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Cancer Etiology

ALFRED TAYLOR

In some respects cancer research can be considered quite mature with
numerous data available for the instruction and guidance of the workers
in the field. The biology and chemistry of tumors and tumor tissue have
been extensively investigated as well as the relation and reaction of the
host to the development and continuance of the disease. Exhaustive
studies have also been made of the various chemical and physical factors
which influence the development of malignant growths. Certainly in
these and other phases of the work there has been, and continues to be,
considerable progress.

In spite of these advances, practical aspects of the cancer problem are
as enigmatic as ever (1). This is demonstrated by the lack of success in
controlling the cancer disease. The annual death rate associated with
malignant growths has shown no tendency to become less in the last ten
years. Certainly, improved methods have been developed for destroying
or removing cancerous growths, but the principles involved in such pro-
cedures do not require more than a superficial knowledge of the cancer
process.

The history of medicine bears witness to the fact that a particular
diseasebecomes more vulnerable to treatment orprevention when some-
thing is known about its cause and how it is passed from individual to
individual. Malaria is a good example of how necessary such knowledge
is torational control measures.

Comparatively little research has been devoted to this aspect of the
cancer problem. A particular concept of cancer development became
dominant in cancer research many years ago and is still accepted by the
majority of workers in thefield.

The Cell Autonomy Hypothesis

At the present time, cancer is generally considered to be due to an
irreversible change within the cell. Various external stimuli provoke the
normal cell to become a cancer cell, but the one common denominator
for all neoplasms is the cell itself. Once the change-over to malignancy
has taken place, no further incitement is required. All cells are assumed
to possess this capacity for becoming tumorous. It is considered that the
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neoplastic transformation involves fundamental changes in the cell
biology, so that tumor tissue is virtually a newtissue, and the process of
cancer genesisis, in effect, apatho-histogenesis. The various carcinogenic
influences are considered to be secondary or accessory causes which are
concerned only with tumor formation, but not with tumor continuance.
The basic, underlying mechanisms of tumor formation and growth lie
within and are part of the cell.

Justwhat intracellular changes are responsible for the neoplastic con-
dition is completely unknown. Every effort to discover qualitative dif-
ferences in the morphology, physiology or chemistry of tumor, in com-
parison with nontumor tissue, has been unsuccessful. Consequently, any
attempt to link tumor genesis with a particular aspect of cell biology is
purely speculative at present.

This cell autonomy concept of tumor development and growth has
dominated cancer research for so long that it is often regarded as an
established fact rather than as an hypothesis. Much research has been
undertaken with a view to finding out, not whether the cell concept was
true, but rather how it could be true. Along this same line, individuals
have expressedthe opinion that anyresearch which adds to ourknowledge
of the cell can be considered cancer research, and again, it has been said
that to solve the cancer problem, we must understand life itself. Such
ideas indicate belief in what is, after all, a theoretical concept and at that,
one which is entirely based onnegativeevidence. As yet, cancerresearch
has not secured any data which directly supports the cell autonomyhy-
pothesis. It was accepted initially because there was no alternative ex-
planation, and defenders of the hypothesis maintain that so it is today
for the greatmajority of neoplasms.

An Infective Agent as a Cause of Cancer
The cell autonomy concept places the primary cause of tumor de-

velopment and growth within the cell. This represents one viewpoint of
tumor etiology. Another possibility would be that cancer, in common
with many other diseases, represents the reaction of the cell to a specific
tumor agent. It is obvious that therewould be no justificationfor propos-
ing such an idea without support from laboratory findings. The biology
of living cells is too little known to assume apriori that an infective en-
tity is essential to the cancer process. It is well-known that some tumors
have been demonstrated to be the result of the reaction between a normal
cell and some substance which can be extracted from a cancer cell.

As long ago as 1911, Rous (2) was able to show that a chicken sarcoma
COAlld be propagatedby means of afilterable extractobtainedfrom tuxnor
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tissue. The implications of this discovery were most important. For the
first time, the immediate cause of the change from normal to malignant
tissue was known. One cancerous growth had been removed from the
nebulous concept of cell autonomy and placed in the categoryof an infec-
tious disease.

In the years that have elapsed since this discovery, it has been found
that many of the various types of spontaneous tumors occurring in
chickens can be propagated by means of filterable agents obtained from
the tumors. It seems probable that all chicken tumors are infectious in
origin (3).

A carcinoma which develops in the kidney tubules of the leopard frog
has also been shown tobe due to a specific tumor agent (4, 5).

Mammalian tumors have proved difficult in this respect, and it is the
lack of success in finding tumors conforming to this type of etiology
among these animals that has limited the acceptance of the infective
agent hypothesis of tumor induction. A benign papilloma occurring in
the skin of rabbits can be propagatedby cell extracts (6). Bittner (7) dis-
covered that a virus-like inciting influence to mammary carcinoma is
passed from mother to offspring by way of the milk in some strains of
mice. In this instance, the virus is received during the nursing period,
and months later it becomes afactor in the development of breast cancer.
More recently, Gross (8) demonstrated that a filterable agtent is associ-
ated with the development of a leukemia which occurs spontaneously in
mice of the Ak line. A group of Japanese workers, Hamazaki and his
associates (9), reported data which indicate that the causative agent of
arat ascites tumor is a virus.

It should be emphasized that tumors known to be the result of an in-
fective agent do not usually give any evidence of their origin in their
behavior,» appearance or incidence (fowl lymphosarcomas excepted) in
the animals affected (10). There is no way of distinguishing the chicken
tumors which can be propagated by a filterable agent from chicken and
mammalian neoplasms not known to be due to an infectious agent. They
are typical malignant growths fundamentally similar to tumors in gen-
eral (3). One of the arguments advanced against human tumors having
a virus etiology has been based on the fact that there is nothing in the in-
cidence of cancer in human populations to indicate such apossibility. The
study of the incidence of chicken tumors has rendered this objection in-
valid.

The tumor agent can be obtainedfrom some tumors by a simple saline
extract of the tissue. Other tumors require more complicated procedures.
In one instance, a chicken tumor which had been continued by trans-
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plantation for 10 years and which had proved refractory to attempts at
obtaining an agent by the usual methods, was finallyshown to belong to
the infective agent group by use of differential centrifugation (11). It
is also a noteworthy fact in this connection that the same tumor may at
one time readily yield a tumor-inducing agent, and on other occasions
give negative results (12). If there are tumors which are in the refrac-
tory state most of the time, in so far as being- able to obtain the tumor
agent in the active state is concerned, it is evident that the demonstration
of a virus etiology would be most difficult.

The ordinary carcinogens do not appear to be immediately related to
tumor development. This is indicated by their lack of tissue and species
specificity. Methylcholanthrene, a very potent chemical carcinogen,
affects many tissues in various types of animals. Also these carcinogenic
influences are not required for tumor continuance. The tumor agents, on
the other hand, arecharacterized by tissue and species specificity,rapidity
of action, and by theparallel production of tumor tissue and tumor agent.
The various chemical and physical carcinogenic influences may serve in
some way to facilitate the establishment of the tumor agent in the cell
(13). It has been shown that a chemically induced benign papilloma in

rabbits will frequently transform into a malignant growth as a result of
injection into the blood of Shope papilloma virus. The neoplasms so ob-
tained, however, have proved refractory to propagation with cell-free
extracts (14).

As the virus-induced tumorgrows, the tumor agentpasses in increasing
quantities into the blood. There it acts as an antigen stimulating the pro-
duction of antibodies. It has been discovered that the blood of chickens
bearing chemically induced tumors, not yet shown to be in the tumor
agent category, will neutralize the Rous tumor agent (15). The same
situation occurs in rabbits (16).

The various tumors which have been demonstrated to be due to the
action of virus-like agents originally occur spontaneously in the host
animals. How does the animal acquire these tumor-producing agents?
The only definite data on this aspect of the problem are those which have
demonstrated the passage of virus concerned with mammary tumors
from animal to animal by way of the milk (7). Ithas been shown that the
adult nontumor-bearing chicken carries antibodies which neutralize the
Rous agent. This indicates that maturechickens carry in theirblood some-
thing' which is antigenically similar to a tumor virus. The blood of the
newly hatched chick is free from this type of antibody (12).

Apparently, tumor agents, in common with viruses, arecapable of wide
variations. It has been shown that the Rous tumor agent can transform
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and infect the tissues of ducks and other species of fowls (12, 17). Under
those circumstances the agent loses its ability to infect the tissue of
chickens. In our laboratory, similar transformations have been observed
in the work with mouse tumors (18, 19). These data have important
theoretical value for the virus concept of tumor etiology, since it removes
the necessity for assuming that each animal must be acarrier of a separate
virus for each of the different tumors which may OCClir spontaneously.
One or a few of these tumor agentsmay, on the basis of their tendencyto
mutate, be sufficient for the production of numerous types of neoplasms.

Duran-Reynals and his associates (12, 20, 21) have been able to show
that tumor agents can be responsible for pathological conditions other
than tumor development. The Rous agent induced nontumorouslesions in
newly hatched chicks. That the agent itself was notchanged under those
circumstances, was demonstrated by the production of tumors in older
chickens by extracts from the tissues of the treated chicks.

Results Obtained at the University op Texas
Biochemical Laboratories

About 10 years ago, an investigation was begun in our laboratory into
the possibility of demonstrating the presence of a tumor agent in mouse
mammary carcinoma. No mammalian cancer had been linked with a
virus causation. The milk influence, about which something was known
at the time, is in some way concerned with the development of breast
tumor in mice, but its effect is delayed to such an extent that it is difficult
to assess its place in tumor genesis. What wehad in mind was anattempt
to discover tumor-producing principles analogous to those involved in the
virus-induced chicken tumors and the Shope papilloma.

We were impressed by the fact that the immediate causeof some tumors
was known, and further by the knowledge that theRous tumor, originat-
ing in one tissue in a bird, should have the same general etiology as the
Shope papilloma developing from a different tissue in a mammal. The
question arose: Are tumors arising in different tissues and different ani-
mal types a fundamentally similar biological phenomenon? Warburg
and co-workers (22) had shown that, on the basis of tumor glycolysis,
widely divergent types of mammalian neoplasms were very much alike,
and Burk and his associates (23) had extended these findings to fowl
tumors.

But in order toresolve the question more fully, extensive studies were
made at the Biochemical Institute laboratories on the B-vitamin content
of spontaneous, chemically induced, and transplanted tumors from a
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variety of sites and host species. Since the B-vitamins are so closely asso-
ciated with the basic metabolism of the cell, it was thought that their con-
centration and distribution should give a clue to tissue similarities. Nor-
mal tissue types were discovered to have characteristic patterns of B-vita-
min concentration (24). When the investigation was completed, it was
found that diverse tumors from the mouse, rat, and man, exhibited a
common pattern of B-vitamin concentration, and so on this basis could
be said to constitute one class of tissue (25, 26, 27, 28, 29, 30).

This matter of tumor similarity was considered to be important for
thereason that, if malignancy werea uniform phenomenon, and the cause
of even one tumor wereknown to be due to an infective agent, then the
hypothesis that cancers in general are the results of specific tumor agents
would become worthy ofserious consideration.

The first work, done with the objective of testing a possible extension
of the virus concept to mouse tumors, followed theprocedures which had
been successful with the chicken tumors. No positive results were ob-
tained.

Later, attempts were made to cultivate any possible agent that might
be present in mouse mammary carcinoma by use of techniques which
utilized embryonated eggs. The immediate objective of this project was
not realized, but it was learned that the tumor tissue, with which wewere
concerned, could be grown readily in incubating eggs. Dispersed tissue
injected into the yolk sac of chick embryos produced tumors weighing
an average of 1 to 2 gm. and attaining a size, at times, up to 6 gm. after
12 days' incubation (31, 32, 33). Itwas consideredpossible that if a tumor
agent were present in the mouse mammary tumor, growth in the eggs
mightfree it from neutralizing antibodies. Accordingly, Berkefeld filtered
extractsfor injection into mice were preparedfrom the yolk surrounding'
these egg-grown tumors.

In one experiment in which 6 female mice were inoculated with acell-
free extract of these materials, highly malignant tumors resulted in all
the injected animals. The neoplasms so produced developed and grew as
rapidly as transplanted tissue of the original tumor. Sections of these
growths disclosed them to be the mammary carcinoma type. Transplants
into other mice of the same strain grew readily in every instance (19,
34,35).

It was soon found, however, that this approach did not give repeatable
results. In the very next experiment following the one mentioned above,
30 mice were injected with a cell-free extractof yolk from tumor-bearing
eggs. Growths occurred in nearly all the animals of this group,but after
attaining' 0.5 to 1.0 cm. in diameter, they became stationary and then
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slowly regressed. Numerous other experiments, carried out as far as pos-
sible under the same conditions as the one which was so successful, gave
almost entirely negative results.

Detailed accounts of these and other similar experiments have been
reported, so that further consideration now is unnecessary. It is pertinent
to state at this point that, looking back from the vantagepoint of several
years' more experience with this type of research, we still consider the
tumors produced with the yolk extracts tobe what they appeared at the
time to be—carcinomas resulting from the action ofa virus-like principle.
These tumors grew sorapidly that theywere all established and visible in
6 to 10 days. This rules out the possibility of cancer cells in the extract
being responsible for the results. The centrifugation of the material re-
ceived in preparation for filtering would in itself reduce the number of
cells in the extract to the point where tumors, if they grew at all, would
nothave appeared before 3 to 4 weeks at the earliest.

It is well-known that animal cells will not survive desiccation. If tissues
are dried by the high vacuum, low temperature system, a minimum dis-
turbance results aside from the death of the cells. Materials from tumor-
bearing eggs were subjected to this type of desiccation with a view to
destroying cell viability, but at the same time preserving the tumor
agent. Again, as with the Berkefeld technique, it was found that this
method yielded positive results only occasionally. In three experiments
out of the many carried out, tumors resulted from the injection into
mice of desiccated material from tumor-bearing eggs. In one of these,
the data were especially important, because of the number of mice
involved.

Twenty-seven mice were inoculated with a suspension of lyophilized
yolk and tumor from eggs bearing mouse mammary carcinoma. The
material used was thoroughly dried and had stood at ordinary refriger-
ator temperature for 113 days. Twenty of the experimental animals
developed malignant tumors which, unlike the donor tumor, were all
of the sarcoma type and remained stable through numerous transplant-
generations. These tumors were also characterized histologically by
the presence of giant cells and, in some instances, nuclear debris.

This experiment not only gave striking evidence for the presence of
a tumor agent in the materials injected, but indicated variation of the
agent from a form which infected mammary epithelium to a type
capable of producing malignancy in connective tissue (19, 35).

Finally, in this brief survey of research on theproduction of tumors
by a virus-like agent, mention must be made of the results obtained in
a quite different approach to the problem. Tissue from mouse-grown
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transplants of mammary tumor was minced to such an extent that it
would pass through a fine hypodermic needle. This material, undi-
luted, was injected into the anterior chamber of the rat's eye. It was
expected from the work of Greene (36) that the mouse tumor would
grow readily in this type of heterologous transplantation.

It was found that the mouse tumor used in these experiments under-
went a transitory growth, followed by complete regression in every
instance. In a series of 12 experiments using 97 animals, 4 rats in 2
experiments developed highly malignant carcinomas of rat origin in
the eyes which had received the implants of mouse tumor tissues. The
new tumors arose in 2 to 4 weeks following the intraocular transplants
of mouse mammary carcinoma.

In 2 of these rats, metastases developed in the submaxillary glands
and the lungs. The tumors of all 4 rats transplanted readily into other
rats, but not into mice, and could be cultivated in eggs. The rat origin
of these tumors was further completely confirmed by the cytological
characteristics of the cells. Painter (37) has shown that in the rat cell
there are two pairs of chromosomes which are almost double the size
of the next largest pair. In the mouse cell these extra-long chromosomes
are not present (18, 19).

It will be recalled that mention has already been made of experi-
ments which demonstrated the capacity of the Rous tumor virus to
transform so as to be capable of infecting the tissues of ducks and other
species of fowl. These eye tumors appear to illustrate the same prin-
ciple. The mouse tumor agent, in response to the changed environment
provided by the anterior chamber of the rat's eye, transformed so as
to be capable of infecting rat tissue.

These data which have been so briefly summarized, constitute, we
believe, direct evidence for the presence of a tumor agent in some rat
and mouse malignancy neoplasms. Even though repeatable procedures
were not available, the aggregate of the positive results obtained in
the various experiments admit of no other tenable explanation. Further,
it is noteworthy that such information as was obtained concerning the
virus etiology of theserat and mouse tumors is in accord with the results
secured in experiments with virus-induced fowl tumors. This applies
also in a lesser degree to the unpredictable behavior of the tumor agentin response to the various methods for demonstrating its presence in
the materials used. Duran-Reynals and Shrigley (12) have reported
along these lines their experience with a chicken fibrosarcoma main-
tained hy tissue transplants for a year and a half. On two occasions
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only during that time active filtrates were obtained which would pro-
duce this same tumor in other fowls.

Stromal Malignancy

The yolk sac method of propagating tumors in eggs has been per-
fected to the point whereboth rat and mouse tumor tissue can be main-
tained indefinitelyby eggto egg transplantation. The mouse mammary
carcinoma used in the experiments just summarized has been culti-
vated in this manner for 250 serial transplant generations or for about
8 years. During this period the tumor has remained completely stable
histologically and has not changed since egg cultivation was initiated.

When tumor tissue from the mouse is grown in association with the
chick embryo, only the cancer cells survive and grow. The nonmalig-
nant elements of the tumor are replaced by a stroma made up of chick
tissue. Consequently, when a tumor is kept continuously in eggs, the
tumor cells are in contact only with nontumorous cells of chick origin.

Cancer tissue from the egg-grown series, when injected back into
mice, grows readily. Under these circumstances the tumor again ac-
quires a stroma composed of mouse tissue, and the cancer cells are
again in contact with nontumorous cells of mouse origin.

It has been found that, when the egg-grown mouse tumor is injected
into mice, frequently mixed carcinoma-sarcoma tumors result. In the1

early stages, sections disclose isolated patches in the stroma of what
appears to be sarcomatous cells. Later, the new neoplastic tissue spreads
throughout the tumor so that the carcinoma cells are broken up into
separate groups. In some instances, the sarcoma rapidly replaces the
original tumor tissue, and a completely new tumor results. Continual
serial transplantation in the mouse increases the tendency for stromal
malignancy to develop. Many transplants of the egg-grown tumor in
mice, however, do not manifest this tendency, and remain mammary
carcinoma through numerous transplant-generations (38, 39).

The supporting connective tissue framework of a carcinoma con-
tains many kinds of cells, and the sarcomatous tissue produced in this
manner varies in a comparable manner. Spindle-cell sarcomas are
most frequent, but other types are common. These tumors are also fre-
quently characterized by thepresence of giant cells and unusual mitotic
aberrations. In some instances, tumors develop which contain nuclear
debris in varying quantities. This aberration appears to be due to the
fact that the chromatin material of some of the tumor cells becomes
condensed in an irregular mass which persists after the rest of the cell
has disintegrated. Nuclear debris has been most pronounced in some

CANCER ETIOLOGY
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of the more rapidly growing sarcomas. It is interesting to recall that
many of the tumors produced by the dried yolk and tumor method
mentioned previously also contained scattered remnants of chromatin
material. Such atypical structures have never been observed in the
donor tumor.

Various factors influence the fate of the patches of malignant cells
which develop in the connective tissue of these mouse-grown mammary
carcinomas. If the growthrate of the new tumor is comparatively low,
it may persist for a few transplants and then be crowded out by the
faster-growing carcinoma. If its growth rate is about the same as the
donor tumor and responds equally to the method of transplantation,
then the two types of malignant cells may persist together indefinitely.
Finally, if the rate of mitosis is higher than the carcinoma, the new
sarcoma may replace it entirely in a very brief period. So far, total
replacement of the original tumor has not occurred before the second
mouse transplant.

Twenty-nine sarcomas completely devoid of mammary carcinoma
cells have been produced by this process of stromal malignancy. All
of the pure sarcomas have been highly malignant, transplantingreadily
in every mouse inoculated, and often killing the host in a shorter time
than thatrequired by the original mammary carcinoma. Some of these
tumors have been continued for as much as 250 transplant-generations,
and have kept their characteristic histology throughout that period
(38,39).

Embryo Reaction to Serial, Tumor Transplantation
in the Egg

Heilman and Bittner (40) reported that the serial passage of a
mouse mammary carcinoma cultivated in the yolk sac of embryonated
eggs was associated with an increasing mortality rate of the chick em-
bryos. Armstrong and Ham (41) have noted the same phenomenon.

