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I. INTR, ODUCTION. 

IN the year 1931, together with A. H. Andres and V. t. Iljina-Kakujewa (1), 
we published a preliminary communication with reference to the possi- 
bility of using leucocyte cultures of normal human blood for karyological 
purposes. In 1932 I-Ialdane pointed out the necessity of an intensive 
study of the chrmnosome complex of humans and also the possibility of 
using cultures of the leucocytes of peripheral blood for this purpose. 

The fundamental aim of our investigation was to obtain the largest 
possible number of cells in mitosis in cultures of normal blood cells and 
to use them for analysing the somatic karyotype of man. 

I:Iitherto none of the numerous authors who have cultivated the 
blood cells of various animals and men have paid any special attention 
to mitosis. 

The first to point out the presence of mitosis in cultures of leucoe)~es 
were Timofeewski and Benewolenskaja(2). These authors described how 
in the cultures of leucocytes of normal human blood the polyblasts 
originating from the lymphoe)~es and monocy~es at a certain stage of 
development of the culture multiply in a mitotic manner. Somewhat 
later Maximov (a) showed that single mitosis may be found in polyblasts 
in cultures of the leucocytes of the rabbit, guinea-pig and Mctcac~ts. 
Maximov studied the problem of the multiplication of spindle-like cells 
and fibroblasts originating from polyblasts and states, differing from 
other authors, that these cells under appropriate conditions multiply 
exclusively iu a mitotic manner. To prove this statement he gives some 
beautiful drawings, but nowhere refers to mass mitosis. In 1928 CaNer (4), 
whose work is of especial interest to those concerned with the culture of 
the leucocytes of normal human blood, also dwells on the question of the 
multiplication of the different types of cells which form in the developing 
culture. He gives a detailed and exhaustive description of the general 
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morphology of these forms, and points out that with the conditions under 
which he grew his cultures t:or 1~. days he never observed mitosis. We have 
then the positive data for human blood of Timofeewski and Bene- 
wolenskaja, obtained in cultures grown by a speciM method; the positive 
data of Maximov for blood[ of other mammMia, obtained by a method 
similar to that of the preceding writers, and finally the negative data of 
Career, who used[ a different method for cultivating normM human 
blood. These da.ta enable us to/[raw the conclusion that the presence of 
mitoses and[ also their quantity probably depend on the conditions of 
cultivation. 

Our Mtorts were first directed to discovering what media would be 
the most ef[ective for our purpose, and[ in this direction we succeeded in 
obtaining reliable results. In addition we attempted to filtd the simplest 
methods possible, because our final Mm was not only to enlarge ~he 
possibilities of the karyologieal study of man, but also to work out the 
most convenient methods for obtaining karyological materiM. Conse- 
quently the central feature of our work is methodology, which we 
consider to have developed to a point such that it is adequate and 
practicable for anyone acquainted[ with the principles of the technique 
of tissue cultures. The method given in this paper differs from the 
method described in our l?relimina?y communication of 1931 in tha~ it 
is far simpler. 

II. THE T E C H N I Q U E  O]~" GROWING- CULTUI~ES.  

A large number of experiments made by us after publishing our 
preliminary communication in 1931 showed that plentiful karyokinesis 
cannot be obtained in cultures of leucocytes previous to the moment 
when the mutation of polyb]asts into stable cells begins. Therefore we 
paid special attention to discovering the conditions of cultivation which 
would lead to rapid and quantitatively greater mutation of labile forms 
into stable forms, and to furthering their mass multiplication in a mitotic 
manner. 

As material for cultivation we used fragments of film coagulated on 
the surface of centrifuged cell elements of blood, which, as is well known, 
contMns a great number of leucocytes. This film was obtained in the 
following way. The blood obtMned by the puncture of a vein is collected 
in quantities of 8-10 c.cm. in a cooled paraffin-lined tube containing 
some 5-8 drops of solution of heparin in physiological salt solubion; this 
is centrifuged for 10-12 min. at 3500-~t-000 revolutions. After this the 
transparent plasma, which usually has a yellow colour of varying 
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intensity depending on the subject, is drawn off. It  is advisable to leave 
as little plasma as possible on ~he paste of centrifuged eett elements. 
After removing the plasma, 3-4 drops of embryo extract may be added 
to tile tube, but this is not necessary. The tube must remain at room 
temperature, or be placed in a thermostat at 37-38 ° C. After some time 
the plasma on the surface of the cell elements coagulates. The rapidity 
of the coagulation is highly stimulated by embryo extract and placing 
in a thermostat. But neither of these, according to our observations, 
has any influence on the final effect. As will be seen fi:om the above, our 
method of obtaining the film is similar to that accepted by the great 
majority of experimenters (Carrel, Timofeewski and Benewolenskaja, 
Maximov, Cattier). The success o[ the cultures largely depends on the 
size of the fragments taken for cultivating. We recommend transplanting 
fragments that are neither too small nor Leo large--about a square 
millime[re. As lVIaximov has shown, it is advisable to avoid those 
fragments of the film which are only feebly coloured or nearly white; 
for such fragments contain chiefly thrombocy~es or blood plates and 
comparatively few leucocytes. In addition, as will be shown later, i~ 
is necessary to have a certain number of erythrooyges in the portion 
selected if we are to obtain successful cultures developing stable cells. 

