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THE EFFECTS OF TUMOR ON THE NUCLEIC ACID
METABOLISM OF THE HOST TISSUES

Abstract

A humoral factor elaborated by tumor tissue has been suggested
as the etiological agent which causes the systemic effects accom-
panying malignant disease. Because of the important role of the
nucleic acids in the metabolism of the cell, it was postulated that
the tumor factor might produce the systemic effects by altering the
nucleic acid metabolism of the host tissues. With these considerations
in mind, a study has been made of the effect of several transplant-
able tumors on the incorporation of formate C 14 and tritiated thy-
midine into the nucleic acids of the host tissues. Studies on the in-
corporation of thymidine into the host tissues have been empha-
sized since this compound is a specific precursor of DNA thymine.
Liquid scintillation counting methods were developed in order to

" assay the radioactivity of the tritium-labelled thymine. Methods for
the liquid scintillation counting- of carbon-14 labelled purines and
pyrimidines were also established.

The presence of the ascitic and subcutaneous forms of the
Ehrlich tumor was found to have little effect on the incorporation
of formate-C 1* into the nucleic acids of the host tissues. In contrast
an increased uptake of tritiated thymidine by the DNA of the host
tissues was observed in animals bearing the Ehrlich ascites tumor,
Novikoff hepatoma and the Walker 256 carcinosarcoma. This effect
was particularly striking in the case of the liver and spleen of ani-
mals bearin; the Walker 2,56 tumor.

Other investigators have isolated a substance known as toxo-
hormone from tumor tissue which has been shown to produce certain
systemic effects similar to those of tumor tissue. It was postulated
that the increased incorporation of thymidine into the DNA of the
host tissues might be the resuit of the action of toxohormone. In
order to test this hypothesis, the effect of toxohormone on the in-

corporation of tritiated thymidine into the DNA of rat liver and
spleen was studied. Crude toxohormone caused an increased uptake
of thymidine by the DNA of spleen, but the results obtained for
liver were equivocal. A highly purified fraction of toxohormone was
prepared by ion-exchangze chromatography and gel filtration. How-
ever, this fraction had no effect on the incorporation of thymidine
into the DNA of rat liver and spleen. These results suggested that
tumor tissue might contain a factor which stimulated DNA- syn- . .
thesis and which could be isolated in company with crude toxo-
hormone. -
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ABSTRACT

A humoral factor elaborated by tumor tissue has been
suggested as the etiological agent which causes the systemic
effects accompanying malignant disease. Because of the impor-
tant role of the nucleic acids ih the metabolism of the cell,
it waS'postuléted that the tumor factor might produce the
systemic effects by altering the nucleic acid metabolism of
the host tissues. With these considerations in mind, a study
has been made of the effect of several transplantable tumors
on the incorporation of formate-Clh and tritiated thymidine
into the nucleic acids of the host tissues. Studies on—the in-
corporation of thymidine into the host tissues have been em-
phasized since this compound is a specific precursor of DNA
thymine. ‘Liquid scintillation counting methods were developed
in order to assay the radioactivity of the tritium-labelled
thymine. Methods for the liquid scintillation counting of
carbon-ll‘r labelled purines and pyrimidines were alébv
established.,

The presence of the aséitic and subcutaneous forms of
the Ehrlich tumor was found to have little effect on the incor-
. poration of formate-G;h into the nucleic acids of the host
tissues, In contrast an increased uptake of tritiated thymidine
by the DNA of the host tissues was observed in animals bearing
the Ehrlich ascites tumor, Novikoff hepatoma and the Walker
256 carcinosarcoma.> This effect was particularly striking in
the case of the'iiver and spleen of animals bearing the Walker

256 tumor.,
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Other investigators have isolated a substahce known as
toxohormone from tumor tissue which has been shown to produce
certain systemic effects similar to those of tumor tissue. It
was postulated that the increased incorporation of thymidine
into the DNA of the host tissues might be the result of the
action of tcxohorﬁone. In order to test this hypothesis, the
effect of toxohormone on the incorporation of tritiated thy-
midine into the DNA of rat liver and spleen was studied. Crude
toxohormone caused an increased uptake of thymidine by the DNA
of spleen, but the results obtained for liver were equivocal.
A highly purified fraction of toxohormone was prepared by ion-
exchange chfomatography and gel filtration. However this
fraction had no effect on the incorporation of thymidine into
the DNA. of rat liver and spleen. These results suggested that
tumor tissue might contain a factor which stimulates DNA syn-
thesis and which could be isolated in company with crude

toxohormone.
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INTRODUCTION

Malignant tumors are characterized by the ability to grow
at the expense of, and in most cases lead to the death of the host
organism. The autonomous growth of the tumor in the host is in-
fluenced by the defense mechanisms of the host and also by the
systemic effects of the tumor on thé host. The dominant aspect of
this reciprocal tumor-hosﬁ relationship is without question the
effect of the tumor on the structure and function of the host tis-
sues. In some cases the effect of the tumor on the host can be
attributed to secondary effects such as infection, hemorrhage, and
malnutrition. However, it is true that systemic effects of tumor
may be evident when these secondary effects are absent (1,2). Fur-
thermore it is known that cahce# can cause death Without destroy-
ing vital brgans, such a cancer death has been termed a metabolic
death (3). These observations have led many cancer investigators
into sﬁu&ies of the systemic effects of tumor on the host tissues.
Detailed and comprehensive treatments of this subject are found in
reviews by Begg (3), Feninnger and Mider (1), Greenstein (4),

Homburger (5), Nakahara and Fukuoka (6), and Goranson (7).
I. Systemic Effects of Tumors.

l. Nucleic acid metabolism of host tissues:

on the nucleic acid metabolism in tissues of the host, Changes in
the nucleic acid concentration of the host tissues have been found,
and it has been shown that tumor tissue alters the incorporation

of certain nucleic acid precursors, Cerecedo et al. (8-12) have

~
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shown an increase in coﬁcentration of nucleic ac;ds in the liver,
lung, kidney, thymus and lymph nodes of sarcoma-bearing mice.
These authors also found (13) that rats bearing Walker carcinoma
showed an increase in the'nuéleic acid concentration of the spleen
and the ribonucleic (RNA) concentration of bone marrow. Growth of
the Murphy-Sturm lymbhosarcoma, in the rat, was accompaniéd by an
increase in the deoxyribonucleic acid (DNA) content of liver, lung,
and spleen, and a decrease of DNA in the bone marrow (14,15). The
RNA concentration of the host's spleen was also increésed. iDgring
the development of the Jensen'sarcoma in the rat a rise in the DNA
‘concentration in the lung was observed (15). Cerecedo and asso-
ciates (15) have also found that a myeléidﬂleukemia in the mouse
caused é rise in lung DNA and a decrease in DNA of the spleen.
When the Murphy-Sturm lymphosarcoma, Jensen sarcoma or myeloid
leukemia underwent regression each of the observed changes in nu-
cleic acid concentration reversed and normal patterns were re-
established.

Other investigators have studied the effect of tumors on
the incorporation of several nucléic acid precursors into the
nucleic acids of host tissues. Kelly and associates (16-18) have
observed an increased rate of incorporation of P32 into the DNA
of liver and spleen of mice and rats bearing several transplanted
tumofs. Similar increases in the incorporation of glycine-z-clh
gt '

and formate into the DNA of 'host tissues of tumor-bearing

mice have been reported (19), although LePage and Heidelberger
(20) found no significant difference between the incorporation of

élyé:ine-Z-GlLL into the DNA and RNA of the livers of rats bearing

Flexner-Jobling carcinoma, compared to normal liver. In contrast,
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it has been demonstrated (21) that the livers of rats bearing
Flexner-Jobling carcinomaihaGe a higher uptake of P32 into the
DNA nucleotides than livers of normal rats. The results of ex-
periments performed in this laboratory (22) have indicated that
rats bearing sixth day Novikoff hepatbmé héd an increased incor-
poration of formate into the nucleic acid purines of the host
tissues, On the other hand the presence of fourth day Novikoff
hepatoma decreased formate incorporation into the nucleic acid
purines and thymine of the host's spleen and intestinal mucosa,
but had little effect on liver (23). Others (24,25) observed a

Clh into the nucleic

stimulation of incorporation of adenine-8-
acids of the host tissues of tumor-bearing mice, In addition,
Balis and co-workers (26,27) reported an increasedvincorporation
of guanine and hypoxaﬁthine'into the RNA of certain host tissues
of rats bearing transplanted human tumor.

Kelly and Jones (28) observed that repeated injections of
tumor homogenates caused“an"increased incorporation of P32 into
the DNA of tissues of normal animals. Furlong et al (29) were
able to démonstrate an increased uptake of adenihe;é-clk'into the
DNA. of liver, spleen and lung when tumor homogenates were injected
into mice. A similar stimulation of adenine incorporation in yi=-
tro into DNA was found (30) in a system containing normal tissué

and tumor homogenates., ‘Fuflong et al. (29) concluded that tumor
tissue, and to a lesser ektent séﬁe'ﬁofmal tissues, elaborated a
‘factor which seemed to increase the incorporation of labelled

~adenine into the DNA of normal tissues. More recent experiments

by Furlong (31) and Furlong and Griffin (32) have indicated that
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the soluble fraction obtained from the ultracentrifugation of
Novikoff hepatoma homogenate possessed DNA polymerase-like ac-
tivity. Inoue et al. (33) have also reported that the injection
of a human tumof'eiﬁréctgcaused an increased incorporation of P32
into rat liver»DNAm

Slices of host tissues obtained from tumor-bearing rats
were found (34) to incorporate tritiated thymidine and adenine=-
8-C;h to a markedly greate} extent than did slices of.correspond-
ing normal tissues. The difference wés most apparent in the sli-
ces of liver and spleen from the tumor;bearing rats, and was re-
versible since it diéappeared on regression of the tumor.

Further to these observations on the effect of tumer on
the incorporation of nucleic acid precursors into host tissues,
Annau and co-workers (35) and Malmgren (36) have reported an in-
creased mitotic rate in the livers of tﬁmof-bearing mice and rats.
Others (37-39)vhave obtained a mitosis;promoting sﬁbstance‘from
malignaﬁt pumérs{

. Waravdekar et al.reported (40,41) that the synthesis of
diphosphopyridine nﬁélédtide (DPN)$in the liver of tumor-bearing
animals was depressed and suggestéd the existence of a humoral fac-
tor in the tissues and blood of animals. The findings of Oide
(42) suggested that the decreased amount of DPN in the host tis-
sues resulted from a high level of cortisone in tumor~bearing ani-
mals., However, Tomaru and Ono (43,44) have found that the injec-
tion of the toxoehormone factor 6f Nakéhara and Fukuoka (45) inhi-

bited in vive the synthesis of DPN by the liver,
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The evidence obtained by other investigators indicated
that the'presence of tumor tissue causes a stimulation of the nu-
cleic acid metabolism in the host tissues. In addition, the re=
- sults suggested that the alteration in the nucleic acid metabo-
lism of the host tissues might be caused by a factor produced by

the tumor tissue.

2. Liver catalase:

Abﬁfdximaﬁei&‘fifty years ago a group of German workers
reported .(46-49) that liver catalase activity was markedly reduc-
ed in tumor-bearing humans and animals. 1In a series of later in-
vestigations Greenstein and co-workers (50-54) confirmed these re-
sults and established that the decrease in liver catalase was a
result of the presen&e of the tumor and not due to any secondary
effects to which the fumor may give rise., The depression of liver
catalase was observed (4) in a variety of animals bearing several
different spontaneous‘énd transplantabie tumors and the liver cat-
alase éctivity returned to normal on extirpation of the tumor (53).
It was also observed (55) that the activity was lowered to a greaﬁ-
ér degree by malignant tﬁmors than by bénign tumors and rapidly
growing non-malignant tissue, such as embryo, had no effect (56),
Recent reports (57,58) indicated that liver catalase was also —
lowered in animals beéring leukemia, Mason et al. (59) have demon-
strated a depression of liver catalase in huﬁéné with‘cancer, but
their data suggested that the effect was an indirect result of the
malnutrition produced in the host. However, on the basis of the
data available from animal experimenfs it was apparent that the

lowered catalase activity in the liver of a tumor-bearing animal
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was not explicable on the basis of malnutrition alone (3).

3. Other enzymes:

Thé étudy ofaliver catalase has 6ccupied the dominant
position in investigations of the enzyme aspects of tumor-host
relations and consequently relatively little is known about the
levels of other enzyme systems in the host tissues of tumor-bear=
ing animals. The depression Qf kidney catalase was not as strike
ing as that of liver; and blood catalase in tumor-bearing animals
was normal (60).

The'effects of tumor on other host tissue enzymes have
been‘varied. Purr (61) observed an increase in tissue cathep-
sins during tumor gfowﬁh and an increase in aspartic-glutamic
transaminase has been found (62) in the livers of tumor-bearing
rats. On the other hand redﬁctions in the levels of carboxypep-
tidase (63) and D-amino acid oxidase (64,65) were found in the
tissuesiofvtumor-bearing animals, Greenstein (66) observed a
slight decrease in liver arginase and a decreaée in liver threo-
nine dehydrase has been reported (67) in tumor-bearing rats,

Altered levels of some of the enzymes involved in carbo~
hydrate metabolism have also been demonstrated. An increased
aldolase content has been reported (68;69) in the serum of ani-
mals and humans with cancer. The elevation was attributed to re-
lease of enzyme from the tumor. On the other hand liver aldolase
was found (70,71) to be lower in tumor-bearing animals. Several
investigatbrs (7é-75) have also reported elevated serum lactic
dehydrogénase igvels—in tumor-bearing animals and humans. Phos-

L
phorylase and glucose-6-phosphatase were found (76,77) to be
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lower in the liver of tumor-bearing mice. Very little has been
reported regarding investigations of the enzymes involved in li-
pid metabolism in the tumor-bearing host.

Alterations in serum acid and alkaline phosphatase in
the tumor-bearing hos£ have been observed for some time. Serum
acid phosphatase was elevated in pat%nts with carcinoma of the
prostate (78) and serum alkaline phosphatase activity was raised
in cases of bone tumor (79). These changes in the serum phos-
phatases appeared to belthé result of release of the enzyme from

the tumors.,

4. Protein, carbohydrate and lipid metabolism:

clogy of the tumor-bearing host would indicate concurrent alter-
ations in the metabolism of host tissues. Most of the attention
in this field has been devoted to a study of protein metabolism
in tumor-bedring animals., Some of the salient findings are pre-
sented here.

Mider et al. (80) have suggested that the tumor acts as a
nitrogen trap iﬁ £ﬁehanimal resulting in a state of negative ni-
trogen balance., It was demonstrated by a number of investigators
(3) that tumor tissue exhibited a high degree of incorporation 6f
amino acids, although the evidence of Greenlees and LePage (81)
indicated that the tumor proteiﬁ did participate in the dynamic
exchange of amino acids in the body. A decrease in the excretion
of trytophan and anthranilic acid has been observed (82) in tumor-
bearing mice. ‘

Alterations in the level of plasma proteins have also been
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demonstrated in patients or agimals with cancer. The low level
of plasma albumin has been attributed to a defective synthesis of
albumin by the liver (83). However, recent work by Hradec (84)
indicated that there ﬁas-increased biosynthesis of albumin by the
liver of tumor-bearing animals., The hypoalbuminemia in tumor-
bearing animals was assumed to result from an inability of the
host to meet thé tumor's demand for albumin. An increase in the
level of an«-globulin has been observed (85-87) in the serum of
_tumor-bearing rats. Elevations of this pfotein; to a lesser ex-
tent, were also observed in the serum of rats with regenerating
liver, kidney and skin, wound-healing, pregnancy or in very young
rats, It was assumed that the « -globulin fraétion was directly
concernéd with tissue growth.

A few alterations in carbohydrate metabolism have been
observed in the host tissues of tumor-bearing animals. Haven gt
al. (88) have shown an increase in the citric acid level in the
tissues of tumor-bearing rats. It has also been observed (89-91)
that the.liveré'of tumor-bearing'mice and rats have a diminished
ability to deposit glycogen. The presence of a tumor reduced
blood sugar levels and glycosuria in diabetic animals and it has
been suggested (3) that the blood glucose was shunted to the tu-
mor. It has also been suggested (7) that diabetes places a limite-
ing influenée on tumor growth as the result of a competition for
protein between gluconeogenesis on the one hand, and tumor growth
on the other. |
| The mobi;ization of depot fat is apparent on gross exa-
mination of patients or animals with cancer. This mobilization

is reflected by a hyperlipemia which has been well documented (3).
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No ketosis or ketonuria occurs in association with the hyperlip- -
‘emia indicating that the lipids were utilized to meet an increased
caloric requirement., Trew and Begg (92) have observed an impair-
ment in the'incorporation of acétate‘inéo the fatty acids of adi-
- pose tissue and suggested that such a }lesion might be responsible
for a diminished storage of depot fat in the tumor-bearing animal,
Except for the low tissue and high blood lipid content, a tumor
rat appears to have an adequate metabolic system for the oxida-
tion of fat.