We have published a paper based on the results obtained in a series
of 32 experiments involving 4,000 tumor-bearing eggs which confirmed
Heilman and Bittner's observation. The data obtained in this study
indicated that the transfer toxic effect appeared irregularly in tumor-
bearing eggs as the number of tumor-yolk-sac passages increased. In
a group of eggs, all inoculated with the same suspension of a tumor
that has been cultivated in eggs long enough for the toxic effect to
appear, the affected embryos differed in the degree of abnormalities,
and some were completely unaffected.

k d\)a mammary carcinoma, after "being carried for more than 7



11

yearsby continuous yolk sac cultivation, differed markedly in its effect
on the individual embryo. Chick embryos surviving to the 16th and
17th days of incubation exhibited various degrees of abnormalities, but
a few embryos of normal appearance were found in association with
tumors weighing several grams (42).

A rat tumor, Walker 256, after several generations in the egg, also
manifested the transfer toxic effect.

It is noteworthy that the size of the yolk sac tumor is not a factor
in the adverse effect in the embryo. Almost always, when the toxic
effect is most pronounced, the yolk sac tumor is much smaller than
usual.

At present, the data are insufficient to determine the cause of the
toxic effect on the embryo associated with continuous cultivation of a
tumor in the yolk sac. However, such evidence as is available suggests
the possibility that the effect is mediated through a tumor agent or
virus. Some particular product of tumor growth enters the blood stream
and is circulated through the host embryo. It can be assumed that, as
a result of repeated tumor passages through eggs, the effective factor,
originally innocuous to the embryo, becomes toxic in varying degrees
in individual eggs. Such an increase in toxicity is well-known in asso-
ciation with passages of a virus through embryonated eggs.

Summary and Conclusion
The evidence reviewed supports the hypothesis that the cancer

process is theresult of cellular reaction to an infective virus-like agent,
This concept removes the cancer disease from its unique position as a
diseaserequiring no continuing cause to a classification which includes
most of the major illnesses affecting mankind.

Data in this field are still limited to relatively few animal types and
few tumors. It is important, however, that tumors in animals as widely
separated biologically as birds and amphibia have been known to result
from the action of viruses or virus-like agents on normal cells. In
addition to such direct evidence for the tumor agent concept, there are
numerous and increasing data which indirectly support this hypothesis.
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The Yolk Sac Method of
Cultivating Tumor Tissuein Eggs

ALFRED TAYLOR

The yolk sac method of cultivating mouse and rat tumor tissue was
first described in a paper from this laboratory in 1942 (1). Since then,
two further reports dealing with the subject in more detail have been
published (2, 3). Other laboratories have reported success in the use of
the yolk sac method in association with various research projects.

At The University of Texas, a large volume of research has been
dependent on the use of egg-cultivated tumor tissue ever since the
procedure was discovered. As a result, many hundreds of thousands
of eggs have been used for growing various types of mouse and rat
tumors. The techniques associated with the process of yolk sac culti-
vation of tumor tissue have been constantly improved and simplified.

It is now a routine laboratory procedure which provides, with a
minimum of labor and expense, rapidly growing pure cultures of
cancer cells. The average laboratory technician learns the procedure
and is able to do the work satisfactorily following a few weeks of
supervision.

In some instances, it is much easier to maintain a particular strain
of tumor by yolk sac cultivation than by transplantation in the nor-
mal host. Mouse and rat tumor tissues have been cultivated serially
in eggs for periods of years. A mouse mammary carcinoma has been
grown by the yolk sac method continuously for about 9 years or for
more than 240 serial transplant generations. Further, it has been found
that tumors which transplant with difficulty or not at all in the normal
host may grow vigorously in eggs. Other investigators have noted this
also. Ham and associates (4) have reported the successful yolk sac
cultivation of butter yellow induced hepatomas in rats. The transplan-
tation of these tumors in the rat was only occasionally successful, until
after passage through eggs.

During the last two years, the yolk sac cultivated mouse mammary
carcinoma has been utilized in extensive cancer chemotherapy studies
(5, 6, 7, 8, 9, 10). This approach appears to have certain advantages
for the rapid screening of possible anti-cancer compounds. One of the
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papers of this bulletin will be devoted to a consideration of the use of
egg-grown tumors in cancer chemotherapy studies.

The use of egg-cultivated tumors in chemotherapy studies has re-
sulted in an increasing number of requests for reprints of pertinent
papers and for additional information. It seemed important, therefore,
to prepare a detailed report of the way the egg work is carried out in
this laboratory after more than 10 years' experience with the tech-
niques involved.

Egg Supply

The successful inoculation and growth of tumor tissue in the yolk
sac of the embryo is, of course, dependent upon the use of suitable
eggs. It is necessary to have fertile eggs from a strong, healthy flock
of hens. If possible, it is desirable to obtain eggs from hens mated to
cockerels of a different strain, so that the embryos have the usual first
cross hybrid vigor. Also, eggs with white shells are essential so that
the course of development of the embryo can be observed readily by
candling.

It has been established that the egg tends to reflect the nutrition of
the hen (11, 12). If the concentration of a certain vitamin is doubled
in the food of the hen, it will tend to be twice as concentrated in the
egg. Hence, if the diet of the hens is lacking in some essentials for
growth and development, the eggs will tend to produce weak embryos.
Under such conditions, the added strain of a rapidly growing tumor in
the yolk sac will result in increased mortality. Accordingly, eggs for
tumor work should be obtained from hens maintained on a diet ade-
quate for hatching eggs.

Chickens, like all other domestic animals, are subject to numerous
diseases. Some of these may affect the eggs so as to render them un-
suitable for use in tumor inoculations. This factor necessitates having
some noninjected controls along with the inoculated eggs. If the control
eggs produce healthy, vigorous embryos, it is unlikely there will be
any particular difficulty from this source in the tumor-bearing eggs.
The embryo serves as a very delicate indicator of the state of the
hen's health. If an appreciable percentage of the control embryos are
undersized or manifest lesions in the liver, there will be an increased
mortality, and unusual irregularities in tumor size of the tumor-bearing
eggs.

Even the most vigorous and well-cared-for flock will have occasional
epidemics oí "sniffles" and "colds" which cut down egg production
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and which the poultryman treats with certain stock remedies. The
importance of this is that some of the medicines used in such in-
stances cause the egg to be almost useless for tumor work. The sulfa
drugs, in particular, when administered to hens, will result in a very
high mortality, evenin the noninjected control eggs. If the hens require
certain medicines, it is necessary to treat separate pens at different
times, so that eggs are not used in laboratory work for at least two
weeks after discontinuance of the treatment.

The hatching eggs used for this work should not be washed. Ordi-
narily the eggshell prevents bacterial contamination, but the moist shell
becomes permeable to bacteria and mold spores. The presence of these
infections is not evident unless the eggs are incubated.

In the summer season during hot weather, it is important that the
eggs be gathered frequently from the nests and placed in a cool room.
Otherwise, incubation will begin, and then, when the eggs are placed
in the low temperature storeroom, the embryos will be adversely
affected. Under such circumstances, it is not uncommon to candle out
more than 50% of the eggs with dead embryos at the end of 4 days'
incubation.

It has been the experience here that an adequate egg source can be
best insured by arranging with an individual egg-producer to supply
all the laboratory needs. Since the product must be of better than ordi-
nary quality, it may be necessary to pay more than market price for
these eggs.

Egg Incubation and Preparation for Inoculation

The eggs are incubated in about the same manner as ordinary hatch-
ing eggs. It has been noted that the tumor-bearing eggs survive best
at slightly lower temperatures than that used in hatcheries. The usual
hatching temperature is maintained at an average of 99° F. Tumor-
bearing eggs in this laboratory are incubated at a maximum tempera-
ture of 99° F. Relative humidity has not been found to be so important.
The specification in this regard which is recommended by the incu-
bator manufacturers appears to be satisfactory.

Any type of incubator which will maintain the required humidity
and temperature is adequate for the egg tumor work. The most impor-
tant consideration is a dependable thermoregulator. Also, when new
batches of eggs are introduced into the machine along with eggs in
various stages of incubation, it is necessary that the incubator be pro-
vided with a fan so that the temperature is equalized rapidly.
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The eggs are incubated about 4 days before tumor inoculation. The
exact amount of incubation required is based on the degree of embryo
development. The diameter of the area vasculosa, as seen through the
shell, serves as an index of the stage of embryo growth. At the time
of tumor inoculation this diameter, as measured by a flexible ruler on
the shell surface, should be between 3.5 and 4.5 cm. If the diameter
is much less than 3.5 cm., there will be an increased mortality, and
if the diameter is much above 4.5 cm., there will be interference with
the implantation of the injected tumor cells on the mesoderm of the
yolk sac wall (13).

The eggs are inoculated through the air sac. At the time the eggs
are candled in preparation for tumor injection, the air sac space, which
is usually at the blunt end, is outlined with a pencil. In this area the
shell is swabbed with 70% alcohol, then dented with one blade of a
small pair of scissors or some other suitable instrument, in such man-
ner that the shell membrane remains intact. The instrument is flamed
before each denting. The hypodermic needle of the inoculating syringe
is inserted at this spot.

The embryo and area vasculosa float to the upper surface of eggs
kept for a time in one position. Eggs ready for tumor inoculation are
laid out in trays as they are candled with the date, which is inscribed
on each egg, uppermost. This is done so that, at the time they are
injected, the position of the embryos will be indicated by the date
inscription.

Tumor Tissue and Yolk Sac Inoculation
Tumor tissue of various types may be cultivated in eggs, though the

individual neoplasms vary in their response to this means of propaga-
tion. The same is true, of course, with transplants of cancer tissue in
the normal host. Mouse mammarycarcinoma appearing spontaneously
in a strain of mice may differ very much from tumor to tumor in their
rate of growth in transplants in the host mice. It happens, too, that
a particular tumor will propagate more readily by one method than
the other. In this laboratory, a sarcoma which grows rapidly and uni-
formly, when transplanted to the regular host, dba mice, produces
much smaller tumors in a given period of time when inoculated in
eggs. It has been mentioned previously that Ham and associates (4)
have successfully cultivated by the yolk sac method hepatomas in-
duced in rats with butter yellow, even though these tumors were
difficult to transplant in the normal host. A sarcoma which developed
Spontaneously in themesenteric membranes o£ a rat of a cotony main-
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tamed here, produced large and uniform tumors in egg cultures, but
grew very slowly with a low percentage of takes in rats until after
several passages through the yolk sac.

It is well known that the chick embryo is not affected by the species
of the donor supplying tissue in transplants, at least before the 17th
day of incubation. Tumor transplants in mice, on the other hand, are
affected to some extent by the genetics of the host animal, even though
the strain involved has been maintained entirely by brother-sister
malings. In colonies which have not been carefully inbred, genetic
resistance may cause marked variation in the growth of transplant
tumors. Egg cultivation eliminates the genetic factor.

It has been the experience here that when a tumor does implant in
the yolk sac, even though only small nodules of tumor tissue result,
the mitotic activity indicates at least as rapid a growth as occurs in the
normal host. Hence, since there is no genetic resistance, the critical
element in successful cultivation of tumors by the yolk sac method
must be implantation. The practical importance of this is that some
tumors require special treatment in preparation for yolk sac inocula-
tion. The description which follows of methods of cell dispersion, sus-
pending media, dilution, etc., are those which have proved effective
with many tumors. This subject will be commented on further, after
the relation of the implanted tumor tissue to the embryo tissues of the
yolk sac has been considered.

Preparation of Tumor Tissue for Egg Inoculation

This operation can be done best in a small, clean laboratory in which
the workers are left undisturbed. If surgical masks are worn by all
present, and care is taken not to move around during critical periods
of the procedure, air-borne contamination of the tumor preparations
can be practically eliminated. It is not necessary to use sterile lamps
or special air filters. The room should have floor covering that can
readily be cleaned, and the walls, shelves, desk tops, etc., should be
gone over with a damp cloth once a day.

Here at the Biochemical Institute, the laboratory used for egg inocu-
lation is air-conditioned. The windows are kept closed so that no dust
enters from this source. The room can be darkened so that egg candlers
can be used.

Incubators with inoculated and noninoculated eggs at various stages
are present in the room. This is especially desirable since the eggs
undergoing inoculation should not be left at room temperature more
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than 10 to 15 minutes at a time. As mentioned before, the practice
here is to place the eggs to be injected in small trays after candling.
Each tray holds about 30 eggs, and they are kept in the incubator
during the intervals when they are not required in the work.

The various procedures associated with the egg cultivation of tumor
tissue can be done at different times in accordance with the convenience
of the operators. This is an advantage when large numbers of eggs are
involved. For example, the candling of the eggs in preparation for
tumor inoculation can be done the day before this operation. The
embryos are developed enough so that the dead and infertile can be
discarded and the air sac outlined on the third day of incubation. Also,
the denting of the shell over the air sac for the insertion of the hypo-
dermic needle, when the eggs are inoculated, can be done at the same
time.

Tumor tissue for the egg inoculations may be obtained from an ani-
mal such as a rat or mouse or from yolk sac tumors which are the
result of previous egg inoculations. The preparation of tumor material
taken from an egg culture is quite simple. A tumor-bearing egg is
immersed in 70% ethanol, then carefully opened, and the contents
placed in a sterile Petri dish. The cover is placed over the dish, and
other eggs opened, as required, in the same manner.

The tumor, which forms an aggregate opposite to the yolk sac um-
bilicus (Figure 1), is removed by means of sterile forceps and scissors,
and placed in a staining dish (Figure 2). When sufficient tumor mate-
rial has been harvested for the needs of the moment, the table is
cleared for the next step in the procedure, the dispersion of the tumor
tissue so that it will pass through the hypodermic inoculating needle.

Five cc. syringes, and occasionally 10 cc. syringes, are equipped with
stainless steel screens, cut to fit the barrel (Figure 3). These screens
are of two sizes:—fine screens, 30-mesh, 0.0114-gauge; and coarse
screens, 20-mesh, 0.016-gauge. "Coarse screen syringes" consist of
two coarse screens between two fine screens placed at the bottom of
the barrel. "Fine screen syringes" have one or two fine screens at the
bottom of the barrel. When tumor tissue is encountered which is less
easily dispersed, a syringe is made up of a layer of small uniform
glass beads between two coarse screens. The use, too, of 10 cc. syringes
results in a more effective instrument for dealing with resistant types
of tumors. Egg-grown tumor tissue is always very soft, and easily dis-
persed to the degree necessary for inoculation through a gauge 20 or
2.2, needle (Figure 4).
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A sterile "coarse screen syringe" is placed in a sterile 50 ml. beaker.
The plunger is withdrawn, and about 4 cc. or less of the tumor tissue
harvested earlier is placed in the syringe (Figure 5). The plunger is
reinserted carefully, using a little rotation so as not to get it stuck as
it contacts, fluids on the side. A little care prevents this from happen-
ing, but inexperienced workers often do get the plunger stuck part way
in the syringe. If necessary, the end of the plunger can be dipped into
sterile saline before insertion.

A "fine screen syringe" is equipped with a 2-inch 20-gauge needle
and placed in a sterile 125 ml. Erlenmeyer flask tokeep it in an upright
position. The plunger is withdrawn, and the tumor tissue in the "coarse
screen syringe" is expelled into it (Figure 6). The plunger is reinserted,
and the syringe is held needle end up, so that the contents will flow
back, leaving the air space in the part of the syringe toward the needle.
It is often necessary to tap the side a little to accomplish this. Then,
as the plunger is moved forward, the tumor tissue forms a solid pack
and gives an accurate measurement of the amount contained in the
syringe. Thematerial is nowready for the suspending saline.

For most tumor tissue 0.85% saline has proved a satisfactory sus-
pending medium. A supply of 8 cc. test tubes (13 x 100 mm.), which
have been autoclaved with the required amount of saline, is kept on
hand. Corks appear to be preferable to the cotton plugs. The tubes of
saline and disengaged corks are autoclaved together. The corks are put
in place while the material is still hot and in the autoclave.

One of the tumors used for large numbers of eggs is suspended in
saline in a ratio of one part tumor to 8 parts saline. The 8 cc. test
tubes contain 4.8 cc. saline and receive 0.6 cc. tumor tissue.

The tumor is introduced into the saline from the fine screen syringe.
The reason this syringe has been fitted with a 2-inch needle is to enable
the operator to immerse the point of the needle below the surface of
the saline in the test tube before measuring in the tumor tissue.

Tubes containing 4.8 cc. saline plus 0.6 tumor tissue will do 12 to 13
eggs. Each egg is injected with 0.4 cc. of the tumor-saline suspension.
As many tubes are prepared at one time as will suffice for the eggs to
be injected.

The tumor-saline suspension can be prepared at least the day before
it is used, and preserved at above freezing temperature. Before placing
the material in the refrigerator, the contents of each tube are thoroughly
mixed by drawing the suspension up into a sterile syringe and care-
fully expelling it back into the tube two or three times.
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Preserved for one day in this manner, test experiments have indi-
cated no discernible effect on the size of the tumors produced in yolk
sac cultures, but a longer period, 2 days or more, is reflected in the
production of smaller yolk sac tumors.

Often tumor-bearing eggs to be used in further egg inoculations are
so far along that death will occur within a few hours. It is a distinct
saving in materials to place these tumors in tubes ready for egg injec-
tions the following day. Many experiments have demonstrated that
once the embryo dies the tumor rapidly becomes useless for egg trans-
plantations. In the work here tumor material from eggs is never used
for yolk sac inoculations if the embryo heart is not beating at the time
the egg is opened.

When tumor tissue for egg inoculation is obtained from its normal
host, such as the rat or the mouse, the procedure is as outlined above
except that it is more difficult to remove these tumors asceptically.
Also, spontaneous tumors especially are often more infiltrated with
connective tissue, and may require a "beaded syringe" for breaking
up the tissue sufficiently for hypodermic injection. In this instance, as
with the egg-grown tumors, the material may be prepared as much as
one day before it is used.

For removing subdermal tumors from a mouse or a rat, the procedure
is ether anesthesia short of death, decapitation and bleeding, then im-
mersion in iodized 70% ethanol. The carcass is then placed on several
layers of towel paper. With forceps and scissors the skin is incised all
around the animal anterior or posterior to the tumor according to its
location. Another incision is made at right angles to the first, and
extending backward orforward according to the location of the tumor.
This second incision is made to facilitate rolling the skin backward, so
that the tumor mass is exposed without any possibility of contact and
contamination with the fur.

A tumor growing in the natural host, whether occurring as the result
of transplantation, induction by a carcinogen, or naturally occurring,
is likely to contain areas of necrosis. It is obviously important to select
viable portions of the tumorfor egg transplantation. Also, these tumors

may be infected so that no amount of care will keep the eggs inoculated
with such tissue from being infected also.

Unpublished data obtained here indicate that, if a transplant tumor
in a mouse has been infected and the animal subsequently overcomes
the infection so that it is free of bacteria át the time it is used for egg
work, the growth in the yolk sac is nevertheless retarded. Further, it
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appears that the retarding effect due to such circumstances continues
for several transplant generations in the egg.

Yolk Sac Inoculation

The eggs are inoculated with tumor tissue with a 1 cc. tuberculin
syringe, fitted with a 20-gauge 1 %-inch needle (Figure 7). One syringe
is used for each tube of tumor suspension or for 12 or 13 eggs. A tube
of tumor suspension is placed in a 50 ml. beaker slantwise, with the
open end resting on the lip of the beaker. A gas flame and a beaker
or Coplin jar of 70% ethanol are placed conveniently nearby. The
needle of the inoculating 1 cc. syringe is dipped in the alcohol, passed
through the flame, and then immersed in the tumor suspension. Two
or three up-and-down movements of the syringe plunger serve to
homogenize the suspension, and then 0.4 cc. is retained in the syringe.
An egg, prepared as previously described, is taken up in the left hand,
keeping the date side up. The hypodermic needle is pressed through
the dented spot over the air sac and inserted parallel with the long
axis of the egg for about Ito 11/^, inches. The plunger of the syringe
is pressed with moderate force, expelling the contents into the yolk
sac. The egg is placed back in the tray. The needle of the syringe is
rinsed off quickly in the alcohol, passed through the flame, and another
0.4 cc. taken as before from the tube of tumor suspension.

After inoculation, the opening in the eggshell is sealed over with
cellophane tape. The tape iskept in an ordinary dispenser, and suitable-
sized pieces for sealing the eggs are removed with forceps. When a tray
of about 30 eggs has been finished, they are labeled with a wax pencil
and placed in the incubator before starting another tray.

With a little practice, two workers can run through all the opera-
tions involved in the yolk sac tumor inoculations for 20 dozen eggs
in less than 2 hours.

Cleaning and Sterilizing Apparatus

The apparatus used in egg work should be washed with special care,
using ordinary laboratory soap powders, thorough tap-water rinsing,
and then a distilled water rinse. In order to facilitate the cleaning
process, it is the practice here to put all syringes, Petri dishes, etc.,
to soak in water as they are discarded.