The cutting out of these small parts is done in t~inger solution, and 
must be done rapidly. 

We ]?laced selected portions in a hanging drop, using the metltod of 
Maximov, i.e. the small cover-glasses on which the cultures were placed 
were attached with I~inger solution to a large mica plate, which was 
placed over the cavity of a large slide. As initial medium we used[ a 
imxture of rabbit and human (usually autogsnous) plasma. Such 
a mixture is recommended by Timofeewski and Benewolenskaja(s), and 
by I-Iirsohfeld and Kles-l~awidowitsoh (.5/. Numerous recent experiments 
have shown that the plasma used[ for our purposes must be dissolved 
in a certain quantity of I~inger or Tyrode solution. In this respect we 
agree with the method proposed by Maximov(a). The best results were 
obtained by a certain hypotonisation of the medium. For reasons given 
later we used a somewhat greater hypotonisation than that proposed 
by Maximov. 

Our cultures, as has been stated, were developed on two different 
plasmas, one of which (heterogenic rabbit plasma) was diluted with a 
Binger sohtion 50 per cent. hypotonised. We obtained the hypotonisation 
by mixing the Ringer solution with distilled water (bidestillata) in the 
ratio 1 : 1. 
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The addition of embryo extract to the initial medimn undoubtedly 
accelerates the process of  mutation of non-granular forms from labile 
amoeboids into stable ones. A most important condition here is the 
appropriate concentration of the extract. We have come to the conclusion 
that  ~he best concentration for the initial medium is 5 per cent. of 
extract in the medium. The embryo extract used[ may be either homo- 
genie or heterogenic. We found extracts of human and chicken embryo 
equally suitable. It is hardly necessary to point out that  the preparation 
of human extract, which is usually prepared from material obtained after 
an abortion, must be done extremely carefully. I t  must be remembered 
that portions of embryo may be polluted (as is in fact practicaIly atways 
the case) with maternal blood or with other secretions from the uterine 
Jill] COSa. 

The diluted extract may be preserved on ice for a comparatively long 
time in sealed tubes or carefully corked glass tubes without losing its 
active nature. For example, several times we used an extract that had 
been preserved on ice for 2 weeks with the same success as with a freshly 
prepared one. In this respect we entirely agree with ~[aximov. In 

analysing the problem of the factors stimulating the mutation of non- 
granular forms of blood into stable cells of united tissue type, we must 
call attention to an extremely important point. In our first com- 
munication(l) we pointed out that the number of erythrocytes in the 
cultivated fragment of the blood clot exercises an influence on the 
process of transformation. We have repeatedly observed the same thing 
in all the experiments made after the publication of our first com- 
munication. On the ground of these observations we advance the 
hypothesis that some products of the disintegration of blood cells, and 
especially of erythrocytes, are an essential factor stimulating and possibly 
determining the processes of transformation. In order to verify ~.his 
hypothesis and obtain at the same time a new technical method, which 
was very important for us, we prepared the so-called autohemolysate in 
the following way. The blood clot, or. more accurately the plasma 
coagulated on the surface of centrifuged blood elements identical with 
those we used for our cultures, was cut into several fragments and placed 
in a sterilised tube, and 3 c.c. of ginger solution were added. 

