3.57 hrs Made use of for histological description.

9 393 € Died 15 hs. Spleen with intense inflammation. Rejected because it was not immedia-
tely autopsied and was undergoing cadaveric alterations.

10 397 ¢ « 15 hrs : 2 fis : e
Rejected : cadaveric alterations.
11 394 « « 17 hrs
12 210 « « 17 hrs Made use of for histologic description.
13 211 € « 17 hrs
14 372 « 2 19 hrs The histological study of the bone-marrow confirms the observation that
this is not a normal rabbit,

15 398 « . 23.30 hrs Rejected : autopsy made hours after death.
16 151 < < 24 hrs
17 152 ¢ € | 24 hrs
18 | 212 ] « | € 24 hrs Made use of for histological description.
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Rabbits immunised Against Bac. Paratyphi A.

servations

Made use of. for histological description.

culation.

C

€

Rabbit N. of Injection Death irIZELiiZ-
. animal ' €a o
19 118 C | intravenous Died 24 hrs
20 131 B < . 24 hrs
21 410 subcutaneous ¢ . 24 hrs
22 213 intravenous ¢ 36 hrs |
23 153 intraperitoneal | Killed (violent chloroform nar- i 2 days
cOS1S), :
24 214 intfravenous ¢ ¢ ¢ 2 days
25 403 intraperitoneal Died 2 days
26 150 intravenous « 3 days
27 215 € ¢ 3 days
78 216 « Killed (violent chloroform nar- | 3 days
cOS1s).
29 217 « Died 5 days
30 367 intraperitoneal Killed (violent chloroform nar- | 5 days
cosis).
31 407 subcutaneous ” i p 6 days
32 218 intravenous Died 7 days
33 373 $ & 7 days
34 | 221 : _ ¢ 8 days
35 222 . & 8 days
36 154 « Killed (violent chloroform nar- | 9 days
cOS1S).
37 405 intraperiloneal . « ¢ 10 days
38 408 subcutaneous « « « 10 days
39 409 . . < ¢ 10 days
40 133 A |intraperitoneal | « ¢ € 14 days

e -

<

<

<

«

<

<

<

«

Made use of for histological description.

Made use of for histological description.

Cadaveric alterations of parerchyma-cells.

Rejected. Abnormal number of leucocytes.

Made use of for histological description.

4

Made use of for histological description.

<

Made use of for histological description.

Abnormal number of leucocytes on the days preceding inoculation; 24
hrs after inoculation pronounced leucocytosis (leucocytes==231 200 per mms3).

| Pronounced (leucocytosis leucocytes==96 600 per mm?3) 24 hours after 110-

Abnormal number of leucocytes; the lesions, however, arc concordan
with those of normal rabbits at the same period of immunisation.




IHHI—Histopathologic Study.

4 hours of immunisation.
Rabit 368—Weight 1.050 grs.

Inoculated on Jan, 26 th 1021 at 12,55 p. m. in mar-
ginal vein, of ear with 1 cc. of saline solution with 1
foopful (2 milligrs.) of a 24 hours’ gelose culture of B.
wparatyphi A. in suspension and sterilised by heating in
a water-bath at 650C. forean hour.

Leucocytes (blood taken at 1.05 p. m.)=8 800 per

amm3 (average).
Leucocytes (blood taken at 1.42 p. m.)=15 800 per

anins (average).
Killed (violent narcosis with chloroform) at 4.44 p. m.

Aufopsy. — Bone-marrow red, with
whitish areas; shining surface. Consis-
tence firm, slightly reduced. Central vein
moderately turgid.

Histologic Study.—The arrangement
of the parenchyma cells in groups occu-
pying the spaces between the fat-cells
is altered; the cells are disarranged and
less numerous than under normal condi-
fions. The most plentiful cells are the
polymorphonuclear leucocyles; these so-
metimes arrange themselves round a fat
cell like a crown (Fig. 14, Plate 17).
Polymorphonuclear leucocytes are also
20 be seen occupying the territory of a
fat-cell (Fig. 15, Plate 17), which would
indicale a marked chemotaxis of the fat-
cell for polymorphonuclegr leucocytes.

The blood spaces are slightly dilated;
there is also an inconspicuous cedema
of the reticulum.

The fat-cells keep their normal vo-

iume.
Rabbit 369—Weight 1 200 grs.

Inoculated on Jan. 28 th 1921 at 1.000 p. m. in mar-
ginal vein of (2 milligramms) of a 21 hours’ culture on
slanting gelose of B. parafyphi A. sterilised by heating
in a water-bath at 650C. for an hour.

Number of leucocytes (counted at 1.13 p. m.)=5 000
per mm?3 (average).