Most of the apparatus can be sterilized to best advantage by baking
in an oven. Surgical instruments, syringes, glassware, etc., are cleaned,
thoroughly dried, wrapped separately in jeweler's paper, and baked
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for 4^/2 hours at 200° C. One cc. and 5 cc. "screen" syringes are steri-
lized with plungers in the barrel. After sterilizing, the apparatus is
stored in cabinets in the laboratory. In this way, it is possible to have
always a generous supply of sterile apparatus.

Implantationand Growth of Tumor Tissue in the Yolk Sac
Tumor implantation on the inner wall of the yolk sac is uniform

for a limited period in the development of the embryonated eggs. This
is due to the growth relation of the embryonic chick tissues as they
spread over the yolk surface. It is necessary for the introduced tumor
tissue to contact the chick mesoderm, since ablood supply is only found
in this cell layer. Contact between tumor and mesoderm is best insured
when the eggs are inoculated on about the 4th day, and tends to be
less dependable if inoculations are made much after the sth day of
incubation. At the 4th day of incubation, the embryonic ectoderm
extends almost entirely over the yolk sac, but the endoderm destined
to form the inner layer has not yet advanced beyond the network of
blood vessels (area vasculosa) which covers about a third of the yolk.
The mesoderm is a little less extended than the endoderm at this
time (13).

When the tumor suspension is injected into the yolk sac, aggregates
of tumor cells adhere generally over the inner yolk sac wall. The meso-
derm of that part of the yolk covered by the area vasculosa is already
sealed off by endoderm. Tumor tissue in this part of the yolk sac
cannot become implanted. The tumor cells adhering to the yolk sac
wall below the sinus terminalis, which forms the periphery of the
area vasculosa are in contact with the chick ectoderm, the only chick
tissue at that time below the area vasculosa. Later, the growth of the
endoderm causes the tumor tissue to lie between the inner and outer
cell layers and in contact with the middle or mesodermal layer. The
tumor now has a blood supply which results in implantation and
growth.

In this manner a ring of tumor tissue forms along the sinus termi-
nalis. As the embryo develops, the area vasculosa covers the yolk sur-
face. The tumor tissue, now growing rapidly, is moved along with
the extension of the yolk sac blood vessels, forming a single tumor mass
at the yolk sac umbilicus by the 14th or 15th day of total egg incubation.

As stated before, the data indicate that tumor tissue will usually
grow faster in association with the chick embryo than in the normal
host. It appears that when a particular tumor, which grows vigorously
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in its normal host, produces small or no tumors by the yolk sac method,
faulty implantation is probably responsible.

At the time the tumor suspension is injected into the yolk sac, the
yolk is very watery, with a consistency comparable to milk. Otherwise,
there would be little chance of the tumor cells' contacting the yolk
sac wall. As it is, various factors will determine how effectively the
spray of tumor suspension from the end of the hypodermic needle is
distributed in the yolk sac. For example, if the plunger of the syringe
is pressed in very slowly? there will be a tendency for the inoculum
to be concentrated in one area of the yolk, and little or no implanta-
tion will occur (13). Also, it is evident that very finely dispersed
tumor tissue will be more subject to yolk resistance.

It is important to press in the syringe plunger with enough force
to obtain maximum distribution of the tumor suspension, but at the
same time not so vigorously as to injure the egg. Different degrees of
dispersion may be necessary for particular tumors. Data obtained here
have demonstrated that, in some instances, cooling the tumor suspen-
sion in ice water before inoculating the eggs has resulted in a marked
increase in tumor size as compared with yolk sac tumors obtained from
the same tumor suspension kept at room temperature. It seems likely
that cooling the suspension tends to harden slightly the tissue particles
so that they penetrate the yolk fluid more effectively at the time of
egg inoculation.
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The Use of Embryonated Eggs in
Cancer Therapy Experiments

ALFRED TAYLOR

Tumors grown in laboratory animals have been extensively used to
"screen" compounds in cancer chemotherapy studies. Tumor-bearing
mice have proved especially useful in this regard. Transplants of a
fast-growing nonregressible tumor in a closely inbred strain of animals
provide a means for a fairly rapid evaluation of the anticancer prop-
erties of a particular compound or material.

Recently, at The University of Texas Biochemical Institute, pro-
cedures have been developed for using mouse or rat tumors cultivated
in eggs by the yolk sac method in chemotherapy experiments (1, 2,
3, 4). Since the publication of the first report on this work, many
thousands of tumor-bearing and nontumor eggs have been used in
testing various compounds and materials (5, 6, 7, 8, 9). In the course
of these numerous experiments, the various techniques associated with
the work have been progressively improved. It is now possible, with
this approach, to obtain valuable cancer therapy data in much less
time and with a smaller overhead of work as compared with mouse
or rat-grown tumors. It is not intended, however, that the egg-cultuied
tumors should replace the use of tumors grown in their natural host,
but rather they should serve as a supplementary tool in these studies.
The method appears to be especially valuable for the preliminary
screening of compounds.

In order to evaluate a compound with respect to its possible anti-
cancerproperties, it must be brought into contactwith healthy vigorous,
proliferating cancer and noncancer tissue. There are many chemicals
which at certain levels inhibit cell division or have other adverse
effects on growing tissue. Such materials will usually also act as a
deterrent to the growth of neoplastic tissue. When a particular com-
pound is tested on a malignant neoplasm growing in the adult host and
proves to be inimical to tumor growth, it is often difficult to decide
whether the effect is specific to cancer tissue.

The use of yolk sac cultivated tumors in testing a compound pro-
vides data on how it affects both tumor and nontumor tissue. The tumor
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grows in the yolk sac, but is attached, through the yolk sac wall, to the
blood system which also serves the chick embryo. The embryo and the
tumor grow together, sharing a common blood stream, but not other-
wise interfering with each other's growth and development. If a
chemical is introduced into such a system and adversely affects the
yolk sac tumor without affecting the embryo, there is the possibility
that the particular compound used is specifically anticancer and not
simply inimical to growing tissue in general. When such leads are dis-
covered, further experiments are in order with other types of egg-
grown tumors, and with these tumors in their natural host, the rat or
mouse. On the other hand, when a compound either has no effect, or
equally influences the yolk sac tumor and the embryo, there is no
point in continuing the experiment unless changes are made in dosage
or manner of introduction into the egg system. The use of yolk sac
tumors not only provides this kind of data, but does so with much less
work and much more rapidity as compared with the use of mouse or
rat-grown tumors.

A C3H mouse mammarycarcinoma, which has been used extensively
in egg work here (3), attained an average size of 0.3 gm. in yolk sac
cultures by the 12th day of incubation. During the next 48 hours, the
growth rate was such that the tumor attained to an average size of
1.2 gm., or an average of 400%. In the 24-hour period following the
12th day, the tumor nearly doubled in size. Accordingly, it became
possible to make 24- or 48-hour tests in screening compounds for
possible anticancer properties.

Laboratory Procedure
Both tumor-bearing and untreated embryonated eggs are used. The

nontumor eggs serve for initial tests to obtain information concerning
the nontoxic dosage level of the compound under study. Eggs for this
work are usually incubated a day less than the tumor-bearing eggs,
since the presence of the tumor in the yolk sac tends to slow up embry-
onic development, and it is desirable that the preliminary trials are
carried out on embryos of about the same size as those in the cancer-
bearing eggs. The C3H mammary carcinoma, used in much of the egg
work here, grows very rapidly in the yolk sac so that the cancer
therapy tests are best done between the 12th and 14th days of incu-
bation. Other tumors with different growth characteristics might re-
quire different time intervals. There are certain advantages in making
the tests while the embryo and yolk sac tumors are quite small. The
growth rate of the embryo is higher than it will be later in develop-



29

ment, so that it serves as a better control for the cancer tissue. Also,
after the tumor has become larger, there is more tendency for hemor-
rhagic lesions to occur in the tumor tissue with loss of blood, and the
embryo is often otherwise affected, thus increasing the number of
variables of the experiment.

The eggs are implanted in the yolk sac with tumor tissue on about
the 4th day of incubation, as described in the previous paper. On the
11th day, the eggs are laid out in pans in groups of 20 or 30, with
the date side up. On the following day, the 12th day of incubation,
each egg is placed over the candler and a small circle, about *4 inch
in diameter, is drawn on the shell, indicating a spot over the blood
vessels of the chorio-allantoic membrane, but below the embryo. This
area is washed with alcohol, and a dent is made in the shell within
the circle by tapping with the moderately sharp blade of a pair of
scissors, or any other suitable instrument. It is important to dent the
shell enough to allow the hypodermic needle to penetrate into the
egg, but care should be taken not to puncture the shell membrane.
When nontumor eggs are used, the same procedure is followed, except
that these eggs are usually injected on the 11th day of incubation.

The eggs should be kept atroom temperature 15 or 20 minutes before
beginning the injections. Slightly cooled eggs receive the injection
material with practically no tendency for regurgitation to occur.

Injections are made with a 22- or 23-gauge needle, attached to a
1-cc. tuberculin syringe. Each egg receives 0.2 cc. or less of the mate-
rial. When it is desired to place the injected material between the shell
membrane and the chorio-allantoic membrane, the needle is inserted
through the dent in the shell at a slant, and inserted just beyond the
bevel of the point (Figure 1). The plunger is pressed in slowly and
evenly. When the injection is made into the yolk sac, a sharp needle
is insertedperpendicular to the egg surface and sent in y2 to % inches
before the contents of the syringe are expelled.

The membrane over the yolk sac is so elastic that it readily gives
before the point of the needle, especially if the point is not sharp.
Unless care is taken in this particular, it may happen that the injection
intended for the yolk sac remains on the surface of the area vasculosa.
The inexperienced operator should test his technique in this respect
by injecting a suitable dye into the yolk sacs of a few eggs, and then
open them to check the results (6).

After each injection, the syringe needle is rinsed in alcohol and
passed through a flame. The puncture in the eggshell is washed with
alcohol and sealed with hot paraffin.

THE USE OF EMBRIONATED EGGS
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Following the introduction of the test compound, the tumor-bearing
eggs with their controls are placed in the incubator in a horizontal
position, with the injected area upwards. The procedure to which the
eggs have been subjected does not in itself have any influence on the
subsequent growth and development or mortality of the chick embryo.
The embryos of eggs injected in this manner with saline solution ap-
pear to be equal in every respect to the embryos of untreated controls.

Figure 1

Twelve-day-old tumor bearing egg showing needle in position for injection of
materials between the shell and chorio-allantoicmembranes.

The experiment is terminated 24 or 48 hours after the test material
has been introduced into tumor-bearing eggs. Each egg is opened, and
the embryo and tumor removed and weighed. Sections of the tumors
are fixed for histological examination. The results of the test are evalu-
ated on the basis of changes induced in tumor and embryo growth of
the experimental eggs as compared with saline injected controls, and
on histological changes in the tumor tissue associated with the pro-
cedure.

Nontumor-bearing eggs which have been injected into the yolk, or
over the chorio-allantoic membrane and area vasculosa, with the test
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compound, for the purpose of obtaining data on the reaction of the
embryo to different dosages, are often incubated 4 or 5 days before
discontinuing the experiment. The toxicity of a compound at a par-
ticular concentration may not become evident in a 24- or 48-hour
period.

When the embryos of these nontumor-bearing eggs are inhibited in
their growth rate as compared with the controls, it is evident that the
procedure is toxic to some degree. More severe sublethal effects are
indicated especially by gross or microscopic lesions in the chick liver.
Anatomical deformities may also be present.

The use of nontumor eggs for the preliminary work in chemotherapy
studies utilizing yolk sac cultivated tumor tissue results in a marked
saving in time and materials. With this approach, important data on
the embryo's reaction to various dosages of a particular compound
becomes available before the more valuable tumor-bearing eggs are
utilized. The chick embryo has a relatively wide tolerance for many
chemicals considered quite toxic, but on the other hand, the dosage of
some materials must be measured in fractions of a microgram.

When an aqueous solution is deposited between the shell and the
chick membranes, it is taken up rapidly by the chick blood vessels.
Experiments with solutions colored with innocuous dyes have demon-
strated that 0.2 cc. of such a solution will be taken up by the chick
blood system and passed into the allantoic fluid within a period of
4 to 6 hours. Material injected into the yolk sac, on the other hand,
will be slowly absorbed as the yolk substance is utilized by the embryo.

Injection over the chorio-allantoic membrane is analogous to a
subdermal injection in a free living animal, and injection of material
into the yolk sac may be comparable in some respects to giving it to
an animal by mouth, since the yolk serves as the chick's source of food.

An aqueous solution of a compound deposited over the chorio-
allantoic membrane passes so rapidly into the allantoic fluid that there
is little opportunity for assaying its real effect on the cancer and non-
cancer tissue of a tumor-bearing egg. This same problem arises, of
course, in connection with the injection of aqueous solutions of com-
pounds into tumor-bearing rats and mice. The embryo kidneys are
surprisingly efficient in this respect, even at the 12th day of incuba-
tion when the embryo weight averages less than 4 gm.

Various methods are used in clinical and laboratory practice to main-
tain as long as possible a relatively high concentration in the blood
of material given by injection. Many of these can be applied also to
the egg work.

THE USE OF EMBRYONATED EGGS
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Multiple injections have been used for this purpose. The 12-day
and older eggs can be injected as many as 4 times in a 24-hour period.
The technique for the second and following injections is exactly as
described for the first injection. Multiple injections have no adverse
effect on the growth and development of the chick embryo.

In practice, it has proved simpler and more effective to make a
single injection of the test material, but to use suspending media
which will slow down absorption by the embryo blood vessels. Various
oil suspensions have been tried. A cottonseed oil-H2O emulsion, 2
parts oil to 1 part H2O, has been used extensively. This mixture retards
absorption, is nontoxic to the embryo, and is a thin enough liquid to
pass readily through a 22-gauge injection needle. The test compound,
whenever possible, is dissolved in H2 O and then mixed with the oil
just before injection into the egg.

Numerous experiments have demonstrated that compounds, which
were without any effect on the tumor or the embryo, when adminis-
tered as an aqueous solution, gave positive results when injected in
the form of an oil-H2 O emulsion. Small 8-cc. test tubes are used as
containers for the material to be injected. Each test tube so prepared
contains enough material for 9 eggs.

Corn oil and mineral oil have also proved to be satisfactory as sus-
pending media for solution of the test compounds. Olive oil is slightly
toxic to the chick embryo when injected over the chick membranes.

The description of an actual experiment in cancer chemotherapy
utilizing tumor-bearing eggs will illustrate the use of this approach
in specific screening tests.

Experiment No. 40 involved the use of 90 eggs incubated for a total
of 12 days and containing yolk sac tumors resulting from inoculation
with a C 3H mammary carcinoma. The eggs were divided into 6 groups
with 15 eggs to a group. Care was taken to make the groups as equiva-
lent as possible.

For example, at the time the eggs were inoculated with tumor tissue,
the eggs injected from a particular tube of tumor suspension were
marked with a letter so that later, when the eggs were prepared for
the chemotherapy tests, the eggs injected from each tube were divided
as evenly as possible among the different groups. Also, in this instance,
part of the eggs were incubated in one incubator and therest in another.
So it was necessary to represent the eggs from the two machines in
their right proportion in the control and experimental groups.

One group of 15 eggs was opened and the tumor and embryos
weighedon the 12th day in order to obtain data on tumor and embryo
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size at the time the test was begun. At this time the tumors averaged
0.37±0.18 gm. and the embryos 3.17±0.29 gm.

The other 5 groups were prepared for injection as already described.
They were injected with the following materials wer the chick mem-
branes or into the yolk sac:

After this injection, the eggs were incubated for 24 hours. At the
conclusion of this period, all groups were removed from incubation at
the same time. The tumors and embryos of each group were harvested
and weighed individually. Tumors of thi control group averaged
0.63±0.25 gm., representing an increase in size of 0.26 gm. or 70%
for the 24-hour period. The control embr/os averaged 4.02±0.42 gm.,
representing an increase in size of Í.8S gm. or 27% for the 24-hour
period.

The results of the experiment are fummarized in Table 1. It will be
noted that in the last 2 columns of the table, the embryo and tumor
growth in the experimental groups are given in terms of the growth
relative to the controls which tool place in the 24-hour test period. In
this particular test, as is shown, the rate of growth of the embryos of
the experimental groups was as high or higher than that of the con-
trols. The growth rate of the tumors for the 24-hour period varied
from zero to 92% of the controls.

An experiment of this type having been completed, further tests
aremade with the compcund or combinations of compounds which have
given promising results, or additional experiments are undertaken with
the less-effective materials at different concentrations. It is not un-
usual to make as many as 10 separate tests in the process of evaluating
a compound. This becomes necessary when there is a change in such
factors as dosage, suspending medium, manner of introduction into
the egg, etc. When the control tumors are vigorous and show normal
growth, identical experiments give consistent results. Occasionally,
when for various reasons the control tumors are not up to standard,

THE USE OF EMBRYONATED EGGS

1.

2.
3.

4.

5.

Control: 0.2 cc. of the suspending fluid consisting of an
emulsion of corn oil (2 parts) and H2O (1 part). Mem-
brane injection.
Podophyllotoxin: 0.001 mg. Membrane injection.
Podophyllotoxin: 0.001 mg. Membrane injection.
ZrCl4: 0.5 mg.
Podophyllotoxin: 0.001 mg. Membrane injection.
CuCl2 : 0.2 mg.
Podophyllotoxin: 0.001 mg. Yolk sac injection.
CuCl2 : 0.2 mg.
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there may be results inconsistent with those obtained in previous
experiments.
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The Effect of Metallic Chlorides on the Growth
of Tumor and Nontumor Tissue

ALFRED TAYLOR AND NELL CARMICHAEL

A number of metallic elements, mainly in the form of water-soluble
chlorides, have been tested for their effect on the embryo and tumor of
tumor-bearing eggs. The same compounds were also used in experiments
with a mouse sarcoma cultivated as transplants in the mouse.

A search through the literature on cancer therapy disclosed that many
of the metals have received little or no attention. Such work as has been
done is often difficult to appraise, because of various factors such as
limited number of tests, manner of testing, etc. Specific references will
be considered in association with the report on particular metallic com-
pounds.

Many of the metallic elements areknown to have marked biological
effects even at comparatively low dosage levels. This applies to some of
these elements, such as copper and cobalt, which are required for the
normal functioning of some organisms. Further, the metals are charac-
terizedby the readiness with which they enter living cells when injected
into an animal.

In view of these properties, it seemed worthwhile to evaluate the
reaction of tumor tissue in comparison with rapidly-growing nontumor
tissue to various dosages of a series of these elements. It was considered
that if differences were discovered in the way the cancer and noncancer
cell responded to treatment with particular metals, such data could con-
tribute to the problem of how to control cancer growth.

The egg technique of cultivating tumor tissue and its use in cancer
chemotherapy research, which has been described in other papers of
this bulletin, appeared to be especially suitable for such a study. The
yolk sac cultivated tumor develops without interferingwith the support-
ing embryo in the early stages, and the rate of growth is such that a
period of 24 hours is sufficient to evaluate the effect of the test material,
both on the growth of the tumor and of the embryo. Hence, the growth
reaction of tumor and nontumor tissue to a particular test-compound
can be obtained quiterapidly.



THE EFFECT OF METALLIC CHLORIDES

37

Materials and Methods
Eggs inoculated with tumor by the yolk sac method on the 4th day

of incubation with a C3H mouse mammary adenocarcinoma were used
in the tests with tumor-bearing eggs. In most experiments, the test
material was introduced over the area vasculosa, or injected into the
yolk sac of eggs incubated a total of 12 days, or 8 days after tumor
inoculation. At this period, the tumor weighed on the average 0.24 gm.,
and in the next24 hours nearly doubled in size. Thesupporting embryos
at the 12th day of incubation averaged 3.2 gm., and increased in size
about 30% in the 24-hour period of the test. The details of the techniques
involved are described in other papers of this bulletin.

The compounds used were injected into the yolk sac as aqueous solu-
tions. Aqueous solutions in suspensions with cottonseed oil (1 part
aqueous solution to 2 parts of the oil) were used for the injections over
the membrane in order to prevent too rapid absorption of the test com-
pound.

Each experiment was carried out as follows: Tumor-bearing eggs
were divided into comparable groups, usually about 15 eggs in each.
One group was harvested at once to obtain the average tumor and em-
bryo weight at the beginning of the experiment. The other groups were
divided into control and experimental eggs and injected with the appro-
priate material. The eggs were incubated at 37° C. for 24 hours. The
embryos and tumors were then harvested and weighed individually.
Representative samples of control and experimental tumors were selected
for histological examination when the tumor was inhibited in growth.

The effect on growth was evaluated on the basis of the increase in
size of embryo and tumor which occurred in the control eggs during the
period of the experiment.