Then after soldering the tube and thoroughly sealing the stoppe~; the 
tube was placed in a ~hermostat for 2 days at 37 ° C. After this it was 
carefully shaken and centrifuged. We added the autohemolysate obtained 
in this way direct to the medium of the culture, or diluted it with the 
embryo extract. 
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Jn all cases we obtained a definite and uninterrupted effect ac- 
celerating the mutation of the non-granular forms that have migrated 
into the medium. We may therefore assume that our hypothesis was 
proved. We must at the same time point out that the addition of tile 
autohemolysate to the medimn only accelerates the process of mutation 
of labile forms into stable ones, but that it does not increase the quantity 
of mitosis in the culture. Appropriate periods for renewing the medium 
play an important part in obtaining the :final result, i .e.  a greater quantity 
of mitosis in the cultures. We have already pointed out in our com- 
munication that transplanting, i .e .  cutting the culture off an old medium 
and[ placing it in a new one, does not give any results. This appears 
clearly if we consider the fate of the planted portion itself. The fact is, 
that the transplanted clot contains fewer cells in proportion as the zone 
of migration increases. After 2 or 3 days the central part of the trans- 
planted portion contains only isolated cells and only the most superficial 
layer is rich in various forms of non-granular elements. It is evident 
from this that after the first transplanting these fragments become quite 
poor in viable cells and cannot be again replanted. Hence instead of 
transplanting we used a method of renewing the medium proposed by 
Naximov, and described by him in detail. As a medimn for the renewal 
we always used a drop of embryo extract and a drop of autogenous 
plasma diluted with hypotonised ginger solution. 

The first renewal we usually made on the fourth day after planting. 
This period appeared to be by far the most successful for getting the 
maximum number of mitoses in the culture. The period of the first 
renewal as shown in our Summary 1 coincides with the beginning of the 
appearance in the cells of single or whole groups of stable' cell forms. We 
must once more repeat our previous observation that a too early renewal 
of the medium may somewhat delay the process of developing stable 
forms. This supports the idea that  the substances stimulating the 
mutation are products of disintegration of cell elements in the planted 
portions. One of the media appeared to be sufficient for our aims. The 
cultures, which were fixed 2,1- or ,I8 hours after this first renewal, produced 
a considerable nmnber of mitoses; ~1-8 hours is most convenient for this 
(see Summary 1). Numerous sets of cultures generally give a cpdte homo- 
geneous result. We obtained regularly from 65 to 75 per cent. of cultures 
developing in the direction of stable cell forms. It  is necessary to mention 
that  whether the donator of the blood was hungry or not had no influence 
on the process of developing the cultures and obtaining mitoses in them, 
both with regard to cell material and medimn (blood plasma). 
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There has been some discussion of the necessity of diluting the 
plasma and of general hypotonisation of the medium. It seems to us 
that  by diluting the plasma and subsequently obtaining clots in it, a 
considerably less close fibrin net is obtained. In the coagulation of 
a non-diluted plasma this is not generally a mechanical factor directly 
affecting the cells. It secures a more equal and rapid diffusion into the 
medium of those elements which gather in the fragment itself as a result 
of the autolytie processes which take place in it. With regard to the part 
played by these elements we have already spoken. 

With reference to hypotonisation the following suppositions are 
possfble. There is no doubt that  the degree of hypotonisation, found at 
the moment of planting, decreases from the time of placing the medimn 
on the slide to the time of coagulation of the medium and of sealing the 
culture in an hermetically closed cavity. Hence the culture appears to 
develop in a medium very weakly hypotonised. This weak hypotonisation 
presumably plays the part of changing the physical properties of the 
surviving cells and stimulates the change in a certain direction. We must 
assume that the degree of hypotonisation decreases still more and 
perhaps it amounts to isotonicity as the autolytic process advances. 

The last supposition, however, requires careful verification. 

Ill. THE GENEI~AL ~[OP~PHOLO(4Y OF CULTUI~,ES. 

The general morphology of cultures of human leucocytes has been 
frequently described by numerous authors. The most exhaustive and 
exact data are to be found in the works of Timofeewski and Bene- 
wolenskaja (2), and Ca~er(~). Our observations completely confirm their 
data and we therefore limit ourselves to a short description, dwelling 
chiefly on those points which have a relation to our fundamental 
problem. 

The fragments planted in the cultures in the great majority of cases 
contain all the white elements of blood in their normal proportions. 

A few minutes after the planting of the culture an intensive migration 
of the leucocytes into the medium begins. Until the end of the first 
26 hours the planted fragment is surrounded by a fairly large zone of 
migration; this is usually 1.5-2 times larger than the fragment. During 
the first 26 hours we recognise here all the characteristic elements of 
blood. Usually the most peripheral zone is occupied by degenerating 
neutrophiles. The zone nearest to the implant is densely filled with 
lymphocytes, monocytes and single eosinophiles. All these elements are 
in a state of amoeboid movement. 
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The general rate of migration of all the elements depends directly on 
the composition and physical conditions of the medium. For example, 
~he greatest migration was observed in groups 3 and 4 of our experi- 
ments (see Summary 1), in which the plasma used as initial medium 
was always diluted by hypotonie I~inger solution. The cultures developing 
in an undiluted plasma always gave a considerably smaller migration. 