Killed by violent narcosis {(chioroform) at 4.57 p. m.
£3.57 hours after the commencent of immunisation),

Autopsy. — The bone-marrow has
approximately the same appearance as
in rabbit 368; its consistence is per-
bhaps slightly firmer.
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Microscopic Study.—The appearan=
ce 1s approximalely the same as the
one described in rabbit 368; slight con-
gestion, inconspicuous oedema of reti-
culum, fat-cells with normal volume, di-
sorder in the arrangement of the paren-
chyma-cells and abundance of polymor-
phonuclear leucocytes, grouping of these
cells round the fat-cells; the lalter have
a well-preserved nucleus and some of
them are entirely covered by polymor-
phonuclear leucocytes which appear to-
their surface (chimiotaxis) (Fig. 15, Pla-
te 17).

The elements of the haemoglobin-
containing class of cells are in this
case more abundant than in rabbit 368.

At the end of the first four hours of
immunisation, the bone-marrow of rab-
bits 368 and 369 show a slight conges-
tion, inconspicuous oedema of reticu-
lum and a disorder in the arrangement
ol the parenchyma cells, which are less
numerous than under normal conditions,
and above all an intense transformatltion
of myclocytes into polymorphonuclear
leucocytes. T he latter cells arrange them-
selves (ke a halo round some of the fat-
cells; at other times a greater number of
them make up a focus round a fat-cell.
I'he aspects indicated would suggest a
marked chemitaxis of the faf cells for
polymorphonuciear leucocyles in this ini-
tial stage.

17 hours of immunisation.
Rabbit 2:10—Weight 1 300 grs.

Inoculated on April 7 th 1920 in marginal vein of ear
with 1 cc. of a sterilised emulsion of B. parafyphi A.
(Emulsion A).

Died during the night before 9 a. m. on April 8 th

1920.
Autopsy —The bone-marrow (femur) has a light red
colour, a shining surface and a normal consitance.

Histologic Study.—Under a weak po-
wer the section shows on a background
stained by eosin a more or less uniform
rose colour small circular light areas,
which correspond to fat-cells; the pa-
renchyma cells are considerably redu-




ced in number (aplasia). The capillaries
are enormously dilated and full of red
blood corpuscles but in a discontinuous
way.

Under a slrong power the scarceness,
resembling disappearance of the poly-
morphonuclear leucocytes is made evi-
dentl,

The myelocytes, which are consi-
derably less numerous than in normal
bone-marrow show pronounced regres-
sive changes; the nucleus of many is
pvknotic.

Some myelocyles make up isolated
groups ot 3 or 4 amphophil myelocytes;
these are small foci of mulliplication of
myelocytes. These groups are rarelv seen.
'he regressive changes of the myeclocytes
are prevalent.

A relative abundance of small cells
wilth the appearance of lymphocytes may
be noficed. |

Some fat-cells have their normal di-
mensions; almost all, however, are re-
duced In volume; the nucleus is swollen
and its finer structure more evident than
usual, being readily stained by hsemato-
xvlin. In the protoplasm appears a zone
where the siructure 1s clearly reticular.
This zone is found immediately round
the nucleus, which occupies a much
more cenfral position than in fat-cells
from normal bone-marrow.

The megalocaryocytes found are the
seal of pronounced regressive changes
(plasma more or less intensely stained
by eosin, nucleus in frank caryolysis).

Round the degenerating megaloca-
ryocytes are found frequently cells with
the appearance of lymphocytes, but not
- plentifully; in the protoplasm of the
megalocaryocytes, remains of phagocy-
led cells.

In the bone-marrow O6f rabbit 210
which died not quite 17 hours after the
commencement of immunisation, the le-
sions: are as follows:

Lesions of the vessels: pronounced
«ongestion of blood spaces.
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L.esions of reticulum:
cedema.

Lesions of parenchyma cells:

1) pronounced reduction in number
of bone-marrowcells (aplasia).

2) almost entire disappearance
polymorphonuclear leucocyftes.

3) pronounced regressive changes in
myelocytes and megalocaryocytes.

+) reproduction of amphophil mye-
locytes which constitute little groups of
3-4 cells; these foci are sparse and relati-
vely rare.

2) reduction in number of the fal-
ells, which show a nucleus with the
[iner structural details clearer than
under normal conditions. This nucleus
ts displaced towards the cenitre of the
cells and the protoplasm around it hasg
a very evident reticular structure.

6) relative abundance of cells mor-
phologically identical to lymphocyles
(diffuse infiliration of lymphocytes).

;;mnmmced
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24 hours of immunisation.
Rabbit 212—Weight 1 300 grs.

Inoculated on April 7th 1920 at 3.30 p. m. in mar-
ginal vein of ear with 1 cc. of a killed emulsion of B.
paratypht A. (Emulsion A). Died after 9.00 a. m. om
April 8 th 1920. Autopsied before 1.00 p. m.

Autopsy.— The bone-marrow is of a
dark red colour; small points of a darker
red may be seen in il.

Its consistence is slightly diminis-
hed. The surface is shiny.

The central vein 1s voluminous, tur=
gid, looking like a cord of red colour,
easily separated from the parenchyma
of the bone-marrow.

