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THE MECHANISM OF ACTION OF STEROIDAL COMPOUNDS 
ON THE PROCESS OF MITOSIS

CHAPTER I

INTRODUCTION

During the past 30 years there has been an ever-increasing inter­
est shown in the physiological activity of various compounds and their 
relationship to the process of mitosis.

Since 1929 when A. P. Dustin reported that certain chemical 
agents, which he termed "poisons caryoclasiques", were able to exert a 
toxic action on nuclei, an increasing number of factors, both physical 
and chemical, have been recognized as being able to produce this effect 
in varying degrees. These agents vary in nature from changes in temper­
ature to X-rays and from distilled water to the most complex protein and 

steroidal compounds.
Contributions by numerous workers with training and research ex­

perience in widely separated fields now comprise an extensive literature « 
Factors have been reported as "active" on different materials, by 

different criteria, and under very different experimeuoai conditions.
(The purposes of many studies have also varied. Some workers have enterec 

[this field with cancer therapeutics in mind. Others, such as geneticists 
Ifor example, are interested in these agents because_of_their^mutagenic._

1



capacity. There is even some disagreement as to wüât conclusive results 
ehould be accepted as being comparable under all circumstances. Neverthe 
less, our knowledge of the mitotic process has become greatly enriched by 
the wide Interest exhibited in this mechanism and in factors that are ad­
vantageous or detrimental to it.

The importance of polycyclic hydrocarbon compounds and of steroids 
to this field was recognized by von MOllendorff (1939) and his co-workers 
(1942-1943).

A number of steroidal compounds both natural and synthetic are at 
present being employed to combat neoplastic diseases of rather specific 
classification. While many of these are very effective in their action 
against cancer cells, they have very undesirable side effects due to their 
hormoneuL nature. It can only be through continued effort that new com­
pounds will be developed with more specific cytotoxic effects and with 
their side effects reduced to a minimum.

It is the object of these studies to determine, by a morphological
!

Study of cells in mitosis, the mechanism of action by which various ster­
oidal compounds of the estrogen series, as well as their products of 
metabolism and synthesized epimers, may effect the process of mitosis of 
cells grown in tissue culture.

The Normal Ifechanism of Mitosis 

A sequence of definite stages has become recognizable and is ac­
cepted as the typical pattern of cellular appearance in the course of 
cell division (Darlington, 1937; DeRobertis, Nowinsky, and Saez, 1954). 
Beginning with the resting stage, or interphase, the cell passes through
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iprophase, metapfiase, anaphase, and telophase, and once more enters the ' 
resting phase. The principal differences in appearance are due to the 
orderly variations of the organized nuclear and chromatin materials. In 
jorder to form a basis for observation and discussion in this problem, a
IIbrief resume of the principal characteristics seen in the several phases 
is given.

Resting Stage or Interphase 

During this period the nucleus possesses a nuclear membrane. The 
chromosomes are not organized, but are dispersed as fine chromatin gran­
ules upon an extensive linin network throughout the entire nucleus. The 
centriole lies within the centrosome outside the nucleus. A prominent 
nucleolus is also visible and is the center of storage of chromatin.

As the process of mitosis begins, it is observed to be accom­
plished by the interaction of three interdependent and self-perpetuating 
cell organs:

(1) the chromosomes and the nucleus which they form,
(2) the cytoplasm with its contractile superficial gel layer and 

less viscous endoplasm, and
(3) the centrosome with its gel layer and spindle fibers.

Prophase
During early prophase the cytoplasmic pseudopodia retract indi­

cating decreased viscosity of the cytoplasm and gel layer of the cell 
body and an increased contraction of the pseudopodial gel layer. The 
centrosome divides and moves to opposite poles of the nucleus to form a 

!duplexJ)ody_withJbwo_centrioles^ Sjoindle_fibers_j)reJbru.de_asjseu4ojBPi^^



from each centrosome"over tüe surrace of~tlie nucleus to become attadfed" 

to the kinetochores of the chromosomes. The chromosomes during this per­
iod have become free and visible by a process of shrinking and gelation

In late prophase the nucleus becomes elongated and the chromosomes 
are pulled to the medial plane of the spindle by the action of the retrac­
tile spindle fibers. Several groups of chromosomes may be drawn in before 
the nucleolus divides into its nuclear units.

Metaphase
The outline of the nucleus disappears and the chromosomes lie in 

irregular groups halfway between the centrosomes- The area formerly out­
lined by the nuclear membrane is now occupied by a series of fibrils which 
form the spindle and which converge on the centrosome. The chromosomes 
oscillate individually due to slight variations of the contractile tension 
of the individual spindle fibers and form a flat plate across the equator 
of the cell.

Anaphase
The thickened chromosomes split into two longitudinal halves and 

are drawn to opposite poles to the centrosomes. Cellular elongation indi­
cates increased contraction of the broad equatorial band of the gel layer. 
The spindle sap is compressed and the centrosomes, with the attached chro­
mosomes, are forced toward the poles. Increased contraction of a narrow 
equatorial band of the gel layer constricts the cell. It first bends the 
endoplasm inward and then divides the spindle sap. The endoplasm becomes 

|a slender stalk which temporarily unites the two daughter cells. The 
daughter chromosomes are drawn to the centrosomes by the spindle fibers.



Telophase
Each group of daughter chromosomes forms an irregular mass of 

Interfolding adhering chromosomes that swell emd lose their affinity for 
stain. A new nuclear membrane forms about each reconstituted nucleus anc 
upon the reappearance of the nucleolus the cell again enters the inter- 
phase or resting stage.

While the precise moment of initiation and termination of each 
phase may vary slightly with each tissue and species, and while the de­
scriptions by investigators may also have shown variations based on per­
sonal interpretations, tbs foregoing account of mitosis appears to encom­
pass the concept held by the majority of cytologists.



CHAPTER II

HISTORICAL BACKGROUND

The Spindle Mechanism in Mitosis 
The word mitosis is used by most biologists as an inclusive term 

to cover any nuclear division that involves a spindle apparatus and the 
division of chromosomes, although geneticists restrict the term to non- 
meictic division. j

Though the most obvious feature of the mitotic process lies in an 
orderly distribution of chromosomes to the new cells, it is clearly recog­
nized that this distribution at anaphase is only the culmination of a com­
plicated but orderly series of steps represented in the preceding prophase, 
metaphase, and in the later telophase and interphase or resting period.

The various elements which participate in the mitotic cycle fre­
quently show considerable independence.

It was shown by Boveri in 1897 that division of the centers may 
proceed even when cytoplasmic cleavage is prevented experimentally. It 
has also long been known from the work of Wilson (1901) and Lillie (1906) 
that chromosomes may continue to divide under the above circumstances.
Pease (1941) reported that even such things as changes in hydrostatic 
pressure may affect mitosis. Harvey (1936) showed that complete absence 
of nuclear material does not prevent cleavage of cytoplasm.



I While ceH~aivi'sioii was observecl“ln ll.ving cells early~in“t'fië~r9ïh
century, the first more or less exact concept of the mitotic spindle was 
cot formulated until about 1875 by Strasburger and in 1879 by Flemming,
who compared the phenomena in fixed preparations. In the normal living
1
cell the spindle is visible primarily because the condriosomes and other 
intracellular granular materials do not enter it, but roughly outline its 
extent. The spindle itself shows no internal structure ; however, Hughes- 
Schrader and Ris (1941) showed that some tissues of certain species, for 
example the spermatocytes of coccidae, do present more favorable optical 
characteristics for the observation of the spindle.

Vital dyes would be a great aid, but they stain nuclear components 
With difficulty and not without detriment to the living cell (Becker,
1936; Ries, 1938).

There has been much debate on the nature of the spindle, since 
much of our knowledge of it was obtained from fixed and stained material; 
however, its demonstration by almost all fixation methods suffices to 
prove the existence of a specific apparatus. Wassermann in 1929 differ­
entiated between two types of spindles, basing his classification upon 
the presence or absence of centers and on the origins of the spindle 

fibers. In the one, or "direct" type, the chromosomal spindle fibers 
connect the spindle directly with the pole, and in the second, or "in- 
jdirect", t3pe the chromosomes are connected with continuous fibers.

The scanty knowledge of mitotic processes made it preferable to 
present a classification without physiological connotations and this was 

Lone by Bleier in 1931. He considered the spindle fibers as artifacts 

and_the__!îdirectü_type_aa_one_injffhich_the_chromosomes_are_connec.ted_____
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airectiy to fhe poles, wEi'Ii“in“tïê“"ina'ixëict'"~l;ype the chromosomes are 
{connected with a continuous fiber which arises between the poles.

The most commonly used terms employed in the description of the 
spindle are:

(1) Continuous fiber which connects the two poles or centers,
(2) Chromosomal fibers which connect with the kinetochore of 

chromosomes and may or may not extend to the center,
(3) Interzonal connections, connecting the two separating chromo­

somes in anaphase or telophase, and

(4) The center, which is the body toward which the spindle ele­
ments are oriented and in animals is composed of a spherical centrosome 
containing the centriole and, according to Wilson (1925), astral rays may 
or may not be associated with it.

The chromosome consists of several identifiable parts:
(1) Chromonema. a thread-like structure on which genes are carried. 

It is enclosed by a
(2) Matrix, which is stainable with chromatin dyes at metaphase. 

This seems to be coated by a
(3) Pellicle. or sheath, and the

(4) Kinetochore. located at the junction of the two arms of the 
chromosome. This kinetic organ is in close structural and physiological 
relation to the center and contains spindle spherules.

Evidence against the existence of spindle fibers has been accumu­
lated. It was regarded by Martens (1929) and Robyns (1929) that the 
fibers represented artifacts as a result of faulty fixation. Micro-dis- 
section experiments done by Chambers (1924) showed no displacement of
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chromosomes when the micro-disseclTioii needle was passed“l)ëtween the chro-• 
jmosomes and the pole. However, no statement has ever been made as to 
hat degree of resistance such fibers could offer.

Lewis (1923) considered them artifacts because she could see the 
fibers only after acidifying the medium of her cultures to a pH of 4.0. 
She also ignored the organization of the cytoplasm at a neutral pH when 
the refractive index is so uniform as to obscure any structure even if it 

were present.
On the other hand, there are numerous arguments in favor of spin­

dle fibers. It was shown by Belar (1929) that the spindle body underwent 
shrinkage in hypertonic media and that the shrinkage was greater in trans 
verse than in longitudinal direction. Belar (1929) also showed that the 
Brownian movement of particles within the spindle body is greater in a 
longitudinal than in a transverse direction.

According to Lillie (1909), ultracentrifugation may produce bends 
in the fibers, or even tear them, indicating resistance to such distor- ! 
tion. This was also noted by Schrader (1934) and has been demonstrated • 
many times since.

With improvement in optical methods and the advent of the polar­
izing microscope and with phase contrast equipment, direct observation of 
the spindle has become possible.

Electron microscopic studies have been done by Porter (1955) and
reveal the spindle fibers as condensations of the fibrous material arounc
a pair of distinct filaments. In cross section these latter elements

oappear as fine tubules about 250 A in diameter. The spindle fibers are 
continuous from the chromosome to the centriole.
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Birefrigence of the spindle at metaphase in a longitudinal dlrec- 

tion was demonstrated by Schmidt (1936) and it was concluded that it con­
sisted of a structure of protein molecules oriented in a parallel pattern.

An element of importance in chromosome movement is the kinetochoije 
which was described 60 years ago by Metzner (1894). The spindle fibers 
are believed to be attached to the spherule and during anaphase the kinetic 
region takes the lead on the way to the pole and the arms of the chromo­
somes appear to be dragged behind. This flexion indicates the presence 
of the kinetochore even when it is not euLways visible.

The tensile forces involved in anaphasic movement may pull the 
spherule out of the kinetochore, stretching the chromonema at the same 
time (Schrader, 1939).

Tfhen a chromosome is deprived of its kinetochore, it behaves er­
ratically and soon is lost (TJpcott, 1937; Zoller, 1938; Darlington, 1939] 
Lagging chromosomes may be due to an unready kinetochore and this results 
in misdivision.

It was shown by Rhoades (1940) that when one arm of a chromosome 

is lost, the remaining chromosome arm with a terminal kinetochore may be­
have quite normal for a while, but eventually it is lost.

Some evidence has been produced (Hughes-Schrader and Ris, 1941) 
that the kinetochore is distributed along the whole length of the chromo­
some rather than at the constriction. Fragmentation of the chromosomes 
by X-rays produced many small pieces that continued to divide long after.

A relationship between kinetochore and centriole has been noted 

by Darlington (1936). He found that they stain identically and have 
functional relationships._______________________________________________
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It~has been indicated by Pollister~(i939) that the kinetochores 

may become detached from degenerating chromosomes and duplicate the ap­
pearance and behavior of the centriole, thus becoming extra centrloles. 
This may In part account for the multlastered mitoses we can see In some 
cel3s exposed to mitotic poisons and In some tumors.

As to the actual mechanism Involved In mitosis, our knowledge Is 
also very tentative and a multitude of hypotheses have been advanced.

Certain contractile elements wôre observed by Klein In 1878 In 
the cell. This concept of contraction of ^Indle fibers was further for­
mulated by van Beneden In 1883. This author described that the metaphase 
chromosomes are attached by chromosomal fibers to the centriole to which 
they pull the chromosome on contraction.

T/hlle this concept was debated. It still appears to be the most 
popular one. Some workers, like Watase (1891), believed that chromosome;: 
are pushed Into metaphase by the chromosome fibers. However, certain 
mechanical difficulties that this theory entails remain unexplained.

Druner In 1895 presented a hypothesis which combined the push- 
pull concepts. It was postulated that the chromosomes respohd to the 
pushing effect In the first stages of mitosis and to the pulling effect 
In anaphase and telophase.

In 1927 Belar modified this theory, and he believed that the 
chromosomes glide by traction on the continuous fiber toward the pole, 
while the portion between the chromosomes In the Interzonal region ex­
pands and helps to push.

Some of the less popular theories attempting to explain the 
mechanism of mitosis include one



IS
an orderly sequence of viscosity changes In the cell which depend on ' 

variation in the hgrdratlon of various zoaes and structures* An earlier 
Dne by Lillie (1905) Involved the action of chromosomes as electrified 
particlos that move in an electrostatic field. A hypothesis of diffusion’ 
forces was promoted by Rashevsky (1938). Seventy years ago Berthold 
(1886) hypothesized a mechanism involving streaming currents in the sub­
stance of the spindle. Lamb (1907) proposed a theory involving hydro- 
dynamic forces produced by phasic vibrations set up in a fluid mediim by 
îodies. A theory was advanced by Pfeiffer (1939) involving positive and 
legative tactoids with polar orientation of micellar constituents. This 
bheory was later further outlined by BernEil (1940), who took into account 
Ibhe various phases of mitosis.

Considering all hypotheses, the one still in greatest favor and 
still most acceptable is the original one propounded by van Beneden in 
1883, with definite fibers which contract or shrink and draw the chromo­
somes toward the cell poles. However, the other theories should not be 
disregarded and no doubt most of them can be fitted into the picture as 
a whole to at least some degree. Their proponents, like the six men of 
ïindustan, are all partly in the right and partly in the wrong. Some of 
the more recent concepts attesQ)t to incorporate some of these more pe­
ripheral interpretations. Based on the work of Meyer(1929) it is now 

believed that polypeptide chains exist in spindle fibers and these can 
shorten when they release their water of hydration and enter an isoelec­

tric state.
The actual time involved in the completion of the mitosis varies 

5rea±ly_and_hasJheenJCo_Uûd3x3îaidL©.ns_Jl9JJ^andJlabj.nQwiiz_Cl941i_t-0_be_
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iaii3mlieré~from 10 minutes to several~hours. The duration of~the cycle |
varies with species, tissue involved, age, temperature, oxygen-carbon '
dioxide balance, and numerous other factors which may exercise their ef­
fects over a long period or perhaps only momentarily.

In view of the rather great sensitivity of the mitotic mechanism 
bo induced changes in its environment, numerous experiments have been done 
affecting mitosis and numerous observations have been made relative to 
abnormal mitosis.

The principal target for anti-mitotic agents appears to be the 
spindle apparatus and its role in the organization and execution of mito­
sis. V/hen this organ is disturbed, various things may happen. The normal 
chromosome number may be changed. While under normal conditions the so­
matic cell has a total complement of 2n chromosomes (diploid), it has 
been observed by Hsu and Pomerat (1953) that in mice the count may vary 
from n - to 16n Liver cells showed the greatest range of deviation, 
while the skin exhibited a greater degree of aberrations quantitatively. 
This latter is perhaps due to the fact that the skin is more exposed and 
thus more liable to be subject to such alterations, due to the action of 
alternai factors.

While the normal diploid chromosome number in the mouse is 40, 
variations in number apart from multiples of the haploid count varied 
rrom 39 to 46. This indicates that not only deletions but also fragmen­
tations occurred.

An even greater spread in the diploid number was noted in the 

guinea pig. Approximately 30^ of the somatic cells demonstrated either 
nore or less than normal diploid numbers._______________________________
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Studying human endométrial cells, Timonen in“1950~Pound a spectrum 

of chromosome counts that ranged from 4 to approximately 100. He corre­
lated the frequency of mitosis in tissues to cancer incidence and from 
this is indicated that the frequency of aneuploidy in cells may be in­
fluenced by the frequency of mitosis.

Mitotic Poisoning Action 
The history of the study of mitotic inhibition goes back to the 

Work of Fol in 1876, who experimentally induced multipolar mitosis and 
arrested the movement of the chromosomes by subjecting sea-urchin eggs to 
low temperatures. In 1887 the Hertwigs showed that this condition may be 
produced by various toxic agents, such as strychnine and chloral hydrate 
Lnd by narcotics. Two years later, in 1889, Pernice discovered colchi­
cine mitosis, or c-mitosis as it is commonly called.