Sections of the cultm'es made it possible to observe the fate of the 
fragment itself, and we never observed cell. divisions in it. Duriug the first 
2~ hours there is a fairly rapid unification of the Dagments of cell 
elements. By the third or fourth day only groups of degenerated 
erythrocytes and separate strongly hypertrophied non'-granalar elements 
(also wi~h evident signs of degeneration) remained in the central part of 
the fragment planted. In distinction from the central zone of the 
implant, the periphery remains from the second day densely filled with 
non-granular forms. 

During the iirst 24 hours the great majority of the non-granular cells 
(lymphocytes and monocytes) begin to increase in volume, and small 
granular ingredients become clearly visible in their cytoplasm. 

Vital s~aining with a very weak solution of a neutral dye (neutral 
Red 1 : 10,000 in I~inger solution) makes it possible to follow quite clearly 
under ~he microscope the changes ~ha~ occur in the non-granular cells 
during the first 2~ hours. Text-fig. 1 shows the cells of a 24-hour culture 
in group 4 of our  experiments. The cells, greatly enlarged in volume, 
contain a considerable amount of fine granulation which stains well with 
N.I~. and isolated fat particles. It  is characteristic that the grains 
which can be stained with N.I~. are always situated aparb from the 
fat. This agrees with what Maximov(3) described for other Mammalia. 
Usually the N.I~. grains are grouped near the nucleus, while the fat 
drops are in the peripheral fragments of the cytoplasm (Text-figs. 1, 2). 

Among the cells described tl~ere occur isolated cells with phagocyte- 
like parts. In most eases the erythrocytes appear to be phagocyte-like. 
For these reasons we include these forms either among the potyblasts of 
Naximov or among the macrophages. 

On further c~fltiva{ion (2, 3, ~t days) the polyblasts undergo a further 
change. They increase in voIume, and there appears a clear division of 
the cytoplasm into a dense inferior layer (endoplasm) and a thin peripheral 
transparent and homogeneous layer (ectoplasm). At the same time fairly 
clearly deigned shoots appear on the surface of ~he ectoplasm, sometimes 
as swellings, sometimes as margins; these are the formatious that Carrel 
described as "undulating membranes". 
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The polyblasts--macrophages, encountering one another in the 
process of migration--unite with the shoots and form connected groups 
of cells. 

Vital staining shows a considerable increase of N.R. granulation. 
Not, only does the number of grains increase, but also the dimensions 
of the grains themselves (Text-fig. 2). With the increase of the "segre- 
gation apparatus" there also takes place an increase of the number of 
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Text-fig. 1. Cells h'om culture of 2,t- hours. Supravi~M staining with neutral  red soiution 
(1 : 10,000). Zciss apochr. 2 mm. oc. x 10, e~merg lucida, a, ery~hrocyte; b, eosino- 
phile leucocyte; 1, lymphocyte; 2, monocyte;  2% 3, polyblast. 

fat particles. The relative position of N.I< grains and fat drops remains 
the same as in the previous stages. The N.R. granules are always included 
in the endoplasm, while the fat drops can be detected in the ectoplasm 
(Text-fig. 2). A very charactmdsdc quality of a polyblast is a sharp 
osmiophilism of its cytoplasm. This is especially noticeable on the pre- 
paration after a fixation of 24 hom:s in Flemming solution (Plate XII,  
fig. 2). A clearly defined osmiophilism of the whole cytoplasm and 
especially of the endoplasm shows special constihtents undoubtedly 
connected with the specific change. All tllese changes in the non- 
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gramdar cells are connected with a gradual change of structure in the 
nucleus. The nucleus of a lymphocyte and monocyte gradually loses its 
irregular contours, the small lumps of chromatin grow smaller and are 
distributed more regularly over the whole volume of the nucletls (]?late 
XII,  figs. 1 and 2). 

Usually at the end of the third 2,t- hours more and more ceils with 
several shoots, generally elongated or in the form of a star, are situated 
in groups (Plate XlI ,  fig'. 1). With the change of form the polyblasts lose 
the characteristic difYerence between ecto- and endoplasm. Nevertheless 
a whole series of cells with offshoots preserve very thin films on the ends or 
sides of the offshoots--remnants of the undulating membrane (Plate XII,  
fig. 1, a,). The mutations described are connected with a gradual loss of 
osmiophilism. All sorts of coarse ingredients, remnants of the phagocyted 
portions (Plate XII, fig. 2, 2), appear in the cytoplasm of many cells 
having offshoots. This appearance, and the presence of the remnants of 
the undulating membrane, show clearly that the cells having shoots 
originate from the polyblasts. The structure of the nucleus confirms this 
(Plate XII ,  fig. 1). 