Histologic Study.—Under a  weak
power the bone-marrow shows an evi-
dent reduction in the number of the
parenchyma cells (Fig. 3, Plate 19).

The reticulum is the seat of a pro-
nounced, generalised cedema (Fig. 4, Pla-
te 19).

The capillaries are dilated and [fil-
led with red blood corpuscles (Fig. 3
Plate 19) between which normoblasts,



a few rare myelocytes and leucocytes
may also be seemn.

Under a strong power the study of
the parenchyma revealed the following
facts.:

Great scarcely, or almost complete
disappearance of the polymorphonuclear
leucocyles is to be scen.

Cells with the appearance of Ilym-
phocytes are particularly abundant
(Fig. 4, Plate 19); these cells appear
isolated and never form groups of more
than 2-3 cells.

Besides the lymphocyles, which, In
certain fields appear to be the domina-
ting element, myelocytes are to be scen,

Some myelocytes show a nucleus
well-stained by haemaloxylin, very oflen
apparently two-lobed.

q Some myelocyles possess two circu-
lar nuclei of unequal size; agglomera-
tions of 4 and more cells are not rare;
eachh cell shows, then, a two-lobed nu-
cleus or possesses two spheric nuclel
always of unejgual size (forms of division
of the myelocytes).

Besides the above described myclo-
evies other not uncommon ones show
d‘ifi'erenl lesions. In some, the nucleus
appears frankly stained, in a dilfuse
way, like the shadowing of a normal
nucleus (carvolysis); in others, the nu-
cleus is reduced (o a blach—(.olourcd con-
densed mass, or to small spheric mas-
ses (3-5) of unequal size, strongly stal-
ned (caryorrhexis and DYCNOSLS J-

The volume of almost all the fat-
cells is reduced as compared with a
fal-cell of normal bone-marrow (Fig. 3,
Plale 63).

The nucleus occupies a very much
more central position than it would In
a normal fal-cell (Fig. 4, Plate 68); it-
is never perfectly central but always
slishtly excenlric also more voluminous
than in normal fal-cells, ovoid in shape,
and poor in chromatin. It occupies a
zone of protoplasm with a reticular
~structure. In the meshes of the reti-
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culum, round the nucleus, are scen lit=
tle vacuoles. In the peripheric part of
the protoplasm the vacuoles are bigger.
separaled by fine septa from the reticu-
fum.

In fthe 1immediate neighbourhood
of the fal-cell a substance of uniformly
rose colour is seen in preparations stained
by haemaltoxylin-eosin (fluid transudate
of cedema).

Il 1s not possible to find a mega-
locaryocyle with a normal appearance;
these cells are reduced in number and
have dilierent appearances.

In one case, the volume 1s appro-
ximately thal of a normal megalocaryo-
cyle. The nucleus shows the characteris-
lic configuralion. It stains, however, very
liltle by hematoxylin, looking like a
siiadow of dark blue colour, bigger than
a normal nucleus; no fine details of
structure are seen, in it, the mass having
on the contrary, a homogeneous and uni-
form appearance.

The proloplasm is made up of mi-
nute, densely grouped granulalions, of
uniiorm, si e, frankly colecured rose-red
by the heemaloxylin-eosin and pale blue
by GIEMSA’s fluid .process.

In another, aspect, the volume of
the cell is enormously reduced. some-
{imes to one half the normal size. The
megalocarvoevte has in this case the
dimensions of a myelocyle (IFig. 5, Plate
[195):

The nucleus appears as a condensed
mass, sirongly slained in very deep blue;
it does nol show fine siructural details.

The granular proloplasm iorms
round the condensed nucleus a more
or less narrow zone; it shows the gra-
nular struclure described above.

The lesions of the bone-marrow 24
hours after the commencement of im-
munisalion are, the e.ore:

1; aplasia (reduction of the number
pliicellsy.

2) reclative abundance of cells with
the morphology o] lymphocytes which
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are either found in the intertor of the
blood snaces or else are in the relicuium
where they appear as isolcfed elements.

3) reduction in number, almost ab-
sence, of polymorphonuclear leucocyles.

4) regressive changes in the myelo-
cytes, megalocaryocyles and [at-cells.

5) proliferation of myelocytes, wilh
nol infrequent disseminated [oci, ma-
de up of 4 or mere of these cells.

Probable interpretations.

The lesions seen in the bone-marrow
of rabbits 210 and 212, which died res-
pectively 17 and 20 hours alter the
beginning of immaunisation, are ol the
same nature.

Small variations of intensity of
the lesion, only, are to be seen.

Thus in rabbit 210, the cedema of
the reticulum is more accenfuated than
in 212. In rabbit 212 the cells with
the appearance ol lymphocyles are
still more numerous and diffusely distri-
puted than in rabbit 210.