A number of excellent reviews may be found in the literature deal­
ing with the problem of mitotic poisons and their possible mechanism of 
action (Dustin, 1947; Loveless, 1949; Ludford, 1953; and Cowdry, 1955).
The term "poisons caryoclasiques" was introduced by Dustin (1929) to des­
ignate the great variety of chemical substances which produce extensive 
nuclear disintegration.

The term "mitotic poison" falsely seems to imply that such sub­
stances are of a specific class with a precise function. The term "mi­
totic poisoning action" is therefore preferable (Ludford, 1953) when we 
consider the physiological characteristics of these substances.

The name "radiomimetic drugs", so named because of their similar­
ity of action to ionizing radiations, was applied by Politzer (1931) to
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certain basic dyes t’Hât acted as chromosone poisons. The poisonous action 

of arsenical derivatives was demonstrated on mitosis in mice by Piton 
(1929) and on tumors by Dustin and Chregoire (1953) • Ammonia can arrest 
cells in metaphase (Rosenfeld, 1933). In fact, the spindle can be inac­
tivated by heat alone (Lewis, 1933).

Colchicine slows spindle contractions and dissolves the spindle 
fibers (Inoue, 1958). It changes the fibrous po-.arized spindle into an 
amorphous "pseudo-spindle" or "hyaline globule" which is incapable of 
moving the chromosomes (Gaulden and Carlson, 1951). The prolonged meta­
phase leads to degenerative nuclear changes, such as short thickened 
chromosomes.

Phenyl mercuric hydroxide was shown by Macfarlane and Eatzberg 
(1951a) to shorten the distance between the poles of dividing cells due 
bo an increased curvature of the spindle fibers. They also observed 
(1951b) that tilted spindles indicated the first step in spindle inacti­
vation and that the metaphase-prophase ratio at first decreased and then 
increased as c-mitosis (spindle inhibition) followed the slowing of pro­
phase. It was further reported by Macfarlane, Eatzberg, and Albers (1951) 
that degrees of mitotic poisoning could be detected in corneal epithelium 
3y variations in concentration and length of time of exposure to mercurial 

compounds.
Macfarlane and Messing (1953) reported that mercurial compounds 

nay produce chimeras in plants and by producing chromosome breaks may have 
a mutagenic effect. The source of water used in preparing mercurial solu­
tions was also shown to be a factor on the effectiveness of mercurial 
toxicity. The loss of resistance by cells to poisoning effect was greater
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when Cincinnati water, whose source is the Ohio River, was employed than 
when Palm Beach, Florida, water was used (Macfarlane, Messing, and Ryan, 
1951). Thus a synergistic effect was evident.

Spleen extracts have been shown to produce antimitotic effects ii. 
Jiving cells. Diller and Watson (1949) reported that pyknosis, polyploidy, 
multipolar spindles, and coagulated chromatin were frequent occurrences 
in cells treated with these extracts. Other bizarre effects were reported 
by Katzberg, in 1952.

The property of disturbing cell division in some way or other is 
one which can be exhibited by almost any substance under appropriate con-| 

ditions.
The wide range of classification of these substances and condi­

tions becomes apparent when review lists are consulted (lAirray and Kbpecîi, 
1953; Ludford, 1953). Distilled water also exhibits the capacity to af­
fect cell division (Hughes, 1952). Cells in the process of cell division 
are more sensitive to such poisoning effects than resting cells (Ludford,j 
1936). This, however, may be due to the fact that internal disturbances 
are more readily observed in mitosis and are less apparent in resting 
cells (Ludford, 1953). By inhibition of spindle formation, cells are 
permitted to begin mitosis, but completion is delayed or arrested in 
metaphase.

Colchicine was employed to reveal foci o' rapid cell division in 
tissues in which mitoses are otherwise a rare occurrence (Cowdry and 
Thompson, 1944). There was first a rapid rise of the ratio of mitotic 

cells to resting cells and then a gradual decline as recovery occurred. 
There ia an agglutination of the chromosomes and vacuolization of the___
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cytoplasm*

Comparative in vivo and in vitro experiments with toxic substances 
'suggested that the action came as a result of changes in the colloidal 
state of the cell in mitosis (Ludford, 1936). The frequent occurrence of 
deranged mitosis in tumors has been attributed to a disorganization of 
the ultra structure of the protein framework which is directly related to 
viscosity changes (Powell, 1946).

Cells are adaptable to physical and chemical changes in their en­
vironment to a certain degree and so may in peirt control the action of 
agents that tend to change their viscosity (von MSllendorff, 1938a). This 
regulation of viscosity is particularly operative during mitosis when the 
cell passes from a condition in which water is uniformly distributed 
through a series of phases where variations occur. The balance between 
hydration and syneresis is rather delicate and any variations in the rate 
of one may produce changes in the time required for the various mitotic 
phases. Since syneresis is involved in spindle formation, any substances 
such as halides and acetate which encourage hydration processes will pro­
long metaphase and at the same time hasten anaphase and reconstruction of 
the nuclei (von MSllendorff, 1938b), When the viscosity regulation mech- 
Einism is disturbed, mitosis will result in various derangements, such as 
aberrant chromosomes, clumping in metaphase, anaphase with incomplete 
chromosome separation, eind telophase without cytoplasmic cleavage.

Another theory was propounded (Levan and Ostergren, 1943) in 
which aberrations due to spindle inhibition are believed to be indicative! 

of a type of narcosis, and arrested mechanisms may recover following the 
removal of the narcotizing agent. The activity of a compound varies in-
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Tersely with its water solubility and so the decisive concentrations ace 
those in the lipoids of the cell. It has been suggested that compounds 

associate themselves with the lipophilic side chains of the protein poly­
peptide chains and alter their capacity to fold (Ostergren, 1944b). In 
this way fibrous protein molecules become more corpuscular and spindles 
cannot be formed. Furthermore, substances which inhibit spindle forma­
tion bring about the contraction of chromosomes (Inou^, 1952).

It has also been theorized that these compounds interfere at some 
significant point with the normal oxidation reduction systems (Levan and 
Tjio, 1948) or that this action is brought about by some product arising 
from their metabolism.

Chromosome fragmentation and stickiness with bridge formations 
were believed by Goldacre, Loveless, and Ross (1949) to be the result of 
a cross-linkage of protein fibers brought about by two reactive jgroups 
of a molecule combining two adjacent fibers.

Another theory of mitotic disturbances, based on disturbances of 
the nucleic acid metabolism and their deficiencies incorporated in a 
chromosome at prophase, was introduced by Darlington and KoUer (1947). 
Trypaflavin, which prevents prophase initiation, is believed by Lettre 
(1943) to block nucleic acid metabolism.

Among the more unusual factors that have been found to be toxic 
to cells grown in tissue culture is one which was reported by Fedoroff 
(1955 and 1956), who found that serum obtained from blood of schizophrenic 
patients produced certain cytoxic effects on test cells. The toxicity 
was greater in serum obtained from women that that of serum obtained from 
men
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I'tT’has been reported”by Lettré (1954) that the level of activity jI

of a relatively mild antimitotic agent may he elevated by the addition of 
i small dose of a second agent that acts as a synergist. On the other 
land, an agent may depress the action of a strong poison, that is, in its 
lapacity as an antagonist. Thus near-threshold dosages of either compound 
may greatly augment the total antimitotic activity, when a synergist is 
employed while an antagonist may offset the effect of a rather large dose 
of a more active compound.

It has been suggested by Brachet (1946) that the breakdown of 
idenosine-triphosphate to adenosine diphosphate may produce the energy 
required in spindle activity. It has also been shown by Lettré (1950)
;hat addition of ATP to a culture medium may inhibit colchicine poisoning”. 
Other compounds that inhibit colchicine poisoning are meso-inositol (Char- 
ijaff, Stewart, and Magasenik, 1948) and ascorbic acid (Lettre, 1942).

Lettre and Lettré (1946) demonstrated that trypaflavin and pro­
flavin, which may act as mitotic poisons at concentrations of 2.7 gamma 
per cc., ray be counteracted by the addition of yeast nucleic acid of 
1.6 mg. per cc. This, however, is ineffective against colchicine, von 
lioUendorff (1944) showed that vitamin C may neutralize antimitotic action 
md that vitamins Bi and Bg also are capable of making cells more resis­
tant to this poisoning effect by steroids. Biesele (1955) has recently 
shown that Co enzyme A can counteract the effect of fragmentation and bead­
ing that is induced by 6-mercaptopurine on mitochondria of cells in tissue 
culture.

Intervention of sulphydryl groups in arsenical mitotic poisoning 

iasJbAen^dismi^eAj3xj5ugheÆ_(1949j_._J)iraercaptoprG[panol_(Brlt._AntJjr__
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Lewisite, which is itself a mitotic poison, has been shown to be capable j 

of reversing mitotic arrest and preventing the pyknotic action of arseni­
cale (Dustin, 1947).

In considering the action of chemotherapeutic agents in micro­
organisms, Work emd Work (1948) concluded that the disturbance of any one 
enzymatic reaction by the introduction of a drug or a poison will extend 
ar beyond that single reaction. If the cell survives, an overall adjust­

ment will occur which will be evident in the alteration of metabolic pro 
cesses, in the growth rate, or in the response to further contact with 

gs, and these alterations may be the inductors of mitotic aberrations 
rather than the direct damage to intracellular mechanism.

Review of Literature on the Effect of 
Steroidal Compounds on 
Growth and Mitosis 

Numerous studies have been made upon the effect which various 
aaturally occurring steroidal compounds have upon growth of cells in tis­
sue culture and upon the mitotic process.

Sterols

Cholesterol is the most common of steroids and probably forms the 
basic molecular skeleton for all steroid compounds. It has been shown by 
/on l^oUendorff (1942a) and Thomann (1942) to be incapable of affecting 
the mitotic process. The same holds true for cholestenone, its product 
of oxidation. Likewise 7-aminocholesterol is inactive as a mitotic poi­

son (Lettre, 1943b).
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Sex Horâones

Early studies by Yagi (1937) on the relationship of sex hormones 
to the growth of various organ tissues of the rabbit indicated that male 
hormones stimulated spleen and hemopoietic tissues, but inhibited dental 
pulp and testicular tissue, while female hormones stimulated ovarian and 
testicular tissue but inhibited dental pulp, spleen, and blood marrow.

In another early study (Haam and Cappel, 1940) on fibroblasts in 
tissue culture, estrogen affected some growth stimulation with some in­
crease of the mitotic index. At the same time, progesterone greatly re­
duced the mitotic index and the growth rate, while testosterone showed 
greatest depression of growth with relatively little decrease in the 
mitotic index.

Estradiol is the principal member of the estrogens. A concentra­
tion of 1 :1 0 0 , 0 0 0  to 1 :1 ,0 0 0 , 0 0 0  produced many mitotic disturbances with 

numerous metaphase arrests in developing amphibian embryos (Bodenstein, 
1954). It is believed to have a pronounced effect on the nucleic acids 
of cells and the cells may be partially or totally protected by adding 
iRKA to the medium.

Estradiol has been shown to be a mitotic poison to all elements 
of bone marrow culture. Given in minute doses, it has a leukopoietic ef­
fect in animals; only if given in large doses does it have a leukopenic 
effect (Schlag and Boll, 1951). It may be that the leukopoietic effect 
is not due to the direct action of the estradiol.

von MSllendorff (1942) has also shown it to act as a mitotic 

poison on fibroblasts in tissue culture. However, the dosage of estradiol 
required for its action as_ a mitotic_poison_i8_approxlmatel%_30,000__times
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tüât required~for its estrogenic~ëfïect, the latter being 0.033 gamma pëî̂  

20 gram mouse (Lettré^ 1943a)• Disodium estradiol phosphate is somewhat 
more potent and inhibits growth at a dosage of 60 gamma per cc. This has 
been verified by Khake (1951), who found a dose of 75 to 100 gamma per cq. 
to be an effective mitotic poison in vitro.

Estradiol has a limited hemolytic capacity on human type 0 red 
blood corpuscles (Tateno and Kilbourne, 1954). No effect was shown by 
the benzoate form against Ehrlich ascites tumor (Sugiura, 1953).

Estrone apposrs to be the least effective of the naturally occur-' 
ring estrogens as a mitotic poison (von MSllendorff, 1942a). It showed 
only a mild effect against fibroblasts (Lettrê , 1943a) and was incapable 
of producing bridging effects in mitotic cells of Walker rat carcino­
sarcoma (Schmahl, 1954). Nor could it offer a protective action to tuber­
culin hypersensitive cells against the purified protein derivatives of 
buberculin (Leahy and Morgan, 1952).

Estriol induced a slight inhibition of the mitotic rate at con­
centrations of 1:50,000 on fibroblasts and also some anaphase and telo­
phase disturbances (von MSllendorff, 1942b).

Equilin and Equilenin are relatively inactive as mitotic poisons. 
Sbwever, their amino compounds show some activity. 7,17-diamino-3-hydrozy- 
jSstratrien-1,3,5 produced vacuolization of fibroblasts at a concentration 

of 3 gamma per cc., and the 7,17-diamino-3-monomethyl-ether-estratrien- 
1,3,5 acts as a mitotic poison on chick heart fibroblasts at concentra­
tions of 1:1,000,000 (Lettrê , 1943b).

Progesterone reduces the mitotic index and has been shown to in- 
iberfere with chromosome distribution and chromosome division (von MS lien-
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T E ü  “ëïfect is produced over a wide range of concentration 

to a rather moderate degree. Progesterone and all its derivatives were 

Ineffective against growth of Ehrlich ascites carcinoma (Sugiura, 1955).
The androgens have been shown to possess only mild antimitotic 

activity and rather high concentrations are needed. Mitosis may proceed 
in spite of some metaphase disturbances.

Methyltestosterone was the most active of this group, while tes­
tosterone, the next most active member, was only about one-fourth as ac­
tive. The antimitotic activity of the male hormones appears to be unre­

lated to their hormonal potency but is, rather, a side effect (von MSl­
lendorff, 1942).

The relative antimitotic activity of the various androgen com­
pounds present in concentrations of 1:50,000 as indicated by metaphase 
disturbances was in the following order: methyltestosterone 82^; testos­
terone 2 1 5&; transdihydroandrosterone 2 0 5 6; 3-trans-lV-trans-androstendiol 
1 5 .456; androstendion 13.356; methyl-dihydrotestosterone O56; transdihydro- 
testostoroae O56; transandrosterone 0^; 3-trans-17-trans-androstanediol 
0^; andro stanedione 056.

Stilbylamine derivatives are active as antimitotic agents (Lettré’ 
and Delitzsch, 1944). 4*methoxystilbylamine is an active mitotic poison 
for chick heart fibroblasts at a concentration of 5 micrograms per cc. of 
nedia. The methozy group is present in the B-phenyl residue. The stil- 
jbylamine group ( ac,^-diphenylethylamine) is essential if the compound is 
to act as a mitotic poison. The 3*-4’-diozyethylene (Lettré and Delitzsch, 
1952) is four times as antimitotic as the dioxymethylene derivatives. Tlie 
antimitotic activity of homologous 4*-alkoxv-stilbvlamines varies with the
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length of the hydrocarbon chain attached at the oiygen position (Lettre et 
al, 1952).

Hîhen R = CH3  activity is shown at 4 gamma/cc.
When R = C2 H5  activity is shown at 0.4-0,5 gamma/cc.
When R = C3 H17 activity is shown at 0.8 gamma/cc.
When R = C4 H9 activity is shown at 1.8 gamma/cc.
Also in the CgHgderivative, the levoform is 100 times as active

as the dextroform.
Bivalent phenols as 4-4*dioxy-eC,B-diethylstilben or diethyistil- 

bestrol in concentrations of 0.5 microgram per cc. of medium is an effec­
tive antimitotic agent on sea urchin eggs, Paracentrotus lividus (Druck- 
rey, Danneberg, and Schmahl, 1952). This is over 30 times as effective 
as colchicine. Used in vitro, this compound exhibits a marked specificity 
as a chemotherapeutic agent against prostatic carcinoma (Druckrey and 
Rasbe, 1952). Whether it acts via the anterior pituitary or directly on 
prostatic cells or both is not definitely known.

Diethylstilbestrol (Lettre, 1943a) is also widely employed in thé 
treatment of cancers of the breast. This compound acts as a mitotic poi­
son at concentrations of 1 0 0  micrograms per cc. against chick fibroblast, 
while 150 micrograms per cc. inhibits growth entirely. Ten to 25 micro­

grams per cc. showed no action.
In regards to cytological effects produced by stilbestrol, it was 

noted by Thomann (1942) that a concentration of 1:60,000 produced a 500^ 
rise in mitotic figures within five hours. Mitotic mechanism disturbances 
were initiated in early metaphase with the production of eccentrically 
and random positioned chromnanmaa, and Individu n n y  displaced Gh-pomoanniafl,
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as well~is clumped chromosome masses. In early telophase, daughter chro­
mosome groups appeared to lie abnormally close together. This continued 

into late telophase, vdth abnormal cleavage. Diethylstilbestrol alsc in­
duces in vitro hemolysis (Tateno and Kilbourne, 1954) of human 0  red blood 
corpuscles. This compound also proved very active as a fungistatic ageni 
(Bocobo, Curtis, and Harrell, 1953).

Stilbestrol showed marked effect on development of amphibian em­
bryos (Bodenstein, 1954). There were numerous mitotic disturbances and 
many metaphase arrests. The effect was at a maximum in the organ showing 
the greatest proliferation. It is thought that hormones, unlike the mus­
tards, have a marked effect on ribonucleic acid of cells and that cells 
may be partially or totally protected by adding ribosenucleic acid to the 
medium about the cells.