The cells with offshoots, which are undoubtedly stable, immobile cells, 
connect themselves by their offshoots into syncytial nets and form whole 
groups of tissue complexes (Plate XII,  fig. 1). ARer vital staining we 
succeeded in discovering that the N.l%. granulation in the cells with 
offshoots becomes more diffused in the cell (Text-fig. 2; Plate XII,  
fig. 2). Nevertheless the fat particles continue to remain separated 
from the N.1R. granula. This less compact and diffused distribution of N.]~. 
granulation corresponds with the loss of a clearly marked differentiation 
of cytoplasm into endo- and ectoplasm. 

In the greater part of our cultures during the fourth 24- hours, a 
considerable number of spindle-like cells was observed among the com- 
plexes of the cells with offshoots. The cells, by reason of a whole series 
of cytoplasmatie and nuclear structures, approach very nearly to the 
usual stable cells of connective tissue, i .e. fibrocytes, and by this term we 
shall call them in what follows and also in our summary. The fibroeytes 
undoubtedly originate from o~tshoot polyblasts, or more exactly from 
the transitional forms of the previous stages in the development of the 
culture. On the basis of the analysis of these transitional forms we may 
indicate the following process of mutation. Gradually the greater part 
of the offshoots disappears, wl~le two usually remaili at the poles. All 
vestiges of the undulating membrane and the visible eetoptasmatie 
border disappear. At the same time the osmiophilism of the protoplasm- 

J o u r n .  o f  C~eneties x x x ~  17 
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vanishes and the nucleus acquires the typical structure of a fibroeyte--a 
thin film over the nucleus, fine chromatin grains, diffused through the 
whole nucleus, and two or three large distinct nucleoli. But even at this 
stage of development the spindle-like cells often preserve distinct traces 
of their origin, grains, phagocyte-like particles, etc. (Plate XII, fig. 2, l). 
All these changes in the non-granular forms occur sporadically in the 
migration zone. In cultures ~t- days old we may find only niduses of tissue 
complexes on the border of the fragment itself and on the periphery of 
'the migration zone. In a great nuntber of cases the changes occurred 
so regularly that the cultures ultimately resembled a well-grown culture 
of connective tissue (Plate XII, fig. 2). 

In order to obtain the maximal number of cell elements the fourth 
2~ hours is the most appropriate period for the renewal of the medium. 
About this time there are considerable niduses of spindle-like fibrocytes 
in the culture, although other forms of polyblasts (rounded and with 
offshoots) are present in considerable number. The renewal of the medium 
and the insertion of new material favouring mutations somewhat delays 
the rate el! new mass migrations. This corresponds with a whole range 
of data obtained lately in connection with the study of the conditions of 
the differentiation and the multiplication of the cells in tissue cultures. 
In the selection of the time for the renewal of the medium, following the 
method of Chlopin(6/ we tried to postpone the "finai" differentiation, 
and to conserve in this way the greater part of the ceils capable of 
reproduction. Our hypothesis appeared to be valid (see Summary 1). 
I=Ienee the cell forms in the zone of migration which appeared in the fifth 
and sixth 24 hours (i.e. in 2~t-48 hem's after the renewal of the medium) 
appeared to be approximately the same as before the renewal of the 
medium, ~.e. in the fourth 24 hours (Plate XII, fig. 2). But there is no 
dotlbt that the process of mutation, though delayed, continued. This is 
indicated by the fact that more and more "r ipe"  forms of fibrocytes 
appeared in the migration zone in the fifth and sixth 24 hours. A hardly 
noticeable osmiophilism of.the cytoplasm and the presence of the thread- 
tonofibrils lying along the cells is characteristic izz a large number of 
cells (Plate XII, fig. 2, 1). In the sixth 24 hours these particular forms 
begin gradually to dominate in the cultures. The fifth and the sixth 
24- hours were the periods in the life of the cultures when we could discern 
the first mass mitosis (see Summary 1). 
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IV. CELL DIVISION. 