Tests with mouse-growntumor were made in most experiments with
transplants in dba mice of a dba mouse sarcoma (dba 131) which grew
rapidly and uniformly (1). This tumor, when implanted by the sub-
dermal injection of 0.025 cc. of tumor suspended in enough 0.85% saline
to make the total inoculum 0.2 cc, grew to an average size of 3.0 gm.
in a period of 10 days. The mice were implanted subdermally in the
right inguinal area. Four days later, the tumor had attained an average
size of 0.3 gm. At this stage the animals were divided into equivalent
control and experimental groups. The experimental animals received
5 subdermal injections on successive days at a site removed from the
tumor location. The control mice were injected similarly with the sus-
pending fluid of the test material.
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The various compounds were injected as aqueous solutions, usually
emulsified with cottonseed oil (1 part solution to 2 parts oil), as was
done with the injections over the egg membranes. The test compounds
were also administered to the experimental animals by means of the
drinking water. Dosage was based on the 24-hour consumption of water
per animal.

The tumors in the experimental and control groups were measured
every other day for a total of 3 measurements. On the 7th day of the
tests, the mice were killed and the tumors dissected out and Weighed
individually. Tumor measurements were made as has beenreported (2).
The size of the tumor was represented by the square of the average of
the greatest and least diameters. Many experiments have demonstrated
that this method provides a good representation of the tumor growth
whenchecked against the actual weight of the tumor mass.

In most instances, groups of 7 mice each were used in preliminary
experiments with repeated tests when the initial results indicated some
degreeof activity in the test chemical.

A total of 33 metallic chlorides and 4 metallic nitrates were ultilized.
The data obtained and consideration of the work of other investigators
will be given for each compound as a separate item in this report.

Aluminum Chloride
AIC13

The results obtained with aluminum chloride afe recorded in Table 1.
Eleven-day chick embryos tolerated 1.0 to 2.0 mg. of the compound in
tests extending for a period of 5 days without any loss of weight. These

Table 1

Alda

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
infection

Tumor Embryo
Survival, wt., wt.,

con- con- con-
Duration trol= trol= trol:=

(days) 100 100 100

1.0-2.0
4.0
1.0-2.0

11-day nontumor eggs
oil-H2O 40 3 membrane 5 100
oil-H2O 22 2 membrane 5 60
OÜ-H2O 24 2 yolk 5 75

101
62
94

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

1.0
4.0
1.0

oil-HoO 30 1 membrane 1 100
saline 12 1 membrane 2 75
HoO 17 1 yolk 1 82

31
68
64

100
87

100
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chick embryos showed no signs of toxicity. The same quantity of the
compound introduced into the yolk sac was associated with increased
mortality and lower weight. Dosages of 1.0 to 4.0 mg. had some inhibi-
toryeffect on the tumor growth of tumor-bearing eggs.

Theexperiments with mice gave negativeresults.
There are a few reports in the literature on the use of aluminum salts

in cancer chemotherapy experiments with mice bearing sarcoma trans-
plants. Aluminum sulfate, aluminum hydroxide, and aluminum sodium
chloride gave negative results (3, 4, 5).

Barium chloride
BaCl2

The results obtained with barium chloride are recorded in Table 2.
This compound proved to be relatively nontoxic for the 11-day chick

Table 2

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Bodywt.,
control=

100Medium

0.2-0.5

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

saline 28 2 7 90 100

0.4/day
6.0-8.0
/day

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

H20 14 1 7
H2O 14 2 6

124 107
96

BARIUM CHL
BaCl2

"RIDE

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Tumor Embryo
Survival, wt., wt.,

con- con- con-
Duration trol=: trol= trol=

(days) 100 100 100

1.6
3.0
1.6
3.0

11-day nontumor eggs
H2O 32 2 membrane 5 100
H2O 30 2 membrane 5 100
H2O 32 2 yolk 5 78
H2O 32 2 yolk 5 85

91
86
94

105
12-day eggs bearing yolk sac transplantsof

a mouse mammary adenocarcinoma
0.1-0.4
0.1
3.0
3.0

saline 79 3 membrane 100
saline 32 1 yolk 2 100
OÜ-H2O 14 1 membrane 2 71
oil-H2O 14 1 yolk 2 86

107
125
52

116

96
100
98
70
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embryo at dosages ranging from 1.6 to 3.0 mg. The data indicate slight
inhibition of growth in the tumors of tumor-bearing eggs when 3.0 mg.
were introduced by membrane injection.

There was a slight inhibition of the growth of tumor transplants in
mice injected with 0.1 to 0.2 mg. of the compound. Barium chloride
in the drinking water was ineffective.

Several investigators have reported retardation of tumor growth in
rats and mice to be associated with the administration of barium
chloride and other barium salts (5, 6, 7, 8).

Beryllium chloride
BeCl2

The results obtained with beryllium chloride are summarized in
Table 3. The embryos of 11-day eggs manifested a lower survival and
weight loss in association with 0.5 mg. of the compound. Experiments
with tumor-bearing eggs gave results which indicated a definite inhi-

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration control=

(days) 100

Body wt,
controls

100Medium

0.1-0.2

dbamice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

saline 28 2 7 73 90

0.2/day
+.0/day
2.0-4.0
/day

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

H2O 14 1
H2O 14 1
H20 2 2 6

98
88

105
96
96

IABLE 3
BERYLLIUM CHLORIDE

BeCl2

Tumor Embryo

Dosage
(nig.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol=: trol= trol=
(days) 100 100 100

11-day nontumor eggs
0.5
2.0
2.0

OÜ-H2O 12 1 membrane 5 82
OÜ-H2O 1 membrane 6 30
oil-H2 O 8 1 yolk 6 75

86
57
86

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

0.5-1.0 OÜ-H2O 31 3 membrane 1 86 26 110
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bition of tumor growth without affecting the weight of the host embryo.
However, there was an increase in mortality, indicating toxic effects.

Beryllium chloride, administered to mice by injection, only slightly
inhibited the growth of tumor transplants. When the compound was
given to tumor-bearing mice in the drinking water at subtoxic levels,
there was no effect on tumor growth.

Beryllium salts are known to be relatively toxic to animals (9). One
investigator reported that 2 of a group of 24 rabbits developed bone
sarcoma after receiving 40 mg. of a finely-divided suspension of the
metal (10).

Cadmium chloride
CdCl2

The results obtained with cadmium chloride are recorded in Table 4.
The data indicate that 0.01 mg., injected over the 11-day chick embryo

Table 4

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration control=

(days) 100

Body wt,
controls

100Medium

0.05
0.25

dbamice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

saline 14 1 7
oil-H2O 14 1 7

95
86

97
105

0.1/day

tumor-bearing and nontumor mice
(compound dissolvedin drinking water)

H20 14 1 7 108 102

M CHLORIDE
CdCl2

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Tumor Embryo
Survival, wt., wt.,

con- con- con-
Duration trol= trol= trol=

(days) 100 100 100

11-day nontumor eggs
0.01
0.01
0.02
0.02

oil-HaO 14 2 membrane 6 85
oil-H2O 14 2 yolk 6 92
oil-H2O 1 membrane 6 71
oil-H2O 14 2 yolk 6 71

85
93
79
96

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

0.0001
0.001-
0.005
0.01
0.01

OÜ-H2O 32 1 membrane 1 85
OÜ-H2O 62 2 membrane 1 88

oil-ftO 32 1 membrane 1 68
H2O 28 1 yolk 1 100

70
46

43
89

74
90

80
97
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membranes in tests extending 6 days, was associated with increased
mortality and decreased weight as compared with the controls. Tumor-
bearing eggs tolerated lower dosage levels as compared with the noh-
tumor eggs. A dosage of 0.001 to 0.005 mg. was sufficient to inhibit the
growth of both tumor and embryo of tumor-bearing eggs.

Cadmium chloride administered to mice both by injection and by
way of the drinking water was without effect on tumor growth.

Cadmium chloride has been used in experiments with mouse spon-
taneous mammary adenocarcinomas with negative results (11).

Calcium chloride
CaCl2

The results obtained with calcium chloride are recorded in Table 5.
Eleven-day chick embryos were very little affected by a dosage of
4.0 mg. introduced either over the membranes or into the yolk sac. In

Table 5

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size, Bodywt.,
Duration control= control=

(days) 100 100Medium

dba micebearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.01-0.05 oil-H2O 28 3 7 94 98

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

0.2/day
0.5/day
2.0/day

H20 14 1 7
H2O 14 1 7
H20 14 1 6

112
85

98
94
86

CaCl2

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Tumor Embryo
Survival, wt, wt.,

con- con- con-
Duration trol=: trol= trol=:

(days) 100 100 100

11-day nontumor eggs
4.0
4.0

oil-H2O 8 1 membrane 6 100
oil-EUO 8 1 yolk 6 100

90
103

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

1.0 oil-H2O 24 2 membrane 1 81 51 63
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contrast to this, tumor-bearing eggs receiving membrane injections of
1 mg. resulted in growth inhibition of both embryo and tumor and a
rise in mortality.

Experiments with mice gave negative results.
It has been reported that calcium chloride inhibited the growth of a

sarcoma in rats (12) and rabbits (13).

Cerous chloride
CcCl3

The results obtained with cerous chloride are recorded in Table 6.
This comparatively nontoxic compound reduced tumor growth in
tumor-bearing eggs 55% by membrane injection and 87% by yolk
sac injection at dosages apparently nontoxic to the chick embryo.

Experiments with mice gave negative results.
It has been reported that cerium chloride was without effect on a

transplanted rat tumor (14).

Table 6

Dosage
(nig-)

No.
mice

No.
exps.

Tumor size,
Duration control=

(days) 100

Body wt., "control=
100Medium

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

1.0 saline 14 1 7 125 96

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

2.0/day H20 14 1 7 104 104

CEROUS CHLORIDE
CeCl3

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Tumor Embryo
Survival, wt., wt.,

con- con- con-
Duration trol= trol= trol=

(days) 100 100 100

11-day nontumor eggs
2.0
2.0

oiI-H2O 16 2 membrane 5 86
oil-H2O 16 2 yolk 5 100

104
109

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

2.0
1.0

oil-H2O 23 2 membrane 1 85
H2 O 28 1 yolk 1 100

45
13

105
95
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The results obtained with cesium chloride are recorded in Table 7.
Experiments with eggs indicated that the 11-day embryo can tolerate

Table 7

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Bodywt.,
controls

100Medium
dba micebearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1
0.5

saline 14 1 7
oil-H2O 14 1 4

96
86

97
101

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

0.2/day
1.0/day
2.0/day

H2 O 14 1 7
H20 14 1 7
H2O 14 1 6

123
106

101
104
97

Cesium chloride

CE,
CsCl

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Tumor Embryo
Survival, wt., wt.,

con- con- con-
Duration trol= trol= trol=

(days) 100 100 100

11-day nontumor eggs
2.0
2.0

oil-EUO 32 2 membrane 5 88
oil-H2O 32 2 yolk 5 107

97
96

12-day eggs bearing yolk sac transplantsof
a mouse mammary adenocarcinoma

2.0
1.0

oil-H2O 16 1 membrane 1 100
H2O 13 1 yolk 1 67

137
41

112
73

Dosage
(mg.) Medium

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Bodywt.,
control=

100

dbamice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1 saline 14 1 7 111 101
tumor-bearing and nontumor mice

(compound dissolved in drinking water)
0.2/day
2.0/day
2.0/day
4.0/day

H2O 14 1 7
H2 O 14 1 7
H2O 14 1 6
H2O 14 1 6

117
91

97
95
97
93
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nearly 2.0 mg. over the membrane or in the yolk sac. There was no
evidence of an unfavorable influence on tumor growth either in the
experiments with egg or mouse-cultivated tumors.

Comparable results are reported for mouse tumor transplants by
Wright and Graham (15).

Chromic chloride

CrCl3
The results obtained with chromic chloride are recorded in Table 8.

The data indicate this compound was tolerated by the 11-day chick
embryo in dosages up to 2.0 mg. The tumors of tumor-bearing eggs
were stimulated in growth by a dosage of 1.0 mg. injected over the
chick membranes or into the yolk sac.

Table 8

C CHILORID
CrCl3

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol=z trol= trol=
(days) 100 100 100

11-day nontumor eggs
1.0
1.0

2.0
2.0

oil-H2 O 32 2 membrane 5 100
oil-HaO 32 2 yolk 5 80
oil-HaO 16 1 membrane 5 75
OÜ-H2O 16 1 yolk 5 80

100
100
95

102

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

1.0
1.0

OÜ-H2O 28 3 membrane 2 100
oil-HsO 21 2 yolk 2 100

120
145

100
92

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Bodywt.,
controls

100Medium

dbamice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1-0.5 saline 21 2 7 92 100

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

0.2-2.0
/day

2.0-4.0
/day

H2O 28 4 7

H2O 21 2 6

102 100

100
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Experiments with mice were negative.
It has been reported that chromic chloride gave negative results with

mice bearing spontaneous mammary ademocarcinoma (5).

COBALTOUS CHLORIDE

CoCl2
The results obtained with cobaltous chloride are recorded in Table 9.

This compound is comparatively toxic to the 11-day chick embryo. A
dosage range of 0.2-0.5 mg. was tolerated for the 5-day period of the
test. Tumor-bearing eggs proved to be more sensitive to the compound.
A dosage of 0.1 mg. injected over the chick membranes inhibited tumor
growth 72%, but embryo growth was inhibited comparatively to about
the same degree.

Table 9

.TOUS CHLORIDE
CoCL

No.
eggs

No.
exps.

Site of
injection

Tumor Embryo"
Survival, wt., wt.,

con- con- con-
Duration trol= trol= trol=

(days) 100 100 100
Dosage
(mg.) Medium

11-day nontumor eggs
0.2-0.5
0.2-0.5
2.0

oil-H2O 40 4 membrane 5 100
oil-H3O 40 4 yolk 5 100
oil-H2O 3 1 membrane lethal in 24 hrs.

104
94

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

0.1
0.5
0.5

OÜ-H2O 16 1 membrane 1 88 28
oil-H2O 16 1 membrane 1 88 11
OÜ-H2O 16 1 yolk 1 56 37

89
30
69

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Bodywt.,
control=

100Medium

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.2
0.1-0.2

saline 14 1 7
oil-H2O 21 7

118
73

103
98

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

0.4/day
0.7/day
1.4/day
2.0/day
3.0/day

H2O 14 1 7
H2O 14 1 4
HoO 14 1 7
H2 O 14 1 7
H2 O 14 1 5

91
65
72
59

99
92
82
86
92
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The mouse-grown sarcoma transplants were inhibited in growth
when the compound was given by injection or in the drinking water.

Cobalt chloride has been reported to be effective against a rat-
transplanted carcinoma, but was toxic for the host (16). Other workers
have had mixed results with cobalt chloride in experiments with trans-
planted carcinomas in mice (17, 18, 19). One paper reported negative
results with cobaltous chloride used on mice bearing spontaneous
mammarycancers (20).

CUPRIC CHLORIDE
CuCl2

The results obtained with cupric chloride are recorded in Table 10.
Dosages of 0.2 to 0.4 mg., either by membrane or yolk sac injection,

Table 10
CUPRIC CHLORIDE

CuCl2

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol= trol= trol=
(days) 100 100 100

11-day nontumor eggs
0.2
0.2
0.4
0.4
1.0
1.0

oil-H2O 16 1 membrane 5 100
oil-H2O 16 1 yolk 5 100
OÜ-H2O 16 1 membrane 5 88
oil-HoO 16 1 yolk 5 100
oil-H2O 8 1 membrane lethal in 4 days
oil-H2O 8 1 yolk lethal in 1 day

111
114
110
120

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

0.1
0.2-0.4
0.2-0.4

oil-H30 16 1 membrane 1 100 140
oil-H2O 32 2 membrane 1 64 209
oil-H2O 32 2 yolk 1 65 14

140
92
135

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Body wt.,
control=

100Medium

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.05-0.1
0.1-0.2 .

saline 35 4 7
oil-H2O 28 3 7

80
75

94
98

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

0.02-0.1
0.3

H2O 28 3 7
H2O 14 1 7

79
68

99
90
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tended to accelerate the growth of the 11-day chick embryo. One mg.
of the compound was more lethal when injected into the yolk sac
than when injected over the chick membranes. In the tumor-bearing
egg experiments, the embryo continued to show growth stimulation,
but the tumors were quite markedly accelerated in growth as a result
of membrane injections, and inhibited when the compound was in-
jected into the yolk sac.

In the mouse experiments, the transplanted sarcoma was inhibited
in growth to some extent, and to about the same degree when the
compound was injected subdermally or given in the drinkingwater.

It has been reported that cupric chloride was without effect on a
mouse spontaneous mammary adenocarcinoma (5).

Ferric chloride
FeCl3

The results obtained with ferric chloride are recorded in Table 11.
The data indicate that the 11-day chick embryo can tolerate dosages

Table 11
FERRIC CHLORIDE

FeCl3

Tumor Embryo
Survival, wt., wt.,

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

con- con- con-
Duration trolrr trol= trol=

(days) 100 100 100

1.0-4.0
2.0-4.0

11-day nontumor eggs
OÜ-H2O 48 5 membrane 5 100
oil-H2O 40 4 yolk 5 100

97
99

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

0.5-2.0
3.0

oil-HsO 50 2 membrane 2 100
OÍI-H2O 14 1 yolk 2 92

94
64

103
77

Dosage
(mg.) Medium

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Bodywt.,
control=

100

0.1
1.0

dbamice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

saline 21 2 7
HoO 10 1 7

112
76

98
103

0.4/day
2.0-4.0
/day

2.0/day

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

H20 14 1 7
H2O 21 2 7

H2O 14 1 6

96
89

101
91

101
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up to 4.0 mg. Tumor-bearing eggs were adversely affected by a dosage
of 3.0 mg. Tumor and embryo were affected to about the same degree.

Experiments with mice gave negative results exceptfor a slight inhi-
bition of growth when the compound was given in the drinking water.

Iron salts have been reported to be ineffective in experiments with
rats and mice bearing carcinoma transplants (16, 18, 19).

Lanthanum chloride
LaCl2

The results obtained with lanthanum chloride are recorded in Table
12. The data show that a dosage of 2.0 mg. or more, membrane injec-
tion, was toxic to the 11-day chick embryo. The same dosage intro-

Table 12

LANTHANUM CHLORIDE
LaCl2

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Tumor Embryo
Survival, wt., wt.,

con- con- con-
Duration trol= trol= trol=

(days) 100 100 100

11-day nontumor eggs
1.0
1.0
2.0
2.0
4.0
4.0

oil-HaO 28 3 membrane 5 100
oil-HsO 28 3 yolk 5 100
OÜ-H2O 16 1 membrane 5 75
OÍI-H2O 16 1 yolk 5 100
OÜ-H2O 16 1 membrane 5 62
oil-BUO 16 1 yolk 5 100

93
98
96
90
94
88

1
12-day eggs bearing yolk sac transplants of

a mouse mammary adenocarcinoma
1.0
2.0
2.0

oil-EUO 32 1 membrane 1 100
OÜ-H2O 16 1 membrane 1 83
oil-H2O 16 1 yolk 1 50

76
43
26

103
100
110

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration control=

(days) 100

Bodywt.,
control=

100Medium

dbamice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1 saline 14 1 104 97

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

0.2/day
2.0/day
2.0-4.0
/day

H2O 14 1 7
H20 14 1 7
H2O 21 2 6

94
81

96
103
98
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duced into the yolk sac had less effect. Experiments with tumor-bearing
eggs indicate this compound to be more toxic to the tumor tissue than
to the embryo. This is especially so with respect to injections into the
yolk sac. However, there was an increase in mortality of the tumor-
bearing eggs receiving 2.0 mg. of the compound.

The mouse experiments gave mainly negative results, except that
where the compound was given in the drinking water, the growth of
tumor transplants was slightly inhibited.

Lanthanum nitrate has been reported to be ineffective against a
transplanted carcinoma and a spontaneous mammary adenocarcinoma
in mice (17,20).

Lead nitrate

Pb(NO3) 2

The results obtained with lead nitrate are recorded in Table 13. Ex-
periments were also carried out with lead chloride, but the greater
solubility of the nitrate made it preferable. This was especially so,
as the physiological reaction of tumor and embryo appeared to be
nearly the same for the two compounds.

Lead nitrate is well-known for its toxic effects on organisms. A
dosage of 0.1 mg. injected into the yolk sac of 11-day chick embryos
was associated with development of meningoceles in many of the chick
embryos. The tumors of tumor-bearing eggs were much accelerated
in growth by the injection over the chick membranes of 0.1 mg. of
lead nitrate. The same dosage injected into the yolk sac inhibited tumor
growth.

Table 13

.D NITRAVTE
Pb(NO3)2

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol=: trol= trol=
(days) 100 100 100

11-daynontumor eggs
0.1
0.1

oil-H2 O 50 6 membrane 3
oil-HoO 12 1 yolk 5

95
50

98
meningoceles

0.1
0.1

12-day eggs bearingyolk sac transplants of
a mouse mammary adenocarcinomaoü-ILO 24 2 membrane 1

H.O 45 2 yolk 1
84
95

151 91
45 119
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This compound was not used in experiments with mice.
Numerous lead salts and other lead compounds have been tried in

cancer therapy experiments with inconsistent results. Lead nitrate has
been reported to give negative results with mice bearing transplants
of a carcinoma (18, 19) and with mice bearing spontaneous mammary
adenocarcinomas (5). E. M. Butt et al. have reported the production
of meningoceles and cranioschises in chick embryos with 0.5 to 1.0 mg.
of lead nitrate (21).