When 20 mg. per rat of Na salt of stilbestrol-diphosphate is in­
jected for 7 days into animals innoculated with Walker carcinoma, it pro­
duces a chromosome bridging effect in the anaphase and telophase, but it 
does not influence the tumor growth (Schmahl, 1954). Diethylstilbestrol 
diproprionate, however, proved ineffective when injected subcutaneously 

in mice carrying Ehrlich ascites carcinoma (Sugiura, 1953)-

Adrenocortical Steroids 
11-Dehydrocorticosterone. or Compound A . Heilman (1945a) found 

that when added to cultures of lymphocytes. Compound A showed little mi­
gratory inhibitive effect, even at concentrations of 1 :2 0 ,0 0 0 , but when 
combined with Compound E, it produced marked degeneration of the cells.
The migration rate of macrophages cultured from rabbit spleen was stimu-
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lat'ëa~T8“tcr3I?S on the addition of~570 to 60T0~gaimiia per cc. of Compound 

A (Heilman, 1945b). At the same time there was a moderate inhibition of 
growth of fibroblasts in one-third of the cultures grown in a medium con­
taining 5.0 gamma per cc. of Compound A. It was also demonstrated by 
Feldman (1950) to have a moderately rapid injurious effect on all leuco- 
cytic types of cells grown in tissue culture.

Administration of 5.0 mg. per day for 7 days in 2- to 3-month olc. 
guinea pigs increased the lymphocyte count in blood and it stimulated 
granulocyte formation in bone marrow (Yoffey, AnciU, Hold, Owen-Smith, 
and Herdan, 1954).

H-Dehydro-17-bydro3ycorticosterone, or Compound E, or Cortisone,
A concentration of 1.25 to 50.0 gamma per cc. of Compound E produced sig­
nificant inhibitions of lymphocytic migration, but this inhibition was 
not affected by high or low concentration. It also produced considerable 
degeneration of small lymphocytes (Heilman, 1945a). Stimulation of mi­
gration was observed in large wan«^Dring cells in cultures of rabbit spleen 
where 2.5 to 60.0 gamma per cc. induced a 10 to 41^ increase in the migra­
tory rate. However, 2.5 gamma per cc. produced a moderate inhibition of 
fibroblast growth in one-third of the cultures (Heilman, 1945b). It 
showed no injurious effect on leucocytes (Feldman, 1950). Five mg. per 
day for 7 days in 2- to 3-month old guinea pigs stimulated red blood cel], 
formation in bone marrow (Yoffey et al, 1954).

Holden, Segal, and Ryby (1951) found that cortisone acetate in­
hibited fibroblast growth and leucocyte migration when used at a concen­
tration of 4xl0~®. Cortisone inhibits the synthesis of chondroitin sul- 
fate by embryonic and wound tissue and sunnresses sulfate fixation but
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nôlTmigratïbii (Layfcoa, r95r)T~PfobaSly this is in part its action in in- 

tiibiting healing of wounds. It has been shown that daily injection of 
D.0005 mg. of cortisone acetate inhibits healing by mitotic arrest but 
ioes not inhibit migratory activity of cells in traumatized area of Tri- 
burus viridescens (Manner, 1955).

The toxicity of various cortisone preparations on embryonic chick 
bissues varies with the acid radicle attached (Ruskin, Poraerat, and Rus- 
cin, 1951). The range between the least inhibitory dose to total inhibi- 
bion was 2.35 to 150.0 gamma per cc. for cortisone acetate, 875.0 to
7.000.0 gamma per cc. for cortisone tricarballylate, and 3,750.0 to
15.000.0 per cc. for cortisone sulfate. It exhibited no inhibition of 
nigration of cellular elements of human huffy coat or of migration of
hick embryo fibroblasts (Baldridge, Kligman, Lipnik, and Phillsbury, 
1951), and it was identical with Compound F in its ability to inhibit 
bhe cytotoxic action of purified protein derivative of tuberculin on 
macrophages of splenic tissue of tubercular guinea pigs (Leahy and Morgan, 
L952).

17-Hydroxycorticosterone, or Compound F. When Compound F was 
ladministered at a concentration of 1 0 0  gamma per cc., it inhibited the 
cytotoxic action of purified protein derivative of tuberculin on macro­
phages of splenic tissue of tubercular guinea pigs. Twenty-four hours of 
pretreatment with Compound F was needed before the addition of PED (Leahy 
and 2£brgan, 1952).

Subcutaneous injection of 37.5 mg. per Kg. per day of the acetate 
■form into tumor-bearing mice showed marked destruction of Ehrlich ascites

Lumor_iSugiura,_lS53X.__________________________________________
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Desozycôrbicostercns (DOClT or ~Compound~QÜ Cormnan ~(195D found 

bhat DOC produces damage to fibroblasts. À concentration of 0.02 mg. of 
DOC per cc. produces visible chsmges within 16 hours, 0.03 mg. per cc. 
produces visible changes within 6 to 7 hours. 0,1 rag. per ml. did not 
produce permanent damage to endothelial cells in 25 hours and recovery 
followed. Fibroblasts did not recover, but lost their smooth contours 
and became granular and narrowed to one-half to one-third their width.
If cortisone was added in a concentration of 0.05 to 0.15 mg. per ml. to 
DOC solution, it acted as a synergist and accentuated the effect.

Concentrations of 1:20,000 to 1:500,000 of DOC increases the num- 
Der of chromosome lags and displacements in cultures of rabbit fibroblast^ 
(von LBllendorff, 1942) without mitotic inhibition. Concentrations of 
1:10,000 to 1:20,000 Inhibit mitosis. While the rate is inhibited, the 
mitotic disturbances are not dependent upon concentration. DOC showed no 
effect on lymphocytes in the intact animal (Feldnmn, 1950).

Like diethylstilbestrol, DOC acetate induces in vitro hemolysis 
3f human 0 red blood cells (Tateno and Kilbourne, 1954). However, it 
showed no effect when 500.0 mg. were injected into animals with Ehrlich 

ascites carcinoma (Sugiura, 1953).
DOC glycoside showed no protection against the cytotoxic action 

of purified protein derivative of tuberculin on macrophages of splenic 
tissues of tuberculous guinea pigs (Leahy and Morgan, 1952).

Selection of Solvent for Steroids 
Since steroidal compounds are rather difficult to dissolve in an 

aqueous medium, solvents of various types may be employed and numerous
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references to tliese may be found in the li’tej^ure.

It is to be cautioned that in ezoeriments in which steroid effectsIon mitosis are being studied, a solvent should be selected which will have 
a minimum effect on cell division, so that the possibility of a false 
reading will be reduced to a minimum. The degree of this activity varies 
with the type of solvent.

It has been shown by Rosenfeld and Weinberg (1932) that a 0,3 to 
}.4 molal solution of ether or a 0.01 to 0.02 molal solution of chloroform 
will produce nuclear changes in one to three minutes. Ether has also been 
iemonstrated (Rosenfeld, 1931) to produce a reversible lignification of 
cytoplasm during mitosis. There is a reversal of mitosis from anaphase 
and metaphase with a possible production of a tetraploid nucleus. Binu­
cleated cells were also produced. Ether has been shown to cause metaphase 
prolongation even when a spindle is present (Kemp and Jinel, 1930), and 
also faulty separation of chromosomes (Haecker, 1900). Ethylene glycol 
also produces faulty separation (Ostergren, 1944a).

Ethyl alcohol (Ladell, 1938) in low concentrations may actually 
stimulate the growth of ezplants. A concentration of 2^ may produce in­
itial inhibition of growth followed by stimulation.

Benzene, which is toxic to bone marrow in the intact animal, 
showed no effect on bone marrow cultures (Harrison and Randall, 1947).
Its toxic effect in intact animals is reported as being due to its oxi­
dation to a dihydric phenol, which is the toxic agent.

Acetone has been frequently employed, but it also shows some de­

gree of injurious and inhibitory effect on cultures, and this becomes 
ranidly accentuated if the concentration of acetone rises above 2 .0 ^
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:îü'skin7T'ômërat7"âna‘lluskin, 1951; von M3Heii(iorffT"194Sni

Perhaps the least toxic vehicle for these purposes and which is 
m  excellent solvent for steroids and at the same time readily miscible 
in aqueous solution is propylene glycol (Pomerat, 1953). It can comprise 
as much as 15^ of the culture media before it reaches total inhibitory 
concentrations.



CHAPTER III

METHODS OF PROCEDURE

In studying the action of a chemical compound such as a drug or 
lormone on the growth of a tissue, it has been customary to use an intact
animal, especially in the final stages of investigation. However, tissue
îulture offers certain advantages in that the individual intact cell may
)e studied and the mechanism of action of any specific compound on the
Life processes of the cell may be determined, at least to a degree, by 
observations made on the cell following exposure to such confounds. An­
other advantage of employing tissue culture methods is that results may 
je obtained within a relatively short period of 24 to 48 hours. Tissue 
îulture is rapidly becoming an important tool in numerous fields of bi­
ological investigation. In bioassay and chemotherapy, and in various 
undamental studies. This method lends itself readily to studies on cel­

lular growth and mitosis and it has been employed frequently in determin­
ing the mechanism of action of various compounds on the stimulation or 
inhibition of cell division. The information derived has found further 
application in our understanding of such processes as wound healing and 
inhibition and arrest of neoplasms.

Preparation of Cultures
 Standard tissue culture procedures were employed in th ~ course of!

31
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EKësë”investigations, “"Hanging drop cultures were prepared, using expiant:s 
Df chick embryo hearts of 8 to 10 days* incubation. The culture media en 
ployed were fluid in nature and were prepared by grinding up the embryos 
ind mixing one part by volume of the brei obtained to two parts by volumq 
Df Tyrode * s solution.

The steroidal compounds were dissolved in propylene glycol so 
that 1  cc. of the original stock solution would contain 1 0  rag. of the 
Dompoundr. While some compounds dissolved quite readily, others were 
stored in an incubator overnight to facilitate their solution. Further 
iilutions of the stock solution were prepared with propylene glycol in 
the following way: 0 . 1  cc. of propylene glycol was placed in each of a
series of sterile and chemically clean screw top vials, using a 1 . 0  cc. 
tuberculin syringe. The vials were numbered so that identification was 
possible at a later date. By use of a 0.25 cc. tuberculin syringe with 
a one inch 2 1  gauge needle, the stock solution was thoroughly mixed by 
Rawing it into the syringe and forcing it out again 20 times. This was 
done to distribute the concentration of the dissolved steroid as uniform­
ly as possible throughout the solution. It was then transferred to vial 
fo. 1. Using a fresh 0.25 cc. syringe, 0.1 cc. was dravm up and trans­
ferred to vial No. 2 , containing 0.9 cc. propylene glycol. This was 
mixed in the same fashion as before and, with a clean syringe, further 
dilutions were made until concentrations of the steroid in the solution 
lontained in the various vials equalled:

Stock solution ^1 - 10.0 mg. per cc. propylene glycol 
Stock solution ^2 - 1.0 mg. per cc. propylene glycol

 8tock_8olutlon_#3_=— OLJLjng._per_c.a._prDpylene_glycol___________
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Stoclc solution ̂ 4 - 0»010~mg. per cc* propylene glycol 
Stock solution ̂ 5 - 0.001 mg. per cc. propylene glycol 

A series of sterile Kahn serological test tubes were prepared to 
receive the culture media containing the various dilutions of the steroid 
tTsing graduated hematological pipettes, dilutions were made so that each 
concentration of the steroid solution was diluted 1 0 0  times with embryo 
extract. These dilutions were placed in the marked Kahn tubes and thor­
oughly mixed by punning up and down with a syringe as before.

The following culture media variants were prepared:
No. 1 - plain embryo extract 

No. 2 - embryo extract with 1^ propylene glycol 
No. 3 - embryo extract with 1^ stock solution #1
No, 4  - embryo extract with 1?S stock solution #2
No. 5 - embryo extract with 1^ stock solution #3
No. 6 - embryo extract with 1 % stock solution #4
No. 7 - embryo extract with 15Ê stock solution #5
The weight of the steroid in médias No. 3 to 7 was 0.001;

0 *0 0 0 1 ; 0 .0 0 0 0 0 1 ; 0 .0 0 0 0 0 0 1 ; and 0 . 0 0 0 0 0 0 0 1  mg. per ml. respectively.

Some comparative studies were made using the well-knovm antimi- 
jtotic compound colchicine. Dilutions were made to 1:100,000,000. This 
colchicine was obtained from General Biological Supply House, Chicago, 
as Colchicine Alkaloid U.S.P.

Two types of propylene glycol were employed. A less purified 
type was employed in the earlier screening studies. In the later and 

more detailed cytological studies a chemically pure brand was used.

 îfeo— tïpes_ojL_8tMieAJier_e_made_._In_J;he_fiiLst_seTj,es_the_j[^^^
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[pDtëncÿ“bf~the~sompôund was determined. Ten cultures were prepared of 
each dilution media and incubated for 48 hours and fixed. Cultures in 
both series were always prepared in the afternoon hours from 2  to 6 p.m. 

and fixation on termination of the growth period was also carried out 
during this same time period.

Methods of Fixation and Staining 
Fixation and staining of the cultures was done by several tech­

niques :
(1) Fixation in Bouin’s solution followed by Iron Hematoxylin 

stain,
(2) Bouin’s and hematoxylin-eosin method,
(3) Aceto-orcein method, and
(4) Special methods for cytological studies

(a) Geither Technique
(b) Kedrovsky Technique.

Measurements
The explants were made as uniformly in size as possible, and cir­

cumferential tracings were prepared of the original explant. Tracings 
were also made of the outgrowth at the termination of each experiment by 
using micro-projection, and such magnification that 1  mm. on the culture 
would be equal to 1  inch on the tracing.

Measurements of the tracings of the explant and the outgrowth 
were made with a planimeter that recorded areas in square inches. By 

substituting the word "millimeter" for "inches", the actual area of the 
culture in square millimeters was automatically obtained._______________
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j Comparative ratios were caïcüIât'êd~for each ofthiF^eries and the
Lrovftb index obtained by comparing the ratios of the experimental groups 
with that of the control.

This technique of measurement, first employed by Ebeling (1921), 
is frequently used. To obtain the comparative grov/th ratio (R) for a 
series, the total outgrowth area (G) was divided by the total explant 
area (E) so that

ürea of Total o u t ^ h  . q ^tive growth ratio Area of Expiant ^

or

I ■ ®
R obtained for the control series was designated as Rc. That of 

propylene glycol control was Rp. Those of the experimental series were 
Lesignated as R1 for the group containing a steroid concentration of 10”*̂ , 
Î2 for the group containing a steroid concentration of 10"^, R3 for the 
group containing a steroid concentration of 10“®, R4 for the group con­
taining a concentration of 1 0 "^, and so on.

The relative growth index for each group was obtained by dividing 
the value obtained for each of the ratios by the ratio of the control.
Thus

^  - Ic = 1.00.
The growth index for the control group is always equal to unity.

R1^  = Ii, the growth index for the steroid concentration of 1 0 ”^

R2^  = Ig, the growth index for the steroid concentration of 1 0 “^
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The various values for I were then graphed*

In the second series of studies involving cytological studies, 
cultures were prepared in the usual manner with the exception that only 
undiluted embryo extract was employed in the media during the first 24 
hours. After permitting the cultures to grow for this period, a good 
zone of proliferation containing many dividing cells was obtained. The 
cultures were then unsealed and the old medium was rinsed off with Ty­
rode *s solution and replaced with fresh media containing dilutions of 
the steroidal compounds in fresh embryo extract, such as were employed 
in the first series. Three to five cultures were prepared i?ith each 
dilution. These cultures were then resealed and incubated for another 
24 hours.

After mounting the cultures as permanent preparations, cell 
counts were made to establish a ratio between

(1 ) resting cells and mitotic cells
(2 ) various phases of mitosis
(3) normal mitoses
(4) abnormal mitoses.
From these data the mitotic index was calculated by dividing the 

values of the mitotic counts into the total cell count, and it was pos­
sible to determine the frequency of the incidence of

(a) normal mitoses
(b) abnormal mitoses
(c) total mitoses.
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"Tlie^folXov/ing"c'ôiapôunds'Xrere^stïïdréd~în"Sèries I:
(a) using the standard grade of propylene glycol as solvent;

1. Equilenin
2. 17-Dihydroequilenin-17B
3. 3-Methylequilenin
4. 16-Keto-equilenin
5. Estradiol
6 . Estradiol-3,15a
7. Estradiol-3,16B
8 . Epi-estradiol (B-estradiol)
9. 3-Methyl-lG-keto-estradlol

1 0 . 16-Keto-estradiol
11. Estrone

12. Estrone-16
13. 3-Methylestrone-16
14. 3-Methylestrone-17
15. 16-Keto-estrone
16. Estriol
17. Estriol glucoronide-Na
18. Diethylstilbestrol

(b) using chemically pure propylene glycol as solvent:
1. Colchicine

2. Diethylstilbestrol
3. 16-Keto-estradiol

4. 3-Ifethylestradiol-3,16a
________5. 3-Esthylestradiol-5.16B_________________________
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7. 3-Ethyl-16-keto-estradiol
8 . 16-Keto-estrone
9. 3-Ethylestrone-16

10. 3-Methylestrone-17
11. 3-Ethylestrone-17

12. 3-Kethyl-lG-keto-estrone
13. 3-Ethyl-lS-keto-estrone 

In Series II differential mitotic counts were made of cells
treated for 24 hours with the following compounds:

1. Colchicine
2. Diethylstilbestrol
3. 16-Keto-estradiol
4. 3-Msthylestradiol-3,16a
5. 3-I&thyl-16-keto-estradiol
6 . 3-Ethyl-16-keto-estradiol
7. 16-Keto-estrone
8 . 3-Methyl-16-keto-estrone 

Control studies were also made on the propylene glycol solvents
engloyed, both old unrefined and new chemically pure.