Other systemic effects which have been demonstrated dur-
ing tumor growth are anemia, enlargement of the liver, spleen and
adrenals, and involution of the thymus. These and the other ab-
errations cited above'serve to indicate a general alteration in

the metabolism of the tumor-bearing host.
II. Mechanisms of Tumor Effects

Two theories have been advanced (7) to explain the mech-
vanism underlying the systemic effects of tumors. One theory pre-~
sumed that the tumor removed metabolites from the host tissues
which were necessary for the proper host metabolism. The second
theory suggested that the systemic effects were produced by some
humoral substance or substances elaborated by the tumor tissue.
One or both of these mechanisms could be responsible for the ob-
served effects on the host tissues. The second hypothesis has
received the most attention by investigators in this field, and
has been particularly important in explaining the effect on liver

catalase.,
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) _ The evidence obtéined regarding the depression of liver
cataiase'actiﬁity in tumor-bearing animals suggested that this
effect was caused by a circulating toxin released by the tumor.
The liver catalase-depressant effect appeared to be specific for
tumor tissue. Other factors such as protein depletion and X-ray
which reduced liver catalase, also lowered the activity of other
liver enzymes such as xanthine oxidase (3,54). Furthermore the
presence of rapidly growing tissues such as fegenerating liver,
fdetal tissue, and fast-growing benignh tumors was without effect
on liver catalase (54).

A correlation“was observed (93,94) between the decrease
in liver catalase activity and the‘éize of the tumor and regression
or removal of the tumor resulted in a return to normal hepatic ca-
talase activity (53). The experiments of Lucke et al (95) using
parabietic animais élso substantiated the hypotheéié-of a circu-
lating factor as the causal agent in liver catalase depression.
Following implantation of fumor into one parabiont, an equal lower-

ing of hepatic catalase activity was observed in both parabionts.

1. Toxohormone:

in'1948 Nakahara and Fukuoka (45) isolated a substance from
tumor tiésue which, when injeéted inta nérmal animals, had the
ability to decrease liver catalase activity. The material was ob=
tained as the alcohol precipitate of an aqueous extract of tumor
tissue and was designated toxohormone. The findings of Nakahara
and Fukuoka were soon confirmed by others (96-98) and the produc-
tion of toxohormone was found (45) to be a”universal property of

all the malignant cells tested; both carcinoma and sarcoma. It was
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also soon discovered (96) that,toxohgrmong could bé isolated,from
normal tissues, but in much smaller amounts than from tumor tis-
sues. Furthermore, normal tissue toxohormone preparations were
found (96) to possess considerably less activity in lowering liver
catalase. Further studies (99 100) revealed that toxohormone al-
though active in v1vo, had no effect on liver catalase in v1tro.
-Toxohormone has been isolated from the urine of cancer patients
(101), the ascitic fluid of animals bearing the Ehrlich ascites
tumor (102), the gastric Julce of patients with gastrlc tumors
(103), ‘and the blood of cancer patients (104).

In addition to the effect on liver catalase, it has also
been shown that the injection of toxohormone resulted in changes
in the hoh-hemin fractions in the liver of normal mice. Iijima
et al. (105) have reported the following alterations in the liver
of normal mlce following the injection of toxohormone: a decrease
in the ferritin fraction, an increase in the"nucleic acid iron
fractiod!, and an increase in the hemosiderin fraction. Fukuoka
and Nakahara (106) have induced thymus involution in mice by in-
jecting toxohormone. Recently Kampschmidt et al. (107,108) havé re-
ported that the injection of tokohormone caused tﬁymus inﬁolution,
anemia, decreased plasma iron, depressed activity of the liver and
kidney catalase, and increased weight of the liver, spleen and a=-
drenals., It was also observed (107) that the plasma iron was up
to 500 timés,as sensitive to toxohormone as liver cataiase, and
therefore was cdnsidered to be of va;ue in testing for toxohor-
mone ac;ivity.

The crude toxohormone preparation originally obtained by

Nakahara and Fukuoka (45) depressed liver catalase activity in
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doses of 50 to 100 mg per mouse. Furthgr purifiéation was obtaine
ed (6) by reprecipitation with one of the conventional protein
'preéibitants resulting in a fraction active for mice in 5 mg a-
mounts. Nakagawa et al.(109) obtained a copper sulfate precipi-
tate of the crude ffacﬁion»wﬁich was active at a dose of 1 mg.
Extensive purification of toxohormone has been obtained by the
use of ion-exchange chromatography. Ohashi and Ono (110) and
Goranson (111) employed diethylaminoetﬁyl (DEAE) cellulose ion=
change coiumné and eluted the purified toxéhorméne with phosphate
buffers of increasing acidity. Goranson (111). obtained catalase-
depressing activity at a dose of BOZﬁg pef rat. The most highly
purified preparations of toxohormone have been prepared by Yunoki
and Griffin (112,113) who have precipitated crude toxohormone by
the addition"of ether to an acetic acid extract of the acetone-
dried powder of tumor tissue and purified the crude toxohormone

by fractionation on Amberlite XE-64. Liver catalase-depressing
activity in'mice was obtained on injecﬁing 1 gé of the most active
fraction,

On the basis of the method of isolatidn of toxohormone and
the fact that it was precipitated by proteih"precipitants such as
- trichloroacetic acid, perchloric acid and cupric sulphate, Nakahara
and Fukuoka (6) assumed at the outset that toxohormoné might be
protein-like iﬁ nature, probably a polypeptide. Digestion of the
fraction with 6N HCl yielded a number of amino acids. The origin-
al toxohormone preparation also contained about 30% nucleic acid
(6), buﬂ in later experiments active toxohormone fractions free of

nucleic acid were obtained (6,114). The association of nucleic
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acid with many toxohormone preparations suggeststhat the toxohor-
mone polypeptide is basic in character. In agreement are the find-
ings of Ono et al who have isolated, from tumor tissue, a basic po-
lypeptide ha&ing.toxohormone activity. This finding has been ver-
ified by Fujii et al (115) who have isolated basic proteins from
two tumors whlch were effectlve in depressing liver catalase activ~
, ity and plasma iron levels in vivo but had no catalase inhibiting
activity'gg vitro. .

Téxoﬁorméne as originally isolated by Nakahara and Fukuoka
(45) was non-dialyzable (6). However, further studies demonstrated
- that toxohormone could be converted into a dialyzable form without
loss of activity (6). Ono et al. (116) subjected a toxohormone
fraection to pep51n hydroly51s and 1solated an active fraction from
the hydrolysate as a crystalline picrate. The active picrate gave
a blue color after reacting with ninhydrin.for one week and on hy-
drolysis yielded a number of aminé acids. The molecular weight of
the active picrate was calculated to be clos%_to LOOO.,

In a recent paper Yunoki and Griffin (113) have studied the
composition and properties of a highly purifiéd pfeparation of tox-
ohormone prepared from human tumor tissue. The purified fraction
represented approximately 0.002% by weight of the fresh tumor tis-
sue. About 80% of the fraction could be accounted for as polypep-
tide, the remaining 20% consisting largely of phospholipid. Hydro-
lysis with pepsin‘or 6N HCl rendered the fraction inactive and the
acid hydrolysate yielded the follbwing amino acids: aspartic acid,
threonine, serine, proline, glutamic acid, glycine, alanine, valine,

cystine, methionine, isoleucine, leucine, tyrosine, phenylalanine,
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lysine, and arginine. Ethanolamine was also detected following
acid hydrolysis. Leucine, alanine, glutamic acid and aspartic
acid were present in the highest concentration and accounted for
almost one half of the total amino acid composition. Further
fractionation of the.highly purified toxohormone preparation
yielded three sub-fractions with molecular weights ranging from
4200 to 6400, The N-terminal amino acid of each sub-fraction was
shown to be arginine.

The evidence indicated (6) that the action of toxohdrmone
" was to suppress the process of éaﬁalase synthesis; however, the
mechanism of this action is as yet unknown. Nakahara and Fukuoka
(117) postulated that toxohormone might cause underutilizatioh
6f pbrphyrin by impairing iron metabolism, thereby impairing the
synthesis of the iron-containing moiety of catalase, A similar me-
chanisﬁ may be invoked to explain the anemia that accompanies neo-
plastic disease. Ono ggvgl.(llB) have recently presented evidence
which indicated that téiohdrﬁone'acted by lowering iron mobiligza-

‘tion from the iron reserves,

2. Other tumor preparations:

The koché#fﬁ féctor df Hérgreaves and Deutsch (119), on
tained as a boiled extract of tumor homogenate, inhibited catalase
activity in vitro apparently by a binding of the iron moiety of
catalaée. ‘Héﬁééér, kochsaft factor lacked activity 1gtzizg, in
contrast to toxohormone, indicating that they are two different
substances.

Other investigators (120-122) have obtained heat stable

preparations from a number of tumors which were found to stimulate
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tumor growth. Enhancement of tumor growth has also been found
(123,124) following the 1nJect10n of fresh or lyophilized tumor
homogenates. These authors suggested that the active factor pre=-
sent in the tumor homogenate might be a lipoprotein. Haven et al
(125) have observed an increase in body weights when phospholi-
pldS prepared from tumor were fed to normal rats.

A substance named oncotrephln has been 1solated from tu-
mors and has been shown to promote the mitosis of mouse epidermal
cells in vitro (126) and to accelerate the growth of L cells in
tissue éultﬁfé (127). Preliminary studies on the characterization
of oncoﬁrephin indiéated (128) that it was a protein which might
be associated with a porphyrih compound.s An oncotrephin-like sub=
stance has been iéolated (129) from regenerating rat liver., The
subject of growth-promotihg»féctors in tissues has been reviewed

by Paschkis (130).
III. The Present~Investigation.

The role of the nucleic acids and related cpmpounds as part-
gcipanté and determinant factors in the biosynthesis and metabolism
of cell constituents has been well established (131)., The impor=-
tance of the nucleic acids in brotein and enzymé syﬁthesis has also
been clearly demonstrated (132). As indicated in the section on
nucleic acid metaboliSm,,tﬁe pfesence of tumor tissue has been

found to cause certain alterations in the nucleic acid metabolism

of the host tissues. The findings of Cerecedo et al. (15) indicat-
ed that increases in the DNA concentration of thé hosf tissues of

tumor-bearing animals occurred more frequently than increases in
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RNA: concentration, The results of Kelly et al.(16-19) also demon-
strated that tumor enhances incorpofation‘df'nuéleic acid precur=-
sors to a greater degree into the DNA of the host tissues as com-
pared to the RNA. o

The purpose of the research reported herein, has been to
study in more detail the effects of tumor tissue on the nucleic
acid metabolism’of hoée tissues, In view of the observations of
Cerecedo et al.(15) and Kelly et gl.(16-19) and because of the ime
portant roievéf‘DNA in tﬁe celi.iﬁdwés plaﬁned to study in particu-
laf the effect of tumor on DNA metabolism in host tissues,

The results of preliminary experiments indicatéd that
neither the solid subcutaneous form nor ascites form of the Ehrlich
tumor had an effect on the incorporation of formate-¢l¥ into the
nucleic acid of the host's spleen, liver, kidney or lung. It has
been observed by several'investigators (22,23,133) that formate is
rapidly excreted as expired CO, followiﬁg subcutaneous injection,
It was felt,thereforé,that this nucleic acid precursor was not sate
isfactory for studies of the effect of tumor on host tissues. Thy-
midine has been shown to be a specific precursor for DNA thyminé
(134) and is therefore useful in determining alterations in DNA me=
taboiism. With these considerations in mind a study was made of
the effects of tumor on the incorporation of tritium-labelled thy-
midine into the DNA thymine of host tissues. Liquid scintillation
counting methods were developed in order to assay the radioactivity
of the tritium-labelled thymine. Methods for the liquid scinti-
llation counting of carbon-l4i labelled purines and pyrimidines were

also established.
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The results of the experiments recorded herein indicated
that the‘presence of Ehrlich ascites tumor in a mouse caused an
increased incorporation of thymidine into the DNA of the hostls
livei, spleen, and kidney. On the other hand, no increase in.the
incorporation of tritiated thymidine was observed in the hqsi'tis-
sues of rats bearing the Novikeff hepatoma. However, a marked in-
crease in the incorporation of tritiated thymidine into the DNA
of host liver and spleen was observed in rats bearing the Walker
cércinosarcoma 256. Thymidine also tended to be incorporated to
~a greater degree into the DNA thymine of the lung and intestinal
mucosa of rats bearing the Walker tumor as compared to control rats.

' The concept of a tumor toxin has been postulated (4,6,135)
as an explanation of the systemic effects of tumor. Such a hypo-
thesis seemed reasonable in view of'the many cliniecal and experi-v
mental observations which indicated that profound systemic effects
couldbbe caused by relatively small tumor lesions. These effects
appeared to be a result pf the presence of malignant éells in the
host and could not be explained on the basis of any anatomical a=-
berrations caused by the tumor., An example of this phenomenon was
apparent in primary tumors of the lung in which the presence of a
relatively small amount of tumor tissue has been observed to cause
profound cachexia, weight loss, anorexia and anemia. '

Nakahara and Fukuoka (45) and others (96-9é) have clearly
demonstrated that toxohormone is active in debressiﬁg liver cata=-
lase. However very little work has been reported on the effect of
tumor preparations on nucleic acid metabdlism. Kelly and Jones

(28) have shown that repeated injections of tumor homogenates
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cauSed_an ipééeased\incorporation of P32 into the DNA ofAnormal
liver and spleen. Furlong et g;.(29§30) concluded-that tumor tis-
sue eiaborated a faétor whiéh ééuéed an increased incorporation of
adenine-8-Clh into the DNA of normal tissues, ~The injection of a
human tumor extract caused (33) an increased inéorporation of'P32
into rat liver DNA and a mit;sis-promoting substance has been iso-
lated (37-39) from malignant tumors. Ono and Tomaru (43,44) ob-
served that toxohormone inhibited in vivo the DPN synfhesisjactiv-
ity of the liver. However, no expéfiﬁéﬁﬁs have been reported on
the effect of toxohbrmone on nucleic acid metabolism. Since it
has been shown that toxoﬁdrmone caused é decrease in the syhthesis
of the enzyme catalase, it scemed reasonable to hypothesize that
such an effect could be mediated through an alteration in nucleic
acid metabolism. Furthermore, the other systemic effects observed
in tumor-bearing animals, or following the injgctinn of toxohor;
mone, might'be expressions of a deep-seated and ﬁfra fundamental.
disturbance brought about by toxohormone. |

With these considerations in mind an investigation was
made of the effect of toxohormone preparations on the in vivo
incorporation of tritiated thymidine into the DNA thymine of.rat
liver and spleen. Crude toxohormone was isolated from Walker 256
tumor by the method of Yunoki and Griffin (112), and assayed by
determining the depression of plasma iron ieveis in rats.,.

The injection of crude toxohormone into rats tended to

increase the degree of incorporation of thymidine into the DNA
- thymine of spleen measured twelve hours after the injection of
crude toxchormone. However the results obtained for liver were

equivocal., In view of these results a study was made of the
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effect of a purified preparation of toxohormone on the incorpora-

tion of thymidine-ﬂ3

into the DNA of rat liver and spleen. A high-
1y pdrified fractibn of the crude toxohormone was obtained by ion-
exchange chromatography on Amberlite XE-64 and Sephédex G50. How-
ever the purified preparation of toxohormone appeared to have ho
effeét on the rate of incorporation of tritiated'thymidine into

the DNA thymine of liver and spleen.