These lesions are probably due to-
the folliowing: |

The conspicuous reduction in leu-
cocytes is to be explained, naturally by
the leucocytosis observed in this phase
of immunisation.

The multiplication or regeneration

of the myelocytes is due to this same

{feucocytlosis.

The congestion of the capillaries and
cedema of the reticulum are directly
dependant on the introducticn info the
circulation of the antigen (dead bacte-
ria), certainly bringing with it toxins
(endotoxins). The congestion must pre-
cede the cedema which is only the con-
sequence of an intense and lasling con-
gestion. We had, besides, the opportu-
nity to see the ease with which, in  va-
rious pathological conditions, the cede-
ma of the reticulum of the bone-marrow
produces itself, and which Is explained
by the special structure of the capilla-
ries of the bone-marrow.

As to the regressive changes seen

in the myelocytes, megalocaryocytes and
fat-cells, I think that the vascular le-
sions (cedema and congestion), bringing
vith them modifications in the cellular
metabolism, are in themselves sufficient
explanation; it is not possible, however,
to exclude even here an action of the
anligen.

The explanation of the abundance
of cells with the morphology of lympho-
cytes oifers some difficulty; the same
fact had already been observed by
SELLLING 1n the regeneralion of bone-
marrow after benzol intoxication; it 1is
most probable that it should be a case
of emigration of these cells from capilla-
ries of the bone-marrow where they are

also to be seen in the sections (Fig. 4,
Plate 19).

360 hours of immunisatign.
Rabbit 213—Weight 1.300 grs.

Inoculated in marginal vein of the ear with 1 cc. of
a killed ecmulsion of B. parafyphi A. (Emuision A) at
3.30 p. m, on April 7 th 1920.

Died after 0.00 a. m. on April 8 th 1920. Autopsied
at 1.00 p. m. on same day.

Autopsy—The bone-marrow has a
lichtred colour. The consistence is di-
minished, the organ is easily dilacerated,
Jeaving pieces sticking to the bone-
when the rest is removed. The central
vessels are not very conspicuous.

Histologic Study—The lesions of the
hone-marrow of rabbit 213, died at the
36th hour of immunisation, are ol the
same kind as those seen In rabbit 213

The differences are:

1) The congestion is less pronoun-
ced.

2) The proliferation of myelocytes
is more pronounced, figures of indirect
division are [requent.

3) Cells with pigment are found in
greater number.

2nd Day of immunisation.
Rabbit 214—Weight 1 300 g,

On April 7 th 1920 at 3.30 p. m,, inoculated in the
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marginal vein of ear with 1 cc. of a emulsion B. para-
fyphi A. ( mulsion A).

Killed on April 9 the 1920 at noon
snoculation).

Lhe parenchyma cells are practi-
cally as numerous as in normal bone-

(46,30 hrs after
marrow,

Autopsy was made immediately.

Autopsy—The general colour of bo-
ne-marrow (femur) was red. The surface
brilliant. The consistence normal.

Histologic Study—Sections of ma-
terial fixed in ZENKER-formalin, stai-
ned by heematoxylin-eosin and  fluid
GIEMSA.

Under a weak power a pronounced
congestion of the small vessels (capilla-
ries), aodema ol the reticulum and
reduction In volume and number of the
fat-cells.

The parenchyma appears to be poo-
rer In cells than the normal:; this is
not, however, marked.

Areas of necrosis are not to be seen.

Rabbit 409—Weight 1 130 grs.

May 5 th 1921—(2.00 p. m.) Leucocytes—=10 550 per

A really evidenl feature of this bo-
ne-marrow, which agrees with BUNTING
and SELLING's descriptions of the re-
generations of the bone-marrow, is the
existence ol myelocytes in small islets
ol 3, 4, 6 or 10 and more cells, side by
side with other different groups of hee-
moglobin-containing cells (groups in
which there is regeneration of cells of

the myeloid class and  erythrogenetic
groups).
The polymorphonuclear leucocytes

are also abundant and the megalocaryo-
cytes are well preserved.

Ocasionally discrete areas with ca-
pillary congestion are seen.

The aspect of these lesions is not
uniform; in some places the ocedema
of the reticulum is more pronounced
and the fal-cells are Iless voluminous:

mm3 (11 600—11 200—10 000—9 400).

May 6 th 1921—(1.15 p. m.) Leucocytes—12 800 per
anm3 (14 800—13 400—11 80011 200).

May 6 th 1921 —At 1.45 p. m. inoculated subcuta-
neously with 1 loopful (2 milligramms) of a culture in
gelose of B. parafypht A. in suspension in saline solu
tion and sterilised by heating in a water bath at 650C
for an hour,

May 16 th 1921—-Killed, at 4 00 p. m. by violent nar
Cosis (chloroform).

the parenchyma celis, although less nu-
merous, show a disposition in distinct-
groups of cells of the myeloid series and
erythrogenetic cells.