A great variety of methods have been employed to ascertain the 
influence of various substances on the growth and mitotic activity of 
cells in tissue culture. Some of these are crude, others well refined.

One method frequently employed (Haam and Cappel, 1940) is to 

prepare scaled tracings of the ezplant and zone of outgrowth on uniformly
. Ihese-jtracings are_then._cut-out
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âna"WeIghëai Another method“is~to obtâfnT'the average radial butgrowtfi” 
(Heilman, 1945) by averaging the distance to which proliferation occurrec 
around the periphery.

Growth rate may be determined in mass cultures of cells suspended 
in fluid medium (Earle, Bryant, and Schilling, 1954) by obtaining the wet 
weight of cells cultured for various periods of time in various modified 
media. Another method consisted of counting 8  fields of cells under high 
dry magnification of the outgrov/th of cells and enumerating the total 
number of cells and all mitotic and pyknotic figures (Plummer, Wright, 
Antikajian, and Weintraub, 1952). Qpantitative determination of the 
jdesozyribose nucleic acids (DMA) in mass cultures is probably the most 
[accurate method by which growth increase may be determined by chemical 
means (Block and Godman, 1955), as interphase cells contain a constant 
amount of DNA.

For actual study of mitotic processes and the time involved, the 
best method is the use of cinematography with time-lapse motion pictures. 
By this method (von UbUendorff, 1942) it is possible to obtain the mi­
totic index as well as the time required for the various phases of mitosis



CHAPTER IV 

OBSERVATIONS

In Tables 1 to 38 may be seen the statistical analysis of the 
data on the growth of cultures as obtained by measurement with a plani­
meter. The first column of figures represents the area of the original 
ezplanted pieces of tissue. The next column represents the area of the 
actual grovrth. The third column represents the ratio (R) of the area of 
growth (G) to the area of the original explant (E) and is obtained by the 
division of the first value by the second, so tJjat

The last column represents the growth index (I) and is obtained 
by taking the values of the growth ratios (R) obtained for the various 

ezperimental dilutions and making a comparison with the value obtained 
for the control. Thus, by dividing the value of the experimental ratio 
(Rx) by that of the control (Rc), we obtain the growth index (I); i.e.,

By this method of calculation, the value of the growth index (I) 
for the controls will always be equal to unity, while the values of the 
various experimental groups will be greater or less than unity, depending 
on whether stimulation or inhibition of growth occurred. The information

40
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|Bëlbwthe état 1 st icaïT^ata ïs an approximation of the size s of the dosage 
of the compound needed to produce

(a) detectable inhibition
(b) 50^ inhibition
(c) total inhibition, 

rhe values are stated as micrograms per milliliter of medium and they 
were obtained by the application of slide rule calculations to the var­
ious veilues of I. Thus, in Table 1, the least inhibitory dosage was morê  

khan 1:10,000,000, or 0.1 micro gram per ml. of medium. Fifty percent 
inhibition was produced by a concentration between 1 :1 ,0 0 0 , 0 0 0  and 
1 :1 0 ,0 0 0 ,0 0 0 ; with the aid of a sliding scale this value is approxLmatelsj 
3.7 microgram per ml. of medium. Finally, the dosage required to produce 
botal inhibition was 1 :1 0 0 ,0 0 0 , or 1 0 . 0  micrograms per ml. of medium.

Statistical analysis revealed that the cultures treated with the 
jrarious equilenin and estradiol compounds (Tables 1 to 10) showed inhibi­
tion at the higher concentrations and frequently some stimulation at the 
lower concentrations.

The estrone compounds (Tables 11 to 15) displayed more persistent 
Inhibitory action even at the greater dilutions. The greatest inhibitory
action was observed in cultures treated with 5-methylestrone-17, where 
concentrations of 0 . 0 1  micrograms per ml. of medium produced more than 
50^ inhibition.

This compared well with the action of diethylstilbestrol (Table 
18,) where 50^ inhibition v;as produced by a dose of 0 . 1  microgram per ml. 

of medium.
______The_estrio]_.compounds (Tables-lfi and 17).
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The Effect of Propylene Glycol on Proliferation of Cells 
The persistent total inhibition of growth in the first group of 

eaperiments, in which a standard grade of propylene glycol was employed, 
contrasted with the absence of this action in the later experiments where 
a chemically pure brand was used, led to conparative studies on the ac­
tion of these two grades of solvents alone. The data of these experiments 
may be found in Tables 19 to 25.

In the first experiments, represented by Tables 1 to 22, the 
steroidal compounds were dissolved in standard grade propylene glycol.
It may be noted that almost invariably no growth occurred where the con­
centration of the steroid was 1 :1 0 , 0 0 0  and frequently none occurred at 
1 :1 0 0 .0 0 0 .

In contrast to this, the experiments represented by Tables 23 and 
24 and Tables 26 to 38, all show some growth even at the highest concen­
tration of 1:10,000. The propylene glycol employed in this later group 
was chemically pure. The persistent inhibition observed in the first 
group is indicative of synergistic action affected by impurities in the 
propylene glycol of standard grade.

Control experiments employing propylene glycol alone showed con­
siderable inhibition in the higher concentrations. This effect also ap­
peared to increase with the age of the propylene glycol. The first con­
trol experiment showed a reduction of about 26.0# in cultures containing 
1 .0 # propylene glycol, while similar control experiments run at later

(text continued on page 64)
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EQUILENIN

THE STRUCTURAL FORMULA OF EQJJILENIN 

TABLE 1
THE ACTION OF EQJILENIN ON THE OOTGROWTH OF 

EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Expiant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
" ■ Î

Growth 
Index (I)
I = Rc

Control 20.50 33.78 1.65 1 . 0 0
Propylene
Glycol 11.57 10.06 0.87 0.53
10-4 0 . 0 0

10-5 0 . 0 0

1 0 - 6 7.54 2 . 2 2 0.29 0.17

10-7 9.24 25.28 2.76 1.67
1 0 - 8 8.51 1 1 . 6 8 1.37 0.83

Least inhibitory dose 0 . 1  microgram per ml.
Half-lethal dose 0.7 microgram per ml.
Lethal dose 10.0 micrograms per ml.
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17-DIHïnR0EQ)JILENIN-17B

CH ort

MO

THE amUCTÜRAL FORMDLA OF 
17-DIHÏIHlOEQmLENIN-17B

TABLE 2
THE ACTION OF 17-DIHYDR0BQmLENIN-17B ON THE OUTGROWTH 

OF EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Eiplant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
• ■ 4

Growth 
Index (I)
I m MRc

Control 28.23 79.66 2.82 1 . 0 0
Propylene
Glycol 7.67 15.58 1.77 0.63

10-4 0 . 0 0

10-5 7.31 8.27 1.13 0.40

1 0 - 6 11.28 59.02 5.23 1.85

10-7 12.42 42.68 3.44 1 . 2 2

Least inhibitory dose <1.0 microgram per ml. 
Half-lethal dose 7.0 micro grams per ml.
Lethal dose 100.0 micrograms per ml.
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3-B iB TH nsQ anM iN  

CH,

CH

THE STEDCTÜRAL FCRMDLA. OF 3-METHÏLEQmLENIN

TABLE 3
THE ACTION OF 3-METHÏLEQmLENIN ON THE OOTGHOWTH OF 

EMBRTONIC CHICK: HEART FIBROBLASTS 
IN TISSUE CULTURE

Eiplant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
H - l

Growth 
Index (I)

Control 20.50 33.78 . 1.65 1 . 0 0
Propylene
Glycol 11.57 10.06 0.87 0.53
10-4 0 . 0 0

10-5 0 . 0 0

1 0 - 6 7.51 2.56 0.34 0 . 2 1

10-7 6.18 8.31 1.34 0.81

1 0 - 8 6.30 10.58 1 . 6 8 1 . 2 0

Least inhibitory dose 0.1 microgram per ml.
Half-lethal dose 0.5 microgram per ml.
Lethal dose 10.0 micrograms per ml.
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16-keto-eqîjilenin

W O

THE STRDCTDRAL FORMULA OF 16-KETO-EQmLENIN

TABLE 4
THE ACTION OF 16-KET0-E<gjILENIIî OK THE OBTGECWTH OF 

EMBRTONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Expiant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)

Growth 
Index (I)
■ • B

Control 6.60 18.20 2.76 1 . 0 0
Propylene
Glvcol 8.32 19.05 2.29 0.83

10-4 0 . 0 0

10-5 7.58 14.23 1 . 8 8 0 . 6 8

1 0 - 6 7.33 2 2 . 1 0 3.01 1.09

10-7 7.39 29.66 4.01 1.77

Least Inhibitory dose 1.0 microgram per ml. 
Half-lethal dose 25.0 micrograms per ml.
Lethal dose 100.0 micrograms per ml.
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ESTRADIOL

THE STRDCTORAL FORMULA OF ESTRADIOL 

TABLE 5
THE ACTION OF ESTRADIOL ON THE OOTOOWTH OF 

EMBRTONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Eiplant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)

- 1 .

Growth 
Index (I)
X s —Rc

Control 14.40 44.90 3.12 1 . 0 0
Propylene
Glycol 8.32 18.13 2.18 0.70

10-4 0 . 0 0

10-5 1 1 . 2 1 5.99 0.53 0.17

1 0 - 6 13.15 42.86 3.26 1.04

10-7 7.60 19.85 2.61 0.83

Least Inhibitory dose < 1.0 microgram per ml. 
Half-lethal dose 6.0 micrograms per ml.
Lethal dose 100.0 micrograms per ml.
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ESTRÆDI0L-3,16a

CM,

HO

OH

THE STHDCTÜRAL FORMDLA OF ESTRADI0L-3,16a

TABLE 6

THE ACTION OF ESTRADI0L-3,16a ON THE OUTGKOWTH OF EMBRYONIC 
CHICK HEART FIBROBLASTS IN TISSUE CULTURE

Explant 
Area (E)

Growth 
Area (G)

GtTOWth 
Ratio (R)

Growth 
Index (I)

" B

Control 12.47 24.26 1.95 1.00
Propylene
Glycol G.02 11.06 1.38 0.71

10-5 0.00
5x L0“3 7.06 2.79 0.39 0.20
25x10-5 6.56 1.52 0.23 0.11
125x10-5 10.34 19.35 1.87 0.95
625x10-5 6.85 25.56 3.73 1.91

3,125x10-5 8.44 13.84 1.64 0.84
15,625x10-5 7.70 9.66 1.25 0.64

Least inhibitory dose 8,0 micro grams per ml. 
Half-lethal dose 78.0 micrograms per ml.

Lethal dose 1000.0 micrograms per ml.
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ESTRADIOL-3,16B

C H 3

HO

THE STRUCTURAL FORMULA OF ESTRADIOL-3,16B
TABLE 7

THE ACTION OF ESTRADIOL-3,16B ON THE OUTOIOY/TH OF 
EMBRTONIC CHICK HEART FIBROBLASTS 

IN TISSUE CULTURE

Expiant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)

Growth 
Index (I)
I = Rc

Control 11.72 41.82 3.50 1.00
Propylene
Glycol 8.26 11.97 li45 0.41
10—4 ■ 0.00

10-5 16.25 4.33 0.26 0.07

10-6 16.72 87.00 5.20 1.40

10-7 12.90 29.44 2.30 0.65

Least inhibitory dose 0.1 raicrogram per ml. 
Half-lethal dose 6.0 - 7.0 micrograms per ml. 
Lethal dose 10.0 micrograms per ml.
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EPI-ESIRADIOL (B-ESîRADIOL)

cU«
0&4

THE STRUCTURAL FORMULA OF 
EPI-ESTRADIOL (B-ESTRADIOL)

TABLE 8
THE ACTION OF EPI-ESTRADIOL (B-ESIRADIOL) ON THE OUTGROVfTH 

OF EMBRYONIC CHECK HEART FIBROBLASTS 
IN TISSUE CULTURE

Ezplant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
R " 2  • E

Growth 
Index (I) 
T — Rx 
^ " R ?

Control 13.60 10.60 0.75 1.00
Propylene
Glycol 9.03 4.96 0.55 0.74
10-4 0.00

10-5 9.70 5.60 0.58 0.77

10-6 52.90 17.70 0.54 0.72
10-7 23.50 18.20 0.77 1.03

Least inhibitory dose 1.0 microgram per ml. 
half-lethal dose 35.0 micrograms per ml.
Lethal dose 100.0 micrograms per ml.
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3-METHÏL-16-KET0-ESTEWDI0L

THE STRUCTURAL FORlfflLA. OF 
3—METH30L—16—KETO-E5?JLRADIOL

TABLE 9
THE ACTION OF 3-METHSX-16-EET0-ES3EADI0L ON THE OUTGROWTH 

OF EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Eaplant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R) 

G
Ë

Growth 
Index (I) 

. Rx 
Rc

Control 28.23 79.66 2.82 1.00
Propylene
Glycol 7.67 13.40 1.77 0.63

10-4 0.00

10-5 7.34 8.71 1.19 0.42

10-6 9.32 38.00 4.08 1.44

10-7 8.38 44.98 5.37 1.90

Least inhibitory dose < 1.0 microgrsm per ml. 
Half-lethal dose 9.0 micrograms per ml.
Lethal dose 100.0 micrograms per ml.
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16-KETO-ESTRADIOL 

CW%

THE STRUCTURAL FORMDLA OF 16-KETO-ESTRADIOL

TABLE 10
THE ACTION OF 16-KETO-ESTRADIOL ON THE OUTGROWTH OF 

EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Explant 
Area (E)

Growth 
Area (G)

Growth ^  
Ratio (R)
« 4

Growth 
Index (I)

Control 6.60 18.20 2.76 1.00
Propylene
Glycol 8.52 19.05 2.29 0.83
10-4 0.00

10-5 5.56 0.56 0.10 . 0.037

10-6 7.71 2.25 0.29 0.106

10-7 6.21 20.36 3.28 1.19

Least inhibitory dose <0.1 microgram per ml. 
Half-lethal dose ^ 1.0 microgram per ml.
Lethal dose 100.0 micrograms per ml.
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ESTRONE

THE STRUCTURAL FORMCHA OF ESTRONE

TABLE 11
THE ACTION OF ESTRONE ON THE OUTGROWTH OF 

EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Ezplant 
Area (E)

tooTfth 
Area (G)

Gcrowth 
Ratio (R)
= 4

Growth 
Index (I)
I = Bz Rc

Control 10.92 23.51 2.61 1.00
Propylene
Glycol 8.94 13.52 1.59 0.60

10-4 0.00

10-5 10.22 28.35 2.02 0.77
10-6 9.90 26.30 2.65 1.02

10-7 8.00 17.62 2.20 0.84

Least Inhibitory dose K 1.0 microgram per ml. 
Half-lethal dose 12.0 micrograms per ml.
Lethal dose 100.0 micrograms per ml.
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ESraOKE-16

çH,

x « ? >

THE STRUCTURAL FORMULA OF ESTRONE-16

TABLE 12
THE ACTION OF ESTRONE-16 ON THE OUTGROWTH OF 

EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Eiplant 
Area (E)

Ghrowth 
Area (G)

Growth 
Ratio (R)

Growth 
Index (I)
I = % =Rc

Control 36.32 161.28 4.44 1.00
Propylene
Glycol 8.45 25.85 3.06 0.69

10-4 0.00

10-5 6.21 1.63 0.26 0.06

10-6 11.74 36.10 3.08 0.69

10-7 6.36 17.62 2.79 0.63

Least inhibitory dose > 1.0 microgram per ml. 
Half-lethal dose 30.0 micrograms per ml.
Lethal dose 100.0 micrograms per ml.
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3-ÎSETHYLESTR0NE-16

THE STRÜCTDRAL FORMULA. OF 3-METHÏLESTR0KE-16

TABLE 13

THE ACTION OF 3-METHXLESTR0NE-16 ON THE OHTGEOWTE OF 
EMBRYONIC CHICK HEART FIBROBLASTS 

IN TISSUE CULTURE

Ezplant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
«-I

Gcrowth 
Index (I)
I * —Rc

Control 36.32 161.28 4*44 1.00
Propylene
Glycol 8.45 25.85 5.06 0.69
10-4 0.00

10-5 8.24 36.30 4.40 0.99
10-6 8.30 34.98 4.21 0.95

10-7 7.58 27.46 3.67 0.82

Least Inhibitory dose 10.0 micrograms per ml.
Half-lethal dose 50.0 micrograms per ml.
Lethal dose 100 .0 micrograms per ml.
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3-I5ETHXLESTRONE-17

CH,

THE STRUCTURAL FORMULA OF 3-M2TE%LESTR0RE-17

TABLE 14
THE ACTION OF 3-METHSIESTR0NE-17 ON THE OUTGROWTH OF 

EMBRTONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Ezplant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
» • $

(hrowth 
Index (I)

Control 20.50 33.78 1.65 1.00
Propylene
Glycol 11.57 10.06 0.87 0.53
10-4 0.00

10-5 0.00
10-6 4.62 0.35 0.08 0.05

10-7 7.58 2.32 0.31 0.19
10-8 10.68 6.06 0.57 0.34

Least inhibitory dose >0.1 micro gram per ml.
Half-lethal dose 0.1 microgram per ml.
Lethal dose 10.0 micrograms per ml.