Lithium Chloride
LiCl

The results obtained with lithium chloride are recorded in Table 14.
A dosage of 0.5 mg., membrane injection, was tolerated by the 11-day
chick embryo. Experiments with tumor-bearing eggs indicated that, with
a dosage of 0.1 mg., membrane injection, tumor growth was inhibited
without affecting the host embryo in this respect.

The mouse experiments gave negative results.

Table 14

LiCl

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol= trol= trol=:
(days) 100 100 100

11-day nontumor eggs
0.5 ÓÜ-H2O 30 4 membrane 5 100 93

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

0.1
0.1
1.0

OÜ-H2O 44 2 membrane 1 100
oil-HsO 30 1 yolk 1 92
OÜ-H2O 16 1 membrane 1 75

28
104

12

102
83
93

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Bodywt.,
control=

100Medium

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.5-1.0 saline 21 2 7 112 100

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

2.0/day H2O 14 1 7 99 103
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Lithium chloride has been reported to give negative results when used

on rabbits bearing transplanted sarcomas (13) and mice bearing spon-
taneous mammary adenocarcinomas (5).

Magnesium chloride
MgCl2

The results obtained with magnesium chloride are recorded in Table
15. A membrane injection of 1.0 mg. of this compound practically in-

hibited the growth of egg-cultivated tumor, but the embryo growth was
also affected, though to a lesser degree.

The mouse experiments gave negative results.
It has been reported that magnesium chloride gave negative results

with both transplanted and spontaneous tumors in mice (22).

Manganese chloride

MnCl2
The results obtained with manganese chloride are recorded in Table

16. Eleven-day chick embryos tolerated up to 4.0 mg., membrane or yolk

Table 15
MAGNESIUM CHLORIDE

MgCl2

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol= trol= trol=
(days) 100 100 100

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

1.0
1.0

oil-H2 O 16 1 membrane 1 100
H3O 28 1 yolk 1 100

3
60

60
84

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Bodywt.,
control=:

100Medium

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.5-1.0 oil-H2O 21 2 7 96 99

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

2.0/day H2O 14 1 7 110 102
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sac injection. The same dosage when used on tumor-bearing eggs was
associated with a marked inhibition of tumor growth with both mem-
brane and yolk sac injection. The embryo was inhibited in growth only
when the compound was injected over the chick membranes.

The experiments with mice were negative, except for very slight in-
hibition of tumor growth.

Manganese chloride has been reported to be ineffective against a
mouse-transplanted carcinoma (23).

Mercuric chloride

HgCl2
Theresults obtained with mercuric chloride are recorded in Table 17.

A dosageof 0.01 mg., membrane injection, was toleratedby 11-daychick

Iable Id
MANGANESE CHLORIDE

MnCl2

Dosage
(nig.) Medium

No.
eggs

No.
exps.

Site of
injection

Tumor Embryo
Survival, wt., wt.,

con- con- con-
Duration trol= trol= trol=

(days) 100 100 100

11-day nontumor eggs
1.5-2.0
1.0-2.0
4.0
4.0

oil-H2O 30 3 membrane 5 100
oil-H2 O 30 3 yolk 5 89
OÜ-H2O 24 2 membrane 5 100
oil-H2O 24 2 yolk 5 85

103
97
96
88

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

0.5
1.0
4.0
4.0

oil-H2O 32 1 membrane 2 88
oil-HaO 28 1 membrane 1 74
OÜ-H2O 16 1 membrane 1 63
OÜ-H2O 16 1 yolk 1 70

107
91
11
19

114
88
72

103

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Body wt.,
controls

100Medium

0.1

dbamice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

saline 14 1 91 98

0.2-1.0
/day

2.(M-.0
/day

6.0-8.0
/day

tumor-bearing and nontumor mice
(compound dissolvedin drinking water)

H2O 27 3 7

H2O 21 2 6

H2O 21 2 6

89 100

101

100
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embryos. Dosages of 0.04 to 0.05 mg. were toxic either when injected
over the chick membranes or into the yolk sac. This compound in dos-
ages of 0.01 to 0.02 mg., membrane injections, inhibited the growth of
both tumor and embryo of tumor-bearing eggs, but the same quantity
injected into the yolk sac appeared to affect tumor growth adversely
without affecting the embryo in this respect.

Mercuric chloride administered by subdermal injection inhibited
slightly the growthof sarcoma transplants in mice. When the compound
was given in the drinking waterat relatively high levels, there was more
effect on the tumor transplants.

Mercuric chloride has been reported to be ineffective against trans-
planted carcinomas in mice (24).

Table 17

MERCURIC CHLORIDE
HgCl2

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol= trol= trol=
(days) 100 100 100

11-day nontumor eggs
0.01
0.04
0.05
0.05
0.1

oil-HsO 24 2 membrane 5 83oil-H2O 24 2 membrane 5 68
oil-EUO 16 1 membrane 5 57
oil-H2 O 24 2 yolk 5 93
oil-H2 O 8 1 membrane lethal in 24 hours

100
96
91

102

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

0.01
0.02
0.01-0.02

OÜ-H2O 73 6 membrane 1 83 45
oil-EUO 14 1 membrane 1 71 22
OÜ-H2O 23 2 yolk 1 79 51

85
70

128

Dosage
(mg-)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Bodywt,
control=

100Medium

dba micebearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.05-0.075 saline 28 3 7 85 103
tumor-bearing and nontumor mice

(compound dissolved in drinking water)
0.025/day
0.1/day
0.3/day

HX) 14 1 7
H2O 21 2 7
H2O 14 1 7

78
78
63

99
98
91
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Molybdenum pentachloride

MoC15

The results obtained with molybdenum pentachloride are recorded in
Table 18. Eleven-day chick embryos tolerated 1.0 mg. of the compound,
either by membrane or yolk sac injection. The tumors and embryos were

inhibited in growth by the comparatively large dosage of 4.0 mg. injected
over the chick membranes. The same dosage in the yolk sac appeared
to affect adversely the growth of the tumor without affecting the host
embryo in this respect.

The mouse experiments gave negativeresults.
No reports of the use of this compound in cancer chemotherapy were

found in the literature. A few other molybdenum salts have been tried
without success (5).

Neodymium chloride
NdCl3

Theresults obtained with neodymium chloride are recorded in Table
19. Eleven-day chick embryos tolerated 1.0 to 2.0 mg. of this compound

Table 18
MOLYBDENUM PENTACHLORIDE

M0CI5

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
iniection

Survival, wt., wt.,
con- con- con-

Duration trol=: trol= trol=
(days) 100 100 100

11-day nontumor eggs
1.0
1.0
2.0
2.0

oil-H2O 16 1 membrane 5 98
oil-H2O 16 1 yolk 5 100
oil-BUO 24 2 membrane 5 92
OÜ-H2O 24 2 yolk 5 94

104
104
89
96

4.0
4.0

12-day eggs bearing yolk sac transplantsof
a mouse mammary adenocarcinoma

OÜ-H2O 16 1 membrane 1 75
OÜ-H2O 16 1 yolk 1 70

62
54

42
120

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration control=

(days) 100

Bodywt.,
control=

100Medium

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1-0.5 saline 21 2 7 97 102
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either by yolk sac or membrane injection. The same dosages inhibited
the growth of both the tumor and embryo of tumor-bearing eggs with
some indication that the tumor was more sensitive to the material
injected.

The mouse experiments gave negative results, except that there was
some inhibition of tumor growth in mice receiving 2.0 mg. per day of
the compound in the drinking water.

Reports of experiments with neodymium chloride were not found in
the literature. Neodymium nitrate has given negative results with trans-
planted carcinomas and spontaneous mammary adenocarcinomas in
mice (17,20).

Table 19

NEODYNIUM CHLORIDE
NdCl3

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol:= trol= trol=
(days) 100 100 100

11-day nontumor eggs
1.0
1.0
2.0
2.0

oil-H2O 32 3 membrane 5 100
oil-H2O 32 3 yolk 5 100
oil-HaO 16 1 membrane 5 100
oil-H2O 16 1 yolk 5 100

105
103
100
97

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

1.0
2.0
1.0

oil-HaO 28 1 membrane 1 100
OÜ-H2O 16 1 membrane 1 100
H2 O 16 1 yolk 1 100

11
23
87

80
80
83

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Bodywt.,
control=

100Medium

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1 saline 14 1 7 101 100

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

0.2/day
2.0/day
2.0-4.0
/day

5.0-6.0
/day

H2O 14 1 7
H2O 14 1 7
H2O 21 2 6

H2O 21 2 6

108
80

99
106
101

98
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Nickel chloride

NiCl2
The results obtained with nickel chloride are recorded in Table 20.

Eleven-day chick embryos tolerated 1.0 mg., membrane injection. The
same dosage was without effect on the growth of tumor and embryo of
tumor-bearing eggs. A lower dosage, 0.5 mg., membrane injection, ac-
celerated the growth of both embryo and tumor. Also, this compound
was more effective against the tumor when injected into the yolk sac.

Experiments with mice indicated a slight inhibitory effect on the
growth of the transplanted sarcoma.

Nickel chloride has been reported to be without effect on the growth
of a spontaneous mammaryadenocarcinoma (5).

Table 20

NICKEL CHLORIDE
NiCl2

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol= trol= trol=
(days) 100 100 100

11-day nontumor eggs
1.0
2.0

oil-HaO 12 2 membrane 6 100
OÜ-H2O 7 1 membrane lethal in 48 hours

100

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

0.5
1.0
1.0

0.3

OÜ-H2O 40 2 membrane 1 100 140
OÜ-H2O 14 1 membrane 2 73 100
OÜ-H2O 14 1 yolk 2 92 39
H2O 24 1 yolk 1 71 62

125
106
91

100

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size, Body wt,
Duration controls control=

(days) 100 100Medium

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1
0.2

oil-HsO 28 4 7
oil-H20 14 1 7

90
64

102
103

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

0.1/day
0.4-1.0
/day

2.0/day

H2O 14 1 7
H20 21 2 7

H2O 14 1 6

95
81

101
102

98
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Palladium chloride
PdCl2

The results obtained with palladium chloride are recorded in Table
21. Eleven-day chick embryos tolerated a dosage of 4.0 mg., injected
into the yolk sac, but this amountwas slightly toxic by membrane injec-
tion. The tumor of tumor-bearing eggs was inhibited in growth nearly
50% by 2.0 mg., membrane injection, without the embryo being affected
in this regard.

The mouse experiments gave negative results.
Palladium chloride has been reported to be without effect on spon-

taneous mammary adenocarcinomas in mice and transplant carcinomas
in rats (20,25).

Platinum chloride

PtCl4

The results obtained with platinum chloride are recorded in Table 22.
Eleven-day chick embryos showed lower survival with a dosage of 0.2
mg,. membrane injection, but the same level of the compound injected

Iable 21

PALLADIUM CHLORIDE
PdCl2

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol= trol= trol=
(days) 100 100 100

11-day nontumor eggs
1.0-2.0
1.0-2.0
4.0
4.0

oil-HaO 24 2 membrane 5 100
oil-H2O 24 2 yolk 5 100
oil-H.O 24 2 membrane 5
oil-H2O 24 2 yolk 5 100

100
101
98

105

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

2.0
1.0

OÜ-H2O 32 1 membrane 1 75
HüO 16 1 yolk 1 100

52
79

100
119

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration control=

(days) 100

Bodywt.,
controls

100Medium

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1 saline 14 1 7 103 101
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into the yolk sac appeared to be without effect. Both tumor and embryo
of tumor-bearing eggs were inhibited in growth by a dosage of 0.2 mg.
injected into the yolk sac.

Experiments with mice indicated slight inhibition of tumor growth in
association with dosages which caused some body weight loss.

Platinum chloride has been reported to be ineffective against a trans-
planted mammary carcinoma in mice (26).

Potassium chloride

XCI
The results obtained with potassium chloride are recorded in Table

23. Eleven-day chick embryos were adversely affected by dosages of 2.0
to 4.0 mg., membrane or yolk sac injections. The tumor and embryo of

Table 22

PLATINUM CHLORIDE
PtCL

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol=: trol= trol=
(days) 100 100 100

11-day nontumor eggs
0.01
0.1
0.2
0.2
1.0

oil-EUO 16 1 membrane 3 100
oil-H2 O 16 1 membrane 3 86
OÜ-H2O 24 2 membrane 5 93
oil-HoO 32 3 yolk 5 100
OÜ-H2O 4 1 membrane lethal in 48 hours

94
98

103
107

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

0.2
0.2

oil-H2 O 14 1 membrane 2 100 100
0Ü-H2O 14 1 yolk 2 100 62

77
82

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Bodywt.,
control=

100Medium

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.05 saline 14 7 7 80 97

tumor-bearingand nontumor mice
(compound dissolved in drinking water)

0.1/day
0.3/day
0.5/day

H2O 14 1 7
H,0 14 1 7
H2O 14 1 7

92
87
83

97
98
97
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tumor-bearing eggs werevery little affected by a dosage of 1.0 mg., mem-
brane injection.

The mouse experiments gave negative results.
Potassium chloride has been reported to be without effect against

spontaneous mammary adenocarcinomas and transplanted sarcomas m

mice (3, 5).

Praseodymium nitrate

Pr(NO 3) 3

Theresults obtained with praseodymium nitrate arerecorded in Table
24. Eleven-day chick embryos tolerated 1.0 to 2.0 mg. when introduced
by yolk sac injection, but this amount of the compound was slightly
toxic by membrane injection. A dosage of 4.0 mg. injected over the
chick membranes of tumor-bearing eggs moderately inhibited the growth
of both tumor and embryo.

Table 23

POTASSIUM CHLORIDE
KC1

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol= trol= trol='
(days) 100 100 100

11-day nontumor eggs
2.0
2.0
4.0
4.0

oil-H2 O 8 1 membrane 6 100
oil-H2O 8 1 yolk 6 100
oil-H2O 8 1 membrane 6 100
oil-H2O 8 1 yolk 6 100

86
95
85
85

12-day eggs bearing yolk sac transplantsof
a mouse mammary adenocarcinoma

1.0
1.0

oil-H.O 28 1 membrane 1 100
H2O 17 1 yolk 1 82

88
29

97
87

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Bodywt,
controls

100Medium

dbamice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

1.0 saline 14 1 7 92 97

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

2.0/day H2 O 14 1 7 91 104
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Experiments with mice gavenegative results.
Praseodymium nitrate has been reported to be ineffective against

transplanted carcinomas and sarcomas in rats (14).

The results obtained with rhodium chloride arerecorded in Table 25.
A dosage of 1.0 mg. was slightly toxic to 11-day chick embryos when
injected either into the yolk sac or over the embryo membranes. Tumors
and embryos of tumor-bearing eggs were inhibited in growthby a dosage
of 0.1 mg. injected into the yolk sac, but the same dosage by membrane
injection inhibited tumor growth without affecting the embryo in this
respect.

Table 24

PRASEODYMIUM NITRATE
Pr(NO3 )3

Tumor Embryo
Survival, wt., wt,

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

con- con- con-
Duration trol= trol= trol=

(days) 100 100 100

11-day nontumor eggs
1.0
1.0
2.0
2.0

oil-H2 O 24 2 membrane 5 75
OÜ-H2O 24 2 yolk 5 100
oil-HaO 16 1 membrane 5 62
oil-EUO 16 1 yolk 5 113

96
106
95

106

12-day eggs bearing yolk sac transplantsof
a mouse mammary adenocarcinoma

4.0 OÜ-H2O 10 1 membrane 2 47 71 71

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration control=

(days) 100

Bodywt.,
control=

100Medium

dbamice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1 saline 14 1 7 102 100

tumor-bearing and nontumor mice
(compound dissolvedin drinkingwater)

0.2/day
2.0/day
2.0/day
4.0-6.0
/day

H2O 14 1 7
H2O 14 1 7
H2O 14 1 6
H2O 28 3 6

133
107

108
105
99

100

Rhodium chloride

RhCl 3
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The transplant sarcomas in mice receiving the compound by sub-
dermal injection were unaffected. There was a slight inhibition in tumor

growth when the chemical was given to the animals in the drinking
water.

Rhodium chloride has been reported to be ineffective against trans-

planted ana spontaneous carcinomas in mice (5, 17).

The results obtained with rubidium chloride arerecorded in Table 26.
A dosage of 1.0 to 2.0 mg. of this compound was tolerated by the 11-day
chick embryo when injected over the membranes, but was slightly
toxic when introduced into the yolk sac. The tumors and embryos of
tumor-bearing eggs were inhibited slightly in growth by a dosage of 0.1

Table 25
RHODIUM CHLORIDE

RhCl3

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol= trol=: trol=
(days) 100 100 100

11-day nontumor eggs
1.0
1.0
4.0

OÍI-H2O 28 3 membrane 6 71
oil-H2 O 28 3 yolk 6 84
OÜ-H2O 6 2 membrane lethal in 4 days

95
91

12-day eggs bearing yolk sac transplantsof
a mouse mammary adenocarcinoma

0.1
0.1
0.5
0.5

oil-HzO 30 1 membrane 1 99
oil-H2 O 32 1 yolk 1 72
oil-H2 O 32 1 membrane 1 100
H2O 18 1 yolk 1 100

54
50
44
70

118
83
86
78

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Body wt,
control=

100Medium

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0,1 saline 14 1 4 100 105
tumor-bearing and nontumor mice

(compound dissolved in drinking water)
0.2/day
0.2/day

H.0 14 1 4
H2O 14 1 6

76 107
95

Rubidium chloride

RbCl
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nig., membrane injection, but 1.0 mg. injected in the same manner
almost completely prevented tumor growth, with moderate depression
of the embryo growth rate.

In the mouse experiments, 0.4 mg. per day in the drinking water
inhibited tumor growth 24% with, however, some loss of body weight
in the host mice.

Rubidium chloride has been reported to have some effect on a trans-
planted carcinoma in mice (17), but no effect on mouse spontaneous
mammary adenocarcinomas (20).

The results obtained with ruthenium chloride are recorded in Table
27. Eleven-day chick embryos tolerated 1.0 mg. of the compound either

Table 26
RUBIDIUM CHLORIDE

RbCl

Tumor Embryo
Survival, wt., wt.,

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

con- con- con-
Duration trol= trol= trol=

(days) 100 100 100

11-day nontumor eggs
1.0
1.0
2.0
2.0

OÜ-H2O 24 2 membrane 5 85
oil-H2O 16 1 yolk 5 100
OÜ-H2O 16 1 membrane 5 100
oil-H2O 16 1 yolk 5 100

104
93

104
86

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

0.5
1.0

OÜ-H2O 16 1 membrane 1 88
OÜ-H2O 24 2 membrane 1 90

89
5

96
81

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration control=

(days) 100

Body wt.,
controls

100Medium

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1
0.5

saline 14 1 7
oil-H2O 21 2 7

93
99

97
99

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

0.2/day
0.4/day
2.0/day
5.0/day

H2O 14 1 7
H2O 14 1 7
H2 O 14 1 5
H2O 14 1 7

99
76

101
93
98
92

Ruthenium chloride

RuC13
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by yolk sac or membrane injection. A dosage of 2.0 mg. increased the
mortality rate by this method of introduction. The tumors and embryos
of tumor-bearing eggs were inhibited in growthto about the same degree
by 1.0 mg., membrane injection.

Experiments with mice gavenegative results.
Ruthenium chloride has been reported to be ineffective against trans-

planted carcinomas and spontaneous adenocarcinomas in mice (17, 20).

Samarium chloride

SIXICI3
The results obtained with samarium chloride are recorded in Table

28. Eleven-day chick embryos tolerated 1.0 to 2.0 mg., membrane injec-
tion. A dosage of 2.0 mg. injected over the chick membranes of tumor-

Table 27

RUTHENIUM CHLORIDE
RuCls

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol= trol= trol=
(days) 100 100 100

11-day nontumor eggs
1.0
1.0
2.0
2.0

oil-HaO 14 2 membrane 6 100
OÍI-H2O 12 2 yolk 6 100
oil-EUO 24 2 membrane 5 79
OÜ-H2O 23 2 yolk 5 86

106
98

105
101

12-day eggs bearing yolk sac transplantsof
a mouse mammary adenocarcinoma

1.0 oil-H2O 16 1 membrane 1 100 56 60

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controlar

(days) 100

Body wt.,
controls

100Medium

dba micebearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1 saline 14 1 4 85 101

tumor-bearing and nontumor mice
(compound dissolvedin drinking water)

0.2/day
2.0/day
2.0

EUO 14 1 7
H2O 14 1 7
HaO 14 1 6

104
103

107
92
97
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bearing eggs inhibited tumor growth 60% without affecting the host
embryo in this regard.