These results have been discussed in relation to the find-
ings of others. The concept of the production of growth-promoting
factors by malignant and non-malignant tissues has been reviewed.
and the possible relationship of these factors‘to toxohormone has
been pointed out. In addition, the significance of alterations in
the nucleic acid metabolism of the host tissues of tumor-bearing -
animals has been discussed in relation to the systemic effects of
tumor. In view of the findings obtained herein, it has been pos-
tulated that crude toxohormone may be an 1mportant factor in the.

etiology of the systemic effects of tumor,
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EXPERIMENTAL

,,,,,,, L

A. METHODS
I. Materials

1. Experimental animals:

Ha/ICR mice from the éolODY§at the University of British Colum-
bia‘were used in the experiments reported herein,

2. Radioactive materials:

The C;h-labelléd purines and pyrimidines used in studies of the
liquid scintillation counting methodé, were isolated from the
DNA or RNA of tissues of rats or mice which had previously been
injected with sodium formate-Cl4, Tritiated thymidine was ob-

tained from Schwarz Bio-Research Inc,
II., Tumors Studied

In any sﬁﬁdy of the effect of tumor tissue on the meta-
bolism of the host tissues, there are certain criteria. which
govern the selection of the tumors used in the stddies. It is
" desirable to use readily transplantable tumors which will grow
to a considerable sizé without metastasizing. Furthernore, in
order to étudy the effgct'on the host tiséues of hﬁmoral sub-
stances produced by the tumor, it is also desirable to select a
tumor which can be implanted at a site some distance from the
host tissues being studied..

The intraperitoneal Ehrlich ascites tumor is an easily
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transplantable tumor which can also be grown subcutaneously.

Thé Novikoff hepatoma can be implanted intraperitoneally and
grdws‘to ékconsiderable size without metast;sizing. The Walker
carciﬁosarcoma 256 tumor was felt toibe a very satisfactory tumor
for these studies since it is an easily transplantable, rapidly
growing tumor, which can be implanted into the muscle of the hind
iegs of the rat. Furthermore the work of Kampschmidt et al. (108)

indicated that the Walker 256 tumor elaborated more toxohormone

than other tumors.

l. Ehrlich ascites tumor.

The Ehrllch ascltes tumor Was 1n1planted 2 in mice as

described by Paterson (136). The tumor was transplanted at
weekly intervals and tﬁe méterial for transplantation was pre-
pared ip the folldwing manner, The éscitic fluid was drained
from the péritoneal cavity of the donor mouse and’cehtrifuged.
The cells which sedimented were suSpended in 10 volumes of
Ringer's ~ascites buffer (137)~ If the ascitic fiuid was san-
guinous the cells were resuspended twice in buffer. Each mouse
was then 1n3ected 1ntraper1toneally wlth 0.2 ml of a 1:10 sus-

pension of Ehrlich ascites tumor cells,

2. Solid subcuténeous Ehrlich tumor:

Wﬁen-the Ehrliéh.aééitésAtﬁmof'éell suspensions prepared
,in‘the above manner were injected subcutaneously into mice, sube
cutaneous tumors formed at the sites of injection. Injectioh
into the axillae resulted in the rapid formation of tumor masses

but it was difficult to isolate and excise these thmors. Injec=
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tion of the tumor cell suspension under the skin of the anterior
abdominal wall gave rise to subcutaneous tumors which quickly
eroded through the abdominal wall into the peritoneal cavity.
The anterior thoracic region was found to be a satisfactory site
for the subcutaneous injection of the tumor cells. Subcutaneous
tumors growing in this fegibn showed gross evidence of necrosis
on the 16th day of tumor growth, but none up to the thh day of
tuﬁor growth. Each mouse was injected bilaterally in the anter-

ior thoracic regionvwith 0.1 ml of a 1:10 Ehrlich ascites tumor

cell suspension.

l‘3. Novikoff hepatoma:

The Novikoff hepétoma has been maintained in Spfague-
Dawley rats by weekly intraperitoneal injection of 0.5 ml of a 1
in 5 dilution of a minced tumor ceil suspenSion in physiological
saline, |

L. Walker carcinosarcoma 256 tumor:

Thé.Waiker-256 ﬁﬁmor héé Béén.maintained in Sprague-Dawley
rats by transplaﬁtatioh at approximately two week intervals.
Two-tenths ml of a 1 in 5 dilution of a minced tﬁmor celi suspen-
sion in physiological saline was injected into the muscle of the
medial aspect of boﬁh hind 1egs; The intramuscular site was cho-
sen because a large amount of tumor tissue could be obtained.
Subcutaneous Walker 256 tumor was found to ulcerate rapidly and
the iﬁtraperitoneal tumor metastasized rapidly to other organs.
Twelve to fourteen day Walker 256 tumor was used, in the experi-
ments described herein, since rats bearing the intramuscular

Walker 256 tumor began to die about 15 days after implantation of
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the tumor. No gross evidence of metastasis was observed in rats

bearing 12-1k4 day intramuscular Walker tumor.
II1. Determination of Liver Catalase

The activity of liver catalase was determined by a modi=-
ficatién (138) of the method of Douhce and Shanewise (139), In
this method an excess of hydrogeﬁ peroxide is allowed to react
with‘an aliquot of liver homogenate for 5 minutes and the un-
reacted peroxide determined iodimetriéally. The liver catalase
activity was expressed as the first order reaction rate constant
(K) for an amount of liver which gave color with the Folin-

Ciécalteau reagent equivalent to 0.0l mg of tyrosine.-
IV.. Determination of Plasma Iromn:

in those experiments in which the plasma iron was deter=-
minéd, the anipals were injected intraperitoneally with 5 mg of
sodium pentabarbitone in 0.1 ml of water, and 8 mg of sodium
heparin in 0.1 ml of water. The animals were exsanguinated by
'Withdfawing blood from the inferior vena cava using é syringe.
If the heparin was omitted it was more difficult to withdraw
Blood and the serum obtained usually showed evidence of hemolysis.
The plasma iron was assayed by the method of Henry et al. (140),
in which the iron is removed from protein andﬁthe protein.preéi-
pitated by treatment with hot trichloroacetic acid. The iron in
the supernatant is reduced by hydrazine sulfate and the ferrous
iron determined colorimetrically by reaction with sulfonated

bathophenanthrolihe.
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V. Isolation and Determihation of Purines and Pyrimidines.

The nucleic acid purines énd pyrimidines of the tissues
were isolated and determined in the following manner. The li-
pids were extracted by homogenizing in 95% ethanol, ethanol-
ether (3:1), and ether. The fat-free tissues were dried and the
nucleic acids extracted in sodium chloride solution as described
by Bendich et al.(1l41l)., RNA and DNA_were separated by the proce-~
dure of Tynef gg g;.(ihz) and the DNA was then hydrolyzed‘@ith
perchloric racid as described by Marshak and Vogel (143). The
hydrolyzate was neutralized by the addition of 50% potassium
hydroxide, chilled, and the precipitated potassium perchloraﬁe
removed by centrifugation. The purines and pyrimidines, contain-
ed in the supernatant fluid, were separated by icn-exchange
chromatography on columns of Dowéx-SO (200-400 mesh), H* form.
The elution was carried out first with 20 to 30 ml of distilled
water,'followed by 1.5N HCl., The eluate was coilected\in frac=-
ions of 2 to 3 ml using an automatic fraction collector. The
optical density, at approximately 260 mu, of the eluate from the
DoWek-SO column was continudusly measured by a GME model 10 ultra-
Qiblet absorption meter and recorded by a Rustrak miniaturized
automatic chart recorder. The fractions containing the individ-
ual pyrimidines and purines were pooled, evaporated to dryness
and the residues were.dissolved in 0.1N HCl1l and made up to a-
known volume; The absorption spectrum of each base was deter-
mined.using a Beckman DK-2 ratio recordiné spectrophometer, and
the concentrations determined from the molar extinction

coefficients,
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VI. Radioactive Counting Procedures

l. Gas flow counting:

In those experiments in which the incorporation of

14

formate-G; into the nucleic acid purines and pyrimidines was
studied, the radiocactive counting was done with a windowless

gas flow counterfconnected to a scaier as described (23).

2. Liquid Scintillation counting:

determinéd‘using“an automatic Tri-Carb liquid scintillation
spectrometer, (Packard Instrument Co., La Grange, I1l.). Liquid
scintillation éounting Begén in l956_whén it was reporﬁed
(144,145) that dilﬁte solutions of fluorescent substances in aro-
matic soiyents could be used with photomultiplier tubes to-detect
. radiation. Beta particles striking the fluorescent substance
cause emission of photons which are detected by the photocathode
face of the photomultiplier tube and give rise to elqctrical pul-
ses which are amplified electronically. The ﬁhotomultipliéf vol-
. tage is varied by changing the ﬁap setting of the instrument. In
general a tap setting is selected which will give-méximum count;
ing efficiency. After amplification the pulses are selected by
the pulse height analyzer which, by appropriate settings of the
discriminators, is able to select the pulses produced by the beta
radiétion of carbon-14 or tritium. Upon leaving the ahaleer,
the pulses are fed into the red and green scalers. By means of
an electronic timer and a digital printer the data are printed
out on paper. The instrument is equipped with An automatic

sample changing device which handles up to 100 standard 5 dram
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glass vials,

In[ofder to elimiﬁate thermal pulses arising from the
photomultiplier tube, the use of cooling and a coincidence
arrangement of two photomultipliers is necessary. The automa-

1

tic sample changer, .= photomultipliers and preamplifiers are
kept in a freezer at -3°C, Two photomultipliers'look™at the
sample vial containing the sblution of radioactive sample and
liquid scintillator and therefore legitimate light pulses are
seen'simultaneously by both. An electronic coincidence circuit

is provided to pass such pulses and to reject thermal pulses
which occur at~random in the two photomultipliers and rarely
chance to coincide in time, In ali fhevcounting procedures re-
borted.herein, the counts were recorded on the red scaler of the
instrument at selector position 2, the AA' discriminator set at
10V, the B discriminator set at 50V and the C discriminator set

at 100V,



27
B. RESULTS
I. Liquid Scintillation Counting Procedures.

Thé‘advent of liquid scintillation counting (1i44,145)
provides a method which in many cases allows greater ease in the
preparation and counting of Glh- and tritium-labélled samples.
Furthermore this method yields a higher counting.efficiency (146)
for tritium as compared to other conventional radioactive assay
techniques.

Although methods for the liqui&’scintillation counting
of several biologically important compounds have been described
(147), little information was available concerning liquid scin-
'tillétion systems for the counting of C;h-labelled purines and
pyrimidines, and tritiated thymine. Davidson and Feigelson
(146) have reported methods.for counting cl4-1abelled bases in
équeéus solution. Since in the experiments reported herein the
isolated purines and pyrimidines were dissolved in 0.1lN HCl, the
countingAmethods were designed so as to allow the most efficient
determination of radiocactivity in O.4 ml aliquots'of these soiu-
tions. In most cases this volume contained a significant amount

of radioactivity.

l. Procedures for countlng Clh-labelledgpurlnes and
pyrimidines: :

Davidson and Feigelson (lhé)'haﬁe reported a satisfactory
method for counting G;hélabelled pufines in which the bases are
first dried in the vials and.then dissolved in gthylene glycol.

A scintillation system containing the following components is

then added to each vial:
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p-dioxane : 6 parts by volume
anisole : 1 part by volume
1,2 dimethoxyethane s 1 part by volume

2,5 diphenyloxazole (PPO) is dissolved in the solvent

system to a concentration of 1.2%; 1,4-bis-2-(5-phenyl

oxazolyl)-benzene (POPOP) to a concentration of 0.05%.
Davidson and Feigelson'(lbé) designated this system Polyether-
611, The ratio of Polyéthef—éll to ethylene glycol was 4:1. In
view éf these findings, experiments were performed to determine
the reliability of the ethylene glycol-Polyether-611 system,
Serial amounts of adenine-Cl% in 0.1N HC1 were dried in the
counting vials. The residues were then dissolved in 1.25 ml of
ethylene glycol as described by Davidson and Feigelson (146)
and 5'ml of the Polyether-611 scintillator syétem were added to
each vial. The vials were cooled to -3°C and counted at the“
optimum tap setting of 4.

The results are shown in Figure 1. It is seen that there

is proportionality between the amdunt of adenine-G;h

present and
‘the radioactivity detected. If the ethylene glycol was omitted

from the system the agreement'between duplicate samples was poor

and there were also variations on repeated counting of individ-
ual samples.,
Using a similar counting system varying aliquots of cy-

14 Clh -GllP were counted

tosine-C 7, uracil-Glh, guanine- and thymine
and the results plotted in Eigures 2 to 5. Again there is pro-
portionality between the améunt of base present and the radio-
activity detected.

Preliminary experiments had indicated that adenine-HC1l
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might have a quenching effect if the concentration of the com-
pound was increased beyond'the quantities shown in Figure 1.
Furthermore Davidson and Feigelson (146) have observed that as
little. as 1 mg of adenine'per vial feduéed the counting effi-
ciency by aboutrlo%, whereas up to L mg of éuanine per vial had
nb quenching‘effect. Therefore samples of the purines and py-
rimidines were prepared containing constant amounts of radioac-
tivity but dincreasing amounts of non-radioactive carrier. The
radioactivity was determined using the Polyether-6ll-ethylene
'glyco% system. From Figure 6 it islseen that the quenching
effect of adeniné-Hleis quite pronounced as the amount of base
is increased from 0.036 mg to 4,036 mg. The quenching effect
of guanine-HCl is much smaller and quenching by the pyrimidine
bases is negligible (Figure 7 and 8).

Since aqueous-solutions are soluble in the Polyether-611
system, it was decided to substitute water.for ethylene glycol
in the counting system. Serial aliquots of the bases dissolved
in 0.1N HCl were dried, the residues dissolved in 1 ml of water
and 4 ml of the Polyether-éll\scintillatof system added. The
samples were counted at\tap 4 and the results are shown in
Figures 9 to 13. In all cases except uracil there is propor-
tionality between the amount of base‘present and the radioactiv=
ity determined. The lack of linearity with uracil is attributed
to a slight coloration of the uracil solution which caused color

- quenching as the amount of uracil was increased.,
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Table 1

Comparison of counting efficiizcy of water and
ethylene glycol systems for C—%*-labelled purines
and pyrimidines. _

;gyﬁﬁHCOunts per Minute
Water Ethylene glycol

Thymine-’.C;'l+ | L2214 351
Uracil-cl¥ 252 58
Cytosine-cl¥ 56 56
Guanine-ct%* 176 176
Adenine-cl¥ - 843 817

On comparing the counts obtained frem equal quantities
of these bases using the water and éthyléne-glycol systems és
shown in Table I, it is evident that Fhe ethylene glycol sys-
tem Has a lower efficiency for thymin;e-(illF and uracil-C;h.
However, there is no significanp difference in the efficienc¥
of the two systems for C;hélabelled cytosine, guanine and
~adenine, _ » |

In the procedures described above the HCl solutions of
the purihes and pyrimidines were dried in the counting vials‘
and the residues dissolved in water or ethylene glycol before
adding the scintillator system.. Since drying the samples in the
vial required a considerable amount of time it was felt that the
procedure could be simplified by eliminating the drying step;
However, 0.4 ml of 0.1N HC1l was found to be immiscible with 4 ml
of Polyether-611 at -3°C. ‘

A system was then sought which would allow the 0.1N HCl
and Polyether-61l solutions to remain miscible at =3°C. Several

authors (148-155) have described methods in which hyamine hydrox-
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ide (p-(diisobutyl-cresoxethoxyethyl)-dimethyl benzyl-ammonium
hydréxide) has been used as a‘sq1vating compound for the liquid
scintillafion counting of biological materials. It was felt
therefore, that the addition of hyamine hydroxide to the count-
ing system might alléﬁ miscibility of the 0.1N HCl and Poly-
ether-611 solutions, Serialvamountsvof the G ¥-labelled hase
dissolved in 0.1N HCl were pipetted inﬁo the counting vial and
dried in vacuo. Thé residues were then dissolved in 1 ml of
thod describedvby Eisenberg (154), was added to each vial, fol-
lowed by 4L ml of the Polyethér;éil system. The solutions were
miscible at -3°C. Thé ﬁse of an automatic syringe was found to
be a convenient method for dispensing the hyamine hydroxide and
organic solvents into the counting vials. Tap 5 was found to be
‘the optimum voltage setting for this system. From Figures 14 to
18 it is seen that there is proportionality between the amount
of G;h-labelled compound added and the radiocactivity determined.
The lack.of linearity in the uracil curve is attributed to color
quenching.

In order to determine whether hyamine hydroxide ﬁnd 0.1N
HCl1 have a quenching effect on carbon-li in the system contain-
'ing 4.ml of Polyether-611, a series of samples were prepared in
which the volume of these solutions in the counting vials'was

increased independently of one another from 0.2 ml to 1.0 ml.