57

16-KETO-ESTRONE

CH,

THE STHDCTCEAL FORMDIA OF 16-KETO-ESTROHE

TABLE 15
THE ACTION OF 16-KETO-ESTRDNS ON THE OHTGSOWTH OF 

EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Explant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)

Growth 
Index (I)

Control 26.01 107.83 4.14 1.00
Propylene
Glycol 8.21 27.83 3.39 0.82

10-4 0.00

10-5 0.00
10-6 7.84 11.17 1.43 0.54

10-7 9.82 32.29 3.29 0.88

Least inhibitory dose >0.1 microgram per ml.
Half-lethal dose 0.7 microgram per ml.
Lethal dose 10.0 micrograms per ml.
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ESTRIOL

CM
OH
OU

THE STRÜCTDRAL FORMDLA OF ESTRIOL

TABLE 16
THE ACTION OF ESTRIOL ON THE ODTGRONTH OF 

EHBRTONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Ea5 >lant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
« 4

Growth 
Index (I)

Control 14.02 14.59 1.04 1.00
Propylene
Glycol 13.76 10.13 0.73 0.70

1/10,000 10.65 17.90 1.68 1.60

1/50,000 11.56 54.34 4.70 4.50

1/250,000 15.21 40.44 2.66 2i56
1/1,250,000 11.16 19.09 1.71 1.65
1/6,250,000 15.52 24.22 1.57 1.51

Least inhibitory dose <100.0 micrograms per ml. 

Lethal dose <100.0 micrograms per ml.
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ESTRIOL GLUCDRONIDE-Na

crt,

x < 5 ^ ’

THE STRUCTURAL FORMDLA OF ESTRIOL GLUCURONIDE-Na

TABLE 17
THE ACTION OF ESTRIOL GLUCURONIDE-Na ON THE OUTŒOWTH 

OF EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

E:q)lant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
= = #

Growth 
Index (I)
I = Rc

Control 9.46 32.54 3.40 1.00
Propylene
Glycol 8.19 21.30 2.60 0.78

10-4 0.00
10-5 . 9.45 33.35 3.50 1.03

10-6 13.42 79.18 5.20 1.50

10-7 11.74 77.50 6.50 1.91

Least inhibitory dose 8.0 micrograms per ml. 
Half-lethal dose 52.0 micrograms per ml.
Lethal dose 100.0 micrograms per ml.
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DIETHYLSTILBESTROL

/ « = \
OU

THE STRUCTURAL FORMULA OF DIETHYLSTILBESTROL

TABLE 18
THE ACTION OF DIETHYLSTILBESTROL ON THE OUTGROm OF 

EMBRYONIC CHICK HEART FIBROBLASTS 
m  TISSUE CULTURE

Ezplant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
" ' I

Growth 
Indei (I)

Control 6.50 18.20 2.76 1.00
Propylene
Glycol 8.32 19.05 2.29 0.83

10-4 0.00

10-5
• 0.00

10-6 10.91 6.76 0.62 0.22

10-’̂ 10.77 15.89 1.45 0.52

Least Inhibitory dose >0.1 microgram per ml. 
Half-lethal dose 0.1 micro gram per ml.
Lethal dose 10.0 micrograms per ml.
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THE STRUCTURAL FCRIÆJLA OF PROPYLENE GLYCOL

TABLE 19
THE ACTION OF STANDARD IROPYLENE GLYCOL ON THE OUTGROÎÏTH 
OF EMBRYONIC CHICK HEART FIBROBLASTS IN TISSUE CULTURE

Ezplant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)

Growth 
Index (I)

Control 15.31 23.21 1.51 1.00
10-1 0.00

10-2 9.87 11.09 1.12 0.74
10-3 10.23 11.15 1.09 0.72

10-4 8.25 11.93 1.44 0.95
10-5 7.23 11.58 1.60 1.06

TABLE 20
THE ACTION OF STANDARD IROPYLENE GLYCOL ON THE OUTGROWTH 
OF EMBRYONIC CHECK HEART FIBROBLASTS IN TISSUE CULTURE

Eq)lant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
^ = 1

Growth 
Index (I)
I = Rc

Control 26.15 86.88 3.32 1.00
10-1 0.00

10-2 11.51 1.72 0.15 0.05

10-3 10.83 19.47 1.79 0.54

10-4 9.40 25.97 2.76 0.83
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IROFÏLENE GLYCOL

CH3-CMOH- CH^OM
THE STRÜCTDRAL FORMDLA OF PROPYLENE GLYCOL

TABLE 21
THE ACTION OF STANDARD PROPYLENE GLYCOL ON THE 0ÜTGR07ITH 
OF EMBRYONIC CHICK HEART FIBROBLASTS IN TISSUE CDLTDRS

Ezplant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
« 4

Growth 
Index (I)

Control 7.79 39.27 5.04 1 . 0 0

10-2 0.00

10-3 4.16 16.10 3.86 0.76

10-4 4.89 20.37 4.16 0.82

10-5 4.40 28.00 6.36 1.26

TABLE 22
THE ACTION OF STAIOARD PROPYLENE GLYCOL ON THE OUTGSO?rTH 
OF EMBRYONIC CHICK HEART FIBROBLASTS IN TISSUE CULTURE

Ezplant 
Area (E)

Growth 
Area (G)

Gbrowth 
Ratio (R)
« 4

Growth 
Index (I)
I . S i• Rc

Control 7.79 39.27 5.04 1.00
10-2 0.00

10-5 4.92 12.04 2.44 0.48

10-4 7.74 45.44 5.09 1.01

10-5 4.96 37.86 7.63 1.51
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GLYCOL
CWj-CWOW-CHjOM

THE STRUCTURAL FORMDLA OF PROPÏLENE GLYCOL

TABLE 23
THE ACTION OF CHEMICALLY PURE PROPYLENE GLYCOL ON THE 

OUTGROWTH OF EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Ezplant 
Area (E)

Growth 
Area (G)

GtTOWth 
Ratio (R)

- I

Chrowth 
Index (I) 
T - Rx
^ ■55'

Control 7.53 29.02 3.96 1.00
1.0# 4.96 36.07 7.25 1.96

0.2# 7.73 47.32 6.12 1.54
0.04# 7.47 38.25 5.10 1.29 -
0.008# 8.19 65.89 8.04 2.03

TABLE 24
THE ACTION OF CHEMICALLY PURE FROPYLENE GLYCOL ON THE 

OUTGROWTH OF EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Ezplant 
Area (E)

Growth 
Area (G)

CtTowth 
Ratio (R)
= = §

(hrowth 
Index (I)

Control 7.33 29.02 3.96 1.00
1.0# 7.40 19.26 2.60 0.65
0.2# 6.89 61.25 8.77 2.21

0.04# 6.77 20.31 3.00 0.75
0.008# 8.64 51.35 5.94 1.50
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diminished on further dilution and in higher dilutions actually produced 
ja stimulatory effect to a fair degree.

In Table 25 is the data showing the difference in the action on 
growth of 1.0^ propylene glycol. The standard grade of propylene glycol 
produced an average growth index of 0.60. This indicates a 40,0^ inhibi­
tion of growth below normal. The chemically pure propylene glycol acted 
as a growth stimulant in all but two cases. The average growth index was 
1.29, which indicates a 29.0^ stimulation above normal.

The second series of experiments, where chemically pure propylene 
glycol was employed, showed a stimulatory effect in all but two instances. 
The average inhibition of 1.0^ propylene glycol of standard grade in the 
first series of experiments was approximately 40.0^, while the c hemic ally: 
pure propylene glycol present in the same concentration acted as a stimu­
latory factor and increased the outgrowth approximately 29,0^, It is 
felt that the synergistic activity of the standard grade of propylene 
glycol is due to some contaminant, probably a break-dovm product. It is 
also interesting to note that the chemically pure propylene glycol appears 
to act as a stabilizer, as the percentage of abnormal mitotic figures in 
cultures in media containing 1.0^ propylene glycol is markedly less than 
in those grown in embryo extract alone.

In the later series (Tables 26 to 38, in which the chemically pure 
propylene glycol was employed as solvent) the action of the estradiol com­
pounds was greater than that of the estrones. A number approximated the 
degree of inhibitory action of diethylstilbestrol. Several exceeded the 
inhibitory action of colchicine.______________(text continued on nage 79)
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TABLE 25
COMPARISON OF GKOV/TH INDICES OF 
EXPERIMENTAL CONTROL CULTURES 

CRC9JN WITH 156 SOLUTION OF 
propylene GLYCOL 

IN THE MEDIA

Standard Grade Propylene Glycol Chemically Pure 
Propylene Glycol

a. 0.53 j • 0.83 a. 1.83

b. 0.82 k. 0.70 b. 1.53

0. 0.69 1. 0.76 c. 0.66
d. 0.78 m. 0.74 d. 1.27
e. 0.70 n. 0.63 e. 1.21
f. 0.83 1. 0.74 f. 1.20

g. 0.67 P- 0.05 g. 1.96
h. 0.71 q. 0.00 h. 0.65

i. 0.63 r. 0.00
Total 10.81 10.31
Average 0.60 1.29
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COLCHICINE
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THE STRUCTDRAL FORiTfLA. OF COLCHICINE

TABLE 26
THE ACTION OF COLCHICINE ON THE' OUTGROWTH OF 

EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Explant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
- 1

Growth 
Index (I)

- r  _ Rx 
* R?

Control 16.87 51.53 3.05 1.00
Propylene
Glycol 16.40 91.57 5.58 1.83
10-4 7.39 2.49 0.33 0.11

10-5 10.85 13.91 1.74 0.57

10-6 18.95 45.56 2.41 0.79

10-7 6.24 12.49 2.00 0.65

10-8 15.01 35.03 2.33 0.76

Least Inhibitory dose < 0.001 micrograms per ml. 
Half-lethal dose 20.0 micrograms per ml.
lethal dose 100.0 micrograms per ml.
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DIETHïLSTn.BESmOL 
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THE STRUCTDRAL FORMDLA 0? DIETHYLSTILBESTROL

TABLE 27
THE ACTION OF DIETHYISTILBESCROL ON THE OUTGROWTH OF 

EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Eagplant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
« 4

Growth 
Index (I)
i - e

Control 7.45 23.79 3.19 1 . 0 0
Propylene
Glycol 4.85 23.83 4.91 1 . 5 3

10-4 3.57 2.74 0.77 0.24

10-5 5.55 4.12 0.74 0.23

10-6 3.81 3.78 0.99 0.31

10-7 3.32 2.85 0.86 0.27
10-8 0.93 1.20 1.29 0.40

Least Inhibitory dose > 0.01 microgram per ml. 
Half-lethal dose >0.01 microgram per ml.
Lethal dose 100.0 nicrograms per ml.
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16-KETO-KSIRADIOL 

CU,

THE SmUCTlEAL FORMJLA OF 16-EET0-E8TRADI0L
table 28

THE ACTION OF 16-KETO ESTRADIOL ON THE OUTGROWTH OF 
EMBRYONIC CHICK HEART FIBROBLASTS 

IN TISSUE CULTURE

Expiant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)

- I

Growth 
Index (I)
I = SERc

Control 4.88 23.18 4.75 1.00
Propylene
Glycol 4.56 24.98 5.48 1.15

10-4 4.15 6.98 1.90 0.40

10-5 2.26 5.09 2.25 0.47
10-6 5.56 24.78 4.45 0.94
10~7 5.88 32.25 5.52 1.16

Least inhibitory dose < 0.1 microgram per ml. 
Half-lethal dose 7.0 microgram per ml.
Lethal dose <100.0 micrograms per ml.
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3-METHÏIBSTRADI0L--3,16a 

CH,

THL STRUCTURAL FORMJLA OF 
3-ÜETHYIESTRADIQL-3,16a

TABIE 29
THE ACTION OF 3-METHÏLESTRi®XQL-3,16& ON THE OUTCSOTOH 

OF SyHRYGNIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Expiant 
Area (B)

Growth 
Area (G)

Growth 
Ratio (R)

«  = §

Growth 
Index (I) 
_ Rx
: "RS"

Control 5.57 23.19 4.16 1.00
Propylene
Glycol 7.23 19.85 2.75 0.66

10-4 5.22 3.37 0.64 0.15

10-5 5.89 27.06 4.61 1.10

10-6 7.04 36.38 5.16 1.24

10-7 5.83 18.14 3.11 0.75

Least inhibitory dose <9.0 micrograms per ml. 
Half-lethal dose 70.0 micrograms per ml.
Lethal dose < 100.0 micrograms per ml.
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3-ETHXLESTRADI0L-3,16B 
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THE STRUCTURAL FORMULA OF 
3-ETBHLESTRADI0L-3,16B

TABIE 30
THE ACTION OF 3-ETHYLESTRAD10L-3,16B ON THE OUTGROWTH 

OF EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Expiant 
Area (E)

Growth 
Area (C)

(hrowth 
Ratio (R)
H - l

Ckrowth 
Index (I)
• ■ f t

Control 4.32 22.60 5.23 1.00
Propylene
Glycol 4.62 29.01 6.29 1.20

10-4 5.37 14.02 2.63 0.50

10-5 6.77 41.23 6.09 1.16

10-6 5.65 19.45 3.49 0.66

10-7 4.34 18.09 4.17 0.79

10-8 2.80 7.50 2.69 0.51

Least Inhibitory dose <30.0 micrograms per ml, 
Half-lethal dose 100.0 micrograms per ml.
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3-KETHÏL-16-KET0-ESTRADI0L
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CH
THE STHÜCTDRAL FORMULA OF 
5-METHÏL-16-KET0-ESTRADI0L

TABLE 31

THE ACTION OF 3-METHXL-16-K3T0-ESTRADI0L ON THE OUTGKOWTH 
OF EMBRÎONIC CHICK HEART FIBROBLASTS 

IN TISSUE CULTURE

Ezplant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)

Growth 
Index (I)
I = M

Rc
Control 4.88 23.14 4.75 1.00
Propylene
Glycol 4.56 24.98 5.48 1.15

10-4 3.49 1.44 0.41 0.09

10-5 3.14 3.27 1.04 0.22
10-6 2.56 8.73 3.43 0.72

10-7 3.84 12.46 3.24 0.68

Least Inhibitory dose >0.1 micrograra per ml. 
Half-lethal dose 4.0 micrograms per ml,
Lethal dose <100.0 micrograms per ml.
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3-ETHÏL-16-KKT0-ESTRADI0L
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THE STRUCTDRAL FCRMDLA OF 
3-ETHÏL-16-KET0-ESTRADI0L

TABLE 32
THE ACTION OF 3-ETHÏL-16-KET0-ESTRADI0L ON THE ODTGROWTE 

OF EKBRTONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTORE

Expiant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
" ■ 1

Growth 
Index (I)
I = Rz

Rc
Control 5.43 31.64 5.83 1.00
Propylene
Glycol 5.03 37.24 7.41 1.27

10-4 5.07 5.98 1.18 0.21

10-5 7.37 9.61 1.30 0.24

10-6 5.30 10,30 1.94 0.33

10-7 4.48 15.62 3.49 0.59

10-8 1.06 3.20 3.01 0.51

Least Inhibitory dose >  0.01 micro gram per ml. 
Half-lethal dose 0.4 micro gram per ml.
Lethal dose < 100.0 micrograms per ml.
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15-KETO-ESTRONE
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THE STRUCTURAL FORMÜIA OF 16-KETO-ESTRONE

TABLE 33
THE ACTION OF 16-KKTO-ESTRONE ON THE OUTCSOWTH OF 

EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Expiant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
« = §

Growth 
Index (I)
I = EzRc

Control 4.88 23.18 4.75 1.00
Propylene
Glycol 4.56 24.98 5L48 lil5
10-4 5.97 6.43 1.08 0.23

10-5 8.37 24.50 2.95 0.62

10-6 9.23 38.52 4.17 0.88

10-7 7.30 22.76 3.12 0.66

Least inhibitory dose >0.1 raicrogram per ml. 

Half-lethal dose 20.0 micrograms per ml.
Lethal dose < 100.0 micrograms per ml.
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3-ETHÏLESTR0NE-16
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THE SOHÜCTÜRAL FORMDLA OF 3-ETHÏLESTR0ÎJE-16

TABLE 34

THE ACTION OF 3-ETHÏLESTR0NE-16 ON THE OBTGROYTTH OF 
EMBRYONIC CHICK HEART FIBROBLASTS 

IN TISSUE CULTURE

Explant 
Area (E)

Growth 
Area (G)

ChTowth 
Ratio (R)

Growth 
Index (I)
■ ■ B

Control 5.43 31.64 5.83 1.00
Propylene
Glycol 5,03 37.24 7.41 1.27

10-4 7.03 43.67 6.21 1.06

10-5 5.82 45.78 7.86 1.34

10-6 7.89 53.85 6.82 1.16
10-7 5.18 45.38 8.76 1.50

10-8 5.44 36.44 6.70 1.14

Lethal Dose <100.0 micrograms per ml.
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3-MBTHXLESTR0NE-17 

cHj

THE STRUCTURAL FORMULA OF 3-METHYLESTR0NS-17

TABLE 35
THE ACTION OF 3~MSTHYÎÆSTR0NE-17 OH THE OUTGROVfTH OF 

EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Expiant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)

Growth 
Index (I)
“ g

Control 4.52 22.60 5.23 1.00
Propylene
Glycol 4.62 29.01 6.29 1.20

10-4 8.62 36.83 4.50 0.86

10-5 4.96 25.99 5.24 1.00

10-6 7.32 43.86 5.99 1.14

10-7 6.72 25.33 3.77 0.72

10-8 5.24 17.85 3.41 0.65

Least inhibitory dose 10.0 micrograms per ml.
Half-lethal dose 100.0 micrograms per ml.



76

3-ETHÏLESTR0NE-17
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THE STRUCTDRAL FORMDLA OF 3-.ETHÏLESTR0N3-.17

TABLE 36
THE ACTION OF 5-ETHYLESTR0NE-17 ON THE ODPCaOYJTH OF 

EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Explant 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
H = |

Growth 
Index (I)
x - i

Control 9.67 42.37 4.37 1.00
Propylene
Glycol 5.63 29.40 5.22 1.21

10-4 9.84 34.92 3.55 0.81

10-5 6.78 26.82 3.95 0.90
10-6 10.02 46.76 4.66 1.06

10-7 6.87 27.30 3.97 0.90

Least Inhibitory dose <1.0 microgram per ml.
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THE SraDCTHRAL FQRIIDLA OF 
3-HETHÏL-16-KET0-BSTR0NE

TABIE 37
THE ACTION OF 3-METHÏL-16-KET0-ESTR0NE ON THE OUTQtOOT 

OF EMBBTONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

SzplGUit 
Area (E)

Growth 
Area (G)

Growth 
Ratio (R)
R = |

Growth 
Index (I)

Control 5.57 23.19 4.16 1.00
Propylene
Glycol 7.23 19.85 2.75 0.66

10-4 5.77 13.98 2.44 0.58

10-5 4.71 17.68 3.75 0.90

10-6 contaminated

10-7 contaminated

Least inhibitory dose < 6.0 micrograms per ml. 
Half-lethal dose 200,0 micrograms per ml,
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3-ETHÏL-16-KET0-ESTR0NE

C H

THE STRUCTURAL FORMDLA OF 
3-BTHYL-16-KET0-ESTR0NE

TABLE 38
THE ACTION OF 3-ETHYL-16-KET0-ESTR0KE ON THE OUTGROWTH 

OF EMBRYONIC CHICK HEART FIBROBLASTS 
IN TISSUE CULTURE

Expiant 
Area (E)

Gferowth 
Area (G)

Growth 
Ratio (R)

Growth 
Index (I)
I = Rc

Control 9.67 42.37 4.37 1.00
Propylene
Glycol 5.83 29.40 5.22 1.21
10-4 11.88 28.44 2.39 0.54

10-5 6.83 23.24 3.40 0.76
10-6 9.62 55.08 5.73 1.31

10-7 7.51 53.89 7.17 1.64

10-8 4.66 34.23 7.34 1.65

Least inhibitory dose 6.0 micrograms per ml. 
Half-lethal dose <  100.0 micrograms per ml. 
Lethal dose <100.0 micrograms per ml.
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Observations on Aberrant Mitotic Figures 

A wide variety of distortions of mitotic figures and their degree 

of frequency was observed In the various series of cultures. The controlj 
cultures also contained some aberrations; however, the frequency of these 
was greatly elevated In the experimental series.

Among the phenomena observed are such things as fragmentation of 
chromatin material (Photographs 23 and 25, Plate IV), stubbing effect on 
phromoaomes (Photograph 30, Plate V, Photograph 39, Plate VII), agglutlna- 
lon or sticking together of chromatin and chromosomes (Photograph 12, 
Plate II, Photographs 16 and 17, Plate III), lagging of chromosomes (Pho- 
Ggraph 19, Plate III), disruption of chromosomes (Photograph 33, Plate 

71), various degrees of pyknosls (Photographs 40, 41, 42, 43, Plate VII, 
Photographs 48 and 49, Plate VII), and failures In the reconstruction of 
she nucleus (Photograph 47, Plate VIII).

In many of the nuclei fragments of chromosomes had retracted to 
rorm small dense hyperchromie spherules (Photograph 13, Plate II). This 
effect was more pronounced where chromosomes had become Interrupted dur­

ing the course of their formation so that the nuclear area was filled 
flth numerous more or less uniformly-sized particles. This phenomena was 
quite frequent In metaphase, but the particles formed were few In number 
and not uniform In size and shape (Photographs 25, 24, 25, Plate IV). In! 
some cells It appeared as though on*» or more of the chromosomes became 
leavlly beaded (Photograph 38, Plate VII), which may have been an Indica­
tion of the state just prior to fragmentation or an early stage of shrink­

age of the chromosome.
------ In » mimbe-p nf Instances tha_ point of _frngmentntion nf thp. nhrn-
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|inosorâê appôuLrëâ~tô~be the kinetochore (Photograph 33, Plate 71), and one 

arm of the chromosome remained attached to the spindle apparatus and v/as 
dravm away, while the other arm remained behind.

Another effect observed was that of the formation of short stubby 
chromosomes induced by a shrinl'lng of the filamentous chromosomes (Photo­
graph 30, Plate V). This was most frequently observed in metaphase and 
frequently the entire metaphase plate could be seen to be composed of a 
group of uniformly sized short peglike bodies. This stubbing was also 
very apparent in some instances where &ach chromosomes were left behind 
by the lagging effect following spindle dissociation. The shrinking and 
contraction of the chromosome leading to the formation of a rather pyk- 
notic structure may have been initiated by a syneretic process brought or. 
by disturbances of water balance of these cellular organelles as a result 
of the action of the steroids.

Stickiness or agglutination of chromosomes is frequently seen 
jwhen chromosomes fail to separate following metaphase cleavage. Tfhile 
some of the chromosomes may separate normally, one or more may fail to 
do so and may remain in the interzonal region between the two polevrard 
moving groups of chromosomes in anaphase, or they may be dravm to one or 
the other of the daughter groups after these have reached their destina­
tion. In some instances the surface character of the chromosome appears 
fto be ragged and not as sharply delineated as in normal chromosomes, per­
haps due to their more adhesive nature. This stickiness may give rise to 
chromosome bridges between the two daughter groups, and even deletion of 

one or more chromosomes from the reconstituted cell, thus producing a 
nonditlon_of_aneuploidy.-----------------------------------------------
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In some" mëtâphase plates ̂ confluence of “t h¥^eripheral” end s of 

chromosome arms may produce a stellate pattern (Photograph 28, Plate V), 
generally termed "star metaphases", and also doughnut-shaped ringlike
patterns. Confluence of chromosomes in anaphase gives rise to figures
I
with marked dimentional reduction.

Pyknosis is another characteristic of severely damaged cells and 
Was encountered frequently and in varying degrees of intensity (Photo­
graphs 20, 21, 22, Plate 17). It is a result of the inability of the 
chromatin material as well as the chromosomes to become properly organ­
ized so that they may enter the next phase of development. There may be 

a confluence of chromosomes and chromatin material due to the stickiness 
of their surface. This then produces a vacuolated-like body with a dense 
reticulum of chromatin bands by which further confluence and agglutina­
tion decreases in volume and becomes a small hyperchromatic knotlike 
body. Pyknotic nuclei were observed to follow a slightly different se­
quence of events (Photographs 20, 21, 22, Plate IV). After the chromo­
somes had become organized to form a metaphase plate, there was a dis­
ruption of the spindle mechanism and a failure of response by the chromo­
somes. The chromosomes appeared to become croWed together into a 
ŝmaller space and then, due to their sticky surfaces, they began to ad­
here to one another and gradually flowed together to form a small densely 
stainable body. Pyknosis may also be initiated in later stages, such as 
anaphase (Photographs 45 and 46, Plate VIII), telophase, and in the re­
construction phase, but the frequency is very small.

In some cultures, where there was a great deal of cellular dam- 

age_,_the_cell_rojmded_up_3iLd_the_chrp.matin_became„dispersed_as_a_£roup_oJ
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several irregular-sized bodies that stain quite densely with nuclear

istains. This situation came about by the clumping together of several 
groups of chromosomes which became pyknotic after further coalescence.

Chromosome lags appear when the spindle fiber becomes disorgan­
ized, stretched, or is unable to contract at the same rate as the remain-) 
|ing fibers (Photograph 27, Plate V, Photograph 37, Plate VI). As a re­
sult, the chromosome to which the spindle fiber is attached lags behind 
the others on its entry of metaphase or in anaphase.

Such lags may result in an unequal number of chromosomes in 
daughter nuclei and chromosome deletions may occur. Deletions may also 
result in instances where chromosomes lag behind due to a break in the 
Attached spindle fiber or the dissociation of the chromosome from the
I
fiber at the kinetochore.

Another abnormality that \7as noted fairly frequently was a slight 
lateral tilting of one of the groups of daughter chromosome at an angle 
ja?;ay from the common axis (Photograph 44, Plate VIII), Apart from this 
tilt effect, no other defect was detected. The actual tilt is a result 
of resistance being encountered by the chromosome in one sector of the 
cleaved plate during anaphase. This io caused by a weakening of spindle 
fibers controlling that specific sector so that one side of the migrating 
plate of chromosomes lags behind.

Multipolar cells are also encountered (Photograph 34, Plate VI). 

These may form a greater number of asters than just the two which are 
found in the normal mitotic cells. As many as six asters have been 

counted in one cell. This effect is produced by the division of the 
centrosorae-into-raore-than-two-parts-with-the-subsequent-organization-of—



83
additional”spindles. Thé number of chromosomes which become associated

Ijwith the several spindles may vary, some having only as few as one or 
two. If cell division should successfully pi'oceed to a conclusion, it
would of course result in a decrease in the number of chromosomes in all
!
the daughter cells.

Difficulties in reconstruction of the new cells have also been 
noted. In a number of instances reconstitution of the nuclei occurred
without cleavage of the cytonlasm, so that binucleated cells develooed.
!|ln other cases, cleavage of cytoplasm occurred, but the nuclei of these 
bells were pyknotic (Photograph 48, Plate VIII). At least one cell was 
encountered where one nucleus was reconstituted in a normal fashion while
J

kts sister nucleus became pyknotic (Photograph 47, Plate VIII).
The frequency of aberrant mitotic cells was much higher in cul­

tures ezposed to higher concentrations of the steroidal compounds, and 
here pyknotic cells were generally more numerous. In the more dilute con
j j
centrations the principal abnormality was disjunction and lagging of chro 
mosomes. The most sensitive phase in the mitotic cycle was the metaphase 
stage. IThile a very small number of the aberrant states were encountered 
in the other phases of mitosis, the number, however, was negligible in 
comparison to that found in metaphase.

Observations of Steroidal Action on Mitosis 
The second series of studies were made employing a number of this 

group of compounds. Cell counts and mitoses were made of all cultures in 
this series. The various mitotic phases of cells in division were counted, 
as well as the number of aberrant mitoses. The statistical data of these
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studies are presented"in their analyzed form in'Tables 39 to 46Z

The upper hall* of the table lists the following statistical data 
and analysis:

Column 1 - The total number of resting and mitotic cells counted 
in order to yield the mitotic cell count listed in 
columns ?.. 3, and 4.

Column 2 - The number of normal mitoses encountered.
Column 3 - The number of abnormal mitoses encountered.

Column 4 - The total number of mitoses encountered.
Columns 5, 6, and 7 show the mitotic indices obtained by dividing

the total cell count of column 1 by the cell counts of normal, abnormal, 
and sum total mitoses as found in columns 2, 3, and 4. This procedure 
It hen produces

Column 5 - The average number of cells counted that contained 1 
normal mitosis.

Column 6 - The average number of cells counted that contained 1 
abnormal mitosis.

Column 7 - The average number of cells counted that contained 1 

mitosis, whether normal or abnormal.
In the lower half of each table is listed the actual distribution 

of mitoses in the various phases including the abnormal metaphases.
The upper figure of each horizontal division represents the ac­

tual number of mitotic cells in the various phases and the lower figure 
indicates its value on a percentage basis given to the nearest first 

decimal place.
___________________________________________ (text continued on page 109)
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TABIE"39

ACTION OF COLCHICINS ON THE MITOTIC INDEX AND THE 
MITOTIC DISTRIBUTION IN CHICK EMBRYO FIBROBLASTS

A. THE MITOTIC INDEX

Total Cell 
Count 

- _ 11)_____

Mitotj c Cell Count Mitotic Index 1
Normal
12)

Abnormal
(3)

Tbtal
(4)

Normal
(5)

Abnormal
(6)

Total
(7)

Control 55,448 405 27 432 136.9 2053.8 128.0 i!
Propylene
Glycol 40,762 265 16 281 304.2 2547.8 145.0

10-4 all abnormal mitoses 1

10-5 19,411 156 76 232 124.4 255.5 83.6
10-6 45,380 292 85 377 155.4 533.9 120.0

10-7 60,009 389 39 428 140.2 1538.6 140.0

10-8 17,961 92 14 106 195.1 1282.9 169.4 j
By dividing the total cell count in column 1 by the mitotic cell counts 
in columns 2, 3, and 4, we obtain the mitotic indices as given in columns 
5, 6, and 7.

B. THE MITOTIC DISTRIBUTION

1 Metaphase
i Prophase Normal Abnormal. Anaphase Telophase
Control 92

21.3̂ 5
134
51.15&

27
6.2#

7
16.6#

107
24.7#

Propylene
Glycol

46
16.3^

134
48.25S

16
5.1#

51
18.1#

36
12.3#

10-4 100.0#
10-5 23

9.9^
79
34.0^

76
32.7#

36
15.5#

18
7.9#

10-61
60
15.95S

113
30.45S

85
22.2#

79
20.9#

40
10.6#

10-7 65
15.5^

283
42.45̂

39
9.1#

106
24.9#

35
8.3#

io -3 21
19.89&

39
36.8^

14
13.2#

24
22.6#

8
7.8#

The upper figure in each space represents the number of mitoses counted; 
the lower figure gives their percentage value.
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TABIB40' ■ ..........

ACTION OF DXETHYLSrn.BEglROL ON Tîffi MITOTIC INDEX AND THE 
MITOTIC DISTRIBUTION IN CHICK EMBRYO FIBROBLASTS

A. THE MITOTIC INDEX

Total Cell 
Count
(_1) I

Mitotic Cell Count Mitotic Index 1
Normal

(2)
Abnormal

(3)
Total
(4)

Normal
(5)

Abnormal
(6)

Total
(7)

1
Control 24,812 97 3 100 265.9 8270.7 1248.12
10-4 10,905 10 301 311 1090.5 36.23 35.07

1

10-5 14,415 18 401 419 800.7 35.95 34.4
10-6 11,121 28 752 780 397.1 14.72 14.13
10-7 18,862 171 89 260 110.3 212.9 72.5
10-8 21,063 114 20 134 183.9 1053.1 157.1
By diTiding the total cell count in column 1 by the mitotic cell counts i 
in columns 2, 3, and 4, we obtain the mitotic indices as given in columns
15, 6, and 7.

1

B. THE MITOTIC DISTRIBUTION

Metaphase
Prophase Normal Abnormal Anaphase Telophase

Control 15 48 3 5 29
1556 4856 356 5^ 2 9 5 6
2 5 301 0 310-4 0.656 1 . 6 5 6 96.856 0^ 1.0#
7 7 401 4 010-3 1 . 7 5 6 1 . 7 5 6 95.856 0.856 0#
23 3 752 2 010-0 2 . 9 5 6 .0 . 4 5 6 96.256 0 . ^ 0#
70 70 89 20 1110 7 26.^ 2 6 . 9 5 6 3 4 . 3 5 6 7 . 7 5 6 4.2#

10-8 24 54 20 27 9
17.656 4 0 . 5 5 6 1 4 . 7 5 6 20.4# 6.8#

The upper figure in each space represents the number of mitoses counted; 
the lower figure gives their percentage value.
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!EABI£ 41

ACTION OF 16-KETO-KaERADIOL ON THE MITOTIC DIDEX AÎÎD TEE 
MITOTIC DISTRIBUTION IN CHICK EMBRYO FIBROBLASTS

A. THE MITOTIC INDEX

Total Cell 
Count ( 1 1

Mitotic Cell Count Mitotic Index 1
Normal1 2 J Abnormal( 3 ) Total Normal( 5 ) Abnormal( 6 ) Total 1 ( 7 )  1

Control 2 7 , 2 4 9 6 0 9 6 9 4 5 4 . 1 3 0 2 7 . 6 3 9 4 . 9
jPropylene
iciycol 5 5 , 1 9 0 7 4 8 8 2 7 4 8 . 5 6 8 9 8 . 7 6 7 3 . 0  !11 0 - 4 3 1 , 5 3 6 3 3 3 3 4 3 6 7 9 5 5 . 9 9 4 . 4 8 5 . 71 0 - 5 4 2 , 9 8 1 2 1 1 2 4 1 4 5 2 0 4 6 . 7 3 4 6 . 6 2 9 6 . 4  i11 0 - 6 2 0 , 5 8 4 1 8 9 4 1 1 2 1 1 4 3 . 5 2 1 8 . 5 1 8 3 . 8
1 0 - 7 3 6 , 1 1 5 4 7 9 9 1 4 6 7 6 8 . 3 3 6 4 . 8 2 4 7 . 4

I  By dlflding the total cell count in column 1 by the mitotic cell counts j 
I in columns 2, 3, and 4, we obtain the mitotic indices as given in columns 
5, 6, and 7.

B. THE MITOTIC DISTRIBUTION

1 Metaphasei Pronhflse Normal Abnormal Anaphase Telophase 1
I 3 2 2 9 1 1 2 41 Control 4 . 5 ^ 3 2 . 0 $ 1 2 . 9 $ 1 5 . 9 $ 3 4 . 9 $
Propylene 8 2 5 8 1 7 2 4
1 Glycol 9 . 7 * 3 0 . 6 $ 9 . 7 $ 2 0 . 9 $ 2 9 . 1 $
1 1 2 3 3 4 3 2 7ilO“41 0 . 3 5 S 0 . 6 $ 9 1 . 0 $ 0 . 8 $ 7 . 3 $
1 K 0 4 1 2 4 7 1 0jlO-oI 0 . 0 $ 2 . 7 $ 8 5 . 6 $ 4 . 8 $ 6 . 9 $
! . 2 5 9 4 5 61 0 - 0 1 . 8 $ _ _ . 4 . 5 $ . 8 3 . 9 $ 4 . 4 $ 5 . 4 $
!_ __I7 2 1 4 9 9 8 2 31 0  ' 1 . 4 $ 1 0 . 0 $ 6 7 . 4 $ _ . 5 . 4 $ 1 5 . 7 $
jThe upper figure in each space represents the number of mitoses counted; 
the lower figure gives their percentage value.
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TABLE 42
ACTION OF 3-METHYLESTRADI0L-3,16a ON THE MITOTIC INDEX AND THE 

MITOIIC DISTRIBUTION IN CHICK EMBRYO FIBROBLASTS
A. THE MITOTIC INDEX

Total Cell 
Count 
(1)

Mitotic Cell Count Mitotic Index 1
Normal

(2)
Abnormal

(3)
Total
(4)

Normal 
_ _ _ (5)

Abnormal
(6)

Total
(7)

Control 51,875 162 14 176 320.2 3705.3 300.1
Propylene
Glycol 47,382 122 15 137 388.4 3159.8 345.9
10-4 39,952 382 208 690 104.5 129.7 57.9

10-5 47,840 641 441 1082 74.6 108.4 43.3

10-6 27,685 123 21 144 225.0 1318.3 192.2

10-7 22,549 101 27 128 223.2 464.7 176.1
By dividing the total cell count in colnmn 1 by the mitotic cell cotants | 
in columns 2, 3, and 4, we obtain the mitotic indices as given in columns 
5, 6, and 7,

B. THE MITOTIC DISTRIBUTION

Prophase
Ifetaphase

Anaphase TelophaseNormal Abnormal
Controlj

16
9.9#

74
42.1#

14
7.9#

' 44
25.0#

28
15.1#

Propylene 20 53 15 27 22
Glycol 14.6# 39.0# 10.9# 19.6# 16.2#1 28 283 308 35 36 110-4 4.0# 40.7# 44.9# 5.1# 5.2# 1
' K 30 496 441 79 3610”°
i 2.8# 45.8# 40.8# 7.3# 3.3#
L n—6 20 44 21 28 3110 13.9# 30.5# 14.6# 19.5# 21.5#1 27 33 27 22 1910-7 21.1# 25.5# 16.9# 15.4#
The upper figure in each space represents the number of mitoses counted; 
the lower figure gives their percentage value.
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TABLE^43

ACTION OF 3-iiETHÏL-16-KET0-ESTRADI0L ON TES MITOTIC INDEX 
AND THE IHTOTIC DISIRIEDTION IN CHICK EMBRYO FIBROBLASTS

A. THE MITOTIC INDEX

Total Cell 
Count 
(1)

Mitotic Cell Count Mitotic Index 1
Normal

(2)
Abnormal

(3)
Total
(4)

Normal
(5)

Abnoimal
(6)

Total 
(7) 1

Control 27,249 60 9 69 454.1 3027.6 394.9
i

Propylene
Glycol 55,190 74 8 82 748.5 6893.7 673.0!
10-4 18,746 5 468 473 5669.2 40.0 39.2

i

10-5 39,270 41 386 427 957.7 101.7 91.2
10-6 32,667 26 265 291 1256.4 125.2 112.2

10-7 25,491 50 179 229 509.8 142.4 111.3
1

in columns 2, 3, and 4, we obtain «he mitotic indices as given in columns 
5, 6, and 7,

B. THE MITOTIC DISTRIBUTION

Prophase
Metaphase

Anaphase TelophaseNoimal Abnormal
3 22 9 11 24Control 4.3?g 32.09$ 12.99$ 15.9^ 34.99$

Propylene 8 25 8 17 24 j
Glycol 9.7^ 30.69$ 9,7% 20.95$ 29.19$ 1

3 0 473 1 1in 4 10-4 0.6?S 0.09$ 99.05$ 0.25$ 0.2^
4 7 386 9 21 110”° 1.0^ 1.59$ 90.5^ 2.15$ 4.9^ 1
0 3 265 10 1310-6 0.05$ 1.19$ 91.0^ 3.4^ 4.59$

_ _ rj 2 31 178 9 610-7 1.99$ 14.2^ , 77.79$ 3.69$ 2.49$
The upper figure in each space represents the number of mitoses counted; 
the lower figure gives their percentage value.
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TABLE 44'

ACTION OF 2-ETIÎÏL-16-KET0-ESTEIADI0L OK THE IÎITOTIC BiDEX 
AKD THE MITOTIC DISTRIBOTION IN CHICK EMBRYO FIBROBLASTS

A. THE MITOTIC INDEX

Total Cell 
Count 
(1)

Mitotic Cell Count Mitotic Index 1
Normal

(2)
Abnormal

(3)
Total
(4)

Normal
(5)

Abnormal
(6)

Total
(7)

Control 28,076 190 22 212 147.7 1276.2 132.41
Propylene
Glycol 45,505 223 30 253 204.0 1516.8 179.8
10-4 4,454 8 155 163 556.8 28.7 27.3

10-5 10,032 36 702 738 278.7 14. 3 13.6
10-6 12,126 1 144 145 12126.0 84.2 83.7
10-7 15,612 63 74 137 247.8 210.9 113.9

10-8 23,849 114 30 144 209.2 794.9 165.6'
By dividing the total cell count In column 1 by the mitotic ceU counts 
In columns 2, 3, and 4, we obtain the mitotic Indices as given In columns 
5, 6, and 7.

B. THE MITOTIC DISTRIBUTION

Prophase
Metaphase

Anaphase TelophaseNormal Abnormal
' 31 66 22 43 50 jControl 14.6^ 31.196 1 0 . 4 9 6 2 0 . 3 9 6 23.696 I
Propylene 30 93 30 46 54
Glycol 11.85S 36.896 1 1 . 8 9 6 18.2^ 21.4^
! 4. 1 4 155 2 110-4 0.6^ 2.4^ 95.1^ 1 . 3 9 6 0 . 6 9 6

5 8 702 10 13 j10-5 0.75è 1 . 1 9 6 9 5 . 1 9 6 1 . 4 9 6 1 . 7 9 6 !
0 1 144 0 0 I10-0 0.05Ê 0 . 7 9 6 9 9 . 3 9 6 0 . 0 9 6 0 . 0 9 6 !

10 28 74 16 910-7 7.3^ 2 0 . 4 9 6 5 4 . 0 9 6 1 1 . 5 9 6 6 . 6 9 6
15 54 30 25 2410 ° 10.596 36.096 20.896 17.3^ 16.69b

The upper figure In sach space represents the number of mitoses counted; 
the lower figure gives their percentage value.
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TABLE'̂45

ACTION OF 16-KETO-ESTRONE ON THE MITOTIC INDEX AND THE 
MITOTIC DISTRIBUTION IN CHICK EMBRYO FIBROBLASTS

A. THE MTTOTIC INDEX

Total Cell 
Count 
(1)

Mitotj c Cell Count Mitotic Index !
Noimal
(2)

Abnormal
(3)

Total
(4)

Normal
(5)

Abnormal
(6)

Total 
(7) I

J
Control 27,249 60 9 69 454.1 3027.6 394.9
Propylene
Glycol 55,190 74 8 82 748.5 6898.7 673.0

i

lO"'̂
1

47,779 35 193 228 1365.1 247.5 209.5
1 _ 10-5 11,448 10 101 111 1144.8 113.3 103.1

1
t . 10-6 13,841 15 39 54 922.7 354.9 256.3

10-"̂ 39,620 63 130 193 628.8 304.8 205.3
1

By dividing the total cell count in column 1 by the mitotic cell counts j 
in columns 2, 3, and 4, we obtain the mitotic indices as given in columns 
5, 6, and 7.

B. THE MITOTIC DISTRIBUTION

Prophase
Metaphase

Anaphase
i

Telophase 1Normal Abnormal
1 3 22 9 11 24Control! 4.35S 32.0^ 1 2 . 9 5 6 1 5 . 9 5 6 3 4 . 9 5 6
Propylene 8 25 8 17 24 1
Glycol 9.7^ 30.655 9 . 7 5 6 2 0 . 9 5 6 2 9 . 1 5 6 i

2 4 193 15 1610-4 0.9t5 1.855 84.656 5 . 7 5 6 7 . 0 5 6
2 1 101 0 7 jIQ-O 1.8^ 0.95G 90.8^ 0 . 0 5 6 6 . 3 5 6 I
1 7 39 0 710 ® 1.85& 13.05S 7 2 . 2 5 6 O M 1 2 . 8 5 6
2 14 130 19 2810 ' 1.3^ 7 . 3 5 6 67.3^ 9.856 1 4 . 5 5 6

jThe upper 
[the lower

figure in each space represents the number of mitoses counted; 
figure gives their percentage value.
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TABIE 46

ACTION OF 3-METHYL-16-EET0-ESTR0NE ON THE MITOTIC INDEX AND 
THE MITOTIC DISTRIBUTION IN CHICK EMBRYO FIBROBLASTS

A. THE MITOTIC INDEX

Total Cell 
Count 
(1)

Mitot Lc Cell Count Mitotic Index 1
Normal

(2)
Abnormal

(3)
Total
(4)

Normal
X5)

1 Abnormal 
16)

Total
(7)

■Control 51,875 162 14 176 320.2 3705.8 300.1
jPropylene
'Glycol 47,392 122 15 137 388.4 3158.8 345.9
10-4 57,606 207 51 258 278.3 1129.5 223.2

10-5 30,475 92 11 103 331.2 2770.4 295.8

10-6 54,483 254 26 280 214.5 2095.5 194-61
10-7 55,910 243 22 265 230.0 2541.4 210.9

in coluons 2, 5, and 4, we obtain the mitotic indices as given in columns 
5, 6, and 7,

B. THE MITOTIC DISTRIBUTION

Prophase
Metaphase

Anaphase TelophaseNormal Abnormal
Control 16

9.9^
74
42.1^

14
7.9$

44
25.0$

28
15.1$

Propylene 20 53 15 27 22 j
Glycol 14.6^ 3 9 .05g 10.9$ 19.6$ 16.2$ !

31 77 51 41 5810 ^ 12.09G 2 9 .95g 19.7$ 15.9$ 22.5$
14 46 11 18 141 0 ^ 13.7^ 44.6^ 10.7$ 17.3$ 13.7$
35 104 26 49 6610 ° 12.5^ 37.1$ 9.3$ 17.5$ 23.6$

_ _ rj 23 107 22 48 65 110-7 8 .75g 40.4$ 8.2$ 17.1$ 25.6$ 1
% e  upper
the lower figure gives their percentage value,

number of mitoses counted;
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------It Vflll' "be nbted- that these mlt^otic iDdices'reTeal the following

Information:
(a) The incidence of the number of normeil mitoses is lev/ in the 

cultures treated with a high concentration of the steroidal compounds, 
Iffhile the inverse is true in the incidence of abnormal mitoses.

(b) The incidence of mitoses of both normal and abnormal type is 
more frequent in the counts of cells treated with higher concentrations 
of the compounds.
I

I (c) The difference in the mitotic indices between that of the
Icontrol group and that of the group containing 1:10,000 of the steroid 
In the eaperimental group in the majority of cases is proportional to 
approximately the antimitotic action of that steroid.

The differences observed in the values of the mitotic indices of 
cultures as we go from one concentration of the experimental compound to 
jthe next are much more marked in those compounds which show greater anti-f 
mitotic action, and much less in compounds that are less active.

Comparison of the relative potency of the various compounds as 
to their ability to inhibit growth, produce abnormal mitosis, and alter 
the mitotic index may be seen on the graphs in Figures 1 to 16.

The Metaphase/Prophase Ratio 

The following Table 47 shows the relation of the metaphase/pro- 
phase ratios of mitotic cells treated with the various concentrations of 
the compounds studied.

It may be noted that there is a tendency for a marked decline in 
the values of the U/P ratios as we pass from cells esqposed to higher



no
--------- TABLE'47---------
THE UETAPHASE/FROHÎASE RATIO

10-4: 10-5 10-6 10-7 10-8 Control

|colchicine * 6.6 3.3 4.9 2.6 1.7
1

iOiethylstilbestrol 153.0 58.3 32.6 2.3 3.05 3.4
3-Ethyl-16-keto- 
1 estradiol 159.0 142.0 * 10.2 2.7 2.8
!16-Keto-estradiol
1

336.0 * 49.5 56.5 10.3 j
3-Methyl-16-keto- i estradiol 157.7 99.2 * 104.5 10.3
116-Ivfito-cstrone 88.5 51.0 46.0 72.0 10.3 1
3-Methylestradiol- i 3.16a 21.1 31.2 3.2 2.2 5.5 !
3-Methyl-16-keto- 1 estrone 4.2 4.08 3.64 5.65 5.5

were encountered.

concentrations of steroids to those exposed to lower concentrations. This 
Is particularly true in case of the more active antimitotic compounds, 
such as 5-ethyl-16-keto-estradiol, 16-keto-estradiol, and diethylstil- 

hestrol.
The gradient of this decline approaches the horizontal in the 

less active steroids, such as 3-methyl-16-keto-estrone. The values of 
the ratios were also much higher in the more active steroids. This is
‘indicative of suppression of the metaphase stage of division by producing
I Ian extension of the time required for the completion of this phase, or '
even causing the arrest of mitoses in this stage of division.

The absolute lack of any prophase stages in four isolated groups 
of cultures is also an indication of some suppression of the actual in-
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itiâtion"ôf~'prôphàse7'"so~thiit "s^e poisoninTëf 
ent in the interphase or resting cells.



CHAPTER V

DISCUSSION

In the first series of studies (see Tables 1 lo 18), the steroids 
vere dissolved in propylene glycol of standard grade. Almost invariably 
no growth of cells was obtained at concentrations of 1:10,000 and fre­
quently none occurred at 1:100,000. Furthermore, the controls which were 
done with propylene glycol alone invariably demonstrated some inhibition] 
It is believed that some toxic contaminent was present in the raw propyl-j 
ene glycol which produced this action and that this was synergistic in 
lits ability to augnent greatly the inhibitory action of the steroids at 
even very low concentrations. That such action is possible has been 
shown by Lettré^ (1954). The synergistic component is believed to be ac­
cumulative in its formation, since the last two control experiments em­
ploying propylene glycol alone showed greater toxicity than those done 
one and two years before (see Tables 19 to 22).

In contrast to this, when chemically pure propylene glycol was 
obtained, no toxic effect was noted (see Tables 23 and 24); in fact, the 
controls containing 1.0% propylene glycol which were run with the various 
steroids indicated a stimulatory effect of approximately 10^ to 15^. Ap­
parently the toxic factor was not present in the chemicall}' pure solvent,
!

The stimulatory action may have resulted from the utilization of the
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'gïÿcbl*by* the cells as a~soürce of nutriment. According to Ladeïï (1958) 

ethyl alcohol is capable of acting as a growth stimulant at low concen-
I
trations, and it may be that chemically pure propylene glycol racy produce 
a similar effect.

The synergistic effect on growth inhibition and on antimitotic 
action which was so evident in the ezperlraent employing estrone-17 dis­
solved in the standard grade of propylene glycol was entirely lacking when 
the chemically pure propylene glycol was employed with this same steroid.

The Metaphase/Prophase Ratio 
Analysis of the data indicates that a significant increase in thé 

jvalue of the metaphase/prophase ratio (M/P) occurs with .an increase in 
jthe concentration of the steroids as well as their relative antimitotic 
Icapacity. The average M/P for control cultures was 4.7, with a range 
that varies from 1.7 to 10.3. Reference to the finding of Pardon and 
Prince (1952) reveals that in computing the U / F of normal epithelial cells 
from the crypts of Lieberkuhn, they arrived at an average of 3.5 with a 
range that varied from 0.1 to 8.0.

The sudden response of the mitotic tissue culture cell to the ac­
tion of the various steroids employed in these studies is reflected in 
the sharp rise of the K/P ratio. This increase is indicative of c-mitosis 
in which there is spindle inhibition which first prolongs the metaphase 
stage in the lower concentrations and then produces metaphase arrest in 
the higher concentrations. This ratio was increased 56.8 times with 
3-ethyl-16-keto-estradiol at 1:10,000 and persisted at almost this level 
L t  concentrations of 1:1,000,000.
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1 In the least active steroid employed, 3-methyl-16-keto-estrone,I
the M/P ratio actUEilly dropped to a value slightly below that of the con­
trol; this is perhaps indicative of a slight prolongation of prophase, 
but no very significant metaphase disturbance.

The Relationship of Dosage to Antimitotic Action
While all compounds employed in these studies produced an increase

Iin the percentage of abnormal mitoses that paralleled their concentration 
in the media, there were certain steroids that were less dependent upon 
jtheir concentrations in their mitotic poisoning action. This is particu-| 
larly evident in a number of the steroids with the 16-keto configuration,' 
namely, 16-keto-estradiol, 3-ethyl-16-keto-estradiol, 3-methyl-16-keto- 
estradiol, and 16-keto-estrone. All four of these steroids produced

OU

16-keto-estradiol

CH ort

c u
3-methyl-16-keto-estradiol

c H OH

C,U
wo

3-ethyl-16-keto-estradiol 16-keto-estrone

mitotic arrests and disturbances in over 50^ of the cells in mitosis at
I
a concentration of li10,000,000. This stands in agreement with the ob­
servations by von MOllendorff (1942) in which he showed that in their
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antrimitrdtiĉ  a^ctlonT^emtrogeHic^teroida "arerless dependent upon their 

concentration than are those of the androgenic series.
The dosage of the various opimers of estradiol required for anti-j 

mitotic action compares well with those given by Bodenstein (1954), who 
reported that a concentration of 1 :1 0 0 , 0 0 0  to 1 :1 ,0 0 0 , 0 0 0  produced numer-' 
oils metaphase arrests and other types of disturbances.