Experiments with mice gave negativeresults.

No reference to the use of samarium chloride in cancer chemotherapy
experiments has been found in the literature. Samarium nitrate was
reported to be ineffective against a spontaneous mammary adenocarci-
noma (20).

Silver nitrate

AgNO3

The results obtained with silver nitrate are recorded in Table 29.
Eleven-day chick embryos tolerated 0.1 to 0.2 mg. of the compound
either by yolk sac or membrane injection. The tumors of tumor-bearing
eggs were completely inhibited in growth by the membrane injection
of 0.2 mg. with moderate inhibition of the growth of the host embryos.

In the mouse experiments, the growth of the transplanted sarcomas
was inhibited 35% by dosagesof 1.0 mg. per injection.

Silver nitrate has been reported to be ineffective against a trans-
planted sarcoma in mice (3).

Table 28

SAMARIUM CHLORIDE
SmCl3

Tumor Embryo

Dosage
Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol= trol= trol=
(days) 100 100 100

11-day nontumor eggs
1.0-2.0 oil-H3O 24 2 membrane 5 100 100

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

2.0
1.0

oil-HjO 32 1 membrane 1 75
H2O 30 1 yolk 1 100

40
113

103
103

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration control=

(days) 100

Body wt.,
controls

100Medium

dbamice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1
0.5

saline 14 1 5
OÜ-H2O 14 1 5 .

106
89

95
100
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The results obtained with stannic chloride are recorded in Table 30.
Eleven-day chick embryos tolerated dosages of 0.5 to 2.0 mg., membrane

Table 29
SILVER NITRATE

AgNO3

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt, wt.,
con- con- con-

Duration trol= trol= trol=
(days) 100 100 100

11-day nontumor eggs
0.1
0.1
0.2
0.2

oil-HÚO 22 3 membrane 5 86
oil-H2O 22 3 yolk 5 100
OÜ-H2O 18 2 membrane 5 91
oil-BUO 18 2 yolk 5 100

103
107
106
101

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

0.2
0.3

OÜ-H2O 18 1 membrane 1 79
H2 O 43 1 membrane 3 91

1
79

83
98

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration control=

(days) 100

Bodywt.,
control=

100Medium
dbamice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

saline 21 2 7
saline 14 1 7

110
65

0.1
1.0

99
96

Stannic chloride

SnCl4

Iable oü
STANNIC CHLORIDE

SnCld

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Siteof
iniection

Tumor Embryo
Survival, wt., wt.,

con- con- con-
Duration trol= trol= trol=

(davs) 100 100 100
11-day nontumor eggs

0.5
1.0
2.0

oil-H2O 16 1 membrane 5 100
OÜ-H2O 16 1 membrane 5 100
OÜ-H2O 16 1 membrane 5 100

112
114
110

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

0.1-0.5
1.0
2.0
1.0
1.0

oil-EUO 47 2 membrane 1 100
oil-HsO 18 1 membrane 1 87
oil-H2O 12 1 membrane 1 75
HaO 32 1 membrane 3 100
H2O 32 1 yolk 1 88

50
28
31
57
45

98
90
73

104
83
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injection. Both tumors and embryos wereinhibited in growth by a dosage
of 0.1 mg. either membrane or yolk sac injection.

In the mouse 'experiments there was a slight inhibition of the growth
of tumor transplants when the compound was given in the drinking
water.

Stannic chloride has been reported to be ineffective against spontane-
ous mammaryadencarcinomas in mice (20).

Strontium chloride
SrCl2

The results obtained with strontium chloride arerecorded in Table 31.
Eleven-day chick embryos tolerated a dosage of 1.0 mg. either by mem-
brane or yolk sac injection, but 2.0 mg. was slightly toxic. The tumors
and embryos of tumor-bearing eggs were inhibited in growth by 1.0

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Body wt.,"
controls

100Medium

dbamice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1
1.0

saline 21 2 7
saline 14 1 7

93
97

100
103

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

0.1/day
0.2/day
0.3/day

H2O 14 1 7
H2O 14 1 7
H3O 14 1 7

84
90
86

110
101
96

Table 31
STRONTIUM CHLORIDE

SrCl2

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt, wt,
con- con- con-

Duration trol= trol=: trol=
(days) 100 100 100

11-day nontumor eggs
1.0
1.0
2.0
2.0

oil-H2 O 16 1 membrane 5 100
OÜ-H2O 16 1 yolk 5 100
oil-EUO 24 2 membrane 5 93
OÜ-H2O 24 2 yolk 5 88

107
113
99

108

12-day eggs bearing yolk sac transplantsof
a mouse mammary adenocarcinoma

1.0
1.0

oil-H2O 21 1 membrane 1 91
H2O 14 1 yolk 1 92

17
9

89
77
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mg., membrane injection, with the possibility that the tumor was more
sensitive in this respect to the compound.

Experiments with mice gave negative results except that a dosage of
4.0 mg. per day in the drinking water slightly inhibited the growth of
the sarcoma transplants.

Strontium chloride has been reported to inhibit the growth of trans-
planted carcinomas in mice and rats (16, 17), but was without effect
on spontaneous mammary adenocarcinomas (20).

Thallium trichloride

TIClg
The results obtained with thallium trichloride are recorded in Table

32. Eleven-day chick embryos tolerated 0.1 to 0.2 mg. by membrane or

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
i Duration control=

(days) 100

Body wt.,
control=

100Medium

0.1
0.5

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

saline 14 1 7
oil-EW) 14 1 7

101
135

101
95

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

0.2/day
1.0/day
4.0/day
2.0/day
4.0/day

H20 14 1 7
H20 14 1 7
H2O 14 1 7
H20 14 1 6
H2O 21 2 6

92
100
80

105
106
98
98
96

Table 32
THALLIUM CHLORIDE

TlCla
Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol= trol= trol=
(days) 100 100 100

11-day nontumor eggs
0.1
0.2
0.2
0.4
0.4

oil-H2 O 24 2 membrane 5 100
oil-H2 O 24 2 membrane 5 91
oil-H2O 24 2 yolk 5 100
OÜ-H2O 8 1 membrane 5 86
OÜ-H2O 8 1 yolk 5 100

96
96

107
all deformed
all deformed

12-day eggs bearing yolk sac transplantsof
a mouse mammary adenocarcinoma

0.001
0.01
0.1
0.1

oil-H2 O 48 2 membrane 1 100
oil~H2 O 32 1 membrane 1 87
oil-HaO 64 3 membrane 1 90
H2O 30 1 yolk 1 100

48 103
6 128

56 92
63 95
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yolk sac injection, but were severely affected by 0.4 mg. The data indi-
cate that the tumors of tumor-bearing eggs were inhibited in growth,
but the host embryos were unaffected in this regard by dosages of 0.001
to 0.01 mg.

In the one experiment with mice receiving the compound by injection
there was some inhibition in the growth of the transplanted tumors.

It has been reported that thallium chloride was ineffective against a
transplanted carcinoma in mice (17).

Thorium chloride
ThCl4

The results obtained with thorium chloride are recorded in Table 33.
Eleven-day chick embryos tolerated a dosage of 1.0 mg., membrane
injection. A dosage of 2.0 mg. ormore was associated with toxic reactions
when introduced either into the yolk sac or over the embryo membranes.
The tumors and embryos of tumor-bearing eggs Were inhibited moder-

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Bodywt,
controls

100Medium

dbamice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1 saline 14 1 7 71 97

Table 33
THORIUM CHLORIDE

ThCL

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Tumor Embryo
Survival, wt, wt.,

con- con- con-
Duration trol= trol= trol=

(days) 100 100 100

11-day nontumor eggs
1.0
2.0
2.0
4.0
4.0

oil-H2O 14 1 membrane 5 100
OÜ-H2O 14 1 membrane 5 80
oil-EUO 14 1 yolk 5 94
oil-EUO 14 1 membrane 5 76
oil-H2 O 14 yolk 5 81

99
97
97
93
96

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

0.1
0.5
1.0
2.0

oil-H2O 30 1 membrane 2 100
saline 30 1 membrane 2 100
saline 30 1 membrane 2 92
OÜ-H2O 14 1 yolk 2 71

91
75
80

120

120
96
81
86
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ately in growth by dosages of 0.5 to 1.0 mg. of the compound introduced
over the embryo membranes.

In the mouse experiments, there was a slight inhibition of the growth
of the tumor transplants when the compound was given by subdermal
injection.

Thorium chloride has been reported to be ineffective against a trans-
planted sarcoma in rats (14).

Uranyl chloride

UO2C12

The results obtained with uranyl chloride are recorded in Table 34.
Eleven-day chick embryos tolerated 0.1 to 0.5 mg., membrane injection.
Dosages of 1.0 to 2.0 mg. increased the mortality of the embryos either

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Bodywt.,
controls

100Medium

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.05 saline 20 2 83 105

tumor-bearing and nontumor mice
(compound dissolvedin drinking water)

0.1
2.0
2.0

H2O 35 4 7
H2O 14 1 7
H2 O 14 1 6

98
101

104
103
98

Iable á4

URANYL CHLORIDE
UO2CI2

Tumor Embryo
Survival, wt, wt.,

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

con- con- con-
Duration trol= trol= trol=

(days) 100 100 100

11-day nontumor eggs
0.1-0.5
1.0
1.0
2.0
2.0

oil-HsO 38 3 membrane 5 100
OÜ-H2O 24 2 membrane 5 86
OÜ-H2O 24 2 yolk 5 73
oil-EUO 43 4 membrane 5 70
oil-H2O 25 3 yolk 5 75

100
105
102
105
105

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

2.0
2.0

oil-ILO 16 1 membrane 1 100
OÜ-H2O 16 1 yolk 1 52

32
10

97
64
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by membrane or yolk sac injection. The tumors and embryos of tumor-
bearing eggs were inhibited in growth by a dosageof 2.0 mg. in the yolk
sac and there was an associated marked increase in mortality. A dosage
of 2.0 mg., injected over the embryo membranes of tumor-bearing eggs,
inhibited tumor growth without very much effect on the host embryo,
but the same amount injected into the yolk sac inhibited both embryo
and tumor growth, and caused about half the embryos to die during the
course of the experiment.

Experiments with mice gave negative results as far as the effect on
the tumor growth was concerned.

It has been reported that uranium chloride gave negative results in
experiments with spontaneousmammary adenocarcinomas in mice (20).

Yttrium nitrate

Y(NO,) 3

The results obtained with yttrium nitrate are recorded in Table 35.
Eleven-day chick embryos tolerated 1.0 to 2.0 mg. either by membrane

Dosage
(mg.) Medium

No.
mice

No.
exps.

Tumor size,
Duration controls

(days) 100

Bodywt.,
control=

100

0.075

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

saline 21 2 7 119 90

0.15/day
0.3-0.7
/day

3.0/day
5.0/day

tumor-bearing and nontumor mice
(compound dissolvedin drinking water)

H20 28 3 7
H2O 35 4 7

H2O 14 1 6
H2O 14 1 6

87
102

98
103
100
92

Table 35
YTTRIUM NITRATE

Y(NO3)3

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Tumor Embryo
Survival, wt., wt.,

con- con- con-
Duration trol= trol= trol=

(days) 100 100 100

11-day nontumor eggs
1.0-2.0
1.0-2.0

oil-H2O 14 2 membrane 6 100
oil-H2O 14 2 yolk 6 100

100
100

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

2.0
3.0

oil-H2O 32 1 membrane 1 83
oil-HsO 12 1 membrane 2 67

7
49

97
88
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or yolk sac injection. The tumors of tumor-bearing eggs were almost
completely inhibited in growth by 2.0 mg., membrane injection, with
the host embryo slightly affected in this regard, but with an increased
death rate. A dosage of 3.0 mg. was toxic to tumor-bearing eggs as evi-
dencedby the higher than normal mortality.

In the mouseexperiments therewas a slight inhibiting effect on tumor
growth when yttrium nitrate was given in the drinking waterat a dosage
of 0.1 to 0.5 mg. per day.

Yttrium nitrate has been reported to inhibit the growth of a trans-
plant carcinoma in mice (17). It has also been reported that this com-
pound was without effect on a transplanted sarcoma in rats (14).

Zinc chloride

ZnCl2
The results obtained with zinc chloride are recorded in Table 36.

Eleven-day chick embryos were inhibited in growth by a dosage of 1.0

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size, Body wt,
Duration control= controls

(days) 100 100Medium

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1-0.5 saline 21 2 7 109 98
tumor-bearing and nontumor mice

(compound dissolved in drinking water)
0.2-0.7
/day

6.0/day

H20 35 4 7

H2O 14 1 6
81 99

101

Table 36

ZINC CHLORIDE
ZnClo

Dosage
(nag.) Medium

No.
eggs

No.
exps.

Site of
injection

Tumor Embryo
Survival, wt., wt.,

con- con- con-
Duration trol= trol= trol=*'

(days) 100 100 100

11-day nontumor eggs
1.0 oil-ILO 18 2 membrane 5 100 88

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

1.0
1.0

oil-HoO 24 1 membrane 1 100
HoO 30 1 yolk 1 100

35
45

126
89
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mg., membrane injection. The same dosage introduced into tumor-bear-
ing eggs inhibited tumor growth without affecting the embryo in this
regard. However, the same dosage injected into the yolk sac inhibited
the growth of both chick embryo and tumor.

In the experiments with mice, there was inhibition of tumor growth
when the compound was given in the drinking water at a dosage level
sufficient to cause some loss in body weight.

No reports were noted in the literature of the use of zinc chloride in
chemotherapy experiments with animals.

Zirconium chloride

ZrCl4

The results obtained with zirconium chloride are recorded in Table
37. Eleven-day chick embryos tolerated dosages of 2.0 mg. Dosages of

Dosage
(mg.)

No.
mice

No.
exps.

Tumor size,
Duration control=

(days) 100

Body wt,
control=

100Medium

dba mice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.1 saline 14 1 7 96 98

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

0.2/day
0.4/day
2.0-4.0
/day

H2 O 14 1 7
H2O 14 1 7
H2O 21 2 5

80
59

95
92

100

IABLE 67
ZIRCONIUM CHLORIDE

ZrCL

Tumor Embryo

Dosage
(mg.) Medium

No.
eggs

No.
exps.

Site of
injection

Survival, wt., wt.,
con- con- con-

Duration trol= trol= trol=
(days) 100 100 100

11-day nontumor eggs
2.0
2.0

oil-ftO 24 2 membrane 5 100
oil-EUO 16 1 yolk 5 100

100
110

12-day eggs bearing yolk sac transplants of
a mouse mammary adenocarcinoma

0.1
1.0
2.0
1.0

OÜ-H2O 63 3 membrane 1 100
OÜ-H2O 46 2 membrane 1 100
OÜ-H2O 48 2 membrane 1 100
HoO 32 1 yolk 1 100

14
19
20
36

87
102
96
89
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0.1 to 2.0 mg., membrane injection, inhibited the growth of the tumors
of tumor-bearing eggs with the embryos tending to be much less affected
in this respect. The yolk sac injection of 1.0 mg. inhibited both tumor
and embryo growth.

Experiments with mice gave negative results.
No reports wefe noted in the literature of the use of zinc chloride in

chloride in cancer chemotherapy experiments.

Discussion of Results
Cancer chemotherapy has engaged the attention of numerous work-

ers, and large numbers of compounds have been tested with a view to
discovering chemicals which would have a selectively destructive effect
on cancer tissue. The results to date of these researches have been
mainly negative. The disease, cancer, in common with diseases of
virus origin, cannot at present be controlled by chemotherapy. In spite
of the biological differences which differentiate cancer tissue from
rapidly-growing noncancer tissue, it has not been possible, as yet, to
find a compound which has an adverse effect on the one without affect-
ing the other.

The main objective of the present study was not directly concerned
with cancer chemotherapy. It was rather to discover differences in the
reaction of neoplastic and embryonic tissues, grown together and shar-
ing a common blood stream, to a series of metals administered, in most
instances, in the form of chlorides. These simple but relatively bio-
logically active compounds were utilized to provide a number of spe-
cific chemical stimuli for the tumor and embryo tissues contained in
the tumor-bearing egg, and to observe the respective growth responses.

The work with the mice did constitute a more direct approach to
tumor chemotherapy. A transplant sarcoma was used in these experi-

Dosage
(mg-)

No.
mice

No.
exps.

Tumor size,
Duration control=

(days) 100

Body wt,
control=

100Medium

dbamice bearing transplants of a sarcoma
(5 consecutive daily subdermal injections)

0.2 oil-H2O 14 1 7 89 100

tumor-bearing and nontumor mice
(compound dissolved in drinking water)

0.2/day
2.0/day
2.0/day

H2 O 14 1 7
H20 14 1 7
H2 O 14 1 6

86
97

109
97
92
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ments, and the results were negative as far as controlling tumor growth
was concerned. In the mouse transplant work, it is worth noting that
the metallic compounds which had the most effect on the growth of
the sarcoma transplants were also effective when used with the egg-
cultivated mouse-mammary carcinoma. Table 38 contains a list of

9 pomponents, administered to the tumor-bearing mice by subdermal
injection and by means of the drinking water, which had some growth-
inhibiting effect. In most of these experiments, the drinking water
method of testing was more effective than subdermal injections.

Table 39
MAXIMUM DOSAGES OF THE MOST TOXIC OF THE METALLIC COM-

POUNDS TESTED TOLERATED BY THE EMBRYOS OF TUMOR-
BEARING AND NONTUMOR-BERAING EGGS. MEMBRANE

INJECTION.

Table 38
METALLIC COMPOUNDS WHICH HAD THE MOST INHIBITING EFFECT

ON THE GROWTH OF TRANSPLANTS OF A SARCOMA IN DBA MICE
Drinking water

Tumor Body
Dosage size, wt.,

(mg. per control control
day) -100 =100

5 consecutive daily injections
Tumor Body

Dosage size, wt.,
(nig. per control control

day) =100 =100Compound

Cobaltous chloride. . 0.7
Cupric chloride.... 0.3
Mercuric chloride. . 0.3
Nickel chloride 0.4-1.0
Rhodium chloride. . 0.2
Rubidium chloride. . 0.4
Silver nitrate
Thallium chloride. .
Zinc chloride 0.4

65
68
63
81
76
76

59

92
90
91

102
107
93

92

0.1-0.2
0.1-0.2

0.05-0.75
0.2
0.1
0.5
1.0
0.1
0.1

73
75
85
64
100
99
65
.71
96

98
98

103
103
105
99
96
97
98

Nontumor-bearing 11-day
egg embryos

5-day-test

Tumor-bearing 12-day
egg embryos

1-daytest

Compound

Embryo
Survival wt.,

Dosage control control
(mg.) =100 =100

Embryo
Survival wt.,

Dosage control control
(mg.) =100 =100

Cadmium chloride
Mercuric chloride
Lead nitrate
Silver nitrate
Thallium chloride
Platinum chloride
Cupric chloride
Cobaltous chloride
Lithium chloride
Rhodium chloride

0.01
0.01
0.1
0.1
0.2
0.2
0.4
0.5
0.5
1.0

85
83
95
86
91
93
88

100
100
71

85
100
98

103
96

103
110
104

96

0.005
0.01
0.1
0.2
0.1
0.2
0.4
0.1
0.1
0.5

77
83
84
79
90

100
71
88

100
100

90
85
91
83
92
77

103
89

102
86
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In the egg-work aspect of the investigation, considerable data was
obtained on the toleration of the 11-day chick embryo to various
dosages of the materials used. Table 39 summarizes the results in this
respect for the 10 most toxic metallic compounds, both for the 11-day
chick embryo of nontumor and the 12-day chick embryo of tumor-
bearing eggs. As would be expected, the embryos of tumor-bearing
eggs tended to tolerate lower dosages than the embryos of nontumor
eggs. It is also noteworthy that cadmium chloride had the highest order
of toxicity for tumor-bearing eggs of any of the compounds tested.

Table 40 contains a list of the metallic compounds tested which
appeared to have an inhibiting effect on tumor growth without affect-

ing the host embryo in this respect. It will be noted that tumor growth
in these experiments was from 46 to 86% less than that of the con-
trols. The growth of the associated embryos, on the other hand, was

, equal to or greaterthan that of the controls.

Table 40
TESTS WITH METALLIC COMPOUNDS WHICH INHIBITED TUMOR

GROWTH INEGGS WITH LITTLE OR NO EFFECT ON THE
GROWTH OF THE HOST EMBRYO

Tumor Embryo

Dosage
(mg.)

Site of
injection

No. of
exps.