From Figure 19 it is apparent that increasing the volume of 0.1N
HC1 or hyamine hydroxide solution causes a decrease in the count-

ing efficiency of the system.
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Experiments were performed'tovdetermine the effect pf in-

creasing the volume of Polyether-61l. A series of vials were
prepared containing 0.4 ml of a solution of adenine-¢1¥ in 0.1N

‘ HCl, 0.5 ml of hyamine hydroxide and increasing amouﬁts of Poly=-
ether-611. The samples were counted at tap 5. From Figure 20
it is seen that there is a sharp increase in the counting effi-
ciency of the system as the volume of Polyether-6ll is increased
to 5 ml. The addition of more than 5 ml of Polyether-611 has
little effect on‘the efficiency.

It is felt, therefore, that the following is a suitable

counting system for Clh-labelled purines and pyrimidines:

0.4 ml of a solution of C1¥.base in 0.1N HC1.
0.5 ml of hyamine hydroxide.

5 ml of Polyether-611 containing 1.2% PPO
and 0.05% POPOP., .

Maximum counting efficiency at tap 5.

On cémparing the ethylene glycol-Polyeﬁher-éll and hya-
mine hydroxide-Polyether;éll systems using equivalent amounts of
adenine--Cup as reference, it was found that the former system had
a counting efficiency 1.5 times that of the latter. This increase
in efficiency was offset by the greater ease of preparation of the
samples containing hyamine hydroxide and, therefore, the latter
system was considered to be the more suitable.

Kinnory et al (ifS)_have described a counting system con-
faining‘toluene,‘éthanol;@hyamine hydroxide and PPO which was
suitable for the liquid,scintillation measurement of radioactivity

in a variety of biological materials. It was felt that -such a.
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system might be satisfactory for the liquid scintillation count-
ing of Clh-labelled purines and pyrimidines. The system of
Kinnory et al. (155) was d;ghtly modified to give the following
countlng system'
O.4 ml of a solution of Clh-labelled purlne or
pyrimidine in O.1lN HCI1.
1.0 ml of hyamine hydroxide.
3 ml of absolute ethanol.

L, ml of toluene containing 0.63% PPO and 0.0262%
POPOP.

Maximum couhting efficiency at tap 5.

The addition of POPOP in this concentration increased the effi-
ciency by about 8%. However, the hyamine hydroxide, Polyether=-
611 system was found to be about 10% more efficient than the

hyamine, hydroxide, ethanol;toluenevsystem for the clh-1abelled

bases.

2. Procedures for counting H3-labelléd thymine:

In attemptlng to flnd é sultable method for the liquid
scintillation counting of thymine-H3, procedures were employed
similar to those described for the Clh-labelled purines and py-
‘rimidines, The thymine-H3 was prepared by hydrolysing thymi-
dine-H> with perchloric acid (143). The excess perchloric acid
was precipitated as potassium perchloraté and carrier thymine
wasadded to the solution‘of thymineaHB. The thymine was puri-
fied by ion-exchénge chromatography (23) and the fractions con-
taining the thymine were ppoled and driéd. The residue of

3

thymine-H” was dissolved in 0.1N HE1l to a concentration of about
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1 mg. of Ehymine-HB.per ml, Incréasing volumes of thymine-H3 dis-
solvéd in'O.lN HC1l were pipetted into the counting vials. The
solutions werevévaporated in vacuo and the residues dissolved in
1 ml of ebhyleﬁe glycol. Eéur ml-of the Polyether-611 system
were added to each vial. 1In another series 1 ml of water was

o sdBStituuﬁ for the ethylene glycol., The samples were cooled

to -3°G,ana counted at the optimum tap setting of 7 in the li-
quiduééintillation spectrometer., From Figure 21 it is evident
that there is little difference in the éfficiency of the water
and ethylene glycol counting systems.. Furthermore, there is
fairly good proportionélity between the amount of thymine-H3 per
vial and the radioactivity detected, particularly in the region
" up to 1 mg of'thymine-HB. This region is of particular impor-
ténce, since the amounts of thymine that are counted in the ex-
periments described herein fall within this range. The count-
ing efficiency of the ethylene glycol system for thyfnidine-H3
was found to be 4.4%, that 6} the water system L.7%, uéing the
stated activity of a commeric:ially obtained sample of tritiated
thymidine aé.an approximate sfandard.

In agreement,with the experiments on Clh-labelled purines
and pyrimidines, hyamine hydroxide was found to facilitate the.
preparation of the samples of thymine-H3. One~half ml of hyamine
'hydroxide solution was added to 1 ml of the QLN HCl solutions of
thymine-HB, followed by 4 ml of the Polyether-611 systeﬁ. The
samples were counted at tap 7. From Figure 22 it is seen that
there is good proportionality beﬁween the amount of thymine-H3
in the series of vials and the radioactivity detected. The re-

sults shown in Figure 19 also indicate that 0.1N HCl and hyamine
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hydroxide have a slight quenching effect on this system contain-
ingAthymine-HB. In a counting system containing 0.4 ml of a
standard so],.-ution:of'thymidine-H3 in 0.1N HEl, 0.5 ml of hyamine
hydroxideAand L ml of Polyether;éll, the counting efficiency was
found to be 2.1%. Increasing the volume of Polyether-611 caused
a gradual increase in the counting efficiency as shown in
Figure 23,
" Using the hyamine hydroxide, ethanol, toluene system as
outlined previeuslyvthe counting efficiency for H3-labelled thy-
mine was found to be about 40% higher than the hyamine hydroxide
Polyether-5611 system. Increasing the volume of the toluene-
scintillator solution up to 6 ml caused a sharp increase in the
efficiency (Figure 24). However, when 6 ml or more of the tol-
uene solution were added, the solutions separated into 2 phases
when cooled to -300, Incrpasing the volume of the toluene- _
scintillator solution beyond 6 ml had little effect on the count=-
ing efficiency except for a slight_décrease‘when 15 ml of the
solution were added. | | |

As a result of the above experlments the system used
routinely in these studies for countlng tritium-labelled thymine

in the liquid scintillation spectrometer is as follows:

O.4 ml of a solutlon of the thym1ne-H3 in 0.1N HCl.
1 ml of hyamine hydroxide.
3 ml of absolute ethanol'

5 ml of toluene containing 1. 63% PPO and
0.,0262% POPOP,

Maximum counting efficiency at tap 7.



-36~
Fresh absolute ethanol was found to be necessary for the system.
if the absolute ethanol was exposed to the air for a few days
and then used in the counting system, the solutions in the vials
separated into two phases.' This feature was attribuﬁed to the
absorption of water by the absolute ethanol., The relative count=-
ing efficiencj of this'system for thymidine-H3 is 3% using an
approximate standard of tritiated thymidine. From Figure 25 it
is seen that there is good proporpionality between the amount of

3

thymine-H” per vial and the radioéctivity detected.

In order to correct for radioactive decay, variations in
the counﬁing efficiency of the instrument and for variations in
the concentration of the hyamine hydroxide, duplicate 0.4 ml
aliquots of a standard‘th&mine-ﬂ3 solution in 0.1lN HCl were
counted with each series of viais and the necessary corrections
made. Since the solutions containing all the components of the
counting system become discolored on standing, the vials contain-
ing the standard thymine-H3 were prepared anew with each series

of vials.
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II. The Effect of Tumor on the Nucleic Acid Metabolism of
o Host Tissues

1. Studies using formate-c;h:

in these experiments. The incorporaﬁion of.formateeclh into the
nucleic acid purines and pyrimidines of the host tissues and tu-
mor tissue was determined in tumor-bearing and control animals,
Ten mice bearing the solid subcutaneous Ehrlich tumor were in-
jected with f.'erma‘c,e-G,ll+ 11 déys after the implantation of the
tumor cells., Ten mice bearing the intraperitoneal Ehrlich
ascites tumor were injected with formate-Cl¥ six days after the
implantation of the tumor cells., Two groups of ten mice each
and one group of five mice served as controls. Each of the con-
trol and tumor-bearing mice waslinjected subcutaneously in the
dorsal region with 0.34 mg of sodium formate-G;L4 containing
1.3 x 107 counts per minute, This amount of sodium formate-Clh
was contained in 0.1 ml of a solution containing 1 millicurie of
sodium formate-Ci¥ dissolved in 5 ml of slightly alkaline water.
Twenty-four hours after the injection of the formate;clh, the
mice were.killed by cervical dislocation and the tumor cells re-
moved by draining the peritoneal cavity. The lung, liver, spleen,
intestinal mucosa, and kidney were then quickly removed and fro-
zen. The corresponding tissues of each group were pooled and the
nucleic acid purines and pyrimidines isolated and determined.
The specific activities of the purines and pyrimidines were ex-
pressed as counts per minute per micromole (c.p.m./pM).

The specific activities of the nucléic acid purines and

pyrimidines obtained from the liver, intestinal mucosa, spleen,



Table II

Specific activities (c.p.m./uM) of nucleic acid
purines and pyrimidines of tissues from control
and tumor-bearing miiﬁ' Each mouse received

0.34 mg of formate~C+* containing 1.3 x 107 c.p.m.

CONTROL TUMOR-BEARING
, Ascites Subcutaneous
(10 mice) (10 mice) (5 mice) | (10 mice) (lo mice)
Liver
RNA -
uracil X ‘ 77 238 82 129
cytosine I 28 L5 28 L9
guanine 1196 1296 830 1834 980
adenine x 2580 953 1505 949
DNA
thymine 235 226 216 350 L7
cytosine 71 trace 56 74 53
guanine 1129 1062 596 978 1172
adenine 528 992 733 1410 1215
Mucosa
A .
uracil x 232 292 340 304
cytosine i 177 Th 210 172
guanine - q 17700 13790 13400 10840
adenine x 17050 10560 10870 - 10170
DNA '
thymine 3730 3910 4270 1290 2880
cytosine 390 | 2,8 151 125 252
guanine 15820 12350 12810 6910 9420
adenine 15150 14780 11180 6050 94,60
Spleen '
RNA - .
uracil e 216 86 304 347
cytosine X 140 112 104 92
guanine x 8550 4720 6600 5520
adenine b 11680 6720 2490 6420
DNA
thymine 2050 2410 2030 . 1726 1970
cytosine 176 trace 33 131 119
guanine 5340 7110 5440 4930 4075
adenine 7070 9200 5,420 6060 - 4790

%. sample lost
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Table II (Cont.)

s

CONTROL TUMOR-BEARING

, . . Ascites Subcutaneous
(10 mice) (10 mice) (5 mice) | (10 mice) * (10 mice)
Kidney
RNA . ’
uracil x 121 513 141 trace
cytosine ) 60 742 82 trace
guanine x 5110 3540 3770 2620
adenine x 7030 5820 5060 L14LO
DNA ‘
thymine 141 171 187 . 207 97
cytosine 38 trace 123 0 ' 0
guanine 204 918 423 847 527
adenine 222 889 229 767 L9l
Lung
RNA .
uracil X 238 1338 960 trace
cytosine x 215 3070 214 74
guanine I ¢ 3080 2570 1280
adenine I 3780 - 642 3085 1262
DNA | :
thymine 196 L27 115 261 481
cytosine 179 : 0 332 21 37
guanine 483 g 673 991 1558
adenine 438 1319 597 t 1570
Tumor
RNA. .
uracil . 886 112
cytosine 134 ) 86
guanine 13390 5140
adenine - 13410 L650
DNA
thymine 3960 1190
cytosine 260 110
guanine 12940 3320
adenine 10910 - 3045

X sample lost
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kidney, lung and tumor of the control and tumor-bearing mice are
shown in Table II. In most cases the specific activities of ura-
cil and cytosiné‘weré found to be negligible. On comparing the
data obtained for the purines and thymine it is evident that most
of the values obtained for the tumor-bearing animals fall within
the range 6f the control animals. It is observed that the spec-
ific activities of the thymine and purines of the DNA of intestin-
al mucosa of the tumor-~bearing animals are lower than those of the
control animals, The'difference is most apparent in the data ob-
tained for the ascites tumor-bearing group. The RNA guanine of
intestinal mucosa and iung and the RNA. adenine of kidney of the
subcutaneous tumor-bearing,ﬁroup also have slightly lower obsérv-
‘eid: specific activities than the corresponding purines of the
control groups. The results also indicate that the incorporation
of formate into the nucleic acids of the Ehrlich ascites tumor

'is greater than into the solid subcutaneous form of this tumor.

2. Studies using tritiated thymidine:

(é) Ehrlich Ascites Tumor - Groués of female Ha/ICR mice
(18-22.gfaﬁs each) were used in these eiperiments because this
strain of mouse has been shown (i56) to be more resistant to in-
fection than the Swiss mouse. Two grpups of ten mice each bear-
ing the Ehrlich ascites tumor were injected with thymidine-H3 six
days after the implahtation of the tumor. Each mouse was in-
Jjected subéutaneously in the dorsal region with 0.2 ml of an
aqueous solution containing 5 microcuries (pe), 0,014 pM, of
thymidine-HB. Four groups of nine or ten Ha/iCR mice snged as

controls. Each control was injected with an amount of thymidine-
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H3 equal to that administered to the tumor-bearing counterpart.
Twenty-four hours after the injection of the thymidine-l3 the
animals were killed by cervical dislocation and the tumor, lungs,
livers, spleens, intestinal mucosa, and kidneys quickly removed
and frozen. Because the results of the present work, and also
those of othefs (fS?)-showed that thymidine was not incorporated
into RNA nor into DNA,adenine, guanine.,or cytosine,only the DNA
thymine was isolated from the tissues.- The specific activities
(c.p.m./pM) of the DNA‘thymine obtained from the tissues of the
control and tumor-bearing mice are shown in Table III. It is
seen that the specific activities of the DNA thymine of liver
from the tumor-bearing mice were higher than those of the control
animals., On the other hand, the specific activities of the DNA
thymine from the spieen, intestinal mucosa, kidney and lung of
the control groups.were higher than those of the tumor-bearing
énimals.'

The lower incorporation of thymidine--H3 into the DNA thy-
mine of Spleen, intestinal mucosa, kidney and'lung of the tumor-
bearing mice might have been the result of a decrease in the |
"pool" of available thymidine caused by a high degree of incor-
poration of thymidine into the tumor cells. In order to test
this possibility groups of mice were injected with larger quanti-
ties of iotal thymidine although the amount of radiocactivity in-

jected per mouse remained unchanged at 5 uc. The results of these

experiments are shown in Tables IV and V. When the amount of
thymidine injected was increased‘lo- and 100-fold the specific

activities of the DNA thymine from the livers of the tumor-bearing
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mice were again considerably higher than those of the control
micee. Furth?rmore, the specific activities of the DNA thymine
from thé intestinal mucosa of the control mice were'again high-
er than those of the tumor-bearing groups, when 0.ih‘pM of thy-
midine-H3 was injected (Table IW). A similar result was obtain-
ed for one of the control groupsfof mice that received 1.40 pM

of thymidine-H3

per mouse (Table V). However, the DNA thymine
obtained fromAthe'mucosavof.thé other control group had a speci-
fic actiﬁity of the same order as those of the corresponding tu-
mor-bearing groups. In contrast to the results obtained after the
injectioﬁ of 0.014 pM of thymidine-HB, the specific activities of
the DNA thymine from the spleen of the tumor-bearing animals re-
ceiving 0.1k uM or 1.40 jM of thymidine-H> tended to be slightly
greater than those of the control groups. The specific activi-
ties,of'the DNA thymine from kidney of the tumor-bearing mice al-
so tended to be greater than those of the controls after the in-
jection of 0.1l4 uM of thymidine; however, there was little diff-
erence between the two after ﬁhe injection of 1.40 uM of thymidine,
Following the injection of 0.14 uM of the thymidine-H3 the speci-
fic'activities of éhe DNA. thymine from the lungs of the tumor-
bearing animals were greater than those of the control gfoup. How=-
ever, when 1.40 pM of thymidine was administered to each mouse,
the results obtained for the lung tissue were conflicting. The
specific activity of the DNA. thymine from lung was higher for one
of the control groups as compared to the tumor-bearing groups.

On the other hand the other control group had a lower specific

activity.
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Table III

Each m

CONTROL

8use received

- TUMOR-BEARING
10 mice 10 mice average | 10 mice 9 mice average
1260 1175 1218 | 828 975 902
22,0 2060 2150 3150 3030 3090
4,080 2860 3470 " lost 9280 9280
382 682 532 962 936 949
558 711 635 1230 1210 1220
9540 8650 9095
Tgble IV

Specific activities (c.p.m./uM) of DNA thymine
from tissues of control mice and mice bearing
Ehrlich ascites tumor.

0.14 pM, 5 pc, of thymidine-H3.

TUMOR-BEARING

CONTROL

Each mouse received

10 mice 9 mice average 10 mice 10 mice average
1170 925 1048 | 240 522 381
1600 1855 1728 1198 1620 1409
L4225 L420 L423 5760 5690 5725
433 330 382 194 330 262
461 528 495 359 224 292
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Table V

Specific activities (c.p.m./uM) of DNA thymine
from tissues of control mice and mice bearing

Ehrlich ascites tumor. Each mouse received
1.40 M, 5 pe, of thymidine-H3.

TUMOR-BEARING

10 mice 0. mice average

CONTROL

10 mice 10 mice average

490 536 513 140 171 156
1080 1452 1266 719 1042 881
2650 2115 2382 5150 2500 5825
113 125 119 120 120 120
289 282 286 160 613 387
Table VI
Specific activities (c.p.m./uM) of DNA thymine
from tissues of control rats and rats bearing
| ggv;ﬁ?fifhsﬁ?;g??ﬁe—g%fh rat received 50 nc,
TUMOR~-BEARING CON T'R 0L
5 rats 3 rats average 5 rats 5 rats average
242 24, 243 191 227 209
1033 | 1165 1099 1130 1622 1401
3190 3370 3280 3340 4900 " 4120
107 - 83 95 125 221 173
322 546 438 417 492 L55
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(b) Novikoff hepatoma - Zbarsky et al.(22) have found
ah'increéséduincorporation of formape inﬁé the‘nucleic acid pur-
ines of the host tissues of rats bééring sixth day Novikoff he-

"patoma., The results of these authors also indicated that the
presence of Novikoff hepatoma increased the incorporation of for-
mate into. the DNA thymine of the host tissues. In view of these
results it was of interest to study the incorporation of thymi-
dine-H3 into the DNA thymine of the host tissues of rats bearing
the Novikoff hepatoma.

Groups of male Sprague-Dawley rats (150-170 grams‘each)
were used in these experiments. One -group o£'5 rats and one
group of 3 rats werg.injected‘with thymidine-H3 four days after
the intraperitoneal implantation of the Novikoff hepatoma.A Two
groups of five rats served as controls. Each of the control and
tumor-bearing rats was injected subcutaneously in the dorsal re=
gion with 0.5 ml of an aqueous solution containing 50 pc, 15 pM,
of thymidine-E3. This dose of thymidine-H> is approximately 10
times that injecﬁed into a mouse and was calculated on the basis
of the relative weights of the mice and rats used in these exper-
iments. Twenty-four hours after the injection of the tritiated
thymidine:the animais were killed by decapitation and the liver,
lung,Akidney, spleen and intestinal mucosa quickly removed and
frozen, Corresponding tissues from each group of rats wére pool-
ed and the DNA thymine isolated and determined. |

The specific activities (c.p.m./pM) of the DNA thymine
from the tissues of the control and tumor-Bearing rats are shown

in Table VI. The degree of incorporation of thymidine-H3 into
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the DNA thymine of the kidney, spleen and intestinal mucosa is

on the average greater in the control groups than in the tumor-
bearing rats. However on examining the individual data obtained
from each group it is seen that certain of the specific activi-
ties of the DNA thymine obtained from kidney, spleen, and mucosa
of the tumor-bearing animals are of the same order of magnitude'v
éé those obtained from corresponding tissues of one of the con-
trol groups. The data obtained from the other control group tend
to be somewhat higher and therefore havé raised the average spec=-
ific activities obtained for the two cqntrol groups. It is felt
that more data are required before one can conclude that there
are significant differences between the specific activities of
the DNA ihymine obtained from the kidney, spleen, and mucosa of
rats bearing the Novikoff hepatoma as compared to th9§e of the
control rats. There is little difference between the average
specific activities of the tumor-bearing and control groups in
the case of liver and lung. However it is seen that certain of
the individual specific activities obtained for the liver and lung
of the tumor-bearing groups tend to be higher than those of the

control groups.

(¢) Walker carcinosarcoma 256 tumor - The results of
Kampschmidf et al. (108) showed that the presence of the Walker 256
fumor in an éﬁiﬁélﬂdepfessed the liver catalase and plasma iron
to a gréater degree than did the Jensen sarcoma, Novikoff hepa-
toma and Flexner-Jdobling carcinoma., Furthermore, the injection of
an homogehate of the Walker 256 tumor was more effective in de-

pressing the liver catalase and plasma iron, and increasing the
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* weights of liver, and spleen, as coppared to an homogenate of
the Jensen sarcoma. In addition,thé injectibn of a toxohormone
prepéfation from the Walker tumor was found (L07) to be very ef=-
fective in producing anemia, decreased plasmé iron, depressed |
activity of the liver and kidney catalase, increased weight of
the liver, -spleen, and adrenals, and thymus involution,
These results indicated that the Walker carcinosarcoma

256 tumor produced more profouhd systemic effects on the host
_tissues than other tumors. In order to determine whether the
larger magnitude of these éffec;s might be attributed to a great-
er alteration in the DNA metabolism of the host tissues of the
animals bearing the Walker tumor, as cempared to other tumor-
bearing animals, a study was made of the effect of the Walker tu-
mor on the incorporation of tritiated thymidine into the DNA.
thymine of the host tissues. The effect of the Walker tumor on
the plasma iron level was also‘investigated. Since all of the
liver tissue was used fof the isolation of liver DNA th&mine, it
was not possible to determine the effect of the Walker tumor on
liver catala;e. |

B Malé%Sprague-Dawley rats (150-170, or 180-200 grams each)
were used in.these experiments. Four groups of 2 rats each bear;
ing the intramuscular Walker 256 ﬁumor‘were injected with thymi-
dine-H3 11 days after the implantation of the tumor, Similar
groups of normal rats served as controls. Eéch of the control
and tumor-bearing rats was injected subcutaneously in the dorsal
‘region with 0.5 ml of aquebus‘solution containing 50 upc, 15 nM,

of tritiated thymidine. Twenty-four hours after the injection of



-73-

the thymid;i.ne-H3 the rats were exsanguinated and the tissues
quickly removed and frozen. 'Except for blood, corresponding
tissués from each group were pooled and the DNA thymine isolated
and determined. The specific activities (c.p.m./pM) of the DNA
thymine from the liver, spleen, intestinal mucoéa, kidney, and
lung of the control and tumor-bearing rats are shown in Table
VII. These results indicate that tritiated thymidine tends to
‘be incorporated to a greater degree into the DNA thymine of the
lung, and mu&osa of tbe{tuﬁor-bearing rats as gompared to the
control rats; No significant difference in the incorporation of
thymidine-H3 into the DNA of kidney of the tumor-bearing and con-
trol groupé is observed. Howevé%,the most striking results are
thése obtained for the liver and spleen., It is seen that the
specific activities of the DNA;thymine of the liver aﬁd spleen of
the tumor-bearing groups aré considerably higher than the corres-
ponding values of the éontrol‘groups. 1The degree of difference
between.the'tumor bearing and éontrollgroups is about 2« to 3=-
fold in the case of spleqn and up to 5-fold in the case of liver,
The'plaéma iron values shown in Table VII represent single
determinations on the plasma obtained from individual rats. The
plasma iron levels of the tumor-bearing rats tend to be lower
than those of the controls. However, it should be borne in mind
that most of the plasma samples.showed evidence of hemolysis, |
and therefore the values obtained do not represent the true levels

of plasma iron in these samples.
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Table VII
Specific activities (c.p.m./mM) of DNA thymine
from tissues of control rats and rats bearing

Walker 256 carcinosarcoma. Each rat received
50 pc, 15 pM, of thymidine-H3,

TUMOR-BEARING CONTROL
2 rats 2 rats average 2 rats 2 rats average
180-200 | | |
g rats . .
Liver 843 571 707 232 17, - 203
Spleen " 2790 2815 2803 826 890 858
Mucosa L2140 3100 3670 3190 2420 2805
Kidney 120 191 156 190 124 157
Lung 656 676 666 515 356 436
Plasma iron 94 58 83 152K 140% 146
ug Fe/100 ml 102 - 76
150-170
g rats
Liver 727 665 696 266 223 245
Spleen 2670 2010 2340 1260 910 1035
Mucosa 3070 2785 2928 2890 2730 2810
Kidney 355 180 268 24,8 179 214
Lung 1014 1525 1270 1019 526 773
Plasma iron 132 72 106 191%¥ © 221%132 181
ug Fe/100 ml 84K 136K - 188% 228%126

% Plasma sample slightly hemolysed‘
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III., The Effect gf.Tbxbhormone on the Incorporation of

Ihymlne-H into DNA Thymine.

The abové experiments have shown that the presence of
tumor in an animal increased the incorporation of tritiated thy-
midine into the DNA thymine of the host's liver, spleen, lung, and
intestinal mucosa. This effect was mosﬁ evident in animals bear-
ing the Walker 256 tumor. The experiments of Kampschmidt et al,
(108) suggested that the Walker 256 tumor produced more toxohor-
mone than other tumors studieé. In view of these results it was
felt that the markedly increasedAincorporation of tritiated thy-
midine into the DNA of the host tissues of animals bearing the
Walker 256 tumor might be the result of the action of toxohor-‘
mone released from the tumor, The greatest stimulation of thy-
midine-H3 incorporation was fouhd in the case of ﬁhe liver and
spleen 6f rats bearing the Walker 256 tumor. Because of these
findings a study was made of the effect of toxohormone on the in=-
corporation of tritiated thymidine into the DNA thymine of rat
liver and spleen.

As yet there is no chemical method for assaying toxohor=-
mone, and therefore in the experiments reported herein toxohor-
mone was assayed using biological assay systems.‘ The most com-
monly used biological assay system for toxohormone is to measure
the depfession of liver catalase and experimeﬁts were performed
therefore to determine the effect of tumor tissue on the level
of this enzyme. Liver catalase was assayed in‘one group of eight
female Hé/ICR micé bearing seventh day Ehrlich ascites tumor.

One groﬁp éf 3 mice and a second group of 10 mice served as con=-

trols. The results shown in Table VIII indicate that the level
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Table VIII

Liver catalase activities of control mice and
mice bearing Ehrlich ascites tumor. Catalase
activity expressed as first order reaction rate
constant (K min-! ) for an amount of liver
equivalent. to 0.01.mg of tyrosine.

K x 1o%
Tumor-bearing (8 mice) : 800
Control (3 mice) 2150
Control (iO mice) 1360

Table IX

Liver catalase activity of control rats and rats
bearing Novikoff hepatoma. Catalase activity

expressed as first order reaction rate constant
(K min-' ) for an amount of liver equivalent to

0.01 mg of tyrosine

no. of rats we@ghtcgsrats K x 104

per group in grams
Tumor-bearing | ’3"" o .1704230 | 1550
Tumor-~bearing 1 250 1810
Tuhor-bearing 3 175-188 1250
Control 2 150 1805
bontrol 3 195-255 2130
Control 3 170-180 2290
Control 2 approx. 150 1235
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of liver catalase levels of the control mice. JSimilar experi-
ments were performed on male Sprague-Dawley rats bearing sixth
day intraperitoneal Novikoff hepatoma; However, the data as
shown in Table IX reveal that there are no significant differ-
ences between the liver catalase levels of groups of tumor-bear=-
ing rats as compared to those of the control rats. Considerable
variation in the liver catalase levels is noted within both the
tumor-bearing and the controlled‘groups. This variation could
be attributed to differences in the weights of the rats in each
group. |
The liver catalase results indicated that the Ehrlich

ascites tumor might have produced more toxohormone than the Novi-
koff hepatoma., Experiments were undertaken therefore, in an
attempt to purify crude toxohormone extracted from Ehrlich
ascites tumor cells, The ascitic fluid was removed from eight
femalé Ha/ICR mice 7 days after implantation of the Ehrlich
ascites tumor. Approximately 15 grams of packed.tumor cells
were obtained and yielded 121..4 mg of crude toxohormone extract-
ed by a modification (158) of the method described by Nakagawa
- et al.(159). The crude toxohormone is obtained as the alcohol
bfecipitaté of an aqueous extract of tumor.

- Purification of crude toxohormone has been obtained by
~ Ohashi and Ono (110) and Goranson (111) using DEAE-cellulose
ion-exchange coihmné. These authofs eiuted the poxohormoné by
a gradient system of phbsphate buffers of decreasing pH and in-
creasing molarity and phosphate was removed from the eluted frac-
tions by dialysis. However Yunoki and Griffin (112) have report-

ed loss of toxohormone activity following dialyéis and others (6)
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have shown that active toxohormone could traverse a dialysis
bag. In order to overcome the problem of dialysis, efforts were
made to elute toxohormone from DEAE-cellulose columns using the
volatile salt ammonium carbonate.

DEAE-cellulose was converted to the carbonate form on a
column by washing with 2M ammonium carbonate until the effluent
showed no absorptién at 258 mp. The colqmn was then washed with
water until the pH of the effluent was equal to that of the
eluent. The crude toxohormone was dissolved in 5.ml of water to
yield -a translucent solution. This was centrifuged at 23,500 xg
for twenty minuﬁes and the supernatant placed on é column of
DEAE-cellulose measuring 2 x 17 cm, The column was eluted with
a gradient ~systém: consisting of 1000 ml of water in the mixing
vessel and 1000 ml of 1M ammOnium carbonate in the reservoir.
Fractions of 7 ml were collected at 5"minubeintervals‘using a
fraction collector. At tube number 201 elution with 2M ammonium
carbonate was'bégun.

An amino acid analy31s of toxohormone by Ono et al. (116)
showed that crude toxohormone contained phenylalanine, the 3max

'HLE of which in 1.0M ammonium carbonate was found to be 258 mp.
Therefore the elution of the fractions from the DEAE-cellulose
column was followed by determining the optical density of the
individual fractions at 258 mue ,The elution pattern is shown in
Figure 26, Five fractions designated I, II, III, IV and V were
eluted from the DEAE-cellulose column by the ammohium carbonate
eluent, the majority of the ultraviolet-absorbing material being

contained in fraction IV, The individual portions of each frac-
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tion were pocled‘and the ammonium carbonate femoved by repeated
evaporations in vYacuo at room temperature.using a rotary evapor=-
ator. The final residue was first dried at a pressure of 10 mm
ﬁé at 100°C, and then at 0,05 mmng at room temperature in order
to' remove the last traces of ammonium carbonate. Each of the
dried residues was taken up in a known volume of water, autoclav-
ed, and the optical density at 258 mp determined for each fraction.
In order to assey the toxohormone activity of the frac-
tions, aiiquots of each fraction were injected intraperitoneally
into groups of 3 female Swiss mice (18=22 grams each). One ml of
fraction III was arbitrarily selecﬁed as a dose of 1 unit since
this fraction had the lowest optical density. The dosage of the
other fractions were calculated on the basis of their optical
densities at 258 mp relative to that of fraction III at 258 mp.
Two groups of 3 mice each were injected intraperitoneally with
0.3 ml of sterile water and served as controle, Twenty-four‘hoursA
after the injection of the fractions the animals were killed by
cervical dislocation and the livers from the mice of each group
removed and pooled. The liver catalase activity of'each group
was determined (138,139) and the results are shown in Table X.
It is seen that'fractioﬁ IV: is the only one which appears to have
depressed the liver eatalese. The experiment was repeated and
larger amounts of fractions II,.IW'and V were injected. The
doses of fractions I and III were not increased since the mice
appeared distressed‘after the intraperitoheal injection of vol-
umes greater than 1 ml. The results of this experiment, shown in
Table XI, indicate that none of the fractions have activity to-

wards liver catalase. Increasing the dose of fraction IV to 71



Table X

Liver catalase activities of sham-injected mice,
and mice injected with toxohormone fractions
eluted from DEAE-cellulose column. Catalase
activity expressed as first order reaction rate
constant (K min-! ) for an amount of liver
equivalent to 0.01 mg of tyrosine,

ml of solution units
Fraction injected injected K x 10%
per _mouse per mouse
I 0.89 3 11625
II 0.38 1 2005
I1I 1,00 1 1850
IV 0.35 1 1130
N 0.27 1 1600
sham 0.30 0 1830

sham 0.30 0 1580
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Table XI

Liver catalase activities of sham-injected mice,
and mice injected with toxohormone fractions
eluted from DEAE-cellulose column. Catalase
activity expressed as first order reaction rate
constant (K min-! ) for an amount of liver
equivalent to 0.01 mg of tyrosine,

ml of solution units
Fraction injected injected K x 1ok
_per mouse per mouse
I 0.89 3 1780
II 1.13 3 2100
III 1.00 1 1905
Iv 1.05 3 2280
IV 1.00 71 1935
Iv 1.00 71 1850
v 0.80 3 1920
sham 1.00 0 1755
sham 1.00 0 2050
sham 1.0C 0 2070
sham 1.00 0 1640
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units caused no alteration in the liver catalase level. The
reason for the apparent activity of fraction IV in the experi=-
ments summarized in Table X is unknown, |

These experiments indicated that the toxohormone iso-
lated from Ehrlich ascites tumor cells by tﬁe modified Nakagawa
method (158,159) had no apparent effect onﬁliver catalase when
iﬁjected into normal mice. It was felt that the failure to de-
monstrate activity towards liver catalase might be attributed to
wide variations in normal levels. Others (160) have observed
wide variations in the normal liver.catalaée values and it was
. felt that the assay of liver catalase was nét adeéuate as a means
of detecting toxohormone activity. |

Kampschmidt et al. (107) found that plasma iron was 250
to 500 times as sensiﬁi#é éo tosxohormone as liver catalase and
therefore the effect on the plasma iron of rats was adopted as
the bio-assay for toxohormone. In addition the toxohormone was
isolated from the Walker 256 tumor since this tumor appeared to
elaborate lafge amounts of this factor (108). Rats bearing the
Walker tumor were sacrificed thirteen déys after implantation
and the tumors excised by amputating the lower legs. The skin
and most of the bone and muscle was removed to yield 126 grams
of tissue. The toxohormone was éxtracted from the tissue using
the modified Nakagawa method (158,159) and 248.3 mg of crude
thohormone was obtainéd. This amount of crude toxohormone was
dissolved in 25 ml of water and found to be about 70% soluble at
room temperature. Doses of 1, 2, or 4 mg of the soluble material

contained in 0.5 ml of water were injected intraperitoneally into
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male Sprague-Dawley rats (150-170 grams each), Rats sham-injec=-
" ted iﬁtraperiﬁoneally wit? 0.5 ml of water served as controls.
The work ‘of Kampschmidt et al. (107) indicated that toxohormone
had a ﬁaximai effect on piaéméﬁiroﬁ 10 hours after injection.
Ono;gg al. (118) determined the effect of toxohormone on plasma
iron.ﬁhiftéen ﬁours after injection. Therefore, in the experi-
ments describéd herein, the animals were sacrificed by exsanguin-
ation twelve:hours after the injection of the crude toxohormone.
The results of the plasmé iron determinations are shown in
Table XII and represent single determinations on the plasma of
individual rats. From Table XII it is seen that a dose of up
to 4 mg of crude tbxohofmone pfépared by the modified Nakagawa
method (158,159) had no effect on the plasma iron of the rat., In
view of these results it was decided to adopt the method which
Yunoki and Griffin have recently described (112) for the isolation
of toxohormone. In this method the crude toxohbrmone is precipi-
tated by the additibn of ether to an acetic acid extract of the
acetone-dried_powdéf'of tumor tissue. In a typical experiment
2500 grams of Walker 256 tumor yielded épproximately 16 grams of
crude toxohormone. | |

Doses of 10, 20 or 40 mg of the crude toxohormone (prepar-
ed by the method of Yunoki and Griffin), dissolved in 0.5 ml of
water, were injected intraperitoneally'into individual male
Sprague-Dawley rats (150;170rgrams each). Réts sham-injected
-intraperitoneally wifh 0.5 ml of water éerved as controls. Twelve
hours after the injection the animals were exsanguinated and the

plasma iron of each rat determined. From Table XIII it is seen

that although a dose of 10 mg of crude toxohormone‘had no effect,
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Table XII

Plasma iron levels of sham-injected rats, and
rats injected with crude toxohormone prepared

by the modified Nakagawa method; 12 hours
after injection

ng Fe/100 ml
crude toxohormone
1 mg : 281, 279
2 mg 221,
4 mg 256
sham ' 181t 38
(15 rats)

Table XIII

Plasma iron levels of sham-injected rats, and
rats injected with crude toxohormone prepared

by the method of Yunoki and Griffin; 12 hours
after injection

pg Fe/100 ml

crude toxohormone

10 mg 155, 244
4O mg 93, 66, 70
sham : 181 * 38

(15 rats)
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doses 20 and 40 mg of toxohormone caused a signicant decrease
in the plasma iron level as compared to the sham-injected rats.
Increasing thé dose of toxohormone frbm 20 to 40 mg did not
effect the;l;vel of plasma iron to ény greater degree. These
results indicated that crude toxohormene prepared from Walker
tumor by the Yunoki,énd Griffin method (112) was active in de-v
pressing the plasma iron level of a rat; |

Therefore this material prepared by the Yunoki and Griffin
method (112) was tested for its effect on the incorporation of
tritiated thymidine into the DNA thymine of liver and spleen;
Groups of 2 male Sprague-Dawley rats (150-170 grams each) were
injected intraperitoneally with 40 mg"of the crude toxohbrmone
dissolved in 0.5 ml of water. The limit of SOIubility of the
crude toxohormone in water was found to be about 80 mg per ml.
Individual rats or groups of 2 rats:injected intraperitoneally
with 0.5 ml of water served as sham controls. Each of the sham
and test animals was injected subcutaneously in the doréal region
with 50 pec, 15 pM, of tritiated thymidine dissolved in 0.5 ml of
water. OSix, twelve, and twenty-four‘hours aftér the injection
of the thymine-H3, the animals were exsanguinated and the tis-
sues removed and frozen. Corresponding tissues from each group
were pooled and the DNA thyhine isolated and determined. Be-
cause the experiments reported herein indicated that the presence
6f Walker 256 tumor in a rat increased the incorporation of tri-
tiated thymidine into the DNA thymine of the host's liver and
spleen to a greater degree than the other tissuesAstudied, the
effect of toxohormone on the incorporation of thymidine-H3 into

the DNA thymine of only these tissues'was studied. The data in
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Plasma iron

ng Fe/100 ml

Table X1V

Specific activities (c.p.m./pM) of DNA thymine from liver and spleen
of sham-injected rats, and rats injected with crude toxohormone; 6
hours after injection., FEach rat received 50 pc, 15 pM, of thymidine-HB.

TOXOHORMONE=~INJECTED SHAM-INJECTED

2 rats 2.rats 2.rats. average 2 rats 2 rats .2 rats average
- 169 111 62 g | 102 104 111 108
1,23 1419 1073 1302 2010 1410 1,50 1623

104 55 LO 75 109 179 149 148

101 156

_Lg;



Table XV
3

Specific activities (c.p.m./uM) of DNA thymine from liver and spleen

of sham-injected rats, and rats injected with crude toxohormone; 12
hours after injection. Each rat received 50 puc, 15 pM, of thymidine-~-H

TOXOHORMONE~INJECTED . SHAMPINJECTED
2 rats 2 rats 2.rats. average 2 rats 2.rats .2 rats average
Liver 183 151 9% T 133 - 85 109

Spleen - 2050 1547 1626 1743 941 681 1370 997
Plasma iron 2L 70 L8 66 - - 167 135

L6 61 81 109 .

- ®

e

ng Fe/100 ml



Liver

’Spieen

Plasma iron
ng Fe/100 ml

Table XVI -

Specific activities (c.p.m./uM) of DNA thymine from liver and spleen of
sham-injected rats, and rats injected with crude toxohormone; 24_hours
after injection. Each rat received 50 pc, 15 pM, of thymidine-H3.

TOXOHORMONE~INJECTED

SHAM-INJECTED

2 rats 2 rats 2. .rats. average 2 rats 2.rats .2 rats average
332 332 103 258 221 209 221 217
923 860 1212 998 1212 1085 1339 1212

85 104 63 92 171 176.. 223 211
115 ' - 273

-68_
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Tables XI&, XV, XVI show that the plasma iron levels are low-
ered at 6, 12 and 24 hours after the injection of 4O mg of crude
toxohormone, Maximal lowering of thé'plasma iron appears to
occur 12 hours after thewinjection of the toxohormone, a finding
which is in-agreement with the results of Kampschmidt et al.
(107). |

o ) Six hours after the injection of the crude toxohormone
there was no significant difference between the specific active
ities of the DNA thymine of liver and spleen from the toxohor-
mone-injected‘animals as compared to those of the sham-injected
controls. However, 12 hours after the injection of 40 mg of
crude toxohormone the incorporation of tritiated thymidine into
the DNA thymine of spleen of the toxohormone-injected rats tend=-
ed to be greater than that of the control rats. Toxohormone
appears to have no effect upon the incorporation of thymidine-HB
into the DNA thymine of liver 12 hours after the injection of
crude toxohormone (Table XV). On the other hand, the results
shown in Table XVI indicate that the specific activities of the
DNA thymihe from the liver of two of the toxohormone-~injected
groups are slightly greater than those of the control groups.
In contrast, the specific activity of the liver DNA thymine of
the third group is lower than the control values. There appear=-
ed to be no effect on the incorporation of tritiated thymidine
into the spleen DNA thymine 24 hours after the injection of the
crude toxohormone..

Since the above results indicated that crude toxohormone
might have an effect on the incorporation of tritiated thymidine

into the DNA of liver and spleen itwas felt that the effect of
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purified toxohormone should be studied. Yunoki and Griffin
(112) have described a method for the purificatién of crude
toxohormone using Amberlite XE-64 ion-exchange columns. The
method described by these authors was empioyed in the work re-
ported herein. |

One gram of crude toxohormone isolated from Walker 256
tumor was added to 20 ml of NaCl-glycine buffer, pH'9.h. The
resulting translucent solution was centrifuged at 2000xg for
10 minutes and the supernatant solution placed on a column of
Amberlite XE-64 measuring 4.2 X 38 cm and adjusted to pH 9.3
according to the method of Yunoki and Griffin (112). The amount
of soluble crude toxohormonelblaced on the column was calculated
to be 731 mg. The column was eluted with a gradient elution
systeh consisting of 1 litre of an NaCl-glycine buffer pH 9.4
(112) in the mixing #essel, and 1 litre of 0.1 NaOH in the reser=-
Qoir; The effluent was collected in approximately 10 ml portions
every 30 minutes using a fraction collector. Aliquots of the
fractions were analyzed for protein using the method of Lowry
et al (161). A solution of bovine gamma globulin (400 pg/ml) in
glyciné buffer pH 9.4 was used as a protein standafd. The eiu-
tion pattern. is shown in Figure 27. It is noted that there was
a véry slow rise in the pH of the effluent from PH 9.06 at tube
No. 1 to 9.44 at tube No, 160. Yunoki and Griffin (112) reported
a more rapid .increase in the pH of the effluent. It was postu-
lated ﬁhat the crude toxohormone, used in the experiment report-
ed herein, had caused a marked decrease in the pH of the Amber-

lite XE~-64. It was assumed that the crude toxohormone had func-

tioned as an efficient buffer and therefore resulted in a #ery
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slow risé in the pH of the effluent. At tube No. 150 the pH of
the eluant was 12.04, whereas the effluent héd a pH of 9.44., 1In
v&iew of these considerations the gradient elution system was
changed at tube No. 150, One litre of the NaCl-glycine buffer

pH 9.4 was adjusted to pH 12.04 by the addition of 30% NaOH and
placed in the mixing flask. The reservoir contained 1 litre of
O.4M NaOH. Gradient elution was continued with the new system.
At tube No. 170 the pH of the effluent was approximately 9.4,
following by a rise in pH to 10.76 at tube No. 176 with a further
rise to bH 12.1 at tube No; 180. Elution was discontinued at
tube ﬁo.'244 because of the high pH of the effluent. As shown in
Figufe.27)five fractions were elutéd from the Amberlite IE-64 col-
umn. These were designated TH-1, TH-2, TH-3, TH-4 and TH-5. The
individual portions of each ffactibh were pooled and the total
volume of each was reduced to about 50 ml by evaporating in vacuo
at 50°C. using a rotéry evaporator. Because Yunoki and Griffin
(112) had observed that dialysis of the fractions resulted in a
ioss’of a large portion of each sample, another method was sought
which would allow‘removél of the contaminating NaCl and glycine
from the fractions.

The technique of gel filtration has been shown (162-165)
to be useful in the separation of low molecular weight éompoundé
such as salts and amino acids ﬁrom proteins and peptides. A mat-
erial recently shown to give sétisfactory results in gel filtra-
tion is Sephadex G 50 (Pharmacia, Uppsala, Sweden) which is a
water inso;uble substance made by cross-linking the polysaccharide
dextran.. Grains of this material are highly hydrophilic and when

placed in water form gel grains.. The water in a column packed ‘Wwith
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-Sephadex consists of two parts, the internal and the external
volume, the former corresponding to the water taken up by the
grains of Sephadex and the latter to the volume of water oc-
cupying the interstices between the gel grains. Molecules of
low molecular weight such as salts can diffuse relatively free-
ly through the network structure of the gei grains. Moderately
large molecules will be restricted in their diffusion through the
gel grains depending on the porosity of the network structure.
Large molecules are completely prevented from entering the gel
grains and will be rapidly eluted from the column of Sephadex:
‘free of other molecules such as salts and amino acids.

In the experiments described herein Sephadex G50 columns
measuring 3.5 X 5 cm were prepared according to the method des-
cribed by the manufacturer (166). Each of the five fractions ob-
tained from the Amberlite XE-6A column were plaéed on individual
Sephadex columns and eluted with water under 4 pounds per square
inch of pressure. An initial flow rate of about 1 ml per minute
was obtained; however the flow rate gradually diminished to about
1 ml per 30 minutes. The marked decrease in flow rate was attri-
buted to paéking of the gel particles in the Sephadex columns.
The fractions eluted from the Sephadex column were collected by
means of a fraction collector and aliquots of each fraction ana-
lyzed for protein (161), chloride, and glycine. Chloride was de-
termined qualitati&ely“by the silver nitrate method. In order to
test for the‘presence of glycine, portions of each fraction were
spotted on chromatography paper. The paper was dried, sprayed
with a solution of ninhydrin and dried in an oven at 100°C. The

presence of glycine was indicated by an immediate ninhydrin
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Table XVII
Total amount of protein in the "A" and "B"

toxohormone fractions obtained from the.
Sephadex column

FRACTION TOTAL PROTEIN
. . Bg
TH-1A. 18,200
TH-1B , 13,900
TH-24. | 558
TH-2B 1,212
TH-LA 12,780
TH-4B 10,100
TH-54 13,120
TH-5B L, 920

Total 100,190
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‘reaction.

| A typical elution'pattérn is shown in Figure 28 which
illustrates the elution of fraction TH-5 from ﬁhe Sephadex col-
umn. It is seen that an initial peakﬂof protein-containing ma-
terial is obtained which is free of chloride and glycine. This
is followed by a second protein—contaiﬁing peak which is contam-
inated with chloride and glycine. These two peaks were designa-
ted TH-5A and TH-5B. Similar elution patterns were obtained for
fractions TH-1, TH-2, and TH-4, ©No "B" fraction was obtained in
the case of TH-3. Each of the ™A" and "B™ fractions from the
Sephadex columns was evaporatedmté drynésé in vacuo at 50°C. us=-
ing a rotary evaporator. The residues were‘diésol#ed in a known
volume of water and the protein concentrétion of each fraction de-
termined (16l1). The results of the protein analyses are shown in
Table XWIi; It is seen that about 100 mg of protein was recover-
ed from the 731 mg of cfude toxohormone originally placed on the
Amberlite XE-64 column. Fraction TH-3A contained the largest a-
- mount of protein and the "A" fractions generally céntained more
protein than the "B" fractibns.

The poxohérmone activity of the "A" fractions was assayed
by determining the effect on the plasma iron levels of rats. In-
dividual Sprague-Dawley rats (150-170 grams each) were injected
intraperitoneally with 200 pg of fractions TH-1A, TH-3A, TH-L4A
and TH-5A contained in 0.5 ml of water. Because of the limited
~amount of fraction TH-2A 6nly 93 pg of this fraction were inject-
ed into each rat, Twelve hours after the injection of the frace-
tions the animals were sacrificed by'exsanguination and the plas-~

ma iron levels determined. These were compared with plasma iron
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Table XVIII

Plasma iron levels of sham~-injected rats, and
rats injected with the "A" toxohormone fractions;
12 hours after injection..

ng of protein injected per rat
fraction sham-injected
200 ‘ 20

TH-1A 51,86,80,68 67,153,171
TH-24 67,86 110,230,128

. 181 % 38
TH-3A. 84,67,88,127 87,196,137,173] (15 rats)
TH-4A. 98, 47,87, 88 100,222,144 |
TH-54 40,911,165 81,101,140
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levels of sham-injected rats. The results in Table XVIII indi-~
cate that all of the "A" fractions have toxohormone activity as
manifested by the decfeése in the plasma iron levels, In order
to determine which of the "A" fractions was the most active the
experiment was repeated with.the injection of 20 pg of each frac-
tion into individual rats., From the results shown in Table XVIII
it appeared that fraction TH;5ﬁAhad the highest plasma iron-de~
pressing activity. Therefére)the effect of fraction TH-5A on the
incorporation of tritiated thymidine into the DNA tomine of
liver and spleen was studied.

It was also of interest to study the activity of a crude
tbxohorméne preparation from a normal tissue. Toxohormone was
extracted (112) from 260 grams of muscle tissue obtained from the
‘front and back limbs and the anterior abdominal wall of male
Sprague-Dawley rats (180-200 graﬁs each). The yield of crude to-
xohormone was 1.04 gfams. Groups of two male Sﬁrague—Dawley rats
(150-170.grams each) were each injected intraperitoneally with
1.0 mg of fraction TH-5A contained in 0.5 ml of water. Similar
groups of two rats were each injected intraperitoneally with a
suspension of 4O mg of crude muscle toxohormone contained in 0.5
ml of water. Each toxohormone-injected rat was injected as bee
fore with 50 pc, 15 pM, of thymidine-H? contained in 0.5 ml of
water, TheAanimals were sacrificed by exsanguination twelve hours
later and the liver and spleen removed and analyzed for DNA. thy-
mine as before. Plasma iron determinations were performed on
'those samples  of plasma which showed no evidence of hemolysis and

compared with those of sham-injected rats.

From Table XIX it is seen that the plasma iron levels of



Table XIX

Specific activities (cip.m./uM) of DNA thymine from liver and spleen
of sham-injected rats, rats injected with fraction TH-5A, and rats
injected with crude muscle toxohormone; 12 hougs after injection.
Each rat received 50 upc, 15 uM, of thymidine-H’.

FRACTION TH-5A CRUDE MUSCLE TOXOHORMONE SHAM-INJECTED

2 rats Zﬂfats 2 rats avg.]2 rats 2 rats Qafété avg.|l rat i'raﬁ »2 faﬁs avg.

" Liver 9 66 151 102| & 73 124 9u| 133 - 85 109
Spleen 706 696 1230 877| 830 1058 875 954 9,1 681 1370 997
: . )
' - =
Plasma iron 57 60 77 72| 136 116 91 121 167 135 3
pg Fe/100 ml 112 59 66 142 109 !
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those réts which were injected with 1.0 mg of fraction TH-5A are
generally lower than those of the sham-injected controls whereas
the injection of 40 mg of crude muscle toxohormone did not de-
press the plasma iron levels. From Table XIX it is also seen

that the specific activities of-the DNAAthymine of liver and spleen
from the animals injected with fraction TH-5A. are of the same order
of magnitudevas those of the sham-injected animals. Crude muscle
toxohormone similarly had no effect on the incorporation of

thymidine-H3 into the DNA thymine of rat liver and spleen.
IV. Chemical Studies of Toxohormone.

Because of the small amount of fraction TH-5A remaining
only preliminéry studies of the chemical nature of this fraction
were undertaken. One mg of f?action TH-5A was hydrolysed in
1 ml of 6N HCl at 100°C. for 48 hours. The excess HCl was re-
‘moved by repeated evaporation in vacuo and the residue dissolved
in approximately 1 ml of water.' A'boftion of this solution and
a series of standard amino acids were chromatographed on Whatman
No. 1 paper using a butanol-acetic acid solvent system (167).

The hydrolysate:was found to yield several ninhydrin-reacting
components wﬁich corresponded in Rf values to histidine, lysine,
aspartic acid, hydroxyproline, glutamic acid, proline, tyrosine,
methionine and valine. These results are partially in agreement
with the findings of Yunoki and Griffin (113) who found the above
amino acids, except -for histidine and hydroxjproline, in a hydro-
lysate of a purified fraction of toxohormone. These authors ob=
served in addition the presence of threonine, serine, glycine,

alanine, cystine, isoleucine, leucine, phenylalanine,and argi=-
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nine., 1In the‘experiments reported herein, the amino acids were
not adeduately resolved by the paper chromatography and therefore
it was difficult, on the basis of these results, to accurately
determine the amino acids contained in a hydrolysate of purified

toxohormone.
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DISCUSSION

The expé;fments described in this thesis were underta-
ken in order to study the effect of tumor tissue on the nucleic
acid metabolism of the host's liver, spleen, intestinal mucosa,
kidney, and lung.vﬂgn partiéular the DNA metabolism of the host
tissues has been iﬁ%estigated by studying the incorpbration of
tritiated thymidine into the DNA thymine of the host tissues.
Considering the important role ,of DNA in the cell (131), it was
of intereét to investigate the metabolism of this material in
the host tissues, since alterations in its metabolism in the
host might explain in whole or in-part the observed systemic
effects of tumor tissues. The results of other investigators
(16-19, 21, 22, 24=27), which have been outlined in the introduc-
tion of this thesis, indicated that the presence of tumor in an
animal caused an increased incorporation.of several precursors
into the nucleic acids of thevhoét tissues. Furthermore an in-
creasedlconcentration of the nucleic acids in the host %iSsues
has been demonstrated: (8-15).

The results of ﬁhe férmate-clb incorporation studies re-
ported herein are not in agreement with several of the findings
of others. For example neither the éolid subcutaneous form nor
the ascites form of the Ehrlich tﬁmor_in mice appeared to have
an- effect on the incorporation of formate into the nucleic acids
of the host's spleen, liver, kidney; or lung. However, the pre-
sence of thé Ehrlich ascites tumor has caused a decrease in for-
mate incorporation into the DNA purines and thymine of the host

intestinal mucosa. These results are in partial agreement with
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'other experiments reported (23) in which the presence of Novi-
koff hepatoma in rats was observed to cause a decrease in the
formate uptake by the nucleic acid purines and thymine of the
host spleen and intestinal mucosa, but had little effect on the
host liver. In agreement are the findings of LePage and
Heidelberger (20) who found no difference in glycine incorpora-
tion into the nuqléic acids of normal livers as compared to livers
of rats bearing Flexner-Jobling carcinoma. In cohtrast,vothers,
have reported (16-19, 21, 22, 24-27) that several nucleic acid
precursors weré utilized to a greatér degree by the nucleic acids
of host tissues of tumor-bearing animals than by those of tissues
of normal animals,

At this stage in the experiments it was felt that for-
mate-c,llF was not well suited for studies of the effect of tﬁmor
on the nucleic acid metabolism of host tissues. It was abserved
(22, 23, 133) that formate was rapidly excreted as expired CQ2
.foliowing suﬁcutaneous injection and,therefore,had a transitdry
existence in the animal. Furthermore formate can be incorpora-
ted into many metabolites énd therefore is not a specific precur-
sor of nucleic acid. In this regard it is important to note that
the methods employed by other investigators were not designed to
specifically study the nucleic acid metabolism of the host tis-
sues. For instance,the work of Cerecedo et al. (8-15) was limited
to the determination of the nucleic acid conéentration in the
host tissues. Other investigators (16-18, 21-23) studied the in=-
corporation of a number of non-specific precursofs into thé nu-

cleic acids of the host tissues. In contrast,thymidine has been
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shown (134) to be a specific precursor of DNA thymine, and is-
therefore édmirably suited for a study of alterations in DNA
metabolism of the host tissues of tumor-bearing animals. The
‘pOSsible relationship of the DNA metabolism of the host tissues
to the systemic effects of tumor has already been mentioned.

With these considerations in mind, a study was made of the incor=
poration of tritiated thymidine into the DNA of the host tissues
of animals bearing the Ehrlich ascites tumor, Novikoff hepatoma,
and the Walker carcinosarcoma 256,

The results of the experiments reported herein indicated
that the presence of Ehrlich ascites tumor caused an increased
iﬁcorporation of thymidine into the DNA of the host liver when |
0.0lh, 0.14 or 1.40 pM of thymidine-H3 was'injected per mouse.
~ With the lowest dose level the presencé of the Ehrlich ascites
tumor caused a decreased incorporation of thymidine into the DNA.
thymine of the other tissues examined. However, when the amount
of thymidine-H3 injected was increased to 0.l pM the épecific
activities of the DNA thymine 6f spleen and kidney tended to be
higher in the tumor-bearing animals as compared to the 6ontrols.
When the amount of thymidine-H3 administered‘was increased to
1.40 uM the specific activity.of the DNA thymine of spleen was
the same or higher in the tumor-bearing animals. However, there
was little difference between the two groups in the case of kid-
ney and for lung the results were conflicting. The degree of
incorporation of thymidine into the DNA of intestinal mucosa was
generally lower in the tumor-bearing groups of animals receiving

0.14 pM or 1.40 pM of thymidine-H3. This result is in accord
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with the finding of a lower incorporation ofrformate-clh into
the DNAqufines and thymines of the host intestinal mucosa of
mice bearing the Ehrlich ascites tumor.

The results of these experiments indicate that the pre-
sence of Ehrlich ascites tumor in a mouse caused an increased
incorporation of thymidine into the DNA of the host's liver,
spleen, kidney and lung providing the pool of thymidine was
large enough. Since the tumor cells would be expected to have
a high degree of incorporation of thymidine, the pool of thymi-
dine available to the other tissﬁes could be decreased in the
tumor-bearing animals. It is possible that this decrease in the
pool of thymidine would Be manifested by a decreased incorpora-
tion of radiocactivity into the DNA of the host tissues. Intes-
tinal mucosa is a rapidly dividing tissue (168) and, therefore,
has a high demand for thymidine. The‘lower degree of incorpor-
ation of thymidine into the intestinal mucosa DNA in the tumor-
bearing animal might be the result of an insufficient supply of
thymidine to meet the demands of the intestinal mucosa even though
the amount of thymidine injected was increased 100-fold. There-
fore, in order to demonstrate a stimulatory effect of the Ehrlich
ascites on DNA synthesis in intestinal mucosa it may be necessary
to further increase the amount of injected thymidine.

The results of the experiments involving rats bearing the
Novikoff hepatoma indicated that the incorporation of thymidine-
H> into the DNA of the kidney, spleen and intestinal mucosa waé
greater in the control groups than in the tumor-bearing rats. In

contrast the specific activities of the liver DNA'thymine of the

tumor-bearing groups were slightly higher than those of the con-
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trols. A similar result was found in one instance for iung;
However an assessment of the significance of these findings is
difficult since the differences are not consistent for all of the
groups.

The most striking effect of tumor on the incorporation of
tritiated thymidine into the DNA of the host tissues was observ-
ed in the experiments with rats bearing the Walker carcinosarcoma
256. The specific activities of the DNA thymine of lung and in-
testinal mucosa tended to be higher in the rats bearing the
Walker tumor as compared to the control rats. No significant
difference was found in the case of the kidney tissues. However
there was a marked increase in the incorporation of thymidine--H3
into the DNA thymine of liver and spleen of rats bearing the
Walker tumor., Examination of the data shows an increased uptake
of thymidine-H3 by the liver and spleen of each group of tumor-
bearing animals., In the case of spleen the increase was two- to
thrée-fold and up to five-fold in the case of liver. These re-
sults are in agreement with those of Kelly and associates (16-19)
who have observed an increased incorporation of phosphorws,
glycine, and formate into the nucleic acids of the tissues of
tumor-bearing animals and with those of others (24-27) who have
found an increased incorporation of adenine, hypoxanthine and
guanine,

T he findings of the present work indicated that the pre-
sence of the Walker é56 tumor in an animal had a more profouhd
effect on the DNA metabolism of the host tissues than did the
Ehrlich ascites tumor or the Novikoff hepatoma. Of interest in

this connection are the experiments of Kampschmidt et al (108)
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who have shown that the rate of increase of spieen weight was
greater in animals bearing the Walker 256 or Flexner-Jobling
tumors than in animals bearing Jensen sarcoma or the Novikoff
hepatoma., Furthermore,liver and kidney catalase activity show-
ed the greatest decrease in rats bearing the Walker tumor, fol-
lowed closely by those bearing the Flexner-~Jobling carcinoma,
Animals bearing the Novikoff hepatoma or Jensen sarcoma showed

a smaller effect on the liver and kidney catalase levels., In
addition élterations in organ weights and catalase activity af-
ter the injection of tumor toxohormone extracts from different
‘tumors, corresponded well with those of the rat bearing that
same tumor.. The greatest changes were effectéd by extracts
from the Walker tumor, as compared to extracts of the Flexner-
Jobling carcinoma, Jensen sarcoma, or Novikoff hepatoma. Fur-
thermore,the injection of toxohormone from the Walker tumor
caused a more profound decrease in the plasma iron level than
did toxohormone preparations from the three other tumors. These
results indicated that the Walker 256 tumor produced either more
toxohormone or a more active type of toxohormone, as compared to
the Flexner;Jbbling carcinoma, Jensen sarcoma, or Novikoff hepa-
toma. It was felt,therefore, that there might be a correlation
between.the findings reported herein and the findings of
Kampschmidt et al. (108). It was postulated that the greater ef-

fect of the Walker tumor on the DNA metabolism of the host tis-

sues might be related to the high toxohormone activity observed
in animals bearing the Walker tumor. This postulate suggested

that the effect of the tumor on the DNA metabolism of the host

could be attributed to the éction of toxohormone. Therefore, it
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was of interest to study the éffect of toxohormone preparations
on the incorporaﬁion of tritiated thymidine into DNA thymine.

The method used most commonly to assay toxohormone has
been to measure the depression of liver catalase in an animal ine
jected with toxohormone. However,the results of the experiments
reported herein indicated that the determination of liver cata-
lase depression was not satisfactory because of variations in the
. normal liver catalase levels. These variations were confirmed by
others (160) and therefore the liver catalase method was abandon-
ed as a means of measuring toxohormone activity. Kampschmidt et
gl.(lO?) have observed that the plasma iron level was 250-500
times as sensitive to toxohormone as liver catalase and therefore
the depression of plasma iron was considered to be the method of
choice for assaying toxohormone activity. Crude toxohormone was
’extracted from Walker 256 tumor by a modification (158) of the
method of Nakagawa et gl.(l59) and also by the method of Yunoki
and Griffin (112). A dose of'd mg per rat of crude toxohormone,
prepared by the modified Nakagawa method (158,159), had no effect
on the plasma iron)whéreas doses of 20 or 4O mg per rat of crude
toxohormone, prepared by the method of Yunoki and Griffin (112),
was found to significantly lower the plasma iron level. It should
be noted that these results do not indicate a difference in acti-
vity of the two preparations since the effect of larger doees of
toxohormone prepared by the Nakagawa method (158,159) was not de-
termined. However,the method of Yunoki and Griffin (112) was
found to be the more facile procedure and yielded about three

times the amount of crude toxohormone as compared to the modified
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Nakagawa method (158,159). Because of these advantages toxohor-
mone prepared byﬂthe Yunoki and Griffin method (112) was used in
these experiments.

| It was evident, from the work reported herein, that the
presence_of Walker 256 tumor in a rat caused a striking increase
"in the incorporation of thymidine-H3 into the DNA thymine of the
host tissues, particularly in the case of liver and spleen. In
view of these findings a study was made of the effect of toxohor-
‘mone preparations from Walker 256 tumor on the incerporation of
thymidine-H3 into the DNA thymine of rat liver and spleen. An
increase in the uptake of thymidine-H3 into the DNA thymine of
spleen was observed twelve hours after 40 mg of crude toxohor-
mone was injected into groups of normal rats. No effect was
found at six and twenty-four hours after the injection of crude
toxohormone. Therefore,these results indicated that crude toxo-
hormone had a maximal effect on the incorporation of thymidine-H3
into the DNAAthymine of spleen approximately twelve hours after
injection. Others (107) have found a maximal depression of plas=
ma iron levels ten ﬁouré after the injection of toxohormone. The
results of the experiments reported herein are in agreement since
the plasma iron levels, twelve hours after the injection of toxo-
hormone, were on the average lower than those at six dnd twenty-
four hours. Therefore, the maximal effect of toxohormone on both
the DNA metabolism of spleen and the plasma iron level occurred
within the same time interval after injection. This finding is
of interest in view of the role of the spleen in the hematopo-
ietic system.

The reason for the transient effect of crude toxohormone
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on the DNA metabolism of spleen is not apparent, However)it is
unlikely.that a single dose of crude toxohormone would cause a
permanent increase in the incorporation of thymidine-H3 into the
DNA thymine of spleen. It would be of interest to study the ef-
fect of repeated doses of toxohormone on the DNA metabolism of
the spleen. In this regard, Kelly and Jones (28) observed that
repeated injections of tumor hoﬁogenates caused an increased in-
corporation of P32 into the DNA of tissues of normal animals. On
the other hand Kampschmidt et al (107) reported that repeated in-
jections of toxohormone failéd’toamaihtain the depression of liver
.and kidney catalase, and plasma iron.

In contrast to the results obtained for spleen, the in-
Jection of crude toxohormone was found to have no effect on the
incorporation of thymidine-H3 into the DNA of liver after an in-
~terval of twelve hours. Fufthermoré,no effect on liver DNA meta-
bolism was observed six hours after the injection of toxohofmone.
Results obtained for liver twenty~four hours after the injection
of the toxohormoqe were equivocal. The specific activities of
the liver DNA. thymine from two of the'toxohormone-injected groups
were higher than ﬁhose of the sham-injected groups. However, the
specific activity of the third group of toxohormone-injected rats
was lower than the specific activities of the sham-injected
groups. Therefore it is difficult to determine, on the basis of
these results whether crude toxohormone has an effect on the in-
corporation of thymidine--H3 into the DNA of liver. The effect of
toxohormone on the metabolism of liver DNA may be delayed, and
therefore may require a longer interval than twenty-four hours to

manifest itself.
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The results reported herein indicated that the crude
toxohormone had an effect on the DNA metabolism of spleen and
might have an effect on the DNA metabolism of liver. In view of
these results a study was,made of the effect of a purified pre-
paration of.toxdhopmone on the DNA metabolism of liver and spleen.
A crude toxohormone preparation was fractionated by ion-exchange
chromatography on Amberlite XE-64 as described by Yunoki and
Griffiﬁ (112)., The elution pattern obtained in the experiments
‘described herein which indicated five fractions did not corres-
pond to that of Yunoki and Griffin (112) who obtained only three
fractions. In later experiments Yuﬁokiband Griffin (113) ob-
served that one of their fractions (TH,) could be resolved into
three sub-fractions. The five fractioné obtained in the present
work possessed toxohormone activity at a dose level of 200 ng
per rat, whereas when the dose was reduced to 20 pg per rat only
fraction TH=5A was active. This fraction was considered to be
the most active fraction. Compared éo the crude toxohormone pre-
paration this represents about a 1000~fold increase in activity.
Yunoki..and Griffin (112) found that their second fraction (THy)
eluted from the Ambérliée XE-64 column was the most active'of the
three fractions obtained, and represehted a 10,000-fold increase
in activity over the crude preparation. On the other hand the
results of theApresent work indicated that the fifth fraction
(TH-5A) was the most active toxohormone fraction. The discre-
pancy in these results could be explained on the basis of the
difference in elution patterns. Yunoki and Griffin (112) report-
ed that fraction (TH,) was eluted at pH 9.5 and the final fraction

around pH 9.6. In the present work the first three fractions were
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eluted by the time the pH of the éffluent had risen tb 9eh.
Fractions TH=-4 and TH=5 were eluted when the pH of the efflu-

ént rapidlﬁAincreaséd to values greater than 10. Therefore it is
very 1ikely that fractions TH-i and TH-5 were not adequately re~

.~ solved on the ion-exchange column due to the rapid increase in pH,
These two fractions probably contain a number of molecular species
one of which may correspond to the THy, fraction of Yunoki and

< Griffin (112).

The:ﬁse of gel-filtration as a substitute for dialysis has
been described in the present work., Gel-filtration was fbund to
be a satisfactory method for the removal of chloride and glycine
from the toxohormone fractions obtained from the Amberlite XE-64
column. Since preparatioqs of toxohormone lose activity on dial-
ysis (112), the technique of gel-filtration offers an alternate
method for the removal of low molegular weight species from prepar-
ations of toxohormones. It was found that four of the fractions
obtained from the Amberlite column were each resolved into two
fractions by gel-filtratioﬁ on Sephadex. In each case the first
fraction eluted from the Sephadex column was free of chloride and
glycine, and was designated the "A" fraction. Each of the second
fractions ("B™ fractions) was contaminated with chloride and gly-
cine. The ﬁbiohormone aétivity of the "B" fractions was not deter-
mined. It is possible that the "B" fractions could contain poly~
peptides; with £oxohormone activiﬁ&, which could not be separated
from the chloride and glycine by gel-filtration. It would there-
fore be of interest to fractionate each of the "B" fractions on
columns of DEAE-Sephadex. Such columns have beeﬁ‘reported (169)

to be highly satisfactory for the fractionation of polypeptides;
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- The effect of fraction TH-54 on the DNA metabolism of
liver and spleen has been studied in the present work and the re-
sults of these experimehts indicated that this purified fraction
of toxohormone had no effect on the incorporation of thymidine-H3
into the DNA thymine of rat liver and spleen. In contrast, a
crude preparation of toxohormone produced an inéreased incorpora-
tion of thymidine-H3 into the spleen and possibly liver. It would
appear therefore that a highly pufified toxohormone preparation
has no effect on DNA metabolism whereas the crude preparation does
have an effect. Several expianatidns are possible for these find=-
ings.

" The crude toxohormone preparation could contain a DNA-
active factor which had little or no plasma iron-depressing ac-
tivity, but was isolated from the tumor tissue by the process used
for the extraction of téxohormone.. This factor could have been
-eliminated at several stages during the purification of the crude
material. Since only the soluble portion of the crude toxohormone
was placed on the Amberlite XE-64 column, the DNA-active factor
could have remained in the insoluble portion. Furthermore it is
possible that the DNA-factor was tightly bound to the Amberlite
XE-6/ column and wés not eluted by the conditions described. The
possibility should also be considered that the DNA-active factor
could be contained in fractions TH-1A to TH-4A or in the "B"
fractions obtained from the Sephadex columns, none of which were
studied. |

As has been pointed out, the increased incorporation of
thymidine into the DNA of spleen following the administration of

crude toxohormone was not striking, and the results obtained for
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liver were equivocal. If it is to be assumed that in an animal
bearing a tumor the incfease in thymidine incorporation into the
DNA of the host tissues’is the result of a humoral factor contin-
uously produced by the tumor, then it is also valid to assume
that the humoral factor would be continuously present in the tis-
sues and fluids of the tumor-bearing animals. In order then to
demonstrate a marked stimulation of thymidine ihcbrporation into
the DNA of the host tissues it may be necessary to administer re-
peated'dbses of the humofal factor in an attempt to simulate the
conditions of the tumor-bearing animals. |

It is possible that an'increased incorporation of thymi-
dine into the DNA of a tissue is a manifestation of an increased
synthesis of DNA in this tissue, which in turn may be considered
a stimulation of the growth of that tissue. A number of growth-
promoting factors have been isolated from several tissues includ-
ing tumors. It has been repeatedly shown (170-172) that implan-
tation of fragments of organs froﬁ adult chicks orrfrom older: |
chicks embryos to the choriocallantoic membrane of chick embryeos,
stimulated the growth of homologous embryonic organs. It was sug-
gested that organ-specific parts of the donor cell proteins stim-
ulated the specific receptor organs'either by serving as building
blocks or as templates. However, Simonsen (173) has postulated
that the enlargement of the embryonal organé waé not the result
of growth and multiplication of the cells, but rather due to inva=-
sion of the embryonal organs by the donor cells.

More conclusive evidence for the existence of a growth-
promoting factor has been obtaiﬁed from studies of regenerating

liver. When a partial hepatectomy was performed on one partner
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of‘parabiotic rats, thé'liver of ﬁhe intact parabiont showed
stimulation of mitesis (174-176). Furthermore the presence of
regénerating liver causéd an.inéreaée in the mitotic rate of the
cornea and an increase in the epiphyseal width. Others (176,177)
havé shoqn a stimulation of mitosis in fat liver following the in-
Jection of serum.from partially hepatectoﬁized rats. Recently, a
Van Lancker'and'Sempoux (178) have studied the effect of regener-
ating-liver on the incoréoraﬁion of orotic acid-Cll+ into liver
DNA., Orotic acid-Cl¥ was injected into parabiotic pairs, one of
which was partially hepatectomized. The specific activity of the
liver DNA of the non-hepatectomized partner was shown to be six
times greater than that of a nbn-parabiotic, non-hepatectomized
control.

| ?he work of Menkin (179) indicated that inflammatory exu-
datés contained a factor‘which on repeated local injection induced
hyperplastic changes in the breast tissue of non-pregnant rats.
Menkin (180,181) has also shown similar effects in cartilaginous
structures and skin of rabbits repeatedly injected with the growth-
promoting factor of exudates. Furthermore, Nowell (182) found
that the serum of rats with an acute infection prodﬁced a two- to
three-fold increase in the mitotic rate of rat marrow cells in
vitro. On the other hand, Stitch and Florian (177) have repéfted
that the serum of adult rats inhibited liver cell mitosis.

Evidence for the production of a growth-promoting factor

by tumor tissue has been reviewed by Paschkis (130). Heat-stable
preparations from tumors have been found (120-122)'to stimulate |
tumor growth and enhadcement of tumor groﬁth has also been found

(123,124) following the injection of fresh or lyophilized tumor
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homogé;ates. ‘Haven et al (125) observed an increase in body
weighﬁ when phbspholiéidé érepéred from tumor were fed to normal
rats. The work of Kelly and Jones (28) showed that daily injec-
" tions of tumor hpﬁogenétes into mice caused an increased incor-
poration of p32 into the DNA.Ef liver and spleen and Ito and co-
workers (37-39) have isolatéd a mitosis-promoting substance from
tumor tiééue. )The\chemical nature of the growth-promoting factors
isolated from~ﬁa;ignant and non-malignant tissues has not been ex-
tensively §tudied. Although there was no evidence to indicate
that the promotion of growth by these factors could be attributed
to a single factor sucﬁfas toxohormone, nevertheless the isolation
procedures used to obtain the several growth-promoting factors
did not preclude the presence of toxohormone in each of the pre-
parations.

Cantarow et al. (183) have suggestéd that tumor tissue may
produce growth horﬁoﬁe, and—Haven et al.(125) have stated that the
changes occurring in the nbrmal rat»foilowing the administration
of growth hormone are in many respects similar to those evoked by
the growth of Walker 256 tumor. Growth hormone is a protein with
@ molecular weight of 45,000 (184), and has been shown (183) to
stimulate the incorporation of ﬁr;ac:‘L‘l—2-f3_1LF into the liver RNA of
normal rats. The growth-promoting factor obtained by Menkin
(185) from inflammatory exudates was reported to contain peptides
and nucleotide structures, and Kutsky (186) has shown that a nu-
cleoprotein fréction obtained ffom extfacté of embryo possessed
growth-promoting activity towards tissue cultures. On separating
the nucleic acid and protein components it was observed (187) that

the growth-promoting activity resided in the protein componeht.
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Lieberman and Ove (188) have purified a protein growth factor
from human and animal serunm.

" On the basis of the‘present available knowledge it is not
possible to draw any conclusions regarding the structural similar-
ity of toxohormone, growth hormone and the other growth-promoting
factors that have been discussed. Nevertheless, it is interest-
ing to note that toxohormone has. certain characteristics which
are similar to some of the other growth-promoting factors. Toxo-
‘hormone, when originally isolated from tumor tissue by Nakahara |
and Fukuoka (45), was associated with nucleic acid. However, later
studies shbwéd that the activity of tdxohormone resided in the
non-nucleic acid component. This latter component is pfobably a
polypeptide with a molecular weight of L4000 to 6000. The findings
of Yunoki and Griffin (113) indicated that there was also a lipid
component in toxohormoﬁe, although it was not known whether the
lipid component was necessary for activity. In this regard
Kutsky (187) has shown that the removal of lipid did not decrease
the activit& of a growth-promoting factor which he studied.

The site of action of the various growth-promoting factors
is as yet unknown. Van Lancker and Sempoux (178) postuiated that
the most probable site of action of a humoral factor stimulating
DNA synthesis would be the conversion of the ribotide into the
deoxyribgtide.' These authors stated that stimulation at this step
has the advantage of offering a uniform explanation of the stimu-
lation of the incorporation of all the nucleotides into DNA when
synthesis occurs. Howevér the results of the experiments reported
herein indicated that the stimulation of DNA synthesis could occur

at one or more of the steps involved in the incorporation of thy-
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midine into DNA. This finding does not substantiate the hypo-
thesisvof Vah“Laﬂcker and Sempoux (178) and tends to indicate
that the stimuiation of DNA syntheéis 6ccurs after the formation
‘of the deoxyribotides.. .

The studies of Furlong et g;.(29) indicated that tumor
tissues elaborated a factor which.iﬁéfeaéed the incorporation
in vitro of adenine into the DNA of normal tissue. The factor
was repdrted to have the following properties:

"l., It was completely or at least paftially
. inactivated by heat.

2. It was inactivated or solubilized in
solutions of low pH.

3. It was rapidly inactivated in tumor homo-
genates left at room temperature.

L. It was either inactivated or not precipitated
by acetone."

More recent experiments by Furlong (31) and Furlong and Griffin
(32) showed that the soluble fraction of a Novikoff hepatoma
ﬁomégenate>possessed DNA polymerase-like activity. The proper-
ties listed above by Furlong et al. (29) are compatible with an
enzyme such as DNA polymerase; iﬁ is bossible therefore, that
the increased incorporation of thymidine into the DNA of the host
tissues in tumor-bearing animals could be the result of an in-
creased level of DNA polymerase in the host tissues. Such an in-
crease in the DNA polymerase level could result from a centinual
secretion of the enzyme into the circulatory system at the site
of the tumor.. The,production of excess amounts of DNA polymerase
by tumor tissues is in accord with their rapid rate of growth.

It is unlikely however that DNA polymerase would survive the con-
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ditions used to isolate crude toxohormone. One coﬁld Specu-

late therefore that tumor tissue may produce another factor which
increases the incorporation of thymidine--H3 into the DNA thymine
of liver and spleen. .

The research reported herein indicated that the presence
of tumor in an animal causes an alteration in the DNA metabolism
of certain‘of the host tissues. This alteration was possibly medi- .
ated through the action of a toxohormone-like fac tor produced by
the tumor. In view of the impertant role of DNA in the cell (131},
one could postulate that the other observed systemic effects of -
tumor occur as a result of the alteration of DNA metabolism in the
host tiésues. Studies of the mechanism by which the DNA metabo-
lism of host tissues is altered are important in the field of
tumor-host ‘relations and such studies might indicate an approach
to the therapy of cancer. In addition, studies of the factor(s)
produced by tumors are potehtially important in the field of can-
cer diagnosis. The detection of such a factor(s) in the body

fluids might serve as a universal test for cancer.
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SUMMARY

1. Liquid scintiliation counting methods have been developed
for the determination of radioactivity in Clh-labelled
purines, pyrimidines and tritium-labelled thymine. Scin-
tillator systems containing hyamine hydroxide and Polyether-
611, or hyamine hydroxide, ethanol and toluene were found
to be equally satisfactory for the counting of C;h-labelled
purines and éyrimidines.‘ The latter system yielded the

highest counting efficiency for tritiated thymine.

2. A study has been made of the efféct of Ehrlich tumor,
Novikoff hepatoma, and Walker carcinosarcoma 256 tumor on
the incorpbraﬁion in vivo of formate-Clh and tritiated thy-
midine into the nuéieic-écids of the host tissues of animals

 bearing these tumors.

3. Neither the subcutaneous Ehrlich tumor nor the Ehrlich
ascites tumor had an effect on the incorporation in i;xg of
formate—C;'uP into the nucleic acids of the host spleen, liver,
kidney or lung; In contrast the presence of the Ehrlich
ascites tumor caused an increased incorporation of tritiated

thymidine into the DNA thymine of}the host's liver, spleen

and kidney.

L. Rats bearing the Novikoff hepatoma showed little or no in-

crease in the uptake of tritiated thymidine by the DNA thy-

mine of the host tissues.
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SUMMARY - 2

The presence of the Walker 256 tumor in a rat caused an
increased incorporation of thymidine-H3 into the DNA thy-
mine of the host tissues. This effecf was particularly

striking in the case of liver and spleen.

The effect of toxohormone on the DNA metabolism of rat
liver and spleen has also been in&estigated. Crude toxo-
hormone, isolated from Walker 256 tumor, produced a slight
increase in the incorporation in vivo of the thymidine-H3
into the DNA 6f rat spleen, but the results for liver were
equivocal. In contrast a highly purified preparation of
toxohormone, prepared by ion-exchange chromatography and
gel filtration had no effect on the uptake of thymidine-H3

by the DNA thymine of rat liver or spleen.

These results have been discussed in relation to the

SYstemic effects of malignant disease,
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