It is not the task of the present article to analyse in detail the somatic 
karyotype of man, nor ~o describe exhaustively the morphological details 
of the mitosis encountered in the cultures. We are especially interested 
in the chromatin figure and in the chromosomes from the point of view 
of the possible use of our cultures as materiM for karyologicM investiga- 
tions. Therefore we shM1 limit ore: description to a series of typical 
figures tha t  give a general idea of the material. Cell divisions, as shown 
in Summary 1, appear in the cultures in great number after the first 
renewal of the medimn, i.e. in the fifth 24 hours of the life of the culbures. 
Previous to this time we found only rare and isolated mitosis in lympho- 
cytes of average size. These cells under mitoses are extremely minute, in 
consequence of the extremely densely situated small and large chromo- 
stones; their chromatic figure in spite of the best 5xation was not fit for 
anMysis. In  addition, in these segregabing lymphocy~es we never met 
with plates tha t  were situated parallel to the plane of the covering glass, 
and therefore in the complete preparation of the cultures these mitoses 
are completely unfit for our aims. I t  is evident from the aforesaid that  
cultures less than 5 days' old are an unsuitable material for karyological 
investigations. On the other hand, after the first 2~t hours of the renewal 
of the medimn our cultures are adequate to all the demands of modern 
karyology. The maximum of mitoses in the cultures appears in the 
48 hours after the renewal of the medium. Therefore special attention 
was paid to these cultures, and all of the mitoses to be described belong 
to cultures fixed at 6 days' old, i.e. ~t8 hours after the first renewal of the 
medimn. This time proved to be the most suitable because more than 
half of the cells under mitosis had entered the metapha,~e stage (see 
Summary 2), which is the most appropriate for karyological analysis. 
This shows the existence of a certain rhythm of cell divisions in the 

8UM~iARY 2. 

Quantity of cells under ,~dtosis in seve'~ a,rbil,rarily chosen se.Hes of cv.lt,.,,res. 
No. of series Prophase Me~aphase Anaphase Telophase Total  No. 

13 4 8 (3) 3 3 18 
16 2 11 (2) 1 1 15 
21 1 7 (2) - -  2 ]0 
24 II 33 (13) 2 14 60 
25 12 20 (9) 3 4 39 
27 17 51 (24) 8 15 91 

50 1,13 (62) 19 40 252 
56% (43%) 

The n u m b e r  of meh~phuses situM, e4 under  rm angle or perpendicular  be bhe phme of 
the  coverglass are included in brackets.  

17-2 
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cultures, the more so since the metaphase according to all present data 
is the shortest period of the karyokinesis. The existence of a rhythm in 
tee cell divisions is also shown by the fact that in the great majority of 
cases cultures of the same series, fixed at the same time, gave an identical 
ratio of karyokinetie stages. This circumstance leads to the necessity of 
arranging exact intervals between the maxima of all divisions for 
obtaining a maximal number of cells rmder mitosis in a definite stage. 
Our experiments show that  these intervals repeat themselves in 8-10 
hours, if we desire a maximum of metaphases. 

For the study of mitoses, after having tried several methods, we chose 
the following: the cultures were fixed in Flemming solution with a reduced 
quantity of osminm and acetic acid (1 per cent. of chromic acid[, 16 e.cm. ; 
2 per cent. osmie acid, 1 e.cm. ; 2-3 drops of a strong acetic acid). 

In this fixative the cultures were left for 12-1~ hours at room 
temperature. 

The time elapsing from the moment of taking the culture from the 
thermostat to plunging it into the fixative must be minimal (5-10 see.) ; 
the culture must not get cold. The material is better in proportion to the 
rapidity of fixation. After fixation follows washing in running water for 
24 hours. Then, during the day, spirits of increasing strength are used, 
and for the night a spirit of 96 per cent. is used. 

We tried to use in addition to Flemming solution other fixatives 
recommended for karyological work (Bouin, Bouin-Allen, Levitsky, 
I-Icily). None of these gave as good results as the above variation of 
Flemming solution. 

The lessened quantity of osmium in the fixative used by us plays a 
very important part, since, in spite of prolonged fixation, the cultures 
appear feebly impregnated with osmium, and it is possible to produce 
a complete preparation without previous bleaching, which is no~ favour- 
able for the staining we use. Complete preparations of cultures for 
karyological purposes have quite definite advantages over sections. 