T'he bone-marrow of the 10th day of
immunisation shows an intense rege-
neration of the parenchyma cells, of
the ccells the myeloid series as of the
hewemoglobin-containing cells: the former
more numerous, however, than the latter.

I'he congestion of the capillaries exis-
{s only in rare places and the cdema of
the reliculum is already being reabsor-
bed; in the immediale neighbourhood of
the jat-cells 1s found a homogeneous su-
bstance, staining itself in orange red by
MALLORY's method (anilin blue) and
staining strongly with eosin (hyaline subs-
tance?). |

One descripltion alone will suffice
for these three rabbits, so similar are
the lesions found. _

The only difference is that cells
swith pigment are found only with dif-
ficulty in rabbits 405 and 408 whereas
they are not uncommon in 409.

Histologic Study—Under a weak po-
wer the Iat-cells are seen to be reduced
in size and the parts of the reticulum
which surround them are strongly sta-
ined by eosin. In preparations by MAL-
LORY’s process (anilin blue) these par- |
is are uniformly coloured orange red,
giving the appearance of hyaline subs-
tance, whereas the remainder of the
reticum stains blue (cedema fluid).

14th Day of immunisation.
Rabbit 133 A—Weight 1. 750 grs.

Jan. 19 th 1920—Leucocytes==13 200 per mm3.

Jan. 20 th 1920—Leucocytes (4 00 p. m.); 6 600 per
mm3. Intraperitoneal inoculation {4 20 p. m.) of 1,5 cc. og
a mixture of 2 cc. of saline solution with 1 cc. of 24
. hours broth culture of B. paratyyhi A.

|




Jan. 21 rst 1920 - Leucocytes (2.00 p. m.)=18 800 per
mms.,
Jan. 22 nd 1920 - Leucocytes (12.30 p. m.)=I11 80
per min,

Jan. 24 rd 1920—Inoculated peritoneally (1.30 p. m.)

with 3 cc. of saline solution with 2 loopfuls of a 24 hours
culture on gelose of B. paratyphi A.
reb. 3 rd 1920—Leucocytes (11.00 a. m.)==13 C00,
Killed at 1.30 p. m.

Histological Study—Under a small
power the bone-marrow is scen to be
richer in cells than the normal organ.
The clear spaces that correspond In
the latter to fat-cells are in our case

unrecognisable; in their place nume-
rous parenchyma cells diffusedly disse-

minated are to be seen.

The blood-capillaries are not dilated
and can be recognised without difficulty
(under a weak power) between the nu-
merous parenchyma-cells.

Under a strong power one observes
that the most numerous cells are mye-
locytes and polymorphonuclear leucocy-
tes; it is quité common to see foci of
myelocytes and round the margins of
these numerous polymorphonuclear leu-
cocytes. Amongst these, if 1s easy fo
find megalocaryocytes, almost all of
them with 1 or 2 phagocyted leucocytes
in their plasma; cells of the heemoglo-
bin-containing series are also found.

The most remarkable fact, however,
of this bone-marrow in marked hyper-
plasia is the existence of foci of proli-
feration of the reticulum cells, which
form structures at first sight similar to
lymphoid follicles (Fig. 17, Plate 17).

The foci are fairly conspicuous, even
under a weak power, on account ol
the absence of granulocytes in them;
they are made up of big cells witha nu-
cleus round or oval, poor in chromatin,
showing 1, to 3 nucleoli, protoplasma
slightly basophil (reticulum cells); stai-
ning by anilin blue (MALLORY) shows
that these do not contain any connec-
tive tissue fibrils; in certain favourable
fields one sees that the protoplasm of
these cells has fine, strands of protoplasm
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which go out towards similar ones frony
other cells. These cells have phagocytic
activity; their protoplasm sometimes
holds desintegrating granular leucocytes,
round granules stained by eosin and
sometimes licht yellow pigment. In the
foci, there occur other cells amongst
these; they have a round nucleus, with
abundant chromaftin and a protoplasm
without granulations; some have the
morphology of lymphocytes.

When the focus becomes larger, the
big cells occupy the central part, 1mi-
tating the germ centre of a lymphoid
follicle with its lymphoblasts; the non-
granular mononuclear cells and and lym-
phocytes, becoming more numerous, oc-
cupy the marginal zone; the appearance
reminds one of a lymphoid follicle (see
Fig. 17, Plate 17).

The knowledge we have ol the re-
ticulum cells of h@emalopoielic orgauns is
not yet definite. Some authorities,. like
DOWNEY and WEIDENREICH, admit
the formation of mononuclear leucocy-
tes and lymphocytes at the cost ol the
reliculum of lymphoild organs.

[ do not wish to assert in a categoric
way that the foci I described are lym-
phoid organs; that would be the subject
of another research. What 1 should
like to state clearly, is the difference
between these foci, which are perhaps
lymphoid follicles, and the foci of proli-
feration of connective tissue cells (fibro-
sis) which were met at every moment
in this series of rabbits from the 6th
day on, and that indicate small heemor-
rhagic centres under way of organisation.

ASKANAZY thinks that under nor-
mal conditions thé bone-marrow  of
children contains lymphoid follicles,
which SCHRIDDE denies, assuming that
this can happen only under pathological
conditions. The lymphoid follicles indi-

| cated by ASKANAZY showed no germ-

cenires.
if in this rabbit, these should be

real lymphoid follicles, which I think
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very probable, this fact would have a ] focus round one of them (s. Figs. 11

special 1nlerest, since it would show the
possibilily of lymphoid follicles with a
quite evidenl germ-cenire occurring in
the bone-marrow (I'ig. 17, Plate 17).

In normal rabbils only occasionally
did I find lymphocytes, which were al-
ways isolated. The existence of lymphoid
follicles in the bone-marrow of the adult
rabbit is, according to me, a patholo-
gical condilion. Might not the expression
of «lymphoid melaplasia» in this case
- be not allogether unsuitable.

IV—Conclusious.

It is quitle common to observe his-
topathological lesions of the bonemarrow
of apparently healthy rabbits; of these, ho-
wever, the number of leucocyfes is al-
most always abnormal. SELLING’s re-
commendation, i. e. to observe during
a period of 3 conseculive days the num-
ber of leuncocytes and exclude the rab-
bits that, during this time show consi-
derable daily variations or an abnormal
number, proved very useful.

I carried out a histopathological stu-
dy on the bone-marrow of 40 rabbits
immunised for the obtention of aggluli-
nins (B. parafyphi A.)

I ascertained the existence of le-
sions succeeding each other with great
regularily; this process can be divided
according to its morphological charac-
ters into the following phases:

4 hours of immunisation.

Sligsht congestion, inconspicuous cede-
ma of reticulum and a modification (di-
sorder) in the normal arrangement of
the parenchyma cells which are less
numerous than wunder ordinary condi-
tions and above all an intense trans-
formation of myelocytes into polymor-
phonuclear leucocyles. These polymor-
phonuclear leucocytes, dispose themsel-
ves after the fashion of a crown round
some fat-cells and make up a little

and 15, Plate 17). The aspects observed
show a pronounced chemotfaxis of the
fal-cells for the polymorphonuclear leu-
cocyles. |

17 to 30 hours.

Marked congestion and pronounced
cedema of reticulum (s. Fig. 3, Plate
19). Considerable reduction In the num-
ber of parenchvma cells (aplasia) (s.
Figs. 3 and 4, Plate 19), with almost
complete disappearance of the polymor-
phonuclear leucocyles. Pronounced re-
gressive changes in the myelocyles and
megalocaryocytes (Fig. 5, Plate 19). Mul-
tiplication of amphophil myelocytes, In
its first stages, constituing little foci
of 3-4 discrete and rare cells.

Reduction in voluume of fat-cells (v.
Plate 19, Fig. 3), whose nucleus showing
the fine slructural details, 1s slightly
tumefied and displaced towards the cen-
tre of the cell (v. Plate 19, Fig. 4); the
proftoplasm all around has a clearly re-
ticular structure. Finally, a diffuse infil-
tration of leucocytes (v. Plate 19, Fig.,
4).

Z2nd Day.

There 1s persistance of the conges-
tion, cedema of reliculum, and diffuse
infiltration of leucocytes, also regene-
ralion of the polymorphonuclear leuco-
cytes and perhaps a slight excess of
them. Reconstitution of the fat-contents
of the fat-cells.

3rd Day.

The resorption of the cedema of the
reticulum begins. The congestion of ea-
pillaries persists (Plate 21, Fig. 9). The
parenchyma cells, as abundant as in
the normal state, are chiefly myelocytes,
disposed in small foci of 2, 4 or more
cells (Plate 20, Iig, 6) and polymorpho-
nuclear leucocytes. There begin toap-
pear foci of regeneration of the haemo-
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globin cells (perivascular foci of erythro-
blasts (normoblasts) (v. Plate 21, Fig.
11).

The recounstitution of the fat-con-
tents of the fat-cells continues (v. Plate
21, Figs. 9, 10 and 11). The lymphocy-
tes become rarer, the character of a
diffuse infiltration which they showed
disappears; megalocaryocyles In pro-
nounced phagocytic activity. Discrele hy-
perplasia of the fixed conneciive tissue

cells (fibrosis) (v. Plate 20, Fig. 8).
5th, 6th and 7th Days.
The congestion of the capillaries

shows a tendency to disappear and the
cedema of the reliculum is becoming
reabsorbed. Hyperplasia or inlense pro-
liferalion of myelocyles, grouped round
the vesse'sin a conspicuous manner (Pla-
te 22, Fig. 13 and Plale 17, FFig. 16); aclive
evolulion of myelocyles into polymorpho-
nuclear leucocytes, with individual varia
tions with rezard to the numerical pre-
dominance of one kiad of cell over the
other. Fal-cells reduced i1n volume; some
of them, however, have already reac-
quired their original dimeansions (Plate
22, Fis. 12); others are hidden by the
myelocvies in hyperplasia (v. Plate 17,
Fiz. 16). Numerous small foci ol fibro-
SIS (proli{'ération of connective tissue
cells) probably represenling the organi-
sation of small h@emorrhagic focit (v.
Plale 20, Fig. 7).

7th Day.

Capillary congestion only in a few
points, cedema ol re i‘ulum has already
underzone resorption; round the fat-cells
there has deposiled itsell a substance
wilh the caracters of hyaline subslan-
ce. Parenchyma with an aclive regenera-
tion of celis, not only of the more nu-
merous cells of the myeloid series, but
also of the hemozlobin-containing ele-
ments.
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i4th Day.

Bone-marrow in marked hyperplasia,
the most numerous cells being myelocy-
les and polymorphonuclear leucocytes.
Owing to the hyperplasia of the cells
of the myeloid serics, the fat-cells are
not conspicuous. A specially interesting
fact is the existence of foci with the
structure of lymphoid follicles and pos-
sessing a germ-centre (v. Plale 17, Fig.
17). Megalocaryocyies with pronounced
phagocytic activity.

Condensing the facts, we may say
that in the course of immunisalion for
the obiention of agglulinins, the bone-=
marrow undergoes, right iIn the first
hours, a marked redu:tion in the num-
ber of its cells, wilh 1nlense congestion
and cedema of reticulum and regressive
alterations 1n the parenchyma-cells. A
remarkable fact 1s the subsequent loss
of the fat-conlents of fat-cells, preceded
by the disposiiion of polymorphonuclear
leucocyles round them like a crown. The
reduction in volume of the fat-cells ap-
pears to be frequent In different patholo-
gical states of the bone-marrow, but the
chemolaxis of polymorphonuclear leuco-
cocyles for the fat-cell had not yet been
described and only subsequent research
wil show whether it i1s a lesion peculiar
to bone-marrow or not. ,

After this initial - period, there is
oradual regeneration of the difierent
cells: before this the bone-marrow 1is
the seat of an infiltration by ceils with
all the characlers of blood-lvmphocyles;
this invasion precedes the phase ol re-
ceneration of the myelocytes and cells
of the hamoglobin-contai.ing series and
this curious observalions might be of
ogreat theoretic Importance.

The fat-contents of fat-cells are gra-
dually rebuill.

Later on, on the 6th day of immuni-
sation, the most noticeable histologic alte-
ralion is an intense hyperplasia of the
parenchyma-cells; mitotic [igures of di-
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vision of the myelocvtes are to be seen
in greal abundance. This hyperplasia
becomes marked on the 10th and 14th
days; the fat-cells are then hidden by
the parenchyma-cells. At the same time
there is a regeneration, on a smaller
scale of the cells of the hzemoglobin
containing series. At this time, a fact
of general interest is the appea-
rance of formations morphologically si-
milar to lymphoid follicles with a germ-
centre.

It is interesting to compare the cur-
ve of agglutinin-production with the le-
sions in the bone-marrow. This curve
attains its maximum on the 6th 8th
days of immunisation (TSUKAHARA),
coinciding thus with a marked hyperpla-
sia of the cells of the myeloid series
and with the regeneration of the fat-
contents of the fat-cells of the bone-
marrow.

Doubtlessly the lesions I observed
are closely connected with the well-

04 -

- - —_ e e =3

known modifications of the blood in
immunisation.

| think that the action of the antigen,
leucocytosis and the production of antibo-
dies are facts closely connected among
themselves and that all of them concur
towards producing the lesions of the
bone-marrow seen during immunisation.

T'his is not a gratuitous supposition
since HEKTOEN’s experiments have
shown the «leucocytogenic-centres» to
take part in the elaboration of antibo-
dies and TISCORNIA, employing a spe-
cial technic isolated from the leucocytes
of immunised animals substances with
immunising properties.

Taking into account recent immu-
inologic research and experiments with
physical agents such as X-rays, radium
and thorium X, all of which tend to
point out the bone-marrow as seat of
production of some antibodies (aggluti-
nims), we may conclude that the mor-
phological descriptions submitted in this
work confirm this point of view.
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Explanation of Figures.

Iigs. 1 to 13, Plates 18 to 22, are
microphotographs of microscopc sections
of rabbit bone-marrow stained with
hematoxylin-eosin.

Figs. 14 and 15, Plate 17, are dra-
wings from microscopic sections of bo-
ne-marrow stained with heematoxylin-
eosin and drawn with ZEISS’ Comp. Oc.
4 and Homog. Imm. Obj. 1/12; Fig. 16
i1s drawn with ZEISS’ Oc. 2 and Homog.
Imm. 1/12. Fig. 17, Plate 17, is drawn
from a section of bone-marrow stained
by GIEMSA’s fluid process and exami-
ned with ZEISS’ Comp. Oc. 6 ZEISS
‘Obj. DD.

Plate 17.

Fig. 1— Bone-marrow alt the 4th
hour of immunisation (rabbi?
369 ).

Leucocytes placed round fat-cells

like a halo (chemotaxis of the
fat-cell for leucocytes).
Fig. 2— Bone-marrow at the 4th

hour of immunisafion (rabbit
369 ).
Leucocytes grouped round fal-cell

are more numerous than in Fig.
14, and cover the fal-cells
Fig. 3 — Bone-marrow at the end

of the 7th day of immunisation |

(rabbit 218), showing an active
proliferation of myelocytes.
Observe the predomination of this
kind of cell over the other pa-
renchyma-cells and 1ifs grou-
ping round the  blood-vessels.
Capillaries dilated, slightly less
so than in the [irst days of Im-
munisation. Some fat-cells are
approximatively normally-sized
(a); others are hidden by groups
of myelocytes giving at  first
sight the impression that they
had been invaded by myelocytes

(b.)

Fig. 4 — Bone-marrow al the end of

|

the 14th day of immunisation
(rabbit 133-A).

Cell-focus that must be identified
with a lymphoid follicle with
its germ-centre.

The cenfral part (germ-centre) is
occupied by big cells of a baso-
phil cytoplasm, oval nucleus
with little chromatin and with
1—2 nucleoli (reticulum-cells).

Peripherically there are numerous
cells with the morphology of
Ilymphocytes, among which are
to be observed also cells of
the marrow-parenchyma (mye-
locytes and leucocytes).

In these cell-foci erythroblasts are
not seen.

Plate 18.

Fig. 1 — Normal rabbit bone-marrow
~ (seen under a weak power).
The clear spaces correspond to fat-

cells; between the latter are ar-
ranged the parenchyma-cells.
Blood-vessels are not in eviden-
ce. |
Fig. 2 — Normal rabbit bone-marrow
(seen under a sfrong power).

Plate 19.

Fig. 3—Bone-marrow after 24 hours
of immaunisafion (rabbit 212).
Pronounced congestion and cedema
of reticulum (as compared with
with Fig. 1, Plate 18). Reduc-
tion I number of parenchyma-
cells (aplasia). Fat-cells redu-

ced in volume.

Fig. 4 — Bone-marrow after 24 hours
of immunisation (rabbit 212).

(To be contrasted with Fig. 2, Plafe
18).

Reduction in number of parenchy-
ma-cells (aplasia). Abundance of
cells with the morphology of
lymphocytes. Congestion  and
cedema of reticulum. Lesions of
fat-cells (ci. text).
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Fig. 5—Bone-marrow after 24 hours |

o/ immunisation (rabbil 212).
Megalocaryocytes with regressive
changes (cf. text).

Plate 20,

Fig. 8—Bone-marrow at the end the
srd day of immunisation (rabbil
215;.

Intense proliferation of myelocytes,
forming small groups of 3 or 4
cells. Diffuse infiltration of
lymphocytes. Complete disappe-
arance oi fat-contents of fat-
cells.

Ilg. 9 — Bone-marrow at the end of
the 3rd day of immunisation
(rabbit 216.)

f'oci of polymorphonuclear leucocy-
tes; many of them superposed
on one point show a pyknotic
nucleus and other ones are in
complele desintegration (a small
infarct).

Flg. 10—Bone-marrow at the end of
the 3rd day of immunisation
(rabbit 216).

Increase in number of fixed connec-
tive tissue cells which which are
seen 10-15 at a time placed side
by side and in rows.

Plate 21,

Fig. 9 — Bone-marrow at the end of
the 3rd day of immunisafion
(rabbit 150).
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Marked congestion (compare with
Fig, 1, Plate 18). Parenchyma-
cells, although less numerous
than in normal marrow, are
more numerous than in the [irst
21 hours ol immunisation. (com-
pare with Fig. 3, Plate 19).

Fig. 10— Bone-marrow at the end of
the 3rd day of immunisation
(rabbit 150).

Focl of regeneration of hemoglobin-
containing elements [perivas-
cular foci of erythroblasts (nor-
moblasts) |.

Fig. 11 — The same sectlon as in fi-
gure 9 seen under a higher po-
wer.

The most abundant parenchyma-
cells are myelocytes.

Plate 22.

Fig. 12 — Bone-marrow at the end of
the 5th day of immunisation
(rabbit 367).

Hyperplasia of parenchyma-cells, of
which the most numerous are
polymorphonuclear leucocytes.
In the fat-cells can be observed
regeneration of fat-contents. Qe-
dema of reticulum Ilargely rea-
bsorbed.

Fig. 13 — Bone-marrow at the end of
the 7th day of immunisation
(rabbit 218).

Pronounced congestion and grouping
of parenchyma-cells round blood-
vessels.