Survival,
control
=100

wt,
control
= 100

wt.,
contro 1
= 100Compound

duminum chloride. . . 1.0
ieryllium chloride.... 0.5-1.0
lerium chloride 2.0
iupric chloride 0.2-0.4
iead nitrate 0.1
ithium chloride 0.1
ihodium chloride 0.1
Thallium chloride 0.001-0.01
iirconium chloride.... 1.0

membrane
membrane
membrane

yolk
yolk

membrane
membrane
membrane
membrane

1
3
2
2
2
2
1
3
2

100
86
85
65
95

100
99
98

100

31
26
45
14
45
28
54
34
19

100
110
105
135
119
102
118
110
102

I ABLE 41
TESTS WITH METALLIC COMPOUNDS WHICH INCREASED THE GROWTH

RATE OF THE EGG-CULIVATED TUMORS

Tumor Embryo

Dosage
(mg.)

Site of
injection

No. of
exps.

Survival,
control
= 100

wt.,
control
= 100

wt.,
control
=100Compound

Chromic chloride 1.0
Chromic chloride 1.0
Cupric chloride 0.2-0.4
Lead nitrate 0.1
Nickel chloride 0.5

membrane
yolk

membrane
membrane
membrane

3
2
2
2
2

100
100
64
84

100

120
145
209
151
140

100
92
92
91

125
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Table 41 contains a list of a few compounds which accelerated tumor
growth. Some of these compounds appear both in Tables 40 and 41.
Cupric chloride, when introduced into the egg over the embryo mem-
branes, was associated with an increased growth rate in the egg-
cultivated tumors, but the same dosages injected into the yolk inhibited
tumor growth. This was true also for lead nitrate and nickel chloride.
The explanation for this reverse effect is not apparent. There are
several possibilities. It could be that, due to a chemical reaction between
the introduced compound and the material in the yolk, a chemical
entity was taken up by the blood vessels, which differed from that
which entered the blood when the compound was injected over the
chick membranes. It is also possible that the effect was due to the
slow, even uptake of a chemical contained in the yolk, as compared
to the more rapid absorption when the inoculum was placed over the
embryo blood vessels.

Much more work is contemplated to check further these results and
their explanation.

Summary

A series of 33 metallic chlorides and 4 metallic nitrates have been
tested at various dosages for their effect on the growth and survival of
chick embryos, and the tumors and embryos of eggs bearing yolk sac
implants of a mouse mammary adenocarcinoma. The same series of
compounds was also tested at various dosages for their effect on dba
mice, and dba mice bearing transplants of a sarcoma.

Eleven-day chick embryos were used in 222 experiments involving
2,484 eggs, and tumor-bearing eggs were used in 118 experiments
with 2,403 eggs. In the mouse experiments, nontumor-bearing mice
were used in 41 experiments involving 490 animals, and mice bearing
sarcoma transplants were used in 152 experiments including 2,283
animals.

The 10 most toxic compounds in 5-day tests with 11-day chick em-
bryos, and 1-day tests with the embryos of tumor-bearing eggs were,
beginning with the most toxic, cadmium chloride, mercuric chloride,
lead nitrate, silver nitrate, thallium chloride, platinum chloride, cupric
chloride, cobaltous chloride, lithium chloride, and rhodium chloride.

The growth of egg-cultivated tumors was inhibited 70-99%, and
the host embryos, 10-29%, by cobaltous chloride, magnesium chloride,
mercuric chloride, neodymium chloride, rubidium chloride, silver ni-
trate, stannic chloride, and strontium chloride.
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The growth of egg-cultivated tumors was inhibited 46-86%, without
affecting the embryos in this respect, by aluminum chloride, beryllium
chloride, cerium chloride, cupric chloride, lead nitrate lithium chloride,
rhodium chloride, thallium chloride, and zirconium chloride.

Cupric chloride, lead nitrate, and nickel chloride inhibited the growth
of egg-cultivated tumors 49-86% when injected into the yolk, but
accelerated tumor growth 40-109% when introduced over the embryo
membranes.

In the experiments with mice, there was little effect on the growth
of the sarcoma transplants by most of the metallic compounds admin-
istered either by subdermal injection or by means of the drinking
water. The most effective compounds in these experiments, inhibiting
tumor growth 24-41%, were cobaltous chloride, cupric chloride, mer-
curic chloride, nickel chloride, rhodium chloride, rubidium chloride,
silver nitrate, thallium chloride, and zinc chloride.
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Factors Influencing the Utilization of Glucose
By Suspensions of Living Tumor and
Embryo Cells

M. KENDALL YOUNG, JR. AND ALFRED TAYLOR

Dispersed intact cells of many tumors, suspended in a suitable me-
dium and kept at the right temperature, give evidence of metabolic
activity which continues at a sustained level for several hours. Cells
from embryos in early stages of development also possess this capacity
for in vitro activity. It is relatively simple to measure the degree of
biological activity of such in vitro preparations by measuring the up-
take of glucose in relation to time and tissue weight.

An experimental procedure of this type, which utilized a pure cul-
ture of tumor cells and a suitable preparation of nontumor tissue, could
be used to study the comparative biochemistry or physiology of the
malignant and nonmalignant cell. Also, such a system could be used
for the rapid screening of possible anticancer compounds.

The present paper contains the results of experiments with such
preparations of living dispersed tumor and embryo cells. Egg-cultivated
mouse mammary adenocarcinoma supplied the tumor tissue, and the
chick embryo, at a suitable stage of development, was the source of
the nontumor tissue. Tumor tissue grown in the embryonated egg
consists of a pure culture of tumor cells, since nontumor mouse tissue
does not survive in serial egg transplants. Further, such tumors share
an environment and food supply similar to that of the chick embryos
used as representatives of nontumor tissue.

The main objective has been to develop simplified techniques for
carrying out this type of in vitro experiment, and to obtain such data
as attests to the usefulness of this approach in cancer studies.

Materials and Methods
All procedures werecarried out aseptically.
Tumor tissue was obtained from eggs bearing yolk sac transplants

of a C3H mouse mammary adenocarcinoma. The details of the tech-
niques involved in growing tumor tissue by the yolk sac method have
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been described (1, 2, 3). Care was taken not to include any egg mate-
rial in the tumor tissue taken from the eggs. Each lot of tissue was
washed in saline, and then placed into a 5-cc. hypodermic syringe
which contained screens fitted at the bottom of the barrel. Two coarse
screens were placed between two fine screens. The fine screens were
30-mesh, 0.0114-gauge, and the coarse, 20-mesh, 0.116-gauge. The
tumor tissue was dispersed as it was expelled through these screens
into a 5-cc. syringe containing a single fine screen. Further dispersal
was accomplished as the tissue was expelled again, this time into a
1-cc. syringe for measuring into the reaction tubes. Tissue was meas-
ured into control and experimental tubes alternately to insure uniform
sampling.

Experiments were undertaken to determine the most suitable em-
bryo weight for use in the tests. Weights varying from 0.15 to 0.20 gm.
Were found to be most effective. Embryo tissue was obtained from eggs
after approximately 5% days' incubation. The embryos were dissected
out, the excess liquid drained off, and weighed. The embryos at this
stage weighed an average of 0.166 gm. The further preparation was
identical to that described for the tumor tissue.

Microscopic examination of the tumor and embryo cell suspensions
revealed them to be dispersed to about the same degree. There was
a minimum of cell destruction. The cells were mostly in clumps, but
there was also much single cell dispersion. The chick embryo, at the
stage used in these studies, and the egg-cultivated tissue were very
soft and readily manipulated.

Experiments were carried out to determine how much, if any, loss
in tumor vitality occurred during the period of the tests. Equal con-
centrations of tumor tissue, before and after the incubation periods
used in the tests, were transplanted in the right and left inguinal areas
of the same mouse. The growth of the two transplants was approxi-
mately equal.

The experiments were carried out in the following manner. Two
tenths ml. of tissue were injected into tubes containing 1.5 ml. sodium
phosphate buffer (M/7.5, pH 7.00) and 0.8 ml. distilled water. A blank
tube containing tissue, buffer and water was prepared for each experi-
ment. The tubes were incubated in a water bath for 10 minutes at
37.5° C, and then 0.5 ml. glucose solution was added. The final mo-
larity of the buffer was M/15, and the pH was 6.90 as measured with
a Beckman Glass Electrode pH meter. Tubes were incubated 2 hours
at 37.5° C, and were agitated by hand every 15 minutes during the
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time of incubation. After incubation, the tubes were placed in an ice-
waterbath to stop further activity. Recovery tests were made by adding
the glucose after the tubes had cooled. The tubes were then centrifuged
5 minutes at 4,000 rpm for the embryo, and 5 minutes at 4,500 rpm
for the tumor. When larger volumes of suspensions were used, cen-
trifuging was not necessary, and was omitted. One tenth ml. aliquots
of the supernatent were withdrawn, and care was taken to avoid
pipetting any cellular material. The aliquots were diluted to 3.0 ml.
in thick-walled test-tubes of uniform size and thickness. The glucose
was determined by Morns' (4) method of carbohydrate determina-
tion, by adding 6.0 ml. of Dreywood's anthrone reagent. The reaction
tubes were allowed to stand from I*4 to 2 hours, and then the optical
density was measured at 660 mv in an Evelyn Photoelectric colori-
meter. Transmission was set at 100%, using the blank. A standard
curve was prepared each day from the optical densities of tubes con-
taining from 0.02 mg. to 0.15 mg. of glucose. These tubes were pre-
pared to contain an equivalent of the amount of buffer in the experi-
mental tubes. The most satisfactory range of concentration was found
to be from 0.02 to 0.10 mg. glucose per tube.

For anaerobic tests, the suspending medium was prepared in Thun-
berg tubes, the tubes were evacuated, and the glucose was added from
the side arm. All pH determinations were made with a Beckman Glass
Electrode pH meter.

In order to determine the amount of glucose present in the suspend-
ing medium, the color reaction was carried out on aliquots as described.
By making the following calculations,

where O.D. is the optical density of the unknown and m is the slope of
the standard curve, the mg. of glucose per 100 ml. of tissue are obtained.
Standard curves were prepared for each day's experiments to compen-
sate for the change in the intensity of color developed by the same batch
of color reagents on different days.

The validity of the determination of glucose in the presence of the
suspending medium has been tested by recovery of glucose from the
suspending medium. Data from some of these recovery tests are plotted
in Figure 1, which shows the mgs./100 ml. tissue recovered from mgs./
100 ml. tissue of added glucose. Average deviations for glucose determi-
nations in any particular test averaged ± 35 mg./100 ml. tissue, when

mg. glucose ml. suspendingmedium 1 O.D.
100 ml. tissue ml. tissue ml. supernatent m

withdrawn
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determinations were made at a glucose level of 1,000 mg./1000 ml.
tissue. Deviations between glucose determinations for different tests
were usually around ± 45 for the embryo, and ±55 for the tumor.
Durham et al. (5) and Seifter et al. (6) report good results using this
method of glucose determination.

The selection of a suitable buffer for the study of glucose utilization
was made on the findings of the following study. Several tests with all-
sodium and disodium-mono-potassium phosphate buffers indicated a
higher uptake of glucose in the all-sodium buffer by the embryo than in
the sodium-potassium buffer. Assuming that the difference was pri-
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marily due to a difference in the action of the Na+ and K+ ions, a
more extensive study was made to establish this difference. The all-
sodium buffer was the same as previously described, and the all-potas-
sium buffer was prepared with monobasic and dibasic potassium phos-
phate (M/7.5, pH 7.00). The incubation was carried out under anaero-
bic conditions at 37.5° C. and at a glucose level of 1,500 mg./100 ml.
tissue. Except for the buffer used, all other conditions were the same.
The results of the previous experiments are given in Table 1. The sig-
nificance of the difference was determined by the method described by
Fisher (7). The difference in the case of the embryo was found to be
significant, but the difference in the case of the tumor was not signifi-
cant. The ratio of the uptake in the all-potassium buffer, compared to
the all-sodium buffer, is given in Table 1. Considering that this differ-

ence might be due to the effect of these ions upon the glucose determi-
nation, the recoveries of all of the experiments were compared, and
there was a slightly higher recovery in the case of the potassium buffer
—2% higher for both tissues. Due to the higher uptake by the embryo
in the all-sodium buffer and the lower degree of difference in the tumor,
the all-sodium buffer was selected as the most suitable for this study.

Experiments and Results
1. The effect of glucose concentration upon glucose uptake.

The effect of the concentration of glucose upon the uptake of glucose
was studied by incubating the tissue under the aerobic conditions

Table 1
THE EFFECT OF Na AND K IONS UPON THE UPTAKE OF GLUCOSE BY

EMBRYO AND TUMOR TISSUE UNDER ANAEROBIC CONDITIONS

Buffer
No.
expts.

No.
tubes

Mg. glucose
per 100 ml.

tissue
Initial Dev.

Percent
recovery

No.
tubes

Mg. glucose
per 100 ml.

tissue
mg. Dev. Uptake K/Na

Embryo
all Na
buffer 11 31 1,500 ±57 100 35 1,127 ±53 373

0.80
all K
buffer 11 27 1,535 ±57 102 36 1,236 ±62 299

Tumor
all Na
buffer 8 25 1,455 ±91 97 31 889 ±74 566

1.08
allK
buffer 8 23 1,485 ±86 99 30 876 ±25 609
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described with various concentrations of glucose. Data obtained from
several experiments are given in Table 2. In order to study the effect of

the concentration more thoroughly, the data has been evaluated by
means of the calculations described by Wilson (8), and the equation
of Lineweaver and Burk (9),

has heen useif to determine the dissociation constant of the substrate-
enzyme complex. This data is given in Table 3. By plotting (s) against

(*)_ (s)_ _Ks_
v~V + V

Table 2
EFFECT OF GLUCOSE CONCENTRATION UPON GLUCOSE UPTAKE*

Mg.
glucose
addedf

No.
expts.

No.
tubes

Mg. glucose
per 100 ml.

tissue
Initial

Mg. glucose
per 100 ml.

tissue
Final Dev. Uptake

Percent
UptakeDev.

Embryo
500

1,000
1,500
9,000

3
3
3
3

11
9
9

11

530
890

1,480
2,070

±10
±17
±23
±63

330
670

1,060
1,500

±17
±27
±37
±27

200
320
420
570

37.7
32.3
28.4
27.5

Tumor
500

1,000
1,500
2,000

3
7
3
3

11
43
12
11

490
960

1,480
2,070

±30
±37
±60

±180

240
510
840

1,330

±17
±73
±43
±60

250
450
640
740

51.0
46.9
43.2
35.7

* Tubes were prepared in the standard way except that the glucose added was varied.
t 0.05, O.I, 0.15, O.2 ml. aliquots were withdrawn for the 500, 1,000, 1,500 and 2,000 mg. levels

respectively in order that the optical densities would be equivalent to glucose ranging from 0.02 mg. to
0.10 mg. per colorimeter tube.

v
Table 3

CALCULATIONS ACCORDING TO THE EQUATION OF LINEWEAVER
AND BURK (9)

Substrate
concentration
moles/liter

(s)
xl0+3

Velocity
moles/min.

v
x 10°

(s)/v
xlO+3

1/v
x lO"4

0.855
1.71
2.57
3.42

Embryo
4.28
6.84
8.97

12.17

Tumor
5.33
9.61

13.66
15.81

Embryo
2.00
2.50
2.86
2.81

Tumor
1.60
1.78
1.88
2.16

Embryo
4.56
5.20
4.87

*

Tumor
2.11
2.11

2.16

K s /v
Intercept
xlO"2

Avg. 1/v
V

Maximumvelocity
moles/min.

x 10+5

4.88 2.13
K

Dissociation
constant
xlO+3

Embryo
1.61

Tumor
1.42

Embryo
2.05

Tumor
4.69

Embryo
3.30

Tumor
6.60

* Using the experimental deviation the calculated value is 4.65.
t Using the experimental deviation the calculated value is 2.10.



CANCER STUDIES II

86

(s), a straight line is obtained as illustrated in Figure 2. There was one
point off this straight line in the cases of both embryo and tumor, but
by subtracting the experimental deviation, these points also fall on the
line. For this reason they were omitted from the calculations. By com-
paring the data for the embryo and the tumor by this method, the
greater velocity of the tumor to utilize glucose becomes evident. The
mechanism for the utilization of glucose in the tumor is some 200%
faster than in the embryo. This study shows glucose concentration to be
a limiting factor in lower concentrations, and a concentration of 1,000
nig. per 100 ml. tissue has been chosen as the most convenient level on
the basis of its limiting ability, and also, since 0.1 ml. of supernatent
can be used in the glucose determination, and no extra dilutions are
necessary.

2. The necessity for using a strongly buffered medium.
The necessity for using a good buffering agent is demonstrated byFigure 3, which shows the uptake of glucose by tumor and embryo in
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the all-sodium buffer andphysiological saline. This change was observed,
by placing 1.0 ml. tumor tissue in wide-mouth containers containing
7.5 ml. buffer and 4.0 ml. distilled wafer, and 7.5 ml. 0.85% saline and
4.0 ml. distilled waterrespectively. These were incubatedfor 10minutes
at 37.5° C. and 0.1 ml. aliquots were withdrawn at zero time and at
fifteen-minute intervals. The glucose determination was made by the
standard procedure. ThepH of the medium was determined at zero time
and at 15-minute intervals by immersing the electrodes of the pH meter
into the suspending medium. The embryo tissue was treated in the
same manner. The reduction in glucose uptake by the tumor might
partially be explained on the basis of the change in pH due to the pro-
duction of lactic acid. There was no observable change in the pH of the
embryo suspending medium, but glucose was not taken up as rapidly
in the saline. The pH measurements are plotted against time in Figure
4. The explanation of reduction of glucose uptake by the embryo in
saline, as compared with the uptake in buffer, cannot be explained on
the basis of pH change or lactic acid production. This reduction is prob-
ably due to damage to the tissue, as was reported by Herly (10), and
also to the low concentration of phosphate.

3. The effect of pH upon glucose uptake.
The effect of pH upon glucose uptake is illustrated in Figure 5, show-

ing the uptake of glucose with time at various pH values. These experi-
ments show that the optimum pH for the embryo was 7.00, and that for
the tumor was 7.50. The statistical validity of this difference was tested
by taking pH 7.00 as a standard for theembryo and pH 7.50 as a stand-
ard for the tumor, and comparing the otherreadings to these values. The
difference was found significant by the methods of Fisher (7). It has
previously been reported that tumor was more sensitive to acid than
normal tissue as determined by other methods of study (11).

4. The effect of temperature upon glucose uptake.
Glucose uptake by tumor and embryo is increased by raising the

temperature to about 42.5° C. A series of tests was made to study this
increase, by preparing tubes in the standard way and incubating at
various temperatures for 1 hour. The results of these experiments are
shown graphically in Figure 6. It appears that the tumor uptake in-
creases similarly to that of the embryo with increased temperature. It
is interesting to note, however, that the tumor has a considerable degree
of activity even at room temperature, and the maximum uptake is ob-
tained at a temperature slightly higher than that of the embryo. This
difference in maximum uptake was studied further by preparing tubes
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FIGURE 5

EFFECT OF pH ON GLUCOSE UPTAKE
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containing 1.0 ml. tissue, 7.5 ml. buffer, 4.0 ml. distilled water, and
2.5 ml. 0.4% glucose. Blanks were prepared in the standard way, the
tubes were incubated at 40° C, 42.5° C, and 45° C, and duplicate
aliquots were withdrawn at zero time and at 30-minute intervals for the
first 2 hours, and at 60-minute intervals up to 4 hours. The glucose
determination was madeby the standard procedure.

By applying to these results thefirst order equation (12),

where X is the velocity constant, t is the time, a is the concentration of
glucose, and x is the amount of glucose utilized, a straight line was ob-
tained by plotting log (a-x) against time. X is the slope of this line. This
relationship held true for the velocity of uptake at all temperatures up
to 2 hours. After 2 hours, the velocity constant changed in most cases.
These data are compared with data from other experiments at 37.5° C.
The plots of these are given in Figure 7.

A comparison of the data for the embryo and tumor shows a greater
increase in tumor activity with increased temperature, 141% increase
for the embryo at 42.5° C. as compared to 37.5° C, and 168% increase
for the tumor. The tumor activity remains high throught the 4-hour
period at 45° C, while the embryo shows a considerable decrease after
2 hours.

5. Thespecificity of embryo and tumor suspensions for substrate.

If the glucose taken up by the cells is actually metabolized, then there
should be a greatdeal of specificity for substrate. D-mannose, d-fructose,
d-galactose, d-xylose, d-ribose, and d-arabinose have been testedfor their
uptake by these tissues. Tests were carried out by the standard procedure
with the exception that the sugar under observation was substituted for
the glucose. In order to determine the mg. sugar per 100 ml. tissue, it
was necessary to prepare standard curves for each sugar, and the maxi-
mum absorption for the pentose sugars was found to be 420 mv using
the various filters with the Evelyn Photoelectric Colorimeter. Two
experiments with 5 recovery and 5 experimental tubes were carried
through for each sugar tested. There was uptake of d-mannose by both
tissues, and the tumor showed some activity with d-fructose. These
results are in agreementwith the findings reviewed by Needham (13).
There was a small amount of uptake of d-arabinose by the embryo. A
review of the literature gave no indicationof previous work having been
performed with arabinose in studies of this type. Additional work should

t (a—x)
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be required to establish the validity of these findings. On the basis of
substrate specificity, it appears that the glucose taken up by the embryo
and tumor is metabolized, and the activity is not just simple diffusion
of these sugars into the cells.