The best results were obtained by staining by the method of Feulgen- 
Rosenbek. After keeping in 96 per cent. spirit, the cultures were rapidly 
transferred through spirits of dimimshing strengths to distilled water, 
where they were kept for about an hour. Then a hydrolysation for 30 rain. 
at 60 ° C. was underbaken. After hydrolysis they were submerged in coId 
hydrochloric acid[, rapidly washed in distilled water, and placed in a 
solution of fuehsin-sulphuric acid for 2-4 hours at room temperahure in 
complete darkness. Thereafter, without washing, the cultures were 
plunged in sulphur water for 10-15 rain., where they usually acquired 
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a rose colour. Next a washing in running water follows for several 
hours--during this time the colour becomes still more intense. The 
removal of the water we accomplished by the method of Fisher, by means 
of alcohol, acetone and acetone-xylol. It  is necessary to point out that 
the intensity of the colour of the stable and dividing nuclei depends on 
the rapidity of the transfer through the alcohol before the staining and 
after it. The staining is in inverse proportion to the period the material 
is kept in the acid. 

None of the stains usually used for the staining of the complete 
cultures gave us results approaching those obtained by the method of 
Feulgen. In particular, the iron haematoxylin of Hsidenhain is almost 
completely unsuitable because of the unusual dit~culty in the ditterentia- 
~ion of the complete culture. 

We observed approximately the same number o1! cells under mitosis 
in polyblasts with offshoots and[ in rounded ones, as also in the fibrocytes. 
In each of these cells we observed typical peculiarities of chromatin 
figure. In the greater part of the polyblasts, the chromosomes in the 
recta.phase are situated in the form of a corona (Plate XIII ,  fig. 1). The 
ends of the long chromosomes usually stand out quite distinctly from the 
common exterior circumference of the whole corona (Plate XIII,  fig. 1, c, d). 
~n some figures the small and middle-sized chromosomes are situated 
apart from the whole mass of chromosomes in the centre. The corona of 
chromosomes is not always closed; there may be a rupture on one side 
(Plate XIII ,  fig. 1, b, c), or several such ruptures, and then the single 
chromosomes, appearing as if they had fallen backward from the whole 
chromatin figure, are clearly distinguishable (Plate XIII,  fig. 1, a). These 
ruptures remind us of the defects in the chromatin fi~ure, which are 
described in the myelocytes of leucaemic blood by Andres and Shiwago (7). 
]3ut this is only a superficial resemblance. We do not find here those 
typical anomalies which are characteristic of the chromosomes of an 
atypical mitosis in leucaemic blood. All the chromosomes are clearly 
separated and distinctly constructed, there is no conglomerated chromo- 
some mass among them, and we therefore consider this mitosis to be 
quite normal and typical for polyblasts. We are inclined to consider the 
figures with an unclosed corona as the earliest stages of the metaphase, 
or more exactly as a transition stage from the prophase to the metaphase. 
These figures belong thus apparently to the polyblasts, which have in 
the passive state a somewhat polymorphous nucleus. In the prophases 
of such polyblasts we observe a quite unequal distribution of the 
chromosomes; in one portion of the nucleus they are extremely inter- 
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twined, in another portion of it they are situated quite separately. This 
irregular distribution of the chromosomes in the prophase completely 
corresponds to the appearance of a metaphase with a ruptured corona. 

The corona-like figures in the polyblasts are not quite suitable for 
drawing and for counting the chromosomes. The chromosomes are 
situated ill them generally quite close together, lying on one another in 
different planes. Only a very good fixation and a sufficiently selective, 
but at the same time suflleiently transparent staining, makes it possible 
to analyse the figure. Nevertheless they may be used as corroborative 
material to others where no doubt exists, such as one described below. 

Polyblasts with a "corona-like" ehromatin figure usually occur in the 
depths of the plasma clot or on the inside of a newly developed tissue in 
the zone of migration. We found other figures in metaphases nearer to 
the surface of the cover-glass or directly under it. These figures are 
regular plates with more or less regular distribution of chromosomes in 
one plane. They have, in common with the corona-like figures, only the 
peculiarities that nearly all the chromosomes are situated on the periphery 
of ~he plate. The greater part of the medimn-sized and small chromosomes 
are located in the centre (Plate XII, fig. 3). Such figures are the most 
suitable for drawing and analysing. In Plate XII, fig. 3 is given a micro- 
photograph of one of the best figur6s of this type. The drawing (Text- 
fig. 3) and the photographs show that all the chromosomes are quite 
definitely distinguishable with a minimum of single elements lying on 
them. These drawings were made at different times by three observers, 
who did not differ even by a single chromosome in their counting of 
them. There appeared to be 52 chromosomes. The cell belongs to an 
entirely normal man aged 37. How must we explain the distinct 
difference in the chromatic figflres of the same type of cello? In con- 
neetion with the fact that  the last type of plate is always discerned 
immediately under the cover-glass, it seems to us that  the location of the 
chromosomes depends on mechanical factors, which ilNuence ~he whole 
of the cell. In connection with a lamina-like location of the elu'omosomes, 
the whole cell always appeared enlarged in its diameter and flattened 
(Plate XII, fig. 3). These are two typical figures characteristic of the 
metaphase in the polyblasts. 

The metaphases in the fibroeyges are eharaeterised by a somewhat 
different location of the chromosomes and also by the character of the 
components themselves (Plate XIII,  fig. 2). In these figures there appears 
a quite regular location of differently sized chromosomes, which is typical 
for higher vertebrates and has several times been described in birds and 
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mammals. Large and variously curved chromosomes are found in the 
peripheral zone, while all of the centre is occupied by small stick-shaped, 
bean-shaped, and oval ones (Plate XIII,  fig. 2). By no means rare are 
figures in which the pairing of the chromosomes appears unusually 
clearly (Plate XIII,  fig. 2, b). The figures in the fibrocytes are always more 
distinct and larger as compared with most figures in the polyblasts. 
But we find the same types of chromosomes in both species of cells, 
though the large chromosomes in the fibrocytes at the metaphase stage 
are always longer and thinner. 

Different subjects, showing other features characteristic for a human 
chromosome, may have clearly noticeable differences in the length and 

Text-fig. 3. Drawing of mitosis represented in Plate XII, fig. 3; 
52 chromosomes. Normal blood, 6-day culture. 

breadth of the chromosome. For example, in the cases we observed, 
several times one subject differed fairly distinctly from two others by 
much longer chromosomes in the polyblasts as well as ill the fibrocytes. 
We do not agree with the opinion of Hence(s) that one never succeeds 
in seeing metaphases from the pole. As shown in Summary 2 we obtained 
57 per cent. metaphases, the lamina of which were situated parallel to 
the covering glass. We consider the indications given on this question by 
Cartier(s) and KempC0)to be quite correct. 

In conclusion we may point out that in none of the numerous series 
of our cultures did we discover any noticeable quantity of cells under 
mitosis similar to those found in large quantities by Caffier(n) in 
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mesenchyme cultures of the human lung. We noticed only isolated cases 
of abortive mitoses, belonging to cells which were evidently perishing. 

V. CONCLUSIONS. 

1. In the cultures of leucocytes of normal human blood under 
definite conditions of cultivation ~here appear periods of mass multi- 
plication of cells in mitotic fashion. 

2. The mass multiplication is observed in the potyblasgs (macro- 
phages) at the stage of their mutat ion into stable cells, and in the 
fibrocytes originating in haenaoeultm:es from polyblasts. 

3. For  obtaining the maximal quant i ty  of mitoses the best t ime for 
fixation is the second[ 24: hours after the renewal of the medium, this 
lat ter  being performed not lager than the end of the fourth 24 hours after 
the planting of the culture. 

4, After appropriate fixation, the figures of divisions may be used 
for karyological analysis. 

5. The method proposed enlarges the possibilities of the investigation 
of the human karyotype,  and enables us to undertake the karyologieal 
investigation of any anthropogenetieal or medical phenomena. 
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PLA'r~ XII. 

:Fig. 1. Calls from 3-d~y ctdbure. Fixation l~ouin-Allen, haematoxylin Carazzi. Zeiss 
apochr. 4 ram, oe. comp. x 4:, mieroI)hotogral)h. 

Fig. 2. Cells ft'om 4-day culture. ])~bmming, Feulgen staining. Zeiss apoehr. 2 ram. oe. 
comp. x 4, camera lucida. 1, fi|)rocytes; 1", 2, polyblasts; 3, eosinophil leucocyte; 
,/, lymphocyges; 5, mibosis in fibroeyte. 

[Fig. 3. l%{itosis in polyblast~. 6-day ctdtmre. Flemming, Fculgen sgaining. Zeiss al)ochr. 
2 ram. oe. eomp. x 15, microphotograph. 

1)m~,r~ XIII .  

Fig. 1. Mitosis in polybh~sfs. 6-day culture. IPlemmifig, Feulgen s~aining. Zeiss apoehr. 
2 ram. co. eomp. x 10, microphotograph. 

~ig. 2. Mil~osis it~ fibroeytes. 6-day eultm'e. Flemming, Feulgeu sgainiug. Zeiss apoehr. 
2 ram. oe. eomp. x 10, microphotograph. 