The variations encountered lu the degree of antimitotic activity 
at the higher concentrations of some of the more active compounds may have 

seen produced by factors other than merely experimental deviations. The 
ability of the cells to absorb the steroid molecules and the ability ofI
;he cells to metabolize or detoxify them may require some consideration. 
Ebwever, the capacity of the steroid and its metabolites to interfere 
with internal cellular processes, particularly that of cell division, is 
;he factor that will receive principal consideration here.

The slopes of the curves which indicate the decline of antimitotic 
action with decrease in concentration also reflect the degree of refrac- 
tility that the tissues exhibited to the various compounds. 5-Methyl- 
estradiol-3,16a and 3-methyl-16-keto-estrone in particular displayed re­
tractility by the tissue.

The Relationship of Structural Configuration 
to Antimitotic Action

TJnsaturated Bonds 
Structural configuration and the presence of unsaturated bonds 

^ e  related to the ability of a steroid to induce antimitotic activity. 

The„presence_of_aJcetone_at_Ci6_position„(Ci6*0)_was-a_common-Charaater-_
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Ketone group at carbon 16 position

istic of five estrogen members, four of which displayed marked antimitotic 
activity, von MBllendorff (1942) showed that a ketone at Cg position 
(Cg-O), together with a double bond between position and Cg (C^sCg)

Ketone group at carbon 5 position

were common characteristics in androgens, such as methyltestosterone and 
testosterone, which produced a high percentage of mitotic disturbances in 
tissue culture.

All of the estrogens studied for their action on mitosis have un-- 
saturated bonds in the first benzene ring between positions and Cg,
C3  and C4 , C5  and Ciq.

% #0& so

g ^

Unsaturated bonds in the first benzene ring
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 ̂ ! jketo steroids named is also in agreement with the findings of von M&llenl

jdorff (1941) that steroidal compounds, in which carbon atoms are saturated 
;by hydrogenation, are ineffective as mitotic poisons. This perhaps ac- 
jCounts for the activity and usefulness of diethylstilbestrol as an anti­
mitotic agent.

Carcinogenic agents have also been known to give rise to mitotic 
disturbances, and it was postulated by von JStJllendorff (1941) that while 
cells may successfully detoxify some of the naturally occurring steroidal 
compounds by the process of hydrogenation, they are perhaps either in­
capable of dealing with carcinogens, or the enzymes that normally perform 
this function are aLsent or inhibited in cells that show a predisposition 
to the development of a neoplastic state.

Side Chains
The presence of side chains may also be a factor in the antimi­

totic capacity of certain steroidal compounds. Ether side chains were 
present on O5  position in four of the compounds employed. Of these, two 
headed the list of compounds studied in their ability to act as antimi-

St»»
Ethyl ether side chain at carbon 3 position

totic agents and growth inhibitors. 3-Ethyl-16-keto-estradiol proved 
the_mQst_aQtiye.,__and_this_was immediately_fpllomdJby_3^i^methyl-16rket_a:
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.êstradiolT"Tlîe' lo^ër'sldê cEàln'of the ' ethÿl'ëther mÿ' hâ^bëeh~Ffâc 
jtcr in the display of greater antimitotic action of that steroid, while 
the methyl ether form, shortened by one methylene group, -CEg-, was mea&y 
urably loss effective in its action. Seifriz (1951) has presented data 
jWhich indicate that the toxicity of the alcohol series to cytoplasm in­
creases with the length of the molecular chain. This was further veri­
fied by Lettré^ et al (1952) •

The estradiol configuration with an alcohol radical at position 
in the majority of instances was more active than the estrone config-

OH

Alcohol group at carbon 17 position 

uration with a ketone at this uosition. Similar findings are reported by
Î ' Ivon MSUendorff (1942), In 3-methyl-estradiol-3,16a, however, the inhib- 
jitory action was markedly reduced and it is believed that the steroiso- 
imerism as evidenced by the alcohol at position with the << form may 
have rendered this molecule less potent in its action. Since the con­
figurât ion normally is frequently encountered in excreted forms, it may 

be that the cells do not absorb it in sufficient amounts to be affected, 
or it is at least partially inert.

While no rigid rule can be established at this time as to the 
exact relationship that exists between the structural configuration of a isteroid and its effectiveness as an antimitotic agent, there is consider?
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âblé’ëvidênce that~süch~a”relàtionship does exist”  and that by modif ica­

tion of its structure by the addition of side chains or varying its de­
gree of saturation its potency may be altered.



CEAPTER VI 

C0NC5LUSI0NS

1. The several steroidal compounds employed in these studies 
displayed a capacity to interfere with the mitotic process in varying 
degrees.

2. This action was more evident in the estradiol epiraers than 
in those of the estrone series. Some were considerably more potent than 
colchicine.

3. The action was initiated by the inhibition of the spindle 

mechanism and the production of c-mitoscs, prolongation of metaphase, 
and metaphasic arrests.

4. The structural configuration of the steroids has a bearing 
on the potency of their antimitotic action. Their potency is enhanced 
by the presence of unsaturated bonds between the carbon atoms of the 
■first benzene ring, the presence of a ketone at and an alcohol group 
at CiY, the presence of ether side chains at position Cg, and the length 
of such side chains.

5. The action of a steroid with relatively mild inhibitory ca­
pacity may be enhanced by the synergistic action of another compound 
showing some inhibitory characteristics.

6. A number of the steroids, particularly those of the 16-keto

120



121
8̂ ér 1 es^ d 1 sîplây ëd an ë ïtens i oh lâT high "degree of aiitlmitotïc action 
which was not entirely dependent on their concentration.
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EXPLANATION OF PLATES

All photographs on the following plates are of fibro­
blasts groiYn in tissue cultures employing eight- to ten-day 
old chick embryo heart tissue as eiplants. The photographic 
assembly consisted of a DeJur enlarger-Rlchoflex camera com­
bination in conjunction with a Bausch emd Lomb microscope 
fitted with lOi, 43x, atnd 93x oil immersion objectives and 
a lOx hyperplane occular lens. KOhler illumination was em­
ployed, using a Bausch and Lomb ribbon filament lamp fitted 
with a Corning polished glass filter #4015 (colorimeter yellow 
green). Exposures were made on Eastman Kodak Verichrome film 
#120 and processed in Eastman Kicrodol developer. Enlarge­
ments were prepared on #3 Kbdabromide white glossy paper. An 

optical micrometer scale was employed to determine the final 
magnification on the enlarged print.
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PLATE I

Photographs 1 and 2. Normal nuclei of cells in In­
terphase. Nuclear membrane (NM) is clearly visible. Each 
nucleus contains two nucleoli. Aceto-orcein stain. Magni­
fication xLOOO.

Photograph 3. Normal interphase nucleus with a 
single nucleolus. Aceto-orcein stain. Magnification xlOOO.

Photograph 4. Normal cell in interphase. Note two 
vacuoles (V) in cytoplasm. Aceto-orcein stain. Magnifica­
tion x500.

Photograph 5. Normal cell in early prophase. Chro­
mosomes (0) are forming as long filaments and are distributed 
at random. The nuclear membrane (NM) is in the process of 
disappearing. Aceto-orcein stain. Magnification z2500.

Photograph 6. Normal metaphase with chromosomes (C) 
arranged in equatorial plate. Aceto-orcein stain. Magnifi­
cation 12500.

Photograph 7. Normal metaphase with the equatorial 
plate (EP) viewed from the side. Aceto-orcein stain. Mag­
nification x2500.

Photograph 8. Normal anaphase showing the daughter 
chromosomes (DC) being drawn toward the poles of the cell. 
Aceto-orcein stain. Magnification x2500.
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PLATE II

Photograph 9. Nucleotoiic effect produced by 3- 
methyl-16-keto-estradiol 1:100,000. Nuclei show excessive 
granulation of chromatin (GC). Aceto-orcein stain. Mag­
nification xlOO.

Photograph 10. Nuclei with confluence of chromo­
somes (CG). 3-Methyl-16-keto-estradiol 1:100,000. Aceto- 
orcein stain. Magnification odOO.

Photograph 11. Numerous metaphase arrests (MA) as 
indicated by darker staining cells. The ratio of mitoses 
to interphase cells is approximately 1 to 15. Diethylstil­
bestrol 1:10,000. Aceto-orcein stain. Magnification xlOO.

Photograph 12. Nuclei with confluence of chromatin 
(CO). Three pyknotic nuclei (P). Mitotic figure to the 
left shows clubbing of chromosomes. Diethylstilbestrol 
1:10,000. Aceto-orcein stain. Magnification xlOO.

Photograph 13. Prophase nuclei with contracted 
pyknotic chromosomes (PC). 3-Kethyl-16-keto-estradiol 
1:100,000. Magnification x500. Aceto-orcein stain.
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PLATE III

Photograph 14. Clubbed appearance of chromosomes 
(Cl) caused by shrinkage. The somewhat triangular orien­
tation of the chromosomes may be a prelude to a triple 
division. 16-Keto-estrone 1:1,000,000. Aceto-orcein stain, 
Magnification z2500.

Photograph 15. Clubbed chromosomes (Cl). Some 
chromosomes appear to branch, indicating that they are 
sticking together (St) or agglutinating with sister chromo­
somes. 16-Keto-estradiol 1:1,000,000. Aceto-orcein stain. 
Magnification x2500.

Photograph 16. Confluence of chromosomes (CC)dem­
onstrating the adhesive nature of their surface. 3-Methyl- 
16-keto-estradiol 1:100,000. Aceto-orcein stain. Magnifi­
cation 31500.

Photograph 17. Confluence of chromosomes (CC). 
3-Methyl-16-keto-estradiol 1:100,000. Aceto-orcein stain. 
Magnification x2500.

Photograph 18. Failure to form a metaphase plate. 
Some chromosomes have clubbed appearance (Cl). Others have 
left viscous strands (S) coursing through vacuole (V). 3-
Methyl-16-keto-estradiol 1:100,000. Aceto-orcein stain. 
Magnification zl500.

Photograph 19. Lagging chromosome (LC) visible to 
the right of the metaphase plate. This chromosome had 
either become detached from the spindle fiber or the fiber 
lacked the capacity to pull it at the same rate as the 
others. 3-Ethyl-16-keto-estradiol 1:100,000. Aceto-orcein 
stain. Magnification ÜOOO.
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ELADCE IV

Photograph 20. Chromosomes have retracted due to 
spindle disruption and are croivding together in the metaphase 
plate, 16-Keto-ostrone 1:1,000,000. Aceto-orcein stain. 
Magnification z2500.

Photograph 21. More advanced crowding of pyknotic 
chromosomes (B3) into a smaller space. The clear halo about 
the chromosome mass is believed to be an aggregate of spindle 
Sap (Sp, S.) which collected after the spindle was destroyed. 
16-Keto-estrone 1:1,000,000. Aceto-orcein stain. Magnifica­
tion z2500.

Photograph 22. Final coalescence of chromosomes into 
a pyknotic nucleus (R7) in which the spaces between the chro­
mosomes have been almost completely obliterated. Diethyl- 
stilbestrol 1:100,000. Aceto-orcein stain. Magnification 
32500.

Photograph 23. A metaphase plate at the instant of 
entry into anaphase. Separation of the daughter chromosomes 
is being initiated. Two deleted chromosomes or chromosomal 
fragnents (OF) are located to the left of the plate. 5- 
Ethyl-16-keto-estradiol 1:100,000. Aceto-orcein stain. 
Magnification 32500.

Photograph 24. A metaphase plate and three lagging 
chromosomes. 5-Methyl-16-keto-estradiol 1:100,000. Aceto- 
orcein stain. Magnification 32500.

Photograph 25. A metaphase plate shifted toward a 
polar position with one deleted chromosome (Del. C.) and 
several chromosome fragnents (OF). Colchicine 1:1,000,000. 
Iron hematozylin stain. Magnification %1500.
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PLATE V

Photograph 26. Metaphase in a cell that appears to 
be entering tripolar division. Chromosomes are shortened 
and stubby (St. C.). 16-Eeto-estrone 1:100,000. Aceto- 
orcein stain. Magnification z2500.

Photograph 27. Metaphase with two displaced chromo­
somes (DC). IS-Keto-estradiol 1:10,000. Aceto-orcein stain. 
Magnification z2500.

Photograph 28. A star metaphase. Chromosomes fused 
at extremities (PC). 3-Ethyl-16-keto-eetradiol 1:1,000,000. 
Aceto-orcein stain. Magnification xlOOO,

Photograph 29. Metaphase plate (MP) displaced to a 
polar position. Chromosomes are pyknotic (PC). Cytoplasm 
is vacuolated (V). 3-Ethyl-16-keto-estradiol 1:100,000. 
Aceto-orcein stain. Magnification x2500.

Photograph 30. Late metaphase showing stubbing of 
ends of chromosomes (St. C.) as they are shrinking. Spindle 
fibers (Sp. f.) are visible. 16-Keto-estradiol 1:10,000. 
Kedrovsky stain. Magnification x2500.

Photograph 31. Early metaphase showing disorgcuiiza- 
tion of chromosomes and unequal distribution and density of 
chromatin. 16-Keto-estrone 1:100,000. Magnification x2500.
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ELATE VI

Photograph 32. Prophase with numerous pyknotic chro­
mosomes (PC). The three-lobed appearance of the nuclear out­
line may be indicative of a tripolar division. 3-Ethyl-16- 
keto-estradiol 1:100,000. Aceto-orcein stain. Magnification 
12500.

Photograph 33. Metaphase division with spindle fibers 
visible. Two chromosomes to the right of the metaphase plate 
show disjunction (DC) due to spindle fiber breakage. Chromo­
some at the left side of plate shows separation of the two 
Eirms at the kinetochcre (SC). 3-Ethyl-16-keto-estradiol 
1:100,000. Aceto-orcein stain. Magnification i2500.

Photograph 34. Multipolar division with approximately 
six attraction centers (1, 2, 3, 4, 5, 6). 3-Ethyl-16-keto- 
estradiol. 1:100,000. Aceto-orcein stain. Magnification 
x2500.

Photograph 35. Disjunction of chromosomes (DC) in 
metaphase. 3-Ethyl-16-keto-estradiol 1:100,000. Aceto- 
orcein stain. Magnification x2500.

Photograph 36. Pyknotic metaphase plate (PM) with 
some displaced (DC) and fragmented chromosomes (PC). 3-Ethyl 
-16-keto-estradiol 1:100,000. Aceto-orcein stain. Magnifi­
cation x2500.

Photograph 37. Metaphase with displaced chromosomes 
(DC). 3-Ethyl-16-keto-estradiol 1:100,000. Aceto-orcein 
stain. Magnification x2500.
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HxATE V U

Photograph 38. Anaphase with headed chromosomes (BC) 
indicating zones of shrinkage. 3-Ethyl-16-keto-estradiol 
1:100,000. Aceto-orcein stain. Magnification z2500.

Photograph 39. laterally displaced metaphase plate 
composed of short stubby chromosomes (St. C.). Cytoplasm of 
cell is vacuolated (V), 3-Methyl-16-keto-estradiol 
1:1,000,000. Aceto-orcein stain. Magnification x2500.

Photograph 40. Pyknotic metaphase plate and disso­
ciated chromosomes (DC). Diethylstilbestrol 1:1,000,000. 
Aceto-orcein stain. Magnification x2500.

Photograph 41. Pyknotic metaphase plate (Hî) of 
uniform thickness and numerous detached chromosomes (DC). 
16-Keto-estrone 1:100,000. Aceto-orcein stain. Magnifi­
cation z2500.

Photograph 42. Pyknotic metaphase plate and many 
detached chromosomes (DC), 16-Keto-estrone 1:100,000. 
Aceto-orcein stain. Magnification 22500.

Photograph 43. I^knotic metaphase plate (PM) with 
detached chromosomes (DC). 3-Methyl-16-keto-estradiol 
1:100,000. Aceto-orcein stain. Magnification 22500,
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ELATE Vin

Photograph 44. Anaphase with tilted chromosome groups 
(TA) on right side indicating spindle fiber disruption on one 
side. 3-Ethyl-16-keto-estradiol 1:100,000. Aceto-orcein 
stain. Magnification x2500.

Photograph 45. Pyknosis of chromosome groups (PC) 
during anaphase and a dissociated group of chromosomes (DC) 
on right. Diethylstilbestrol 1:100,000. Aceto-orcein stain. 
Magnification 32500.

Photograph 46. Pyknotic chromosome groups (PC) in 
anaphase. Confluence is more accentuated. On right is a 
dissociated chromosome (DC). Diethylstilbestrol 1:10,000. 
Aceto-orcein stain. Magnification 32500.

Photograph 47. Binucleated cell indicating failure 
of cytoplasmic division. One nucleus is successfully recon­
structed (RN) while the other is pyknotic (IN). 3-Methyl- 
16-keto-estradiol 1:100,000. Aceto-orcein stain. Magnifi­
cation 32500.

Photograph 48. Reduced cell volume and clumping of 
chromatin (CC) in late telophase. Diethylstilbestrol 
1:10,000. Aceto-orcein stain. Magnification z2500.

Photograph 49. Reduced cell volume and clumping of 
chromatin (CC) in late telophase. Colchicine 1:100,000. 
Aceto-orcein stain. Magnification 32500.
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