6. The effects of glycolytic inhibitors upon glucose uptake.
The theory that the glucose which disappears from solution is metab-

olized by the cells was tested further by the use of known glycolytic
inhibitors. Sodium fluoride and iodoacetic acid were tested in this
respect, and it was found that glucose uptake was inhibited. Tubes were
prepared to contain 0.1 ml. tissue, 7.5 ml. buffer, 3.5 ml. distilled water,
2.5 ml. 0.4% glucose, and 0.5 ml. 0.3 M, 0.03 M, and 0.003 M NaF
respectively. A control was prepared to contain 4.0 ml. water and no
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NaF. Blanks were prepared in the usual way, and aliquots were with-
drawn at zero time and at 30-minute intervals. The tubes were incu-
bated at 40° C. The iodacetic acid was tested in a similar manner using
0.5 ml. of 0.003 M, 0.000,3 M, and 0.000,03 M iodoacetic acid.

A comparison of the effects of these substances upon the embryo and
the tumor is given in Figure 8, which shows the per cent activity of the
experimental tubes as compared to the control tubes. From these studies,
it canbeen seen that the tumor is more sensitive tothe effect of NaF atall
concentrations. These findings agree with the results of other workers
(14). The inhibitive effect in most cases seems to decrease with time.
This suggests that the enzyme concentration is limiting, and that, with
longer periods of incubation, the uptake of the experimental tubes would
approach that of the controls.

7. The uptake of glucose by other tissues.
Mouse embryo, mouse-grown C3H tumor, and rat testis were tested

for their glucose utilizing activity.
At about the 14th day of pregnancy, embryos were removed from

anesthetized animals. These were weighed, and a cell dispersion pre-
pared in the same manner as for the chick embryo. The average weight
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of these embryos was 0.26 gm. The glucose uptake as measured by stan-
dardprocedures was 260 mg./100 ml. tissue/2 hours.

Glucose determinations were also made on the C3H mammary adeno-
carcinoma grown as transplants in the host mouse. The activity of this
tissue averaged 230 mg./100 ml. tissue/2 hours, which was considerably
less than the same tumor cultivated in eggs. Microscopic examination of
the mouse-grown tumor revealed areas of necrotic tissue which may
account for the difference in glucoseuptake.

Testes were removed from anesthetized rats (average weight of rats
was 200 gm.) The testes were cut open, and the germinal tissue was

Table 4
THE EFFECT OF TEMPERATURE UPON THE RATE OF GLUCOSE UPTAKE

Temp.
Time

in

Glucose uptake
mg./100ml.

tissue*
(x)

K
mg./100 ml. tissue/min.

xlO+3

C. min. Embryo Tumor Embryo Tumor
30
60

61
113

98
207

2.23
2.04

3.46
3.84

37.5
90

120
195
271

283
378

2.38
2.63
2.32

3.66
3.97
3.73Avg.K

40

30
60
90

68
166
260

145
263
377

2.23
3.03
3.33

5.22
5.15
5.30

120

180
240

338

441
506

503
Avg.K
583
685

3.71
3.08
3.24
2.93

5.82
5.37
4.86
4.81

42.5

30
60
90

92
179
218

203
310
419

3.15
3.30
2.84

7.45
6.18
6.04

120

180
240

367

411
494

477
Avg.K
563
628

3.82
3.28
2.94
2.85

5.40
6.27
4.61
4.13

45

30
60
90

75
161
202

120
240
380

2.53
2.92
2.48

4.68
4.65
5.30

120

180
240

286

360
416

499
Avg.K
589
648

2.80
2.68
2.47
2.21

5.78
5.10
4.94
4.35

* Avg. dev. for embryo ±33.Avg. dev. for tumor ±63.
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removed and treated similarly to the other tissues. The uptake of this
preparation was 76 mg./100 ml. tissue/2 hours. This lower activity was
probably due to the presence of a large number of maturated cells
havinglow glucose utilizing ability.

Discussion
The measurement of glucose utilization as a means of studying cell

activity has probably not been used more extensively because of the lack
of a rapid method of measuring glucose. With the use of Dreywood's
reagent, studies of glucose utilization become morepractical. The results
of this study show glucose utilization as measured by this method to be
comparable with data obtained from other studies (15, 16).

The observation made in the study of Na+ and K-|- ions in embryo
suspensions is not in agreement with the findings of others (17, 18, 19)
who used other tissues in observing glycolytic activity. In their studies,
however, the concentration of K-|- ion found to be catalytic to glucolysis
was somewhat lower than that used in the present study, vis., 0.145 M
as compared to 0.200 M. This higher concentration might possibly cause
an inhibiting effect. Boyer (20), using muscle homogenates, found K+
ion to be catalytic to phosphorylation up to 0.20 M, but that higher
concentrations were inhibiting. Assuming that there is active K-f- ion
transport (21) into the cells, it would be expected that the effective
concentration of X-(- ion would be higher in dispersed intact cells than
in tissue homogenates and the concentration would be inhibitive.
Whether or not this assumption holds true has notbeen tested.

The study of concentration of substrate and reaction rates illustrates
the utility of this method of studying living tissues and its use in com-
parative studies of tumor and embryo. From the data obtained, it seems
that definite events are being observed. Theexact location of these events
is not elucidated by this study. However, it may be concluded that the
phosphorylation of glucose is the limiting factor, since theconcentration
of glucose determines the velocity at which utilization occurs. If, on the
contrary, changing the concentration of glucose showed no appreciable
effect, then some other step in glycolysis would be limiting, i.e., a chain
reaction rate is limited by the slowestreaction.

The effects of NaF and iodoacetic acid upon embryo and tumor show
some differences in the two tissues. These differences, however, probably
do not lie within the actual effects of these inhibitors, but rather in the
presence of a dual pathway of glucose utilization in the embryo. The
difference was notedby Hitching (22), who found NaF to prevent lactic
acid production in muscle brei, but glycogen continued to disappear.

THE UTILIZATION OF GLUCOSE
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Benoy (23) demonstrated that no glycogen was formed from pyruvic or

lactic acids by cancer, brain, grey matter, or testis. This would explain
the disappearance of a small amount of glucose uptake in embryo sus-
pensions, whereas tumor suspensions Were completely inhibited in this
regard.

In the course of this study, a method has been worked out whereby
tumor and embryo tissues can be studied comparatively. The method
is simple and gives rapid and accurate results. It is an approach that
could be used in certain aspects of cancer chemotherapy studies.

Summary

1. A method for studying suspensions of dispersed tumor and embryo
cells comparatively has been developed.Egg-cultivated mouse tumor was
used as a source of tumor tissue, and the embryo tissue was supplied by
s^-day chick embryos. A few tests were also completed with tumors
grown as mouse transplants, mouse embryo, and rat testis. Glucose
utilization was used as a criterion of cell activity with the belief that this
is a better indication of cell activity than lactic acid or CO2 production.

2. The validity of glucose determinations in tissue suspensions was
tested, the most effective weight of embryo was determined, and the
vitality of the cells was checked by microscopic examination and by ob-
serving the rate of activity of the preparation over a period of hours.

3. An all-sodium phosphate buffer was chosen as a suitable buffer,
on the basis of a study which revealed that the embryo glucose uptake
was inhibited by an all-potassium buffer. This inhibition was believed to
be due to the high concentration of the K+ ion. The tumor was not
inhibited in this respect.

4. The substrate-enzyme dissociation constant has been determined,
and the tumor was found to have a dissociation constant which was
200% of that of the embryo. Glucose was limiting in low concentrations,
and a concentration of 1,000 mg./100 ml. tissue was chosen as a suitable
level for this study.

" 5. The necessity for using a strongly buffered medium was observed
by measuring the pH of the suspending medium of the tumor, using
saline instead of a buffer. The pH of the suspending medium of the
embryo did not change, but the glucose uptake of both embryo and
tumor was reduced.

6. The effects of various pH values on glucose uptake were studied,
and the embryo had an optimum near 7.00, and the tumor, an optimum
near 7.50.
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7. The effect of temperature upon the rate of glucose uptake was
found to be greater in the case of the tumor as determined by reaction
rates calculated by means of the first order equation. The tumor appears
to be moreresistant to heat with respect to glucose uptake.

8. Substrate specificity, as determined by tests with pentose sugars,
indicated glucose uptake to be metabolism of glucose.

9. Glucose uptake was inhibited by NaF and iodoacetic acid. The
tumor was found to be more sensitive at all levels of NaF, the embryo
seemed to be more sensitive to low levels of iodoacetic acid, but the
tumor was completely inhibited at higher levels. The existence of a dual
pathway of glucose utilization is suggested in the embryo.

10. This method of studying in vitro preparations of living tumor
and nontumor cells has proven to be relatively simple, and gave rapid
and accurate results.

Bibliography

1. Taylor, A., Thacker, J., and Pennington, D., Science,96, 342 (1942).
2. Taylor, A., Hungate, R. E., and Taylor, D. R., Cancer Research, 3, 537 (1943).
3. Taylor, A., Carmichael,N., and Norris, T., Cancer Research, 8, 264 (1948).
4. Morris, D. L., Science,107, 254 (1948).
5. Durham, W. F., Bloom, W. L., and Mandel, E. E., U. S. Pub. Health Reports,

65, 670 (1950).
6. Seifter, S., Dayton, S., Novic, 8., and Muntwyler, E., Arch. Biochem., 25, 191

(1950).
7. Fisher, R. A., Statistical Methods for Research Workers, Biological Monographs

and Manuals No. 5, London, 1946, pp. 119, 191.
8. Lardy, H. A., Respiratory Enzymes, Burgess Publishing Company, Minneapolis,

Minn., 1950, p. 19.
9. Lineweaver,H., and Burk, D., J. Am. Chem. Soc,56, 658 (1934).

10. Herly, L., J. Cancer Research, 8, 389 (1924).
11. Stern,X., and Willheim, R., The Biochemistry of Malignant Tumors, Reference

Press, Brooklyn, 1943, p. 312.
12. Daniels, F., Outlines of Physical Chemistry, John Wiley and Sons,Inc., New

York, 1948, p. 345.
13. Needham, J., and Nowinski, W. W., Biochem. J., 31, 1165 (1937).
14. Stern,X., and Willheim, R., The Biochemistry of Malignant Tumors, Reference

Press, Brooklyn, 1943, p. 58.
15. Walaas, 0., and Walaas, E., J. Biol. Chem.,187, 769 (1950).
16. Racker, E., and Krimsky, 1., J. Biol. Chem.,173, 519 (1948).
17. Buchanan, J. M, Hastings, A. B, and Nesbett, F. 8., J. Biol. Chem., 180, 435

(1949).
18. Utter, M. F., J. Biol. Chem.,185, 499 (1950)



CANCER STUDIES II

98

19. Warren, C. 0., and Ebaugh, F. G.,Am. J. Physiol., 147,509 (1946).
20. Boyer, P. D., Lardy, H. A., and Phillips, P. H., J. Biol. Chem.,' 146, 673 (1942).
21. Krogh, A., Proc. Royal Soc. (B), 133, 140 (1946).
22. Hitching, G. H., Oster,R. H., and Salter, W. T., Biochem. J., 32, 1389 (1938).
23. Benoy, M. P., and Elliott, K. A. C, Biochem. J., 31, 1268 (1937).



99

Appendix
Publications on Cancer from The University of

Texas Biochemical Institute, 1942-1952

Taylor, A., and Pollack, M. A., Hemoglobin Level and Tumor Growth, Cancer Re-
search, 2,223 (1942).

Pollack, M. A., Taylor, A., and Williams, R. J., R Vitamins in Human, Rat, and
Mouse Neoplasms,Univ. Texas Pub., 4237, 56 (1942).

Taylor, A. Pollack, M. A., and Sortomme,C. L., Effect of R Vitamins in the Diet on
Tumor Transplants, Univ. Texas Pub., 4237, 72 (1942).

Taylor, A., Thacker, J., and Pennington, D., Growth of Cancer Tissue in the Yolk
Sac of the Chick Embryo, Science,96, 342 (1942).

Pollack, M. A., Taylor, A., Taylor, J., and Williams, R. J., R Vitamins in Cancerous
Tissues. I. Riboflavin,Cancer Research, 2, 739 (1942).

Taylor, A., Pollack, M. A., Hofer, M. J., and Williams, R. J., R Vitamins in Can-
cerous Tissues. 11. Nicotinic Acid, Cancer Research, 2, 744 1942).

Pollack, M. A., Taylor, A. Woods, A., Thompson, R. C, and Williams, R. J., R
Vitamins in Cancerous Tissues. 111. Riotin, Cancer Research, 2, 748 (1942).

Taylor, A., Pollack, M. A., Hofer, M. J., and Williams, R. J., R Vitamins in Can-
cerous Tissues. IV. Pantothenic Acid, Cancer Research, 2, 752 (1942).

Taylor, A., Pollack, M. A., and Williams, R. J., Uniformities in the Content of R
Vitamins in Malignant Neoplasms,Science,96, 322 (1942).
Pollack, M. A., Taylor, A., and Sortomme,C. L., The Effect of Variations in Oxygen

Pressure upon Tumor Transplants, Cancer Research, 2, 828 (1942).
Taylor, A., The Successful Production of a Mammalian Tumor with a Virus-like

Principle, Science,97, 123 (1943).
Taylor, A., The Problem of the Etiology of the Cancer Process, Southern Med. and

Surgery, 104, 291 (1943).
Taylor, A., Hungate, R. E., and Taylor, D. R., Yolk Sac Cultivation of Tumors

Cancer Research, 3, 537 (1943).
Taylor, D. R., McAfee, M., and Taylor, A., The Effect of Yolk Sac-Cultivated Tumors

on the Hemoglobin Level in the Embryonic Chick, Cancer Research, 3, 542
(1943).

Hungate, R. E., Taylor, A., and Thompson, R. C, The Relations to Chick Tissues of
Tumors Produced by the Yolk Injection Technic, Cancer Research, 4, 289
(1944).

Williams, R. J., R Vitamins and Cancer,A.A.A.S. Research Conf., 253 (1944).
Taylor, A., and Kynette, A., The Virus Production of MammalianTumors, A.A.A.S.

Research Conf., 24 (1944).
Williams, R. J., A Rroad Approcah to the Cancer Problem, Univ. Texas Pub., 4507,

7 (1945).



CANCER STUDIES II

100

Taylor, A., Kynette, A., and Hungate, R. E., Demonstration of a Virus-like Tumor
Agent by Filtration and Desiccation of Materials from Eggs Bearing Mouse
Mammary Carcinoma,Univ. TexasPub., 4507, 13 (1945).

Taylor, A., and Kynette, A., Evidence for a Cancer Virus Using Intraocular Implants
of Mouse Tumor in Rats, Univ. Texas Pub., 4507, 33 (1945).

Taylor, A., The Virus Concept in Cancer Research, Univ. Texas Pub., 4507, 43
(1945).

Thompson, R. C, and Morgan, B. 8., Factors Affecting the Propagation of Cancers in
Incubating Eggs, Univ. TexasPub., 4507, 47 (1945).

Hungate, R. E., and Snider,EL, The Nutritional Adequacy of the Embryonated Egg
for Growth of a Mammalian Tumor, Univ. Texas Pub., 4507, 53 (1945).

Kynette, A., Taylor, A., and Thompson, R. C, Effects of Egg Grown Heterologous
Tumor Tissue on the Chick Embryo, Univ. Texas Pub., 4507, 65 (1945).

Hungate, R. E. Snider, H., Taylor, A., and Thompson, R. C, Results of Injecting
Mice with Fresh Materialsfrom Tumor-bearing Eggs, Univ. Texas Pub., 4507,
75 (1945).

Hungate, R. E., The Ineffectiveness of ModerateCentrifugation for Separating Tumor
Cells from Yolk, Univ. Texas Pub., 4507, 91 (1945).

Taylor, A., Changes in Hemoglobin Concentration,Total Hemoglobin, and Blood
Volume Associated with Tumor Growth,Univ. Texas Pub., 4507, 95 (1945).

Hungate, R. E., Observations on Effects of Tumor Cells on Hemoglobin in Vitro,
Univ. Texas Pub., 4507, 103 (1945).

Hungate, R. E., and Snider, H., Experiments on the Transplantation of C3 H and dba
Mammary Carcinomas into the Donor and Non-donor Strains, Univ. Texas
Pub., 4507, 105 (1945).

Hungate, R. E., and Snider, H., Experiments on Factors Inhibiting the Growth of
MammalianTumors in Eggs, Univ. Texas Pub., 4507, 109 (1945).

Taylor, A., and Williams, R. J., Diet and Spontaneous Lung Tumors in Strain A
Mice, Univ. Texas Pub., 4507, 119 (1945).

Loo, Y. H., and Williams, R. J., A Study of Folie Acid Distribution with Respect to
Its Possible Relationship to Cancer,Univ. Texas Pub., 4507, 123 (1945).

Taylor, A., The Present Status of the Virus Concept in Cancer Research, Texas State
J. Med., 42, 41 (1946).

Taylor, A., and Carmichael,N., Stromal Malignancy in Mouse-Grown Transplants
of Egg-Cultivated Mouse Mammary Carcinoma,Cancer Research, 7, 78 (1947).

Taylor, A., Stromal Malignancy in Mouse Mammary Carcinoma,Tex. Rep. on
Biol. and Med., 5, 367 (1947).

Taylor, A., Carmichael,N., and Norris, T., Temperature Level and the Growth of
Embryo and Tumor of Tumor-Bearing Eggs, Proc. Soc. Exp. Biol. and Med.,
66, 165 (1947).

Taylor, A., A Further Report on Stromal Malignancy in Mouse-Grown Transplantsof
Egg-Cultivated Mouse Mammary Carcinoma, Fourth International Cancer
Research Congress, Sept. 3-6, 1947,St. Louis, Mo.

Taylor, A., Carmichael, N., and Norris, T., A Further Report on Yolk Sac Cultivation
of Tumor Tissue, Cancer Research, 8, 264 1948).



101

Taylor, A., and Carmichael,N., Yolk Sac Cultivated Tumor Tissue and Experiments
in Tumor Chemotherapy. I. Riboflavin, Tex. Rep. on Biol. and Med., 6, 504
(1948).

Taylor, A., and Galinsky, 1., Yolk Sac Cultivated Tumor Tissue and Experiments in
Tumor Chemotherapy. 11. Neutral Red, Ethyl Violet, and Janus Green,Cancer
Research, 9, 622 (1949).

Taylor, A., and Carmichael,N., The Effect on the Embryo on Continued Serial
Tumor Transplantation in the Yolk Sac,'Cancer Research, 9, 498 (1949).

Taylor, A., The Use of Yolk Sac Cultivated Tumors in Cancer Chemotherapy Studies,
Tex. Rep. on Biol. and Med., 8, 227 (1950).

Taylor, A., and Carmichael,N., Folie Acid Analogs and the Growth of Embryo and
Tumor Tissue, Cancer Research, 11, 519 (1951).

Taylor, A., Carmichael,N., McKenna, G. F., and Burlage, H. M., Inhibition of the
Growth of Egg Cultivated Tumor Tissue by Extracts of Cooperia pedunculata
Herb., Proc. Soc. Exp. Biol. andMed., 77, 841 (1951).

Klatt, O. A., and Taylor, A., The Effect of Tumor Growth on Liver Catalase Con-
centration, Cancer Research, 11, 764 (1951).

Taylor, A., McKenna, G. F., and Burlage, H. M., Cancer ChemotherapyExperiments
with Plant Extracts, Tex. Rep. on Biol. and Med., 10, 1062 (1952).

Knox, J., Rosene, H. F., and Taylor, A., The Effects of Various Tumor Growths on
the Water Content of the Liver in Mice and Chick Embryos, Tex. Rep. on
Biol. and Med., 10,830 (1952).

APPENDIX




	CANCER STUDIES II no.
	FRONT
	Title
	Chapter
	Contents

	MAIN
	Cancer Etiology
	The Yolk Sac Method of Cultivating Tumor Tissue in Eggs
	The Use of Embryonated Eggs in Cancer Therapy Experiments
	Untitled
	Untitled

	The Effect of Metallic Chlorides on the Growth of Tumor and Nontumor Tissue
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Table 7
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled

	Factors Influencing the Utilization of Glucose By Suspensions of Living Tumor and Embryo Cells
	Untitled
	Untitled
	Untitled
	Untitled


	BACK

	Advertisements
	Illustrations
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Figure 1 Twelve-day-old tumor bearing egg showing needle in position for injection of materials between the shell and chorio-allantoic membranes.
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled

	Tables
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Table 7
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